Data to support Ct value cutoff.
Specimens genotyped at CDC from 2019 and 2020 with a Ct value > 38 most often yielded 0 or 1 genotyping markers (Figure 1). A minimum of 4 or 5 markers (depending on the markers present) is required to pass genotyping in CYCLONE and therefore specimens with a Ct value of 38 (red dashed line on plot) are unlikely to yield successful genotypes if they were sequenced. In interest of saving time and money resources, specimens with a Ct value > 38 were not sequenced at CDC or partner labs in the 2021 peak period. Our data suggest a more aggressive Ct cutoff of 35 cycles could be used; however, we chose a Ct cutoff of 38 to conservatively allow for low Cyclospora-load samples the chance to yield data from a sufficient number of markers. 
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CYCLONE Genotyping extended methods
FASTQs are entered into CYCLONE, where adapter sequences are trimmed and reads are merged with the BBTools analysis suite [1]. The trimmed and merged reads are mapped, with BWA [2], against two databases to determine which workflow the reads will enter. The first database contains haplotypes from the Mt. Junction marker (‘Junction-haplotypes’ workflow) and the second database contains haplotypes from the seven other markers (‘Non-junction haplotypes’ workflow).

‘Non-junction haplotypes’ Workflow  
Mapped reads are aligned against all known Cyclospora haplotypes from a manually curated database using bowtie2 and samtools [3, 4]. Each of the 7 non-junction markers are bioinformatically split into approximately 100bp fragments (aka marker parts) to reduce the impact of PCR-induced chimeras on haplotype identification. The nucleotide position of each marker part is annotated in a BED file and we use tools from jvarkit (samjs, pcrclipreads, biostar84452) [5] to extract fragments from the sample’s reads that align to each marker part. We note the depth of reads mapping to each marker part to calculate cutoffs used later in the workflow

The reads mapping to each marker part from each sample are clustered individually at 100% identity using CD-HIT [6]. We use 100% identity because there may be multiple haplotypes at a single marker part in a single specimen (i.e., heterozygosity). We blast each cluster against our known haplotypes to determine if there are any novel haplotypes discovered, and if the potential novel haplotypes pass our novel haplotype required depth*. If the novel haplotypes have sufficient depth, they are written to our haplotype database. 

After the detection of novel haplotypes from all samples, we BLAST [7] our clustered reads against all known haplotypes to determine which haplotypes are found in each sample at each marker part. The blast parameters are -perc_identity 100 -qcov_hsp_perc 100 -num_threads -max_target_seqs 1 -word_size 7 -dust no -soft_masking false. We compare the depth of reads in the blast output file to the required depth for identification of haplotypes in a sample’s genotype**, if there is sufficient depth of coverage, we concatenate the clustered read into a single FASTA file per sample. We then perform a final blast step of all known haplotypes against each sample’s FASTA file from the previous step to confirm which haplotypes are present in each sample. The final two blast steps are performed to ensure we are detecting full length haplotypes with sufficient depth in each sample.

The resulting haplotypes from the 7 non-junction markers are combined with the haplotypes detected in the Junction-haplotypes workflow. The combined haplotypes file (i.e., a specimen’s genotype) for all specimens are then combine into a single haplotype datasheet. The haplotype datasheet contains genotypes for all specimens being analyzed in the current outbreak period, as well as the genotypes for all reference specimens. The haplotype datasheet is used as input for distance matrix calculation and clustering.

In the ‘Junction-haplotypes’ workflow
Identification of Junction haplotypes is an iterative process. We first take the mapped reads and search for the forward and reverse primers to ensure that the full junction marker is being extracted. The extracted reads are clustered with CD-HIT and MIRA is used to assemble the clustered sequences and adapters are cut from the assembled contig using cutadapt. Bowtie2, samtools, and bcftools are then used to align sample reads against the assembled contig and create a consensus sequence. This process is repeated, with multiple steps of cutting adapters to make sure the ending sequence reflects a true biological sequence. The depth of each final consensus sequence is calculated after blasting against a database of known junction haplotypes to determine if the haplotype passes the depth required for novel haplotypes* (if a novel haplotype has been detected) or the depth required for identification of a haplotype that is already part of the reference database**.

*Novel haplotype required depth.
Haplotypes must > 100x depth of coverage or make-up > 25% of the sample’s reads at the marker part where the haplotype was discovered.
**Sample genotype required depth.
Haplotypes must > 20x depth of coverage or make-up > 10% of the sample’s reads at the marker part where the haplotype was discovered.

The exact parameters used for each bioinformatic tool in each step are not listed due to length of the code; however, CYCLONE code is available via CDC’s GitHub in limited release. Please contact the corresponding author (DJ) to request CYCLONE software. 


CYCLONE Clustering extended methods

Distance Matrix
The distance matrix calculation steps are described in the supplemental text in Nascimento et al. 2020 [8]. In brief, the presence/absence of each haplotype is compared between each pair of specimens in the dataset. The probability that any two specimens are related is calculated by examining the number of shared haplotypes, which is weighted by the frequency of the shared haplotypes in the full dataset and the Shannon entropy for each locus where haplotypes are shared (i.e., if two specimens share very rare haplotypes, this is a good indication they are closely related, while sharing common haplotypes contributes little to the chance that two specimens are related). Jacobson et al. 2022 [9] demonstrated that Barratt’s heuristic matrix calculation was the best performing approach when compared to established distance-based approaches. This is likely down to the ability of Barratt’s heuristic approach to account for heterozygosity, integrate the entropy of different markers being analyzed, calculate distance differently depending on whether mitochondrial or nuclear markers were being analyzed, and impute missing data – all of which are advantageous for analyzing sexually-reproducing parasites like Cyclospora.

The resulting distance matrix is then passed to a novel clustering algorithm

Clustering
The distance matrix is hierarchically clustered and the tree is dissected at a height determined by a stringency parameter and cutoff distance threshold. This approach is described in Jacobson et al. 2023 [10] . To summarize, the distance matrix is cut into partitions so that the smallest partition has a minimum of 2 specimens. The resulting partitions are stored in a list and we randomly select 2 specimens from each partition to build a matrix, where we extract the pairwise distances for each of the selected specimens from the original distance matrix. We then sort the pairwise distances from smallest to largest and select the pairwise distance at the lower 5th percentile. We repeat this process 1000 times to result in a list of pairwise distances at the lower 5th percentile, and we take the average of this list as our cutoff distance. The stringency parameter (in this case 99.5% for 2021) is then applied to our final tree dissection step, where 99.5% of isolates in a given cluster must fall under the cutoff distance threshold. 
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