SUPPLEMENTALARY DATA


METHODS

rDNA Southern blotting
C. elegans:
For Southern blotting, CHEF gels were prepared and probed using protocols outlined in Tsuchiyama et al. 2013 (Tsuchiyama et al. 2013). In short, each gel was washed twice for 10min each in 0.25N HCl to nick and depurinate DNA, followed by two washes for 15min each in 0.5N NaOH, 1M NaCl. These incubations were followed by two washes for 15min each in 0.5M Tris, 3M NaCl. DNA was then transferred from the gel to a nylon membrane (Perkin Elmer GeneScreen Hybridization Transfer Membrane) and crosslinked using a Stratagene Stratalinker UV Crosslinker in preparation for radioactive probe hybridization.

The probe for Southern blotting C. elegans rDNA was created from an 850bp PCR product that overlaps the first 300bp of rrn-1 (18S) (Table S14), purified with the Zymo Clean & Concentrator kit (D4013) before radioactive labeling. Please note that we observed another rDNA probe to behave anomalously during standard gel electrophoresis. Our initial PCR product intended for Southern blotting was designed for an 806bp region within the 26S gene and ran at the correct size following PCR amplification, but ran incorrectly (at ~500bp) following purification and elution in water. Addition of buffer (Invitrogen Y02028) returned the product to an 800bp run size. The 850bp PCR product (Table S14) behaved more consistently and thus was the one used for probing in this study.

Band measurement: To determine rDNA copy number from CHEF gel followed by Southern blot, the distance between the bottom of the well and the middle of a sample band was measured manually for the presented Southern blots. The distance between the bottom of the well and each of the ladder bands was measured from the ethidium bromide stain of the gel before it was transferred to the blot. The relationship between band size and gel distance was plotted and used to determine band size for each rDNA band (Table S15). There were two distinct, approximately equal-intensity bands for MY16 in two of the CHEF gels (Table S15). For CHEF average calculation, the two bands were averaged first to produce that CHEF replicate’s rDNA estimation for MY16. ED3040 and MY6 displayed minor bands; for these strains, only the major band was considered.

Genomic DNA extraction and whole genome sequencing sample preparation
C. elegans:
The Qiagen DNeasy kit (69504) was used for worm genomic DNA extraction. Wild isolate worm pellets frozen in ATL were freeze-thawed three times between -20°C and 37°C. 20μL proteinase K was added and the samples were incubated at 56°C for 3hr with occasional vortexing. 4μL 100mg/mL RNase A (Qiagen 19101) was added to each sample and incubated at room temperature 5min. 200μL AL buffer was added, and the DNA extraction continued as described in the kit protocol. Final DNA was eluted in a total volume of 150μL. For each worm wild isolate, a single genomic DNA sample was stored at 4°C and used for all of the described library preparations for that strain. The dates of each library preparation are provided in Table S1.

Sequencing of libraries was performed using an Illumina Nextera DNA Sample Preparation kit (FC-121-1030). All worm library preparations were performed by the same person. For 10ng input: 10ng of input gDNA was brought up to 9μL with water. 10μL tagmentation buffer and 1μL tagmentation enzyme were added and mixed by pipetting up and down. Samples were incubated 55C for 8min, then the reaction was halted by addition of 10μL 5M guanidine thiocyanate, mixed by pipetting, and incubated at room temperature for 3min. AMPure XP beads (Beckman Coulter A63881) were used for DNA purification: 15μL AMPure beads and 25μL binding buffer [20% PEG8000, 2.5M NaCl] were added to the reaction and mixed by pipetting. The reaction was allowed to sit at room temperature 10min before being placed on a magnet stand to attract the beads. After >2min on the magnet, the supernatant was removed from the beads and 150μL 70% ethanol was immediately added, allowed to sit for >30sec, removed, and another 150μL 70% ethanol added. After >30sec, the ethanol was removed completely and the bead pellet was allowed to dry ~30sec. The tubes were removed from the magnet stand and the pellet was resuspended in 20μL elution buffer (Qiagen EB 1014608). After 2min incubation at room temperature off of the magnet, the tubes were returned to the magnet for >2min, after which the DNA-containing liquid was transferred to a new tube. The 50ng input library preparations were performed similarly, with the following volume adjustments: 50ng of gDNA was brought up to 20μL volume with water, 25μL tagmentation buffer was used, 5μL tagmentation enzyme, 25μL 5M guanidine thiocyanate, 20μL AMPure beads, and 80μL binding buffer. Wash and elution volumes were the same.

PCR amplification of the libraries was done using Illumina NPM master mix (part of kit FC-121-1030). 10μL of the above tagmented DNA was put into each reaction, along with NPM and Illumina barcode index primers (FC-121-1012). Dual barcoding was used. PCR conditions were 72°C 3min, 98°C 30sec, 98°C 10sec, 63°C 30sec, 72°C 40sec, with these latter three steps cycled 6 times. For trials 1 and 2 of both input amounts, SYBR green dye (Thermo Fisher S7563) was also added to the reaction, to visually assess amplification. Post-PCR, libraries were again purified by addition of 30μL AMPure XP beads to the PCR reaction, incubation at room temperature for 5min, incubation on the magnet for 2min, liquid removal and addition of 200μL 80% ethanol to wash followed by a second wash of the same, removal of all ethanol, letting dry for 30sec, removal from magnet and resuspension of bead pellet in 32.5μL resuspension buffer (Illumina FC-121-1030), incubation at room temperature 2min, incubation on the magnet >2min, and recovery of purified suspended DNA into a new tube.

Final libraries were quantified by Qubit high sensitivity assessment (Invitrogen Q32854) and diluted to 2nM. Denaturation and dilution of libraries for sequencing was done as described (NextSeq Denature and Dilute Libraries Guide 15048776 Rev. D). Sequencing was done using 75bp-paired end NextSeq 500/550 High Output v2 150 Cycle kits (FC-404-2002).

S. cerevisiae:
S. cerevisiae genomic DNA was extracted using a phenol:chloroform “Smash and grab” protocol. To the 1.5mL tube containing the frozen pellet of ~3 x 108 cells (1.5mL of 2-day culture), we added 0.1mL of acid-washed glass beads, 0.2mL of lysis buffer (10 mM Tris, pH 8.0, 1 mM EDTA, 100 mM NaCl, 1% SDS, 2% Triton X-100), and 0.2mL of 25:24:1 phenol:chloroform:isoamyl alcohol and vortexed for 2min. 0.2mL of TE (10mM Tris, 1mM EDTA, pH 8.0) was added, the tube was inverted to mix and centrifuged at 14,000 rpm for 5 minutes to separate the phases. The DNA-containing aqueous phase was transferred to a new 1.5mL tube containing 1mL 0.5M potassium acetate in 100% EtOH and centrifuged at 14,000 rpm for 5 minutes to precipitate the DNA. DNA was resuspended in 150μL 10mM Tris pH 8.0 + 0.1ng/mL RNase A, incubated at 37°C for 20 minutes to degrade RNA. To each RNaseA-treated sample, 150μL phenol:choloroform:isoamyl (25:24:1) was then added, vortexed, and centrifuged again at 14,000 rpm for 5 minutes, aqueous phase transferred to a new tube. For ddPCR and sequencing library generation, 50μL of the DNA-containing aqueous phase was further purified using a Zymo Research Clean & Concentrator column (D4013) as per manufacturer instructions and resuspended in 50μL 10mM Tris pH 8.0. Libraries were prepared on 10ng yeast gDNA as for worms (above) with the exception that library amplification was done using Kapa HiFi Readymix (Kapa Biosystems KK2602).

FISH sample preparation
For six wild isolate C. elegans strains (JU775, ED3042, ED3040, MY6, PX174, and MY1), ~40,000 starved L1s were plated on a 15cm high-peptone (20g/L) NGM plate with NA22 and grown five days at 16°C to reach gravid adulthood. Worms were washed from the plates with 50mL sterile M9. Adults were allowed to settle to the bottom of the tube for 3min, after which most of the M9 was aspirated, and new M9 was added. Three washes total were performed, before adding 25mL bleach solution to the worms [0.5M KOH, 10% BDH sodium hypochlorite solution (BDH7038)]. Worms were rocked in bleach solution 5min followed by 20sec vortexing, then addition of M9 up to 50mL. Embryos were centrifuged 1500rmp 1min, resuspended in 50mL sterile egg buffer [118mM NaCl, 48mM KCl, 2mM CaCl22H2O, 2mM MgCl26H2O, 25mM Hepes, pH 7.3] and centrifuged 1500rpm 2min. The supernatant was aspirated and the pellet was resuspended in 10mL egg buffer. 5mL of egg suspension was added to two 15mL tubes containing 5mL 60% sucrose (for final concentration of 30% sucrose). Tubes were vortexed and then centrifuged 200xg 3min to separate embryos from debris. ~1mL per tube of the white egg layer was moved into a new 50mL tube. The embryo suspension was brought up to 40mL with egg buffer, spun 2min 1500rpm, then washed again with another 40mL egg buffer and spun again. The final volume was brought down to ~1mL. To this suspension was added 2mL of 1U/mL chitinase (Sigma-Aldrich C6137) and the tube was let sit at room temperature 30 min to digest the egg shell. The solution was then split into two 1.5mL tubes and 100μL pronase (Sigma-Aldrich P6911) was added. A 21 gauge needle was used to draw the embryos up and down 40 times, with a 5min room temperature incubation half-way through. The tubes were spun 1300xg 1min before taking the supernatant off and combing the two cell pellets. Three more washes of 1mL egg buffer and 1300xg 1min spins were performed before final resuspension in 500μL egg buffer. Cells were temporarily stored on ice until preparation for FISH, done the same day.

Cells were filtered using a 100uM cell strainer and resuspended in 1x PBS at a density of 106 cells per ml. About 100 ul of cell solution was seeded on Poly-L-Lysine (Sigma, P1399) coated coverglass slips (1.5, 18x18mm, Fisher Scientific) and air dried for 10 minutes at room temperature for cells to adhere to coverglass. Cells were then fixed with 4% Paraformaldehyde (Polysciences, 18814-10) in 1x PBS for 10 minutes at room temperature and subsequently washed 3x with PBS (5 minutes each) to clear the fixative. Cells were then permeabilized for 10 minutes with 0.5% Triton X-100 in PBS and 0.1M HCl for 5 minutes, with intermediate PBS washes (3x5 minutes). After 2x5 minute wash with 2x Sodium Citrate (SSC), cells were incubated with RNaseA (25 ug/ml) for half hour at 37C, followed by denaturation in 50% formamide for another half hour at room temperature and 70% formamide for approximately 5 minutes at ~78C. Cells were incubated at 37C overnight with Quaser-670 labeled oligo-FISH probes that were designed for the same genomic locations that corresponded to smMIPs. Post hybridization, cells were washed 2x with 0.2% Tween in SSC, counterstained with DAPI for 10 minutes, and then mounted onto glass slides with Prolong Gold antifade. Stained cells were imaged in 3D using a conventional widefield microscope (Nikon Ti) fitted with an Andor Zyla 4.2CL10 CMOS camera (pixel size = 6.5μm). Acquired 3D images were processed using Matlab (v2016b, Mathworks, Natick MA) scripts to delineate individual cell nuclei and rDNA FISH foci, and additionally, estimate the size and intensity of each FISH spot.


Droplet digital PCR
S. cerevisiae genomic DNA was diluted to 0.05 ng/ul in low-bind tubes. Each 20µl reaction consisted of 10 µl 2X ddPCRTM Supermix for Probes (Bio-rad), 0.125µl EcoRI-HF (NEB, 20,000 U/mL), 1.8µl of 10µM Primer Mix (containing 10µM each rDNA F and R primers and Tub1 F and R primers), 1µl of 5µM Probe mix (containing 5µM each rDNA and Tub1 probes), and 1µl of DNA at 0.005 ng/µl. The mixture was incubated for 15 minutes for DNA digestion to occur, followed by droplet generation on a QX200 Droplet Generator (Bio-rad). Amplification was performed for 50 cycles with a 57°C annealing temperature, and droplet reading was performed on a Bio-rad QX200 Droplet Reader. Optimal annealing temperature was determined by a temperature gradient of 56-62°C with BY4741 DNA (Fig S2)

Analysis software and version
bowtie2/2.2.3 (Langmead and Salzberg 2012; Langmead et al. 2019)(76, 77)
bwa/0.7.15 (Li 2013)
samtools/1.4 and samtools/0.1.18 (Li et al. 2009)(78)
picard/2.14.0 (“Picard Tools - By Broad Institute”)(79)
trim_galore/0.4.1 (Krueger 2015)
cutadapt/1.8.3 (Martin 2011)
fastqc/0.11.7 (Andrews 2010)
java/8u25
wget
python/2.7.3
R version 3.5.1 (R Core Team 2018)(80)
Data were visualized with ggplot2 (Wickham 2009)(81). The colorspace package (Zeileis et al. 2019) and Color Universal Design palette (Okabe and Ito 2008) were used for some visualizations.

Statistics
Pearson’s correlations and p-values were calculated using the R cor.test function. To assess if ddPCR and CHEF values were significantly different, t-tests (two-tailed, unequal variance) were performed on the rDNA copy number of the six yeast strains for which we had three replicates each for the two methods.


Relative read coverage-based rDNA copy number estimation
C. elegans: 
Methods used as described in Thompson 2013 (24). Reads were demultiplexed from the NextSeq and FASTQ files were aligned to the unmasked WS235 genome with bowtie2/2.2.3 to generate .sam and .bam files (76, 77). Reads mapping to multiple locations were randomly assigned to one. A custom Perl script (24)was used to count the total number of mapped reads in the .bam, and the total number of reads mapping to the rDNA coordinates, using samtools/0.1.18 (78). rDNA coordinates (including rrn-3.56 and rrn-1.2) used for WS235 were ChrI 15060299-15071033. Copy number of rDNA was calculated by the ratio of these two counts, corrected for the length of the rDNA (7197bp) and the length of the genome (100286070bp), with the equation:
(rDNA_counts*100286070)/(total_counts*7197) = rDNA copy number 
Each line of the bam, and thus each end of a paired end read, was counted independently. Read duplication removal was not used because the repetitive nature of the rDNA engenders a situation in which reads with identical starts and ends nevertheless represent true independently-generated reads and should not be removed. 

S. cerevisiae: Methods were modeled after (24) and adapted for the S. cerevisiae genome. FASTQ files were downloaded from SRA with wget and split into forward and reverse paired read files. SRR numbers are indicated in Table S6. For in-house sequencing, reads were split as above. Split, paired FASTQ files were aligned to the unmasked S. cerevisiae S288C R64 genome. A custom Perl script was used to count the total number of mapped reads and the total number of rDNA-mapping reads.

Single copy region copy number estimation
Twenty-nine 7.2kb regions of the C. elegans genome were selected for use in library quality control analysis (Table S54). An original list of 32 regions was generated by extracting 7.2kb regions of non-masked sequence from the masked version of the C. elegans genome. One of the regions on this list was eliminated for multiple alignment. Another two were eliminated for absence in one or more of our wild isolates. The remaining 29 were analyzed for estimated copy number by read counting, in the same manner described above for rDNA copy number estimation. A custom Perl script counted how many reads aligned to each of the 29 regions. (Table S65). Copy number for each region was calculated by the ratio of reads aligning for that region to total aligned reads.

Maximum likelihood estimation GC content correction (GCC) method of rDNA copy number determination
Method is based on Parks and Blanchard 2018 (Parks et al. 2018)(31) and Benjamini and Speed (Benjamini and Speed 2012)(49).
C. elegans: demultiplexed, paired FASTQ files were aligned to the unmasked WS230 genome (“all reads”) and to a single copy 45S rDNA sequence (“rDNA reads”) with bowtie2/2.2.3 (Langmead and Salzberg 2012; Langmead et al. 2019)(76, 77), retaining only mapped reads. Resulting all-reads .bam files were sorted with samtools/1.4 (Li et al. 2009)(78). Median fragment length of all reads was determined with Picard CollectInsertSizeMetrics (picard/2.14.0, java/8u25) (“Picard Tools - By Broad Institute”)(79). The .bam files were reduced to text files containing the chromosome mapped to and the leftmost mapping position for each properly aligned read on the forward strand for both all reads and rDNA reads. Maximum likelihood estimates of rDNA copy number were determined with the following equations using a custom python script. Briefly, for each sample the GC content-specific fragmentation rate () for a fragment of the median fragment length was calculated based on methods described by Benjamini and Speed (Benjamini and Speed 2012)(49). was calculated with all properly aligned reads, excluding those that mapped to the 5S or 45S rDNA or the telomeres. 

GCC Equation (based on Parks and Blanchard (Parks et al. 2018)(31)):



Where the region of interest is defined by positions [pi,…,pn].

S. cerevisiae: Split, paired FASTQ files were aligned to the unmasked S. cerevisiae S288C R57-1-1 genome (“all reads”) and to a single copy 45S rDNA sequence (“rDNA reads”) with bowtie2/2.2.3, retaining only mapped reads (Langmead and Salzberg 2012; Langmead et al. 2019)(76, 77). .bam files were processed as for C. elegans. Maximum likelihood estimates of rDNA copy number were determined with a custom python script. Reads mapping to or overlapping telomeres, centromeres, Ty elements, and long terminal repeats were excluded from the analysis (Rienzi et al. 2012)(82). Reads mapping to the rDNA were excluded from the GC fragmentation calculation.

Alignment with BWA-MEM
For the data represented in Table S4, the demultiplexed C. elegans reads described above were aligned to the WS230 and single copy 45S rDNA sequence with BWA-MEM (Li 2013). Sequential analysis was performed with the GCC metric as described above. Reads were not trimmed for this analysis.

Trimming
Reads for the sequencing data in the main text were not trimmed. For the trimming analysis in demonstrated in Table S4, the demultiplexed C. elegans reads described above were trimmed (maintaining read pairs) with Trim Galore, with the settings --paired -phred33 -q 20 (Krueger 2015). Trimmed reads were aligned with bowtie2 analyzed with the GCC metric as described above. 

Downsampling
Whole genome sequencing data from MY1 and JU775 .bam files from (Thompson et al 2013 (24), aligned to WS230) were downsampled to 90%, 50% or 5% of the original bam, using samtools/1.4 view –b –s (Li et al. 2009)(78). Downsampling was done five times for each strain and each percent, using a different seed for each. rDNA copy number of the 45S (7197bp repeat unit, in WS230 coordinates ChrI 15060288-15071022), as well as the 5S (976bp repeat unit, coordinates ChrV 17115879-17131432) was calculated by relative read coverage method:
(rDNA_counts*100286070)/(total_counts*7197) = 45S rDNA copy number 
Mitochondrial genome copies were also counted as number of reads aligning to the mitochondrial genome relative to average total genome coverage:
(mtDNA_counts*100286070)/(total_counts*13794) = mitochondrial copy number 
See Table S3.

smMIP design
Repeat region inversion probes were designed using custom scripts made in perl and R (Mok et al. 2017)(58). rDNA-specific MIPs were designed using the sequences from rrn-1, rrn-2, and rrn-3 with an additional 250bp of sequence at the beginning and end of each gene. Each rDNA sequence was analyzed using a sliding window of 501bp to design probes with the highest likelihood of success based on empirical experimentation parameters (Turner et al. 2009; O’Roak et al. 2012)(83, 84). A total of 53 candidate probes were synthesized for follow-up investigation. An additional set of four MIPs to target single-copy regions of the genome was chosen from a prior set of well-behaved MIPs (Mok et al. 2017)(58). MIP sequence information can be found in Table S142.

Normalization plasmid design
The normalization plasmid pEM48 was generated by amplifying the 7.2 kb rDNA locus (primers in Table S142) and inserting the product into the pDONR221 backbone using BP clonase (Invitrogen #11789-020). Five mutations were introduced into the rDNA sequence to distinguish plasmid from genomic DNA (Tables S142), using Q5 mutagenesis (NEB #E0554S). Four control regions from the genome, also containing distinguishing SNVs, were cloned into the vector by Gibson assembly (NEB #E2611S) (Table S142). 

MIP library preparation
smMIPibraries were prepared using the same protocol as previously described (Mok et al. 2017)(58). Briefly, equimolar amounts of MIPs from 100 µM concentrations were pooled and 85 µl of this pool was treated with 50 units of polynucleotide kinase (NEB) for 45 minutes at 37˚ and then 20 minutes at 80˚C in a 100 µl reaction. The 5’-phosphorylated probes were diluted to 330 nM for use in later steps. MIP libraries were based on (Hiatt et al. 2013)(57). Annealing reactions containing 0.5 ng (~500 genomes) to 500 ng (5x106 genomes) of target genomic DNA, an amount of plasmid equivalent to 1X to 19X molar whole genome input, 330 fmoles of MIP pool, and 1X Ampligase buffer (Epicentre) in 10 µl total were treated for 3 minutes at 98˚C, 30 minutes at 85˚C, 60 minutes at 60˚ and 120 minutes at 56˚C. MIP pools were composed of 80% repeat region inversion probe pool and 20% wild isolate-specific MIPs (set of 113 probes). The purpose of this mixture was two-fold: to ensure basepair diversity in the sequencing process and to confirm the identity of wild-isolate genomic DNA samples. To gap fill the product, 300 pmoles dNTPs, 7.5 µmoles Betaine (Sigma), 20 nmoles NAD+, 1X Ampligase buffer (Epicentre), 5 units Ampligase, and 2 units Phusion DNA polymerase (NEB) were added to the 10 µl anneal reaction to a final volume of 20μL and incubated for 120 minutes at 56˚C, and 20 minutes at 72˚C. To degrade genomic template and any remaining linear MIPs, 20 units Exonuclease I (NEB) and 50 units Exonuclease III (NEB) were added and incubated for 45 minutes at 37˚C, and 20 minutes at 80˚C. 10 µl of this capture reaction was then amplified by 18 rounds of PCR (15 seconds at 98˚C, 15 seconds at 65˚C, 45 seconds at 72˚) with 1 unit Kapa Hifi Hotstart TAQ, 10 nmoles dNTPs, and 25 pmoles each of forward and reverse primers in a 50 µl reaction. Libraries generated with an initially high genomic input amount were size-selected between 250-450 bp and purified with Agencourt AMPure XP beads before sequencing with Illumina sequencing technology. 

DNA input conditions were based on molecular ratios of available oligo probes per reaction (330 fmoles total) versus potential rDNA template sites. We aimed to have a minimum of 1000 available probes per potential target site in a range of rDNA copy numbers from 50 to 400 copies. Empirically, we found that lower DNA input amounts were also more accurate in estimating rDNA copy number than the amounts used for whole genome sequencing. Presented in Fig 3 and S3 are 5ng and 10ng genomic DNA input amounts. In cases of low genomic input, smMIP libraries did not amplify enough to be easily size-separated by acrylamide gel. Instead, libraries were size-selected using a two-step Ampure bead purification process. PCR-amplified libraries were pooled in equivolume amounts to a total of N μl (N=200-400) before adding 0.5N μl of Ampure bead solution. Samples were gently mixed and beads were separated on magnetic racks. The supernatant was then transferred to tubes with 0.4N μl bead solution. Beads were mixed and cleaned with 80% ethanol, then briefly dried before eluting in 25-50μl EB.

smMIP analysis
Analysis of smMIP reads was completed using a custom R-script modified from (Mok et al. 2017)(58). Briefly, for rDNA calculation in each library, MIPS were sorted and analyzed separately based on the following formula:

rDNA estimate = [image: ]  ×  [image: ]

Although four single copy loci were present in the normalization plasmid, only the two most consistently-behaving smMIPs were used in the presented analysis (VC20019-MIPS-IV-4 and VC20019-MIPS-V-16b, Table S143). The exception was strain JU775, for which only one single copy probe locus was used (VC20019-MIPS-IV-4) because the VC20019-MIPS-V-16b target genomic locus is deleted in JU775.


SUPPLEMENTAL FIGURE LEGENDS

Figure S1
rDNA copy numbers in wild C. elegans and S. cerevisiae strains were assessed using multiple replicate CHEF gel runs.  Ethidium bromide stains of CHEF gels are shown next to the rDNA-probed Southern blots of each gel. The rDNA copy number estimated from the band size is indicated (omitted if accurate assessment was not possible in a given CHEF gel replicate).  (A) Three replicates of C.elegans rDNA CHEF gels and Southern blots are shown. The Southern blot of replicate 2 is presented in Figure 1B. Replicate 1 used MfeI restriction digest to excise the rDNA array; replicates 2 and 3 used SwaI restriction digests. An 850bp sequence within the C. elegans rDNA (Table S12) was used as a probe to visualize location of the rDNA array on Southern blots (See Methods). Ladders are chromosomes from the indicated yeast species: S. cerevisiae or H. wingei. (B) Shown is the S. cerevisae ethidium bromide-stained CHEF gel and corresponding Southern blot presented in Figure 2B. This gel represents undigested, intact S. cerevisiae chromosomes. A probe to CDC45 (single copy gene on Chr. XII) was used to visualize the location of chromosome XII, which contains the rDNA. (C) Three CHEF gel replicates of  BamHI-excised S. cerevisiae rDNA arrays are shown using conditions such that sizes between 1Mb-3.13Mb are resolved (See Methods, “High Molecular Weight” conditions). rDNA arrays were visualized on Southern blots using an rDNA-specific probe sequence (Table S12).  16 haploid and 12 diploid “1,002 genomes” strains were examined for replicate 1. Replicates 2 and 3 include 7 haploid “1,002 genomes” and the strain BY4741. (D) A subset of strains from C were run again under CHEF gel conditions to resolve sizes between 225kb-1.1Mb (“Low Molecular Weight” conditions). The set of replicate 1 strains were split between two gels (part 1 and 2). Replicates 2 and 3 include three haploid “1,002 genomes” strains (AHG, ACV, ACQ) and the B30 strain (35 rDNA copies). (E) Individual S. cerevisiae colonies were examined for rDNA copy number heterogeneity. CHEF gel plugs were generated from a mixed population sample (“P”) and 3 single colonies (“1-3”) from 10 haploid strains and 8 diploid strains. Undigested samples were resolved with CHEF gels (“High Molecular Weight” protocol) and visualized as in B.
Figure S2
Droplet digital PCR conditions were optimized. (A-B) An annealing temperature gradient was performed with BY4741 gDNA to identify a temperature at which both the single-copy gene Tub1 and the rDNA are efficiently amplified and detected.  (A) 1-D plot of Tub1 fluorescence. (B) 1-D plot of rDNA fluorescence. (C) 2-D plot of rDNA vs Tub1 fluorescence annealed at 57.3°C. Tub1 fluorescence is lower in droplets positive for both Tub1 and rDNA, but clearly segregates from the Tub1 negative droplets at temperatures of 58.4°C and below. (D-E) 1-D data for Tub1 (D) and rDNA (E) fluorescence from the first ddPCR replicate with strains BY4741, B30, AAA, ABS, AFG, AHG, AHQ, CEV, and a no DNA negative control. ‘Rain droplets’ (droplets of intermediate fluorescence) are generally considered positive, because no rain droplets are present in the no DNA negative controls. Thresholds used in our analysis are indicated.
Figure S3
A smMIP-based copy number estimation protocol was developed. (A) Design of a molecular inversion probe. The smMIP consists of a 12bp molecular barcode, 28bp of common backbone sequence, and two 20bp arms that anneal to the target sequence (rDNA or single copy control regions). The gap-fill reaction fills in the intervening sequence, capturing a plasmid-identifying SNV, if present. (B) The normalization plasmid contained a single complete copy of the 45S rDNA unit, with mutations introduced at five locations (sites of smMIP targeting, orange lines). Four regions equivalent to genomic single copy regions were also included (green bars. Orange lines indicate plasmid-specific nucleotide changes), only the two most consistent of which were used in the final analysis. (C) smMIP reads produce information on the number of times a smMIP bound and captured a target from the genome versus a target from the normalization plasmid. The rDNA copy number was calculated with the presented equations. (D) The reaction was performed with different proportions of normalization plasmid and sample genomic DNA. In one set of conditions, the normalization plasmid made up 95% of the DNA copies in the reaction (molar ratio of 1:19 copies of the genome to copies of the plasmid) and in another set of conditions, the normalization plasmid made up 50% of the DNA in the reaction (equimolar copies of the genome to copies of the plasmid). (E) The smMIP-based rDNA copy number estimates were compared to the CHEF-based rDNA copy numbers for different conditions: 5ng of genomic DNA input to 10ng of genomic DNA input in the reaction, using 50% or 95% molar content normalization plasmid.  
Figure S4
rDNA FISH characteristics were assessed for six wild isolates. For each panel, top graph represents biological replicate 1, bottom graph represents replicate 2. (A) Total intensity of rDNA FISH signal was determined for each rDNA spot, calculated as (spot size )*(mean fluorescence intensity of that spot). (B) Fluorescence intensity is shown for each rDNA spot, averaged over all pixels in a given spot. (C) The highest recorded fluorescence intensity value per rDNA spot is plotted. In the first replicate, maximum rDNA spot intensity was frequently saturated for the strains with the highest rDNA copy number. This was corrected in the second replicate. (D-E) Size is presented in pixels for all rDNA FISH spots (D) and nuclei (E).
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