

    
      
          
            
  
PRISM

Methylation Pattern-based, Reference-free Inference of Subclonal Makeup.
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Quickstart

Install PRISM with pip.

$ pip install subclone-prism





Run analysis.

------------------------------
Extract epiloci from BAM file.
------------------------------
$ prism extract -i sample.bam -o sample.met

-------------------------------------------------------------------
Preprocess epiloci to get finer estimates of epigenetic subclones
and to rescue more fingerprint epiloci from noisy methylation data.
-------------------------------------------------------------------
$ prism preprocess -i sample.met -o sample.corrected.met

----------------------------------------------
Infer the subclonal composition of the sample.
----------------------------------------------
If you want 1-sample deconvolution, run:
$ prism deconvolute -i sample.corrected.met -o sample.prism.result
or if you want 2-sample deconvolution, run:
$ prism deconvolute -i sample1.corrected.met sample2.corrected.met -o sample.prism.result

--------------------------------------------
Scatterplot for visualization of the result.
--------------------------------------------
$ prism scatter -i sample.prism.result -o sample.png

--------------------------------------------------------------------
Annotation of fingerprint epiloci for functional characterization of
discovered epigenetic subclones.
--------------------------------------------------------------------
$ prism annotate -i sample.prism.result -o sample.prism.annotated.result \
--beds annotation_a.bed annotation_b.bed \
--annotation-names ANNOTATION-A ANNOTATION-B





The PRISM analysis is done in three steps: extract - preprocess - deconvolute.




          

      

      

    

  

    
      
          
            
  
Getting started



What is PRISM?


Note

This section is under construction.





How PRISM works


Note

This section is under construction





Installation


Note

This section is under construction.




Installing via pip

PRISM is distributed as a python package named subclone-prism, so it can be easily installed via PyPI.

$ pip install subclone-prism







Installing via bioconda

PRISM will support installation via bioconda soon.



Installing from source

The latest version of PRISM can be installed by directly cloning the github repository.

$ git clone https://github.com/dohlee/prism.git
$ cd prism
$ python setup.py install








Requirements


Note

This section is under construction.



PRISM requires BAM file of RRBS reads, aligned by Bismark.

PRISM strictly requires mapping results of Bismark, a bisulfite read mapping tool. Also note that PRISM only applies to RRBS data, and unfortunately, the feasibility of PRISM to the data from other methylation profiling techniques such as whole genome bisulfite sequencing (WGBS), methylated DNA immunoprecipitation sequencing (MeDIP-Seq), or methyl-CpG binding domain-based capture sequencing (MBDCap-Seq) has not been verified.




          

      

      

    

  

    
      
          
            
  
Using PRISM



Quickstart

Install PRISM with pip.

$ pip install subclone-prism





Run analysis.

------------------------------
Extract epiloci from BAM file.
------------------------------
$ prism extract -i sample.bam -o sample.met

-------------------------------------------------------------------
Preprocess epiloci to get finer estimates of epigenetic subclones
and to rescue more fingerprint epiloci from noisy methylation data.
-------------------------------------------------------------------
$ prism preprocess -i sample.met -o sample.corrected.met

----------------------------------------------
Infer the subclonal composition of the sample.
----------------------------------------------
If you want 1-sample deconvolution, run:
$ prism deconvolute -i sample.corrected.met -o sample.prism.result
or if you want 2-sample deconvolution, run:
$ prism deconvolute -i sample1.corrected.met sample2.corrected.met -o sample.prism.result

--------------------------------------------
Scatterplot for visualization of the result.
--------------------------------------------
$ prism scatter -i sample.prism.result -o sample.png

--------------------------------------------------------------------
Annotation of fingerprint epiloci for functional characterization of
discovered epigenetic subclones.
--------------------------------------------------------------------
$ prism annotate -i sample.prism.result -o sample.prism.annotated.result \
--beds annotation_a.bed annotation_b.bed \
--annotation-names ANNOTATION-A ANNOTATION-B





The PRISM analysis is done in three steps: extract - preprocess - deconvolute.



Extract


Note

This section is under construction.



prism extract command extracts viable epiloci from a BAM file. In other words, it extracts genomic regions harboring a sufficient number of mapped reads (>= d) with a sufficient number of CpGs (>= c). A resulting file with those epiloci information is generated, whose file extension will be .met afterwards. To extract epiloci with default settings (d = 20, c = 4), simply run the command below:

$ prism extract -i sample.bam -o sample.met





If you want to specify your own cutoffs for the required sequencing depth and the number of CpGs, say, d = 15 and c = 3, run as follows:

$ prism extract -i sample.bam -o sample.met -d 15 -c 3







Preprocess


Note

This section is under construction.



prism preprocess command corrects for the errors in methylation patterns in order to amplify the number of fingerprint epiloci and calibrate for the subclone size estimates.

$ prism preprocess -i sample.met -o sample.corrected.met





You may benefit from multithreading with -t/--threads option.

$ prism preprocess -i sample.met -o sample.corrected.met -t 30





This step is resource intensive, so by default PRISM tries to pre-filter the epilocus that is not likely to be a fingerprint epilocus. This pre-filtering of course can be turned off by -f/--no-prefilter option and this indeed gives a better estimates of subclones. However, please be warned, depending on your data size, this step will last long. To help you deciding whether or not to apply prefiltering, with 30 threads (-t 30) ~200M met file took about 5 hours to be preprocessed without prefiltering.

$ prism preprocess -i sample.met -o sample.corrected.met --no-prefilter -t 30





For a more detailed description about all options, run prism preprocess -h.



Deconvolute


Note

This section is under construction.



prism deconvolute command infers the subclonal composition of the sample. Simply give methylation pattern-corrected epiloci file.

$ prism deconvolute -i sample.corrected.met -o sample.prism.result





Another feature of PRISM is that is can utilize two or more samples from a single tumor at the same time, and jointly infer subclonal composition. To provoke joint-analysis, specify a list of corrected.met files.

$ prism deconvolute -i sample1.corrected.met sample2.corrected.met -o sample.prism.result





For a more detailed description about all options, run prism deconvolute -h.



Scatter


Note

This section is under construction.



prism scatter command generates a scatterplot of the PRISM analysis result. You need a result of prism deconvolute. The dimension of analysis (i.e., the number of samples you gave to prism deconvolute command) should not be more than three to visualize it. Note that the file extension of output file should be a general one for image files such as png, jpg, or pdf.

$ prism scatter -i sample.prism.result -o sample.png





[image: usage/_images/scatter.png]


Annotate


Note

This section is under construction.






          

      

      

    

  

    
      
          
            
  
Related information



Citing PRISM


Note

This section is under construction.





References


Note

This section is under construction.
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  Source code for prism.annotate

import cleanlog
import matplotlib.pyplot as plt
import numpy as np
import pybedtools as pb

import prism.util as util

logger = cleanlog.ColoredLogger('annotate')

[docs]def scatter_1d(subclone_assignments, num_subclones, depths, fingerprint_fractions, annotation_names, annotation_mask, width, height, dpi):
    """Generate annotated scatterplot for one-dimensional PRISM analysis.

    :param list subclone_assignments: List containing subclone assignment status for each fingerprint epilocus.
    :param int num_subclones: Number of subclones.
    :param list depths: List of depths (pattern counts).
    :param list fingerprint_fractions: List of fingerprint fractions.
    :param list annotation_names: List of the names of annotations.
    :param list annotation_mask: List containing annotation status for each fingerprint epilocus.
    :param float width: Figure width.
    :param float height: Figure height.
    :param int dpi: Figure DPI.
    """
    fig = plt.figure(figsize=(width, height))
    ax = fig.add_subplot(111)
    ax.grid()
    ax.set_axisbelow(True)
    ax.set_xlabel('Fraction of fingerprint')
    ax.set_ylabel('Depth')

    for subclone_index in range(num_subclones):
        mask = (subclone_assignments == subclone_index)
        ax.scatter(
            fingerprint_fractions[mask, 0],
            depths[mask, 0],
            s=60, alpha=0.2, linewidth=0,
        )
    
    plt.gca().set_prop_cycle(None)

    for name, mask in zip(annotation_names, annotation_mask):
        ax.scatter(fingerprint_fractions[mask, 0], depths[mask, 0], label=name, marker='x', s=60, lw=1.33)

    

[docs]def scatter_2d(subclone_assignments, num_subclones, fingerprint_fractions, annotation_names, annotation_mask, width, height, dpi):
    """Generate annotated scatterplot for two-dimensional PRISM analysis.

    :param list subclone_assignments: List containing subclone assignment status for each fingerprint epilocus.
    :param int num_subclones: Number of subclones.
    :param list fingerprint_fractions: List of fingerprint fractions.
    :param list annotation_names: List of the names of annotations.
    :param list annotation_mask: List containing annotation status for each fingerprint epilocus.
    :param float width: Figure width.
    :param float height: Figure height.
    :param int dpi: Figure DPI.
    """
    fig = plt.figure(figsize=(width, height))
    ax = fig.add_subplot(111)
    ax.grid()
    ax.set_axisbelow(True)
    ax.set_xlabel('FF1')
    ax.set_ylabel('FF2')

    for subclone_index in range(num_subclones):
        mask = (subclone_assignments == subclone_index)
        ax.scatter(
            fingerprint_fractions[mask, 0],
            fingerprint_fractions[mask, 1],
            s=60, alpha=0.2, linewidth=0,
        )

    plt.gca().set_prop_cycle(None)
    
    for name, mask in zip(annotation_names, annotation_mask):
        ax.scatter(fingerprint_fractions[mask, 0], fingerprint_fractions[mask, 1], label=name, marker='x', s=60, lw=1.33)


[docs]def run(input_fp, output_fp, bed_fps, annotation_names, output_figure_fp=None, dpi=400, width=4, height=4, scale=1, font_family=None):
    if len(bed_fps) != len(annotation_names):
        logger.error('The number of bed files and their names should match. (Given %d bed files and %d names.)' % (len(bed_fps), len(annotation_names)))
        
    util.preset_rc(scale=scale, font_family=font_family)

    headers = []
    subclone_assignments = []
    depths = []
    fingerprint_fractions = []
    with open(input_fp) as inFile:
        inFile.readline()
        for line in inFile.readlines():
            header, cluster, subclone, d, c, ffs = util.parse_result_line(line)

            headers.append(header)
            subclone_assignments.append(subclone)
            depths.append(d)
            fingerprint_fractions.append(ffs)
    
    header_bed = util.prepare_header_bed(headers)

    num_annotations = len(annotation_names)
    beds = [pb.BedTool(fp) for fp in bed_fps]
    annotation_mask = np.array([[False] * len(headers) for _ in range(num_annotations)])

    for annotation_index, bed in enumerate(beds):
        for epiloci_index, interval in enumerate(header_bed.intersect(bed, c=True)):
            overlap_counts = int(interval.fields[-1])
            # If there's overlap with current bed file with annotations, mark as annotated.
            annotation_mask[annotation_index][epiloci_index] = (overlap_counts != 0)
    
    with open(output_fp, 'w') as outFile:
        with open(input_fp) as inFile:
            inFile.readline()
            for epiloci_index, line in enumerate(inFile.readlines()):
                for annotation_index in range(num_annotations):
                    annotation = ','.join([annotation_names[i] for i in range(num_annotations) if annotation_mask[i][epiloci_index] == True])
                    print(line.strip() + '\t%s' % annotation, file=outFile)
    
    if output_figure_fp is not None:
        subclone_assignments = np.array(subclone_assignments)
        fingerprint_fractions = np.array(fingerprint_fractions)
        depths = np.array(depths)
        num_subclones = len(set(subclone_assignments))
        n_dim = len(fingerprint_fractions[0])
        
        if n_dim == 1:
            scatter_1d(subclone_assignments, num_subclones, depths, fingerprint_fractions, annotation_names, annotation_mask, width, height, dpi)
        elif n_dim == 2:
            scatter_2d(subclone_assignments, num_subclones, fingerprint_fractions, annotation_names, annotation_mask, width, height, dpi)

        plt.legend()
        plt.tight_layout()
        plt.savefig(output_figure_fp, dpi=dpi)





          

      

      

    

  

    
      
          
            
  Source code for prism.deconvolute

from collections import Counter
from itertools import tee

import cleanlog
import numpy as np

import prism.util as util
from prism.mixture import BetaBinomialMixture

logger = cleanlog.ColoredLogger('deconvolute')

[docs]def get_chromosome(chr_string):
    if chr_string.startswith('chr'):
        return int(chr_string[3:])
    else:
        return int(chr_string)


[docs]def overlaps(chr_a, start_a, end_a, chr_b, start_b, end_b):
    if chr_a != chr_b:
        return False

    return max(start_a, start_b) <= min(end_a, end_b)


[docs]def parse_cn_line(line):
    tokens = line.strip().split()
    return get_chromosome(tokens[0]), int(tokens[1]), int(tokens[2]), int(tokens[3])


[docs]def postfiltered(pattern_counter_generator, full_pattern_proportion, copynumber=None, cn_prior='random'):
    """Generator filter for postfiltered patterns.

    :param generator pattern_counter_generator: Generator emitting epiloci headers and pattern counters.
    :param float full_pattern_proportion: Proportion of fully methylated and unmethylated patterns to be retained.
    :param str copynumber: Path to called copynumber file.
    :param str cn_prior: Priors for probability of methylation patterns on copy-number-gained segment.

    :returns: Yields retained header and pattern counter.
    """
    if copynumber is None:
        for header, pattern_counter in pattern_counter_generator:
            if len(pattern_counter) == 1:
                continue

            counts = pattern_counter.values()
            pattern1, pattern2 = pattern_counter.most_common(2)[0][0], pattern_counter.most_common(2)[1][0]

            total = sum(counts)
            if (
                util.is_fully_methylated_or_unmethylated(pattern1) and
                util.is_fully_methylated_or_unmethylated(pattern2) and
                pattern_counter[pattern1] + pattern_counter[pattern2] > total * full_pattern_proportion
            ):
                yield header, pattern_counter
    else:
        if cn_prior == 'global':
            # Generate a clone of pattern_counter_generator.
            gen1, gen2 = tee(pattern_counter_generator)
            global_counter = Counter()
            for header, pattern_counter in gen1:
                global_counter += pattern_counter

            max_pattern_length = max([len(p) for p in global_counter.keys()])
            min_pattern_length = min([len(p) for p in global_counter.keys()])
            m, u = 0, 0
            for l in range(min_pattern_length, max_pattern_length):
                m += global_counter['1' * l]
                u += global_counter['0' * l]
            p_m, p_u = m / (m + u), u / (m + u)
        elif cn_prior == 'fully_methylated':
            p_m, p_u = 1.0, 0.0
        elif cn_prior == 'fully_unmethylated':
            p_m, p_u = 0.0, 1.0
        else:
            p_m, p_u = 0.5, 0.5
             
        cn_file = open(copynumber)
        eof = False
        cn_chrom, cn_start, cn_end, cn = parse_cn_line(cn_file.readline())

        for header, pattern_counter in gen2:
            if len(pattern_counter) == 1:
                continue

            chrom, start, end = get_chromosome(header.split(':')[0]), int(header.split(';')[0].split(':')[1]), int(header.split(';')[-1].split(':')[1])
            # Advance chromosome.
            while not eof and cn_chrom < chrom:
                line = cn_file.readline()
                if line == '':
                    eof = True
                    break
                cn_chrom, cn_start, cn_end, cn = parse_cn_line(line)
            # If chromosome matches, advance interval until copy-number interval's end goes further than the current epilocus' start.
            while not eof and cn_chrom == chrom and cn_end < start:
                line = cn_file.readline()
                if line == '':
                    eof = True
                    break
                cn_chrom, cn_start, cn_end, cn = parse_cn_line(line)

            counts = pattern_counter.values()
            pattern1, pattern2 = pattern_counter.most_common(2)[0][0], pattern_counter.most_common(2)[1][0]

            total = sum(counts)
            if (
                util.is_fully_methylated_or_unmethylated(pattern1) and
                util.is_fully_methylated_or_unmethylated(pattern2) and
                pattern_counter[pattern1] + pattern_counter[pattern2] > total * full_pattern_proportion
            ):
                if not eof and overlaps(cn_chrom, cn_start, cn_end, chrom, start, end):
                    # Adjust for the copy number alteration.
                    pattern_l = len(list(pattern_counter.keys())[0])
                    m_, u_ = pattern_counter['1' * pattern_l], pattern_counter['0' * pattern_l]
                    m_tmp = (((cn - 2) * p_u + 2) * m_ - ((cn - 2) * p_m) * u_) / cn
                    m = max(m_tmp, 0)
                    u_tmp = (((cn - 2) * p_m + 2) * u_ - ((cn - 2) * p_u) * m_) / cn
                    u = max(u_tmp, 0)

                    pattern_counter['1' * pattern_l] = m
                    pattern_counter['0' * pattern_l] = u

                yield header, pattern_counter


[docs]def methylated_pattern(p1, p2):
    """Given two methylation patterns, returns the pattern with more methylated CpGs.

    :param string p1: Binarized methylation pattern (0: unmethylated, 1: methylated).
    :param string p2: Binarized methylation pattern (0: unmethylated, 1: methylated).

    :returns: The pattern with more methylated CpGs.
    """

    return [p1, p2][sum(c == '1' for c in str(p1)) < sum(c == '1' for c in str(p2))]



[docs]def parse_met_file(fp, full_pattern_proportion=0.8, copynumber=None, cn_prior='random'):
    """Parse entries in MET file and yield depths, counts, and epiloci headers for postfiltered fingerprint epiloci.

    :param string fp: File path to (corrected) met file.
    :param float full_pattern_proportion: Proportion of fully methylated and unmethylated patterns to be retained.

    :returns: Yields arrays of depths, counts and headers of postfiltered fingerprint epiloci.
    """
    depths, counts, headers = [], [], []
    for header, pattern_counter in postfiltered(util.pattern_counters_from_met(fp), full_pattern_proportion, copynumber, cn_prior):
        p1, p2 = pattern_counter.most_common(2)[0][0], pattern_counter.most_common(2)[1][0]
        depth = pattern_counter[p1] + pattern_counter[p2]
        count = pattern_counter[methylated_pattern(p1, p2)]

        depths.append(depth)
        counts.append(count)
        headers.append(header)
    
    return np.array(depths), np.array(counts), np.array(headers)



[docs]def common_intersection(headers_list):
    """Given two or more lists of epiloci headers, returns the list of common headers.

    :param list headers_list: A list of epiloci headers from two or more samples.

    :returns: List of common headers that appear in all of the samples.
    """
    common_headers = set(headers_list[0])
    for i in range(1, len(headers_list)):
        common_headers = common_headers & set(headers_list[i])
    common_headers = list(common_headers)

    return common_headers


[docs]def merge_met_files(met_files, full_pattern_proportion, intersection_method, jaccard_cutoff=0.5, copynumber=None, cn_prior='random'):
    """Given met files, return depths, fingerprint pattern counts and epiloci headers for
    each common fingerprint epilocus.

    :param list met_files: List of file paths to (corrected) met files.
    :param float full_pattern_proportion: Proportion of fully methylated and unmethylated patterns to be retained.
    :param string intersection_method: Possible values are one of ['common', 'jaccard'].
        'common': only epiloci that exactly appears in all of the samples will be retained.
        'jaccard': This only applies to two-sample analysis. A pair of epiloci that have jaccard similarity greater than 0.5 will be retained.

    :returns: Depths, fingerprint pattern counts and epiloci headers for each common fingerprint epilocus.
    """
    n_samples = len(met_files)

    depths_list, counts_list, headers_list = [], [], []
    for met_file in met_files:
        logger.debug('Parsing %s.' % met_file)
        depths, counts, headers = parse_met_file(met_file, full_pattern_proportion=full_pattern_proportion, copynumber=copynumber, cn_prior=cn_prior)
        depths_list.append(depths)
        counts_list.append(counts)
        headers_list.append(headers)

    header_depth_dicts, header_count_dicts = [], []
    for depths, counts, headers in zip(depths_list, counts_list, headers_list):
        header_depth_dict, header_count_dict = dict(), dict()

        for depth, count, header in zip(depths, counts, headers):
            header_depth_dict[header] = depth
            header_count_dict[header] = count

        header_depth_dicts.append(header_depth_dict)
        header_count_dicts.append(header_count_dict)

    if intersection_method == 'common':
        common_headers = common_intersection(headers_list)
        merged_depths = np.array([
            [header_depth_dicts[i][h] for i in range(n_samples)] for h in common_headers
        ])

        merged_counts = np.array([
            [header_count_dicts[i][h] for i in range(n_samples)] for h in common_headers
        ])

    elif intersection_method == 'jaccard':
        assert len(headers_list) == 2, 'Extracting common headers by jaccard similarity is applicable only for two samples.'
        common_h1, common_h2, common_headers = util.get_common_headers_by_jaccard_similarity(headers_list[0], headers_list[1], cutoff=jaccard_cutoff)
        merged_depths = np.array([
            [header_depth_dicts[0][h1], header_depth_dicts[1][h2]] for h1, h2 in zip(common_h1, common_h2)
        ])

        merged_counts = np.array([
            [header_count_dicts[0][h1], header_count_dicts[1][h2]] for h1, h2 in zip(common_h1, common_h2)
        ])


    return merged_depths, merged_counts, common_headers


[docs]def mark_outlier_clusters(model, outlier_dispersion_cutoff=0.2):
    """Given model fit, mark overdispered clusters as outlier clusters.

    :param BetaBinomialMixture model: Beta-binomial mixture model fit.
    :param float outlier_dispersion_cutoff: Cutoff for dispersion to mark a cluster as an outlier.

    :returns: Boolean mask that denotes if each of the cluster is an outlier.
    """
    return np.array([any(d > outlier_dispersion_cutoff) for d in model.get_dispersions()])


[docs]def merge_subclones(subclones, cluster_a, cluster_b):
    """Merge two clusters containing cluster a and cluster b.
    If a and b are already in the same subclone, just return the subclones unchanged.
    
    :param list subclones: List of sets of clusters (subclones).
    :param int cluster_a: Cluster index to merge.
    :param int cluster_b: Cluster index to merge.

    :return: Merged subclones as a list.
    """
    merged_subclones = []

    for subclone in subclones:
        # Cluster a and b is already in the same subclone.
        if cluster_a in subclone and cluster_b in subclone:
            return subclones

        if cluster_a in subclone:
            subclone_containing_a = subclone
        elif cluster_b in subclone:
            subclone_containing_b = subclone
        else:
            merged_subclones.append(subclone)

    # Append merged subclone to the result.
    merged_subclones.append(subclone_containing_a | subclone_containing_b)

    return merged_subclones


[docs]def identify_subclone(model, merge_cutoff, outlier_cluster_mask):
    """Given beta-binomial model fit, identify mergeable clusters, merge them, and mark outliers.

    :param BetaBinomialMixture model: Beta-binomial model fit.
    :param float merge_cutoff: Cutoff for the distance from midpoint of the two clusters to (0.5, ..., 0.5) to be merged.
    :param list outlier_cluster_mask: A boolean mask denoting if the cluster is outlier.

    :returns: A list of identified subclones, and boolean mask marking outlier subclones.
    """
    midpoint_distance = lambda a, b: np.sqrt(np.square((a + b) / 2 - 0.5).sum())

    cluster_means = model.get_means() 
    num_clusters = model.get_n_components()
    subclones = [{i} for i in range(num_clusters)]

    # For 1-dimensional analysis, skip merging clusters.
    if model.get_n_dimensions() == 1:
        return subclones, outlier_cluster_mask[:]
    
    # Examine all pairs of clusters, and merge if their midpoint is close to (0.5, ..., 0.5).
    for cluster_a in range(num_clusters):
        for cluster_b in range(cluster_a + 1, num_clusters):
            if midpoint_distance(cluster_means[cluster_a], cluster_means[cluster_b]) < merge_cutoff:
                subclones = merge_subclones(subclones, cluster_a, cluster_b)
    
    # Mark a subclone as outlier subclone if it contains outlier cluster.
    outlier_subclone_mask = []
    for subclone in subclones:
        is_outlier_subclone = any([outlier_cluster_mask[cluster] for cluster in subclone])
        outlier_subclone_mask.append(is_outlier_subclone)
    
    # Reorder subclone so that non-outlier subclones have indices starting from 0.
    final_subclones = []
    final_outlier_subclone_mask = []
    for subclone_index, subclone in enumerate(subclones):
        if not outlier_subclone_mask[subclone_index]:
            final_subclones.append(subclone)
            final_outlier_subclone_mask.append(False)

    for subclone_index, subclone in enumerate(subclones):
        if outlier_subclone_mask[subclone_index]:
            final_subclones.append(subclone)
            final_outlier_subclone_mask.append(True)

    return final_subclones, final_outlier_subclone_mask


[docs]def posthoc_process(model, merge_cutoff, outlier_dispersion_cutoff):
    """Post-hoc processing step. In this step, clusters are merged if they seemed to be 'reflected' clusters.
    Also, overdispered clusters are marked so that they can be excluded in further analyses.

    :param BetaBinomialMixture model: Beta-binomial model fit.
    :param float merge_cutoff: Cutoff for the distance from midpoint of the two clusters to (0.5, ..., 0.5) to be merged.
    :param float outlier_dispersion_cutoff: Cutoff for dispersion to mark a cluster as an outlier.

    :returns: List of subclones, and boolean mask representing if each of them is an outlier.
    """
    outlier_cluster_mask = mark_outlier_clusters(model, outlier_dispersion_cutoff)
    subclones, outlier_subclone_mask = identify_subclone(model, merge_cutoff, outlier_cluster_mask)
    return subclones, outlier_subclone_mask


[docs]def get_subclone_assignment(subclones, assignment, outlier_subclone_mask):
    """Given cluster assignment, returns the subclone assignment.
    Note that if the subclone is found to be an outlier, -1 will be returned.

    :param list subclones: List of subclones.
    :param int assignment: Index of assigned clsuter.
    :param list outlier_subclone_mask: Boolean mask denoting outlier subclones.

    :returns: Index of assigned subclone.
    """
    for subclone_index, subclone in enumerate(subclones):
        if assignment in subclone:

            # If the assigned subclone is outlier, return -1.
            if outlier_subclone_mask[subclone_index]:
                return -1
            # Else, return the index of subclone.
            else:
                return subclone_index

    
[docs]def run(input_fps, full_pattern_proportion=0.8, merge_cutoff=0.05, outlier_dispersion_cutoff=0.2, num_max_cluster=15, seed=12345, intersection_method='common', copynumber=None, cn_prior='random', verbose=False, output_fp=None):
    if verbose:
        logger.setLevel(cleanlog.DEBUG)
    
    merged_depths, merged_counts, common_headers = merge_met_files(input_fps, full_pattern_proportion=full_pattern_proportion, intersection_method=intersection_method, copynumber=copynumber, cn_prior=cn_prior)
    logger.debug('Total %d fingerprint epiloci will be used for deconvolution.' % len(common_headers))
    
    models = []
    for n_components in range(1, num_max_cluster + 1):
        logger.debug('Fitting beta-binomial mixture model with %d clusters.' % n_components)
        bbmm = BetaBinomialMixture(n_components=n_components, seed=seed)
        bbmm.fit(merged_depths, merged_counts, common_headers)

        models.append(bbmm)

    selected_model = min(models, key=lambda m: m.bic())
    logger.debug('The best model had %d clusters.' % selected_model.get_n_components())

    subclones, outlier_subclone_mask = posthoc_process(selected_model, merge_cutoff, outlier_dispersion_cutoff)
    cluster_assignments = selected_model.predict_proba(merged_depths, merged_counts).argmax(axis=0)
    subclone_assignments = [get_subclone_assignment(subclones, assignment, outlier_subclone_mask) for assignment in cluster_assignments]

    logger.debug('The clusters were processed, and resulted in %d subclones.' % len(subclones))

    if output_fp is None:
        return selected_model
    
    headers = [
        'epilocus',
        'cluster',
        'subclone',
        'depths',
        'fingerprint_counts'
        'fingerprint_fractions',
    ]
    with open(output_fp, 'w') as outFile:
        print('\t'.join(headers), file=outFile)
        for header, cluster, subclone, depths, counts in zip(common_headers, cluster_assignments, subclone_assignments, merged_depths, merged_counts):
            ffs = ",".join(map(lambda t: str(t[1] / t[0]), zip(depths, counts)))
            print('%s\t%d\t%d\t%s\t%s\t%s' % (header, cluster, subclone, ",".join(map(str, depths)), ",".join(map(str, counts)), ffs), file=outFile)
    return selected_model





          

      

      

    

  

    
      
          
            
  Source code for prism.extract

import re
from collections import Counter
from collections import defaultdict

import cleanlog

import prism.util as util
from prism.util import Region

logger = cleanlog.ColoredLogger('extract')

[docs]def extend_region(region, read):
    """Returns the union of genomic regions covered by given region and read.

    :param Region region: Genomic region to be extended.
    :param AlignedSegment read: Read used for the extension.

    :returns: Extended genomic region, which is the union of region and read.
    """
    assert region.reference_name == read.reference_name, \
           'Unable to extend region. Contigs are incompatible: %s vs %s' % (region.reference_name, read.reference_name)

    new_start = min(region.reference_start, read.reference_start)
    new_end = max(region.reference_end, read.reference_end)

    return Region(region.reference_name, new_start, new_end)



[docs]def has_overlap(region, read):
    """Returns True if given region and read overlap, otherwise False.

    :param Region region: Genomic region to test overlap. 
    :param AlignedSegment read: Read to test overlap.

    :returns: True if given region and read overlap, otherwise False.
    """
    if region.reference_name != read.reference_name:
        return False

    a0, a1 = region.reference_start, region.reference_end
    b0, b1 = read.reference_start, read.reference_end

    return a0 <= b1 and b0 <= a1


[docs]def character_indices(string, characters):
    """Returns a sorted list of indices of characters in the string.

    :param string string: A string where the characters are expected to appear.
    :param list characters: List of characters to return indices.

    :returns: A list of indices of string where the characters appear.
    """
    i = []
    for character in characters:
        i.extend([m.start() for m in re.finditer(character, string)])

    return list(sorted(i))


[docs]def get_cpg_coordinates(read, paired=False):
    """Returns genomic coordinates of cytosines of CpGs in the read.

    :param AlignedSegment read: Read to examine for the location of CpGs.
    :param bool paired: True if the sequencing library is paired, otherwise False.

    :returns: Absolute genomic coordinates of CpGs that appear in the read.
    """
    start = read.reference_start
    methylation_string = read.get_tag('XM')

    if not paired:
        # We should care whether the read is mapped to forward strand or reverse strand
        # because the coordinates of two cytosines in complementary CpG pair will differ by
        # a single base pair.
        # Also note that we use 1-based, inclusive coordinate system in MET files.
        if not read.is_reverse:
            # +1 to convert to 1-based system.
            return tuple(start + i + 1 for i in character_indices(methylation_string, ['z', 'Z']))
        else:
            # -1 then +1, so apparently no differences are made in the coordinate.
            return tuple(start + i for i in character_indices(methylation_string, ['z', 'Z']))

    else:
        # Flag 99 and 147 indicates reverse strand. 
        if read.flag in [99, 147]:
            return tuple(start + i + 1 for i in character_indices(methylation_string, ['z', 'Z']))
        # Forward strand.
        else:
            return tuple(start + i for i in character_indices(methylation_string, ['z', 'Z']))



[docs]def discard_noninformative_reads(cpgs_reads_dict, depth_cutoff, num_cpg_cutoff):
    """Discards noninformative reads with low depth or few CpGs.

    :param dict cpgs_reads_dict: Dictionary mapping a set of CpG coordinates to a group of reads.
    :param int depth_cutoff: Minimum depth of a group of reads to be retained.
    :param int num_cpg_cutoff: Mininum number of CpGs appearing in the reads to be retained.

    :returns: Retained (informative) CpG-Read group mapping dictionary.
    """
    retained = defaultdict(list)

    for cpgs, reads in cpgs_reads_dict.items():
        # Discard if (1) depth or (2) the number of CpG is not sufficient.
        if len(reads) < depth_cutoff or len(cpgs) < num_cpg_cutoff:
            continue

        pattern_counter = Counter([util.get_binary_string_representation(read) for read in reads])
        # If there is only one kind of pattern, discard it.
        if len(pattern_counter) == 1:
            continue
        
        retained[cpgs] = reads
        # p1, p2 = pattern_counter.most_common(2)[0][0], pattern_counter.most_common(2)[1][0]

        # # (3) the two most frequent pattern should be fully methylated/unmethylated.
        # if len(set(str(p1))) != 1 or len(set(str(p2))) != 1:
        #     continue

        # # (4) The two most frequent patterns should account for more than 80% of reads (by default).
        # if pattern_counter[p1] + pattern_counter[p2] > sum(pattern_counter.values()) * full_pattern_proportion:
        #     retained[cpgs] = reads

    return retained



[docs]def save_met_file(handle, output_path, depth_cutoff, num_cpg_cutoff, paired, contigs):
    """Read through the bam file and identify group of reads mapped to the same genomic region.
    Group of reads with insufficient depth and insufficient number of CpGs will be discarded.
    NOTE: BAM file should be sorted to guarantee proper generation of MET file.

    :param AlignmentFile handle: pysam AlignmentFile object for BAM file.
    :param string output_path: Output MET file path.
    :param int depth_cutoff: Minimum depth for a group of reads to be retained.
    :param num_cpg_cutoff: Minimum number of CpGs appearing in the reads to be retained.
    :param bool paired: True if the sequencing library is paired, otherwise False.
    :param list contigs: A list of contigs to examine.
    """
    out = open(output_path, 'w')

    # We are going to sweep through the genome.
    current_region = None

    # To gather reads harboring the same set of CpGs,
    # tuples of CpG coordinates will be mapped to a list of corresponding reads.
    reads = []
    cpgs_reads_dict = defaultdict(list)

    for contig in contigs:
        logger.debug('Processing contig %s.' % contig)
        count = 0

        for read in handle.fetch(contig):
            # The first iteration.
            if current_region is None:
                reads.append(read)
                current_region = Region(read.reference_name, read.reference_start, read.reference_end)
                cpgs_reads_dict[get_cpg_coordinates(read, paired)].append(read)
                continue

            # If examining current region is not finished,
            # extend the current region state with current read,
            # and map read information to dictionary with the set of coordinates of CpGs it harbors as a key.
            if has_overlap(current_region, read):
                reads.append(read)
                current_region = extend_region(current_region, read)
                cpgs_reads_dict[get_cpg_coordinates(read, paired)].append(read)

            # If examining current region is finished (i.e., met reads mapped at distant region),
            # discard noninformative read groups from the dictionary and
            # write read groups to the output file.
            else:
                retained = discard_noninformative_reads(cpgs_reads_dict, depth_cutoff, num_cpg_cutoff)
                
                for cpgs, reads in retained.items():
                    print('>' + ';'.join([current_region.reference_name + ':' + str(cpg) for cpg in cpgs]), file=out)
                    print('\n'.join([util.get_binary_string_representation(read) for read in reads]), file=out)
                    count += 1

                # Refresh the current information to examine the next region.
                reads = [read]
                current_region = Region(read.reference_name, read.reference_start, read.reference_end)
                cpgs_reads_dict = defaultdict(list)
                cpgs_reads_dict[get_cpg_coordinates(read, paired)].append(read)

        logger.debug('Found %d loci in contig %s' % (count, contig))
    out.close()


[docs]def run(
    input_fp,
    output_fp,
    depth_cutoff,
    num_cpg_cutoff,
    prepend_chr,
    paired,
    verbose,
):
    if verbose:
        logger.setLevel(cleanlog.DEBUG)

    if prepend_chr:
        contigs = list(map(lambda x: 'chr' + str(x), range(1, 23)))
    else:
        contigs = list(map(str, range(1, 23)))
    
    handle = util.get_bam_handle(input_fp)

    save_met_file(
        handle=handle,
        output_path=output_fp,
        depth_cutoff=depth_cutoff,
        num_cpg_cutoff=num_cpg_cutoff,
        paired=paired,
        contigs=contigs,
    )





          

      

      

    

  

    
      
          
            
  Source code for prism.hmm

[docs]def is_methylated(base):
    """Returns True if the base denotes methylated cytosine.

    :param int base: Binary representation of methylation state of a cytosine.

    :returns: True if base == 1 else False
    """
    return base == 1


[docs]class HMMModel:
    """DNMT1-like HMM model for in silico proofreading.
    """
    def __init__(self, template_pattern, e_m=0.010, e_d=0.001, e_b=0.01, p=0.960, q=0.96):
        self.e = self._emission_probabilities(template_pattern, e_m, e_d, e_b)  # Emission probabilities.
        self.e_m, self.e_d, self.e_b = e_m, e_d, e_b
        self.init = [0.5, 0.5]  # Initial probabilities.
        self.p = p  # Processivity.
        self.q = q  # Recruitment efficiency.

    def _emission_probabilities(self, template_pattern, e_m, e_d, e_b):
        emission = []
        for base in template_pattern:
            if is_methylated(base):
                # [[e_dm(u), e_dm(m)], [e_am(u), e_am(m)]]
                emission.append([[1-e_d, e_d], [e_m, 1-e_m]])
            else:
                # [[e_du(u), e_du(m)], [e_au(u), e_au(m)]]
                emission.append([[1-e_b, e_b], [1-e_m, e_m]])

        return emission

[docs]    def proba(self, seq):
        """Returns the probability of the observed methylation pattern sequence given the template pattern.

        :param list seq: Binary representation of methylation pattern sequence.

        :returns: Probability of the observed methylation pattern based on the model.
        """
        prev = self.init
        p, q = self.p, self.q
        for i in range(len(seq)):
            curr = [self.e[i][0][seq[i]] * (prev[0] * (1 - q) + prev[1] * (1 - p)), self.e[i][1][seq[i]] * (prev[0] * q + prev[1] * p)]
            prev = curr

        s = sum(curr)

        prev = self.init
        for i in range(len(seq)-1, -1, -1):
            curr = [self.e[i][0][seq[i]] * (prev[0] * (1 - q) + prev[1] * (1 - p)), self.e[i][1][seq[i]] * (prev[0] * q + prev[1] * p)]
            prev = curr

        return (s + sum(curr)) / 2






          

      

      

    

  

    
      
          
            
  Source code for prism.mixture

import cleanlog
import numpy as np
from scipy.special import digamma
from scipy.special import gammaln as logG
from scipy.special import polygamma
from sklearn.mixture import GaussianMixture

logger = cleanlog.ColoredLogger(name='PRISM')

[docs]def trigamma(x):
    return polygamma(1, x)



[docs]class BetaBinomialMixture():
    """Beta-binomial mixture model for PRISM core algorithm.
    """
    def __init__(self, n_components=1, max_iter=10000, tol=1e-3, seed=None, verbose=False):
        self.n_components = n_components
        self.max_iter = max_iter
        self.tol = tol
        self.seed = seed
        self.verbose = verbose

    def _bebin_mle(self, ns, ks, ws, n_iter=4):
        """Given depths(ns), and counts(ks) find the most likely alpha and beta,
        which are the two parameters of beta-binomial distribution."""
        a, b = 1, 1
        N = ws.sum()
        p1_bar = np.exp(1 / N * np.sum(ws * (digamma(a + ks) - digamma(a + b + ns))))
        p2_bar = np.exp(1 / N * np.sum(ws * (digamma(b + (ns - ks)) - digamma(a + b + ns))))

        # Find good initial esimates.
        a = 1 / 2 * (1 - p2_bar) / (1 - p1_bar - p2_bar)
        b = 1 / 2 * (1 - p1_bar) / (1 - p1_bar - p2_bar)

        for _ in range(n_iter):
            p1_bar = np.exp(1 / N * np.sum(ws * (digamma(a + ks) - digamma(a + b + ns))))
            p2_bar = np.exp(1 / N * np.sum(ws * (digamma(b + (ns - ks)) - digamma(a + b + ns))))

            n_log_p1 = np.sum(ws * (digamma(a + ks) - digamma(a + b + ns)))
            n_log_p2 = np.sum(ws * (digamma(b + (ns - ks)) - digamma(a + b + ns)))

            q_1 = -N * trigamma(a)
            q_2 = -N * trigamma(b)
            g_1 = N * digamma(a + b) - N * digamma(a) + n_log_p1
            g_2 = N * digamma(a + b) - N * digamma(b) + n_log_p2
            z = N * trigamma(a + b)
            b_ = (g_1 / q_1 + g_2 / q_2) / (1 / z + 1 / q_1 + 1 / q_2)

            a = a - (g_1 - b_) / q_1
            b = b - (g_2 - b_) / q_2

        return a, b

    def _bebin_likelihood(self, n, k, a, b):
        return np.exp(self._bebin_loglikelihood(n, k, a, b))

    def _bebin_loglikelihood(self, n, k, a, b):
        tmp = logG(n + 1) + logG(k + a) + logG(n - k + b) + logG(a + b) - \
            (logG(k + 1) + logG(n - k + 1) + logG(a) + logG(b) + logG(n + a + b))
        return tmp.sum(axis=1)

    def _gmm_initialize(self, n, k):
        """Initialize alphas and betas by fitting gaussian mixture model roughly.
        Alphas and betas are correspondingly computed from means and variances of each component.
        """
        # Ratio of methylated reads.
        r = k / n
        r = r.reshape(self.n_data, self.n_dim)

        # Fit gaussian mixture model. It assumes that each dimension has its own variance.
        model = GaussianMixture(n_components=self.n_components, covariance_type='diag')
        model.fit(r)

        alphas, betas = [], []
        for i in range(self.n_components):
            # Compute alpha and beta from mean and variance of GMM fit.
            mu = model.means_[i]
            var = model.covariances_[i]

            alpha = ((1 - mu) / var - 1 / mu) * mu**2
            beta = alpha * (1 / mu - 1)

            alphas.append(alpha)
            betas.append(beta)
        return np.array(alphas), np.array(betas)

[docs]    def fit(self, n, k, headers):
        if self.seed:
            np.random.seed(self.seed)
        
        self.n_data, self.n_dim = len(n), 1 if n.ndim == 1 else len(n[0])

        # If 1d data are given, reshape them into 2d matrix.
        if self.n_dim == 1:
            n = n.reshape(self.n_data, self.n_dim)
            k = k.reshape(self.n_data, self.n_dim)

        self.depths, self.counts, self.headers = n, k, headers
        self.alphas_, self.betas_ = self._gmm_initialize(n, k)
        self.pi_ = np.ones(self.n_components) / self.n_components

        prev_weighted_loglikelihood, self.converged_ = np.inf, False

        for iteration in range(self.max_iter):
            # Compute likelihood of alpha and beta w.r.t. each data point.
            l = np.array([self._bebin_likelihood(n, k, a, b) for a, b in zip(self.alphas_, self.betas_)])

            # Compute posterior.
            weighted_likelihood = l * self.pi_.reshape([self.n_components, 1])
            curr_weighted_loglikelihood = np.log(weighted_likelihood.sum(axis=0)).sum()

            # Check for convergence.
            if np.abs(curr_weighted_loglikelihood - prev_weighted_loglikelihood) < self.tol:
                if self.verbose:
                    logger.debug('Met convergence criterion at iteration %d. Terminating.' % (iteration))
                self.converged_ = True
                break
            prev_weighted_loglikelihood = curr_weighted_loglikelihood

            w = weighted_likelihood / weighted_likelihood.sum(axis=0)

            # Compute relative size of clusters.
            self.pi_ = w.sum(axis=1) / self.n_data

            # Compute maximum likelihood estimates of alpha and beta.
            alphas, betas = [], []
            for i in range(self.n_components):
                alpha_list, beta_list = [], []
                for j in range(self.n_dim):
                    tmp_alpha, tmp_beta = self._bebin_mle(n[:, j], k[:, j], w[i])
                    alpha_list.append(tmp_alpha)
                    beta_list.append(tmp_beta)

                alphas.append(alpha_list)
                betas.append(beta_list)

            self.alphas_ = np.array(alphas)
            self.betas_ = np.array(betas)
        # END for iteration

        if not self.converged_:
            if self.verbose:
                logger.warning('The EM algorithm did not converge. Increase n_iter enough to ensure convergence.')

        self.log_likelihood_ = curr_weighted_loglikelihood


[docs]    def predict_proba(self, n, k):
        """Returns the posterior probabilities of each fingerprint epiloci for each cluster.

        :param list n: Depths of fingerprint epiloci.
        :param list k: Fingerprint pattern counts of fingerprint epiloci.

        :returns: Posterior probabilities of each fingerprint epiloci.
        """
        l = np.array([self._bebin_likelihood(n, k, a, b) for a, b in zip(self.alphas_, self.betas_)])
        weighted_likelihood = l * self.pi_.reshape([self.n_components, 1])
        return weighted_likelihood / weighted_likelihood.sum(axis=0)


    def _n_parameters(self):
        """Returns the number of parameters estimated while fitting the model.

        :returns: Number of parameters in the model.
        """
        return int(2 * self.n_dim * self.n_components + (self.n_components - 1))

[docs]    def get_weights(self):
        """Returns the list of cluster weights.
        Note that a cluster weight is computed as a sum of posterior probabilities that
        each of the data point will be assiged to that cluster.

        :returns: Cluster weights.
        """
        return self.pi_


    @property
    def means_(self):
        return np.array([a / (a + b) for a, b in zip(self.alphas_, self.betas_)])

[docs]    def get_means(self):
        """
        :returns: Cluster means.
        """
        return self.means_

    
    @property
    def dispersions_(self):
        return np.array([1 / (a + b + 1) for a, b in zip(self.alphas_, self.betas_)])

[docs]    def get_dispersions(self):
        """
        :returns: Cluster dispersions.
        """
        return self.dispersions_

    
[docs]    def bic(self):
        """
        :returns: Bayesian Information Criterion (BIC) value of the model.
        """
        return -2 * self.log_likelihood_ + np.log(self.n_data) * self._n_parameters()


[docs]    def get_n_dimensions(self):
        """
        :returns: Number of dimensions.
        """
        return self.n_dim


[docs]    def get_n_components(self):
        """
        :returns: Number of clusters.
        """
        return self.n_components


[docs]    def get_depths(self):
        """
        :returns: Depths of fingerprint epiloci used for fitting the model.
        """
        return self.depths

    
[docs]    def get_counts(self):
        """
        :returns: Fingerprint pattern counts of fingerprint epiloci used for fitting the model.
        """
        return self.counts

    
[docs]    def get_headers(self):
        """
        :returns: Headers of fingerprint epiloci used for fitting the model.
        """
        return self.headers






          

      

      

    

  

    
      
          
            
  Source code for prism.preprocess

import multiprocessing as mp
from io import StringIO

import cleanlog
import numpy as np

import prism.proofreading as proofreading
import prism.util as util

logger = cleanlog.ColoredLogger('preprocess')

[docs]def prefiltered(pattern_counter_generator, full_pattern_proportion, no_prefilter):
    """Generator filter for pattern counter. Used for pre-filtering patterns for the efficient execution of 
    in silico proofreading.

    :param generator pattern_counter_generator: Generator for epiloci headers and their pattern counters.
    :param float full_pattern_proportion: Cutoff for the proportion of fully methylated and unmethylated patterns to be retained.
    :param bool no_prefilter: Whether to apply prefilter or not.

    :returns: Yields retained epiloci headers and their pattern counts, one by one.
    """
    if no_prefilter:
        for header, pattern_counter in pattern_counter_generator:
            yield header, pattern_counter
    
    else:
        for header, pattern_counter in pattern_counter_generator:
            counts = pattern_counter.values()
            pattern1, pattern2 = pattern_counter.most_common(2)[0][0], pattern_counter.most_common(2)[1][0]

            total = sum(counts)
            if (
                util.is_fully_methylated_or_unmethylated(pattern1) and
                util.is_fully_methylated_or_unmethylated(pattern2) and
                pattern_counter[pattern1] + pattern_counter[pattern2] > total * full_pattern_proportion
            ):
                yield header, pattern_counter


[docs]def param_generator(fp, no_prefilter, full_pattern_proportion, error, bisulfite_conversion_rate, processivity, recruitment_efficiency):
    """Helper generator that reads in the met file and generates parameters for multiprocessed execution of in silico proofreading.

    :param string fp: File path to MET file containing extracted epiloci.
    :param bool no_prefilter: Whether to apply pre-filtering.
    :param float error: Expected sequencing error rate.
    :param float bisulfite_conversion_rate: Expected bisulfite conversion rate of the sequencing data.
    :param float processivity: Expected processivity of DNMT1.
    :param float recruitment_efficiency: Expected recruitment efficieny of DNMT1.

    :returns: Yields headers, pattern counters, and parameters for HMM.
    """
    hmm_params = {
        'e_m': error,
        'e_b': 1 - bisulfite_conversion_rate,
        'p': processivity,
        'q': recruitment_efficiency,
    }

    for header, pattern_counter in prefiltered(util.pattern_counters_from_met(fp), full_pattern_proportion, no_prefilter):
        binary_patterns = []
        for pattern, count in pattern_counter.items():
            binary_patterns += [pattern for _ in range(count)]
        binary_patterns = np.genfromtxt(StringIO('\n'.join(binary_patterns)), dtype=np.int8, delimiter=[1] * len(binary_patterns[0]))

        yield header, binary_patterns, hmm_params



[docs]def run(
    input_fp,
    output_fp,
    no_prefilter,
    full_pattern_proportion,
    error,
    bisulfite_conversion_rate,
    processivity,
    recruitment_efficiency,
    threads,
    seed,
    verbose,
):
    if verbose:
        logger.setLevel(cleanlog.DEBUG)

    with mp.Pool(processes=threads) as p:
        results = list(p.imap(  
            proofreading.proofread,
            param_generator(input_fp, no_prefilter, full_pattern_proportion, error, bisulfite_conversion_rate, processivity, recruitment_efficiency),
            chunksize=100,
        ))

    with open(output_fp, 'w') as outFile:
        for header, proofread_patterns in results:
            stringified_patterns = [''.join(map(str, p)) for p in proofread_patterns]

            print('>' + header, file=outFile)
            print('\n'.join(stringified_patterns), file=outFile)





          

      

      

    

  

    
      
          
            
  Source code for prism.proofreading

import cleanlog
import numpy as np

import prism.util as util
from prism.hmm import HMMModel

logger = cleanlog.ColoredLogger('insillico-proofreading')
PSEUDO_COUNT = 1

[docs]def hmm_proba(base_pattern, target_patterns, num_base_pattern, hmm_params):
    l = []
    for b in np.split(base_pattern, num_base_pattern):
        model = HMMModel(b, **hmm_params)
        l.append([model.proba(pattern) for pattern in target_patterns])
    return np.array(l)


[docs]def proofread_given_n_template(header, patterns, hmm_params, n_t=2, num_iter=100):
    # Abbreviations.
    #
    # l_p: Length of patterns.
    # n_p: Number of patterns.
    # n_t: Number of base patterns.
    # t: Template pattern.
    # l: Likelihood.
    # wl: Weighted likelihood.
    # post: Posterior probabilities.

    l_p, n_p = len(patterns[0]), len(patterns)
    # Initially we choose totally random base patterns.
    # We hope that the EM algorithm will find optimal template pattern!
    t = util.random_pattern(len(patterns[0]), n_t)
    # The uniform prior will be used.
    prior = (np.ones(n_t) / n_t).reshape([n_t, 1])
    
    prev_assignment = np.array([-1] * n_p)
    for i in range(num_iter):
        l = hmm_proba(t, patterns, n_t, hmm_params)

        # Posterior can be expressed as a proportion of weighted likelihoods (wl).
        wl = prior * l
        post = wl / wl.sum(axis=0)

        # Each pattern will be assigned to the template pattern with maximum posterior probability.
        assignment = np.argmax(post, axis=0)

        # If assignments converged, break the loop.
        if np.all(assignment == prev_assignment):
            break
        prev_assignment = assignment.copy()

        new_t = []
        # If there are some base patterns with no assigned patterns,
        # add new base patterns.
        n_assigned_template = len(set(assignment))
        if n_assigned_template != n_t:
            for _ in range(n_t - n_assigned_template):
                new_t.append(util.random_pattern(l_p, 1))

        # Compute new base patterns based with majority voting of the patterns assigned to each of them.
        for j in set(assignment):
            new = np.array((patterns[assignment == j].mean(axis=0) >= 0.5).astype(np.int32))
            new_t.append(new)
        t = np.array(new_t).flatten()

        prior = post.sum(axis=1).reshape([n_t, 1])
        # If it's not the last iteration, add pseudocount to the prior.
        if i != num_iter - 1:
            prior = prior + PSEUDO_COUNT * (np.ones(n_t) / n_t).reshape([n_t, 1])
        prior = prior / prior.sum()

    base_patterns = np.split(t, n_t)
    l = hmm_proba(t, patterns, n_t, hmm_params)
    wl = prior * l
    post = wl / wl.sum(axis=0)
    assignment = np.argmax(post, axis=0)

    sum_loglikelihood = 0
    for i, base_pattern in enumerate(base_patterns):
        model = HMMModel(base_pattern, **hmm_params)
        for j in range(len(patterns)):
            if assignment[j] == i:
                sum_loglikelihood += np.log(model.proba(patterns[j]))

    # Number of parameters.
    k = n_t * l_p  

    # Compute Bayesian Information Criterion for model selection.
    bic = np.log(n_p * l_p) * k - 2 * sum_loglikelihood

    error_corrected_patterns = np.array([base_patterns[a] for a in assignment])
    return bic, header, error_corrected_patterns


[docs]def proofread(params, num_iter=100):
    header, patterns, hmm_params = params
    logger.debug(f"Processing {header.split(';')[0]}")

    len_pattern = len(patterns[0])
    num_pattern = len(patterns)

    max_cluster = min(int(num_pattern / len_pattern), 10)

    if max_cluster == 0:
        _, header, error_corrected_patterns = proofread_given_n_template(header, patterns, hmm_params, 10, num_iter)
        return header, error_corrected_patterns

    _, header, error_corrected_patterns = min([proofread_given_n_template(header, patterns, hmm_params, n, num_iter) for n in range(1, max_cluster + 1)], key=lambda tup: tup[0])

    return header, error_corrected_patterns





          

      

      

    

  

    
      
          
            
  Source code for prism.scatter

import matplotlib.pyplot as plt
import numpy as np

import prism.util as util


[docs]def scatter_1d(subclone_assignments, num_subclones, depths, fingerprint_fractions, width, height, dpi):
    """Generate annotated scatterplot for one-dimensional PRISM analysis.

    :param list subclone_assignments: List containing subclone assignment status for each fingerprint epilocus.
    :param int num_subclones: Number of subclones.
    :param list depths: List of depths (pattern counts).
    :param list fingerprint_fractions: List of fingerprint fractions.
    :param float width: Figure width.
    :param float height: Figure height.
    :param int dpi: Figure DPI.
    """
    fig = plt.figure(figsize=(width, height))
    ax = fig.add_subplot(111)
    ax.grid()
    ax.set_axisbelow(True)
    ax.set_xlabel('Fraction of fingerprint')
    ax.set_ylabel('Depth')

    for subclone_index in range(num_subclones):
        mask = (subclone_assignments == subclone_index)
        ax.scatter(
            fingerprint_fractions[mask, 0],
            depths[mask, 0],
            label='S%d' % (subclone_index + 1),
            s=60, edgecolors='black', linewidth=0.3,
        )

    

[docs]def scatter_2d(subclone_assignments, num_subclones, fingerprint_fractions, width, height, dpi):
    """Generate annotated scatterplot for two-dimensional PRISM analysis.

    :param list subclone_assignments: List containing subclone assignment status for each fingerprint epilocus.
    :param int num_subclones: Number of subclones.
    :param list fingerprint_fractions: List of fingerprint fractions.
    :param list annotation_names: List of the names of annotations.
    :param list annotation_mask: List containing annotation status for each fingerprint epilocus.
    :param float width: Figure width.
    :param float height: Figure height.
    :param int dpi: Figure DPI.
    """
    fig = plt.figure(figsize=(width, height))
    ax = fig.add_subplot(111)
    ax.grid()
    ax.set_axisbelow(True)
    ax.set_xlabel('FF1')
    ax.set_ylabel('FF2')

    for subclone_index in range(num_subclones):
        mask = (subclone_assignments == subclone_index)
        ax.scatter(
            fingerprint_fractions[mask, 0],
            fingerprint_fractions[mask, 1],
            label='S%d' % (subclone_index + 1),
            s=60, edgecolors='black', linewidth=0.3,
        )


[docs]def run(input_fp, output_fp, dpi=400, width=4, height=4, scale=1, font_family=None):
    util.preset_rc(scale=scale, font_family=font_family)

    subclone_assignments = []
    depths = []
    fingerprint_fractions = []

    with open(input_fp) as inFile:
        inFile.readline()
        for line in inFile.readlines():
            header, cluster, subclone, d, c, ffs = util.parse_result_line(line)

            subclone_assignments.append(subclone)
            depths.append(d)
            fingerprint_fractions.append(ffs)
        
    subclone_assignments = np.array(subclone_assignments)
    fingerprint_fractions = np.array(fingerprint_fractions)
    depths = np.array(depths)
    num_subclones = len(set(subclone_assignments))
    n_dim = len(fingerprint_fractions[0])
    
    if n_dim == 1:
        scatter_1d(subclone_assignments, num_subclones, depths, fingerprint_fractions, width, height, dpi)
    elif n_dim == 2:
        scatter_2d(subclone_assignments, num_subclones, fingerprint_fractions, width, height, dpi)

    plt.legend()
    plt.tight_layout()
    plt.savefig(output_fp, dpi=dpi)





          

      

      

    

  

    
      
          
            
  Source code for prism.util

from collections import Counter
from collections import defaultdict
from collections import namedtuple

import cycler
import matplotlib as mpl
import matplotlib.pyplot as plt
import numpy as np
import pybedtools as pb
import pysam


[docs]class Region(namedtuple('Region', ['reference_name', 'reference_start', 'reference_end'])):
    def __new__(cls, reference_name, reference_start, reference_end):
        if reference_start >= reference_end:
            raise ValueError('Invalid genomic region %s:%d-%d.' % (reference_name, reference_start, reference_end))

        return super(Region, cls).__new__(cls, reference_name, reference_start, reference_end)

    def __str__(self):
        return '%s:%d-%d' % (self.reference_name, self.reference_start, self.reference_end)


[docs]def get_bam_handle(bam_path):
    """Returns `pysam.AlignmentFile` object for BAM file."""
    return pysam.AlignmentFile(bam_path)



[docs]def get_binary_string_representation(read):
    """Returns a binary representation string of methylation state of a read.
    Unmethylated state = 0, methylated state = 1.
    """
    return ''.join([['0', '1'][c == 'Z'] for c in read.get_tag('XM') if c in ['z', 'Z']])


[docs]def is_fully_methylated_or_unmethylated(pattern):
    return len(set(str(pattern))) == 1


[docs]def pattern_counters_from_met(fp):
    """Parse MET file and generate header, and counter of patterns."""
    header, binary_patterns = None, []
    with open(fp) as inFile:
        for line in inFile.readlines():
            if line.startswith('>'):
                if header is not None:
                    pattern_counter = Counter(binary_patterns)
                    yield header[1:], pattern_counter
                    header, binary_patterns = line.strip(), []

                else:
                    header = line.strip()

            else:
                binary_patterns.append(line.strip())

        pattern_counter = Counter(binary_patterns)
        yield header[1:], pattern_counter


[docs]def random_pattern(l, n):
    """Generate `n` random methylation pattern with length `l`."""
    s = set()
    ps = []
    p = np.random.randint(2, size=l)
    s.add(''.join(map(str, p)))
    ps.append(p)
    while True:
        if len(ps) == n:
            break
        p = list(np.random.randint(2, size=l))
        if ''.join(map(str, p)) not in s:
            s.add(''.join(map(str, p)))
            ps.append(p)

    return np.array(list(ps)).flatten()


[docs]def jaccard_similarity(s1, s2):
    """Compute Jaccard similarity of two sets."""
    s1 = set(s1)
    s2 = set(s2)
    return len(s1 & s2) / len(s1 | s2)


[docs]def extract_chromosome(header):
    """Extract chromosome information for epilocus header."""
    return header.split(';')[0].split(':')[0]


[docs]def merge_two_headers(h1, h2):
    """Union two epiloci headers."""
    chromosome = h1.split(';')[0].split(':')[0]

    start1 = int(h1.split(';')[0].split(':')[1])
    start2 = int(h2.split(';')[0].split(':')[1])

    end1 = int(h1.split(';')[-1].split(':')[1])
    end2 = int(h2.split(';')[-1].split(':')[1])

    return '%s:%d;%s:%d' % (chromosome, min(start1, start2), chromosome, max(end1, end2))


[docs]def get_common_headers_by_jaccard_similarity(headers1, headers2, cutoff=0.5):
    """Given two lists of epiloci headers, determine which epiloci are common."""
    common_h1, common_h2, merged_headers = [], [], []
    chr_header1_dict = defaultdict(list)
    chr_header2_dict = defaultdict(list)
    
    for h1 in headers1:
        chr_header1_dict[extract_chromosome(h1)].append(h1)
        
    for h2 in headers2:
        chr_header2_dict[extract_chromosome(h2)].append(h2)
        
    for chromosome in chr_header1_dict.keys():
        for h1 in chr_header1_dict[chromosome]:
            for h2 in chr_header2_dict[chromosome]:
                cpgs1 = h1.split(';')
                cpgs2 = h2.split(';')

                if jaccard_similarity(cpgs1, cpgs2) >= cutoff:
                    common_h1.append(h1)
                    common_h2.append(h2)
                    merged_headers.append(merge_two_headers(h1, h2))
    
    return common_h1, common_h2, merged_headers


[docs]def preset_rc(scale=1, font_family=None):
    """Set visually plausible matplotlib rc file."""
    plt.rc('axes', linewidth=1.33, labelsize=14)
    plt.rc('xtick', labelsize=8 * scale)
    plt.rc('ytick', labelsize=8 * scale)

    plt.rc('xtick', bottom=True)
    plt.rc('xtick.major', size=5 * scale, width=1.33)
    plt.rc('xtick.minor', size=5 * scale, width=1.33)

    plt.rc('ytick', left=True)
    plt.rc('ytick.major', size=5 * scale, width=1.33)
    plt.rc('ytick.minor', size=5 * scale, width=1.33)

    plt.rc('legend', fontsize=7 * scale)
    plt.rc('grid', color='grey', linewidth=0.5, alpha=0.33)

    if font_family:
        plt.rc('font', family=font_family)

    color_palette = [
        '#005AC8',
        '#AA0A3C',
        '#0AB45A',
        '#FA7850',
        '#8214A0',
        '#FA78FA',
        '#A0FA82',
        '#006E82',
        '#00A0FA',
        '#14D2DC',
        '#F0F032',
        '#FAE6BE',
    ]

    mpl.rcParams['axes.prop_cycle'] = cycler.cycler(color=color_palette)


[docs]def parse_result_line(line):
    """Parse each line in the PRISM result file."""
    fields = line.strip().split()

    header = fields[0]
    cluster = int(fields[1])
    subclone = int(fields[2])
    depths = np.array(list(map(int, fields[3].split(','))))
    counts = np.array(list(map(int, fields[4].split(','))))
    fingerprint_fractions = list(map(float, fields[5].split(',')))

    return header, cluster, subclone, depths, counts, fingerprint_fractions


[docs]def prepare_header_bed(headers):
    """Converts a list of epiloci headers to a BedTool object."""
    bed_strings = []
    for header in headers:
        chrom = header.split(':')[0]
        # BED file uses 0-based exclusive coordinate system.
        start = int(header.split(';')[0].split(':')[1]) - 1  
        end = int(header.split(';')[-1].split(':')[1])

        bed_strings.append('%s\t%d\t%d' % (chrom, start, end))
    
    return pb.BedTool('\n'.join(bed_strings), from_string=True)





          

      

      

    

  

    
      
          
            
  
How PRISM works


Note

This section is under construction






          

      

      

    

  

    
      
          
            
  
Installation


Note

This section is under construction.




Installing via pip

PRISM is distributed as a python package named subclone-prism, so it can be easily installed via PyPI.

$ pip install subclone-prism







Installing via bioconda

PRISM will support installation via bioconda soon.



Installing from source

The latest version of PRISM can be installed by directly cloning the github repository.

$ git clone https://github.com/dohlee/prism.git
$ cd prism
$ python setup.py install









          

      

      

    

  

    
      
          
            
  
Requirements


Note

This section is under construction.



PRISM requires BAM file of RRBS reads, aligned by Bismark.

PRISM strictly requires mapping results of Bismark, a bisulfite read mapping tool. Also note that PRISM only applies to RRBS data, and unfortunately, the feasibility of PRISM to the data from other methylation profiling techniques such as whole genome bisulfite sequencing (WGBS), methylated DNA immunoprecipitation sequencing (MeDIP-Seq), or methyl-CpG binding domain-based capture sequencing (MBDCap-Seq) has not been verified.




          

      

      

    

  

    
      
          
            
  
What is PRISM?


Note

This section is under construction.






          

      

      

    

  

    
      
          
            
  
Citing PRISM


Note

This section is under construction.






          

      

      

    

  

    
      
          
            
  
References


Note

This section is under construction.






          

      

      

    

  

    
      
          
            
  
prism.annotate module


	
prism.annotate.run(input_fp, output_fp, bed_fps, annotation_names, output_figure_fp=None, dpi=400, width=4, height=4, scale=1, font_family=None)[source]

	




	
prism.annotate.scatter_1d(subclone_assignments, num_subclones, depths, fingerprint_fractions, annotation_names, annotation_mask, width, height, dpi)[source]

	Generate annotated scatterplot for one-dimensional PRISM analysis.


	Parameters

	
	subclone_assignments (list [https://docs.python.org/3/library/stdtypes.html#list]) – List containing subclone assignment status for each fingerprint epilocus.


	num_subclones (int [https://docs.python.org/3/library/functions.html#int]) – Number of subclones.


	depths (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of depths (pattern counts).


	fingerprint_fractions (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of fingerprint fractions.


	annotation_names (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of the names of annotations.


	annotation_mask (list [https://docs.python.org/3/library/stdtypes.html#list]) – List containing annotation status for each fingerprint epilocus.


	width (float [https://docs.python.org/3/library/functions.html#float]) – Figure width.


	height (float [https://docs.python.org/3/library/functions.html#float]) – Figure height.


	dpi (int [https://docs.python.org/3/library/functions.html#int]) – Figure DPI.













	
prism.annotate.scatter_2d(subclone_assignments, num_subclones, fingerprint_fractions, annotation_names, annotation_mask, width, height, dpi)[source]

	Generate annotated scatterplot for two-dimensional PRISM analysis.


	Parameters

	
	subclone_assignments (list [https://docs.python.org/3/library/stdtypes.html#list]) – List containing subclone assignment status for each fingerprint epilocus.


	num_subclones (int [https://docs.python.org/3/library/functions.html#int]) – Number of subclones.


	fingerprint_fractions (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of fingerprint fractions.


	annotation_names (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of the names of annotations.


	annotation_mask (list [https://docs.python.org/3/library/stdtypes.html#list]) – List containing annotation status for each fingerprint epilocus.


	width (float [https://docs.python.org/3/library/functions.html#float]) – Figure width.


	height (float [https://docs.python.org/3/library/functions.html#float]) – Figure height.


	dpi (int [https://docs.python.org/3/library/functions.html#int]) – Figure DPI.















          

      

      

    

  

    
      
          
            
  
prism.deconvolute module


	
prism.deconvolute.common_intersection(headers_list)[source]

	Given two or more lists of epiloci headers, returns the list of common headers.


	Parameters

	headers_list (list [https://docs.python.org/3/library/stdtypes.html#list]) – A list of epiloci headers from two or more samples.



	Returns

	List of common headers that appear in all of the samples.










	
prism.deconvolute.get_chromosome(chr_string)[source]

	




	
prism.deconvolute.get_subclone_assignment(subclones, assignment, outlier_subclone_mask)[source]

	Given cluster assignment, returns the subclone assignment.
Note that if the subclone is found to be an outlier, -1 will be returned.


	Parameters

	
	subclones (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of subclones.


	assignment (int [https://docs.python.org/3/library/functions.html#int]) – Index of assigned clsuter.


	outlier_subclone_mask (list [https://docs.python.org/3/library/stdtypes.html#list]) – Boolean mask denoting outlier subclones.






	Returns

	Index of assigned subclone.










	
prism.deconvolute.identify_subclone(model, merge_cutoff, outlier_cluster_mask)[source]

	Given beta-binomial model fit, identify mergeable clusters, merge them, and mark outliers.


	Parameters

	
	model (BetaBinomialMixture) – Beta-binomial model fit.


	merge_cutoff (float [https://docs.python.org/3/library/functions.html#float]) – Cutoff for the distance from midpoint of the two clusters to (0.5, …, 0.5) to be merged.


	outlier_cluster_mask (list [https://docs.python.org/3/library/stdtypes.html#list]) – A boolean mask denoting if the cluster is outlier.






	Returns

	A list of identified subclones, and boolean mask marking outlier subclones.










	
prism.deconvolute.mark_outlier_clusters(model, outlier_dispersion_cutoff=0.2)[source]

	Given model fit, mark overdispered clusters as outlier clusters.


	Parameters

	
	model (BetaBinomialMixture) – Beta-binomial mixture model fit.


	outlier_dispersion_cutoff (float [https://docs.python.org/3/library/functions.html#float]) – Cutoff for dispersion to mark a cluster as an outlier.






	Returns

	Boolean mask that denotes if each of the cluster is an outlier.










	
prism.deconvolute.merge_met_files(met_files, full_pattern_proportion, intersection_method, jaccard_cutoff=0.5, copynumber=None, cn_prior='random')[source]

	Given met files, return depths, fingerprint pattern counts and epiloci headers for
each common fingerprint epilocus.


	Parameters

	
	met_files (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of file paths to (corrected) met files.


	full_pattern_proportion (float [https://docs.python.org/3/library/functions.html#float]) – Proportion of fully methylated and unmethylated patterns to be retained.


	intersection_method (string) – Possible values are one of [‘common’, ‘jaccard’].
‘common’: only epiloci that exactly appears in all of the samples will be retained.
‘jaccard’: This only applies to two-sample analysis. A pair of epiloci that have jaccard similarity greater than 0.5 will be retained.






	Returns

	Depths, fingerprint pattern counts and epiloci headers for each common fingerprint epilocus.










	
prism.deconvolute.merge_subclones(subclones, cluster_a, cluster_b)[source]

	Merge two clusters containing cluster a and cluster b.
If a and b are already in the same subclone, just return the subclones unchanged.


	Parameters

	
	subclones (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of sets of clusters (subclones).


	cluster_a (int [https://docs.python.org/3/library/functions.html#int]) – Cluster index to merge.


	cluster_b (int [https://docs.python.org/3/library/functions.html#int]) – Cluster index to merge.






	Returns

	Merged subclones as a list.










	
prism.deconvolute.methylated_pattern(p1, p2)[source]

	Given two methylation patterns, returns the pattern with more methylated CpGs.


	Parameters

	
	p1 (string) – Binarized methylation pattern (0: unmethylated, 1: methylated).


	p2 (string) – Binarized methylation pattern (0: unmethylated, 1: methylated).






	Returns

	The pattern with more methylated CpGs.










	
prism.deconvolute.overlaps(chr_a, start_a, end_a, chr_b, start_b, end_b)[source]

	




	
prism.deconvolute.parse_cn_line(line)[source]

	




	
prism.deconvolute.parse_met_file(fp, full_pattern_proportion=0.8, copynumber=None, cn_prior='random')[source]

	Parse entries in MET file and yield depths, counts, and epiloci headers for postfiltered fingerprint epiloci.


	Parameters

	
	fp (string) – File path to (corrected) met file.


	full_pattern_proportion (float [https://docs.python.org/3/library/functions.html#float]) – Proportion of fully methylated and unmethylated patterns to be retained.






	Returns

	Yields arrays of depths, counts and headers of postfiltered fingerprint epiloci.










	
prism.deconvolute.postfiltered(pattern_counter_generator, full_pattern_proportion, copynumber=None, cn_prior='random')[source]

	Generator filter for postfiltered patterns.


	Parameters

	
	pattern_counter_generator (generator) – Generator emitting epiloci headers and pattern counters.


	full_pattern_proportion (float [https://docs.python.org/3/library/functions.html#float]) – Proportion of fully methylated and unmethylated patterns to be retained.


	copynumber (str [https://docs.python.org/3/library/stdtypes.html#str]) – Path to called copynumber file.


	cn_prior (str [https://docs.python.org/3/library/stdtypes.html#str]) – Priors for probability of methylation patterns on copy-number-gained segment.






	Returns

	Yields retained header and pattern counter.










	
prism.deconvolute.posthoc_process(model, merge_cutoff, outlier_dispersion_cutoff)[source]

	Post-hoc processing step. In this step, clusters are merged if they seemed to be ‘reflected’ clusters.
Also, overdispered clusters are marked so that they can be excluded in further analyses.


	Parameters

	
	model (BetaBinomialMixture) – Beta-binomial model fit.


	merge_cutoff (float [https://docs.python.org/3/library/functions.html#float]) – Cutoff for the distance from midpoint of the two clusters to (0.5, …, 0.5) to be merged.


	outlier_dispersion_cutoff (float [https://docs.python.org/3/library/functions.html#float]) – Cutoff for dispersion to mark a cluster as an outlier.






	Returns

	List of subclones, and boolean mask representing if each of them is an outlier.










	
prism.deconvolute.run(input_fps, full_pattern_proportion=0.8, merge_cutoff=0.05, outlier_dispersion_cutoff=0.2, num_max_cluster=15, seed=12345, intersection_method='common', copynumber=None, cn_prior='random', verbose=False, output_fp=None)[source]

	






          

      

      

    

  

    
      
          
            
  
prism.extract module


	
prism.extract.character_indices(string, characters)[source]

	Returns a sorted list of indices of characters in the string.


	Parameters

	
	string (string) – A string where the characters are expected to appear.


	characters (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of characters to return indices.






	Returns

	A list of indices of string where the characters appear.










	
prism.extract.discard_noninformative_reads(cpgs_reads_dict, depth_cutoff, num_cpg_cutoff)[source]

	Discards noninformative reads with low depth or few CpGs.


	Parameters

	
	cpgs_reads_dict (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Dictionary mapping a set of CpG coordinates to a group of reads.


	depth_cutoff (int [https://docs.python.org/3/library/functions.html#int]) – Minimum depth of a group of reads to be retained.


	num_cpg_cutoff (int [https://docs.python.org/3/library/functions.html#int]) – Mininum number of CpGs appearing in the reads to be retained.






	Returns

	Retained (informative) CpG-Read group mapping dictionary.










	
prism.extract.extend_region(region, read)[source]

	Returns the union of genomic regions covered by given region and read.


	Parameters

	
	region (Region) – Genomic region to be extended.


	read (AlignedSegment) – Read used for the extension.






	Returns

	Extended genomic region, which is the union of region and read.










	
prism.extract.get_cpg_coordinates(read, paired=False)[source]

	Returns genomic coordinates of cytosines of CpGs in the read.


	Parameters

	
	read (AlignedSegment) – Read to examine for the location of CpGs.


	paired (bool [https://docs.python.org/3/library/functions.html#bool]) – True if the sequencing library is paired, otherwise False.






	Returns

	Absolute genomic coordinates of CpGs that appear in the read.










	
prism.extract.has_overlap(region, read)[source]

	Returns True if given region and read overlap, otherwise False.


	Parameters

	
	region (Region) – Genomic region to test overlap.


	read (AlignedSegment) – Read to test overlap.






	Returns

	True if given region and read overlap, otherwise False.










	
prism.extract.run(input_fp, output_fp, depth_cutoff, num_cpg_cutoff, prepend_chr, paired, verbose)[source]

	




	
prism.extract.save_met_file(handle, output_path, depth_cutoff, num_cpg_cutoff, paired, contigs)[source]

	Read through the bam file and identify group of reads mapped to the same genomic region.
Group of reads with insufficient depth and insufficient number of CpGs will be discarded.
NOTE: BAM file should be sorted to guarantee proper generation of MET file.


	Parameters

	
	handle (AlignmentFile) – pysam AlignmentFile object for BAM file.


	output_path (string) – Output MET file path.


	depth_cutoff (int [https://docs.python.org/3/library/functions.html#int]) – Minimum depth for a group of reads to be retained.


	num_cpg_cutoff – Minimum number of CpGs appearing in the reads to be retained.


	paired (bool [https://docs.python.org/3/library/functions.html#bool]) – True if the sequencing library is paired, otherwise False.


	contigs (list [https://docs.python.org/3/library/stdtypes.html#list]) – A list of contigs to examine.















          

      

      

    

  

    
      
          
            
  
prism.hmm module


	
class prism.hmm.HMMModel(template_pattern, e_m=0.01, e_d=0.001, e_b=0.01, p=0.96, q=0.96)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

DNMT1-like HMM model for in silico proofreading.


	
proba(seq)[source]

	Returns the probability of the observed methylation pattern sequence given the template pattern.


	Parameters

	seq (list [https://docs.python.org/3/library/stdtypes.html#list]) – Binary representation of methylation pattern sequence.



	Returns

	Probability of the observed methylation pattern based on the model.














	
prism.hmm.is_methylated(base)[source]

	Returns True if the base denotes methylated cytosine.


	Parameters

	base (int [https://docs.python.org/3/library/functions.html#int]) – Binary representation of methylation state of a cytosine.



	Returns

	True if base == 1 else False












          

      

      

    

  

    
      
          
            
  
prism.mixture module


	
class prism.mixture.BetaBinomialMixture(n_components=1, max_iter=10000, tol=0.001, seed=None, verbose=False)[source]

	Bases: object [https://docs.python.org/3/library/functions.html#object]

Beta-binomial mixture model for PRISM core algorithm.


	
bic()[source]

	
	Returns

	Bayesian Information Criterion (BIC) value of the model.










	
dispersions_

	




	
fit(n, k, headers)[source]

	




	
get_counts()[source]

	
	Returns

	Fingerprint pattern counts of fingerprint epiloci used for fitting the model.










	
get_depths()[source]

	
	Returns

	Depths of fingerprint epiloci used for fitting the model.










	
get_dispersions()[source]

	
	Returns

	Cluster dispersions.










	
get_headers()[source]

	
	Returns

	Headers of fingerprint epiloci used for fitting the model.










	
get_means()[source]

	
	Returns

	Cluster means.










	
get_n_components()[source]

	
	Returns

	Number of clusters.










	
get_n_dimensions()[source]

	
	Returns

	Number of dimensions.










	
get_weights()[source]

	Returns the list of cluster weights.
Note that a cluster weight is computed as a sum of posterior probabilities that
each of the data point will be assiged to that cluster.


	Returns

	Cluster weights.










	
means_

	




	
predict_proba(n, k)[source]

	Returns the posterior probabilities of each fingerprint epiloci for each cluster.


	Parameters

	
	n (list [https://docs.python.org/3/library/stdtypes.html#list]) – Depths of fingerprint epiloci.


	k (list [https://docs.python.org/3/library/stdtypes.html#list]) – Fingerprint pattern counts of fingerprint epiloci.






	Returns

	Posterior probabilities of each fingerprint epiloci.














	
prism.mixture.trigamma(x)[source]

	






          

      

      

    

  

    
      
          
            
  
prism.preprocess module


	
prism.preprocess.param_generator(fp, no_prefilter, full_pattern_proportion, error, bisulfite_conversion_rate, processivity, recruitment_efficiency)[source]

	Helper generator that reads in the met file and generates parameters for multiprocessed execution of in silico proofreading.


	Parameters

	
	fp (string) – File path to MET file containing extracted epiloci.


	no_prefilter (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to apply pre-filtering.


	error (float [https://docs.python.org/3/library/functions.html#float]) – Expected sequencing error rate.


	bisulfite_conversion_rate (float [https://docs.python.org/3/library/functions.html#float]) – Expected bisulfite conversion rate of the sequencing data.


	processivity (float [https://docs.python.org/3/library/functions.html#float]) – Expected processivity of DNMT1.


	recruitment_efficiency (float [https://docs.python.org/3/library/functions.html#float]) – Expected recruitment efficieny of DNMT1.






	Returns

	Yields headers, pattern counters, and parameters for HMM.










	
prism.preprocess.prefiltered(pattern_counter_generator, full_pattern_proportion, no_prefilter)[source]

	Generator filter for pattern counter. Used for pre-filtering patterns for the efficient execution of 
in silico proofreading.


	Parameters

	
	pattern_counter_generator (generator) – Generator for epiloci headers and their pattern counters.


	full_pattern_proportion (float [https://docs.python.org/3/library/functions.html#float]) – Cutoff for the proportion of fully methylated and unmethylated patterns to be retained.


	no_prefilter (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to apply prefilter or not.






	Returns

	Yields retained epiloci headers and their pattern counts, one by one.










	
prism.preprocess.run(input_fp, output_fp, no_prefilter, full_pattern_proportion, error, bisulfite_conversion_rate, processivity, recruitment_efficiency, threads, seed, verbose)[source]

	






          

      

      

    

  

    
      
          
            
  
prism.proofreading module


	
prism.proofreading.hmm_proba(base_pattern, target_patterns, num_base_pattern, hmm_params)[source]

	




	
prism.proofreading.proofread(params, num_iter=100)[source]

	




	
prism.proofreading.proofread_given_n_template(header, patterns, hmm_params, n_t=2, num_iter=100)[source]

	






          

      

      

    

  

    
      
          
            
  
prism.scatter module


	
prism.scatter.run(input_fp, output_fp, dpi=400, width=4, height=4, scale=1, font_family=None)[source]

	




	
prism.scatter.scatter_1d(subclone_assignments, num_subclones, depths, fingerprint_fractions, width, height, dpi)[source]

	Generate annotated scatterplot for one-dimensional PRISM analysis.


	Parameters

	
	subclone_assignments (list [https://docs.python.org/3/library/stdtypes.html#list]) – List containing subclone assignment status for each fingerprint epilocus.


	num_subclones (int [https://docs.python.org/3/library/functions.html#int]) – Number of subclones.


	depths (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of depths (pattern counts).


	fingerprint_fractions (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of fingerprint fractions.


	width (float [https://docs.python.org/3/library/functions.html#float]) – Figure width.


	height (float [https://docs.python.org/3/library/functions.html#float]) – Figure height.


	dpi (int [https://docs.python.org/3/library/functions.html#int]) – Figure DPI.













	
prism.scatter.scatter_2d(subclone_assignments, num_subclones, fingerprint_fractions, width, height, dpi)[source]

	Generate annotated scatterplot for two-dimensional PRISM analysis.


	Parameters

	
	subclone_assignments (list [https://docs.python.org/3/library/stdtypes.html#list]) – List containing subclone assignment status for each fingerprint epilocus.


	num_subclones (int [https://docs.python.org/3/library/functions.html#int]) – Number of subclones.


	fingerprint_fractions (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of fingerprint fractions.


	annotation_names (list [https://docs.python.org/3/library/stdtypes.html#list]) – List of the names of annotations.


	annotation_mask (list [https://docs.python.org/3/library/stdtypes.html#list]) – List containing annotation status for each fingerprint epilocus.


	width (float [https://docs.python.org/3/library/functions.html#float]) – Figure width.


	height (float [https://docs.python.org/3/library/functions.html#float]) – Figure height.


	dpi (int [https://docs.python.org/3/library/functions.html#int]) – Figure DPI.















          

      

      

    

  

    
      
          
            
  
prism.util module


	
class prism.util.Region[source]

	Bases: prism.util.Region






	
prism.util.extract_chromosome(header)[source]

	Extract chromosome information for epilocus header.






	
prism.util.get_bam_handle(bam_path)[source]

	Returns pysam.AlignmentFile object for BAM file.






	
prism.util.get_binary_string_representation(read)[source]

	Returns a binary representation string of methylation state of a read.
Unmethylated state = 0, methylated state = 1.






	
prism.util.get_common_headers_by_jaccard_similarity(headers1, headers2, cutoff=0.5)[source]

	Given two lists of epiloci headers, determine which epiloci are common.






	
prism.util.is_fully_methylated_or_unmethylated(pattern)[source]

	




	
prism.util.jaccard_similarity(s1, s2)[source]

	Compute Jaccard similarity of two sets.






	
prism.util.merge_two_headers(h1, h2)[source]

	Union two epiloci headers.






	
prism.util.parse_result_line(line)[source]

	Parse each line in the PRISM result file.






	
prism.util.pattern_counters_from_met(fp)[source]

	Parse MET file and generate header, and counter of patterns.






	
prism.util.prepare_header_bed(headers)[source]

	Converts a list of epiloci headers to a BedTool object.






	
prism.util.preset_rc(scale=1, font_family=None)[source]

	Set visually plausible matplotlib rc file.






	
prism.util.random_pattern(l, n)[source]

	Generate n random methylation pattern with length l.








          

      

      

    

  

    
      
          
            
  
PRISM package


Submodules



	prism.annotate module

	prism.deconvolute module

	prism.extract module

	prism.hmm module

	prism.mixture module

	prism.preprocess module

	prism.proofreading module

	prism.scatter module

	prism.util module









          

      

      

    

  

    
      
          
            
  
Annotate


Note

This section is under construction.






          

      

      

    

  

    
      
          
            
  
Deconvolute


Note

This section is under construction.



prism deconvolute command infers the subclonal composition of the sample. Simply give methylation pattern-corrected epiloci file.

$ prism deconvolute -i sample.corrected.met -o sample.prism.result





Another feature of PRISM is that is can utilize two or more samples from a single tumor at the same time, and jointly infer subclonal composition. To provoke joint-analysis, specify a list of corrected.met files.

$ prism deconvolute -i sample1.corrected.met sample2.corrected.met -o sample.prism.result





For a more detailed description about all options, run prism deconvolute -h.




          

      

      

    

  

    
      
          
            
  
Extract


Note

This section is under construction.



prism extract command extracts viable epiloci from a BAM file. In other words, it extracts genomic regions harboring a sufficient number of mapped reads (>= d) with a sufficient number of CpGs (>= c). A resulting file with those epiloci information is generated, whose file extension will be .met afterwards. To extract epiloci with default settings (d = 20, c = 4), simply run the command below:

$ prism extract -i sample.bam -o sample.met





If you want to specify your own cutoffs for the required sequencing depth and the number of CpGs, say, d = 15 and c = 3, run as follows:

$ prism extract -i sample.bam -o sample.met -d 15 -c 3








          

      

      

    

  

    
      
          
            
  
Preprocess


Note

This section is under construction.



prism preprocess command corrects for the errors in methylation patterns in order to amplify the number of fingerprint epiloci and calibrate for the subclone size estimates.

$ prism preprocess -i sample.met -o sample.corrected.met





You may benefit from multithreading with -t/--threads option.

$ prism preprocess -i sample.met -o sample.corrected.met -t 30





This step is resource intensive, so by default PRISM tries to pre-filter the epilocus that is not likely to be a fingerprint epilocus. This pre-filtering of course can be turned off by -f/--no-prefilter option and this indeed gives a better estimates of subclones. However, please be warned, depending on your data size, this step will last long. To help you deciding whether or not to apply prefiltering, with 30 threads (-t 30) ~200M met file took about 5 hours to be preprocessed without prefiltering.

$ prism preprocess -i sample.met -o sample.corrected.met --no-prefilter -t 30





For a more detailed description about all options, run prism preprocess -h.




          

      

      

    

  

    
      
          
            
  
Quickstart

Install PRISM with pip.

$ pip install subclone-prism





Run analysis.

------------------------------
Extract epiloci from BAM file.
------------------------------
$ prism extract -i sample.bam -o sample.met

-------------------------------------------------------------------
Preprocess epiloci to get finer estimates of epigenetic subclones
and to rescue more fingerprint epiloci from noisy methylation data.
-------------------------------------------------------------------
$ prism preprocess -i sample.met -o sample.corrected.met

----------------------------------------------
Infer the subclonal composition of the sample.
----------------------------------------------
If you want 1-sample deconvolution, run:
$ prism deconvolute -i sample.corrected.met -o sample.prism.result
or if you want 2-sample deconvolution, run:
$ prism deconvolute -i sample1.corrected.met sample2.corrected.met -o sample.prism.result

--------------------------------------------
Scatterplot for visualization of the result.
--------------------------------------------
$ prism scatter -i sample.prism.result -o sample.png

--------------------------------------------------------------------
Annotation of fingerprint epiloci for functional characterization of
discovered epigenetic subclones.
--------------------------------------------------------------------
$ prism annotate -i sample.prism.result -o sample.prism.annotated.result \
--beds annotation_a.bed annotation_b.bed \
--annotation-names ANNOTATION-A ANNOTATION-B





The PRISM analysis is done in three steps: extract - preprocess - deconvolute.




          

      

      

    

  

    
      
          
            
  
Scatter


Note

This section is under construction.



prism scatter command generates a scatterplot of the PRISM analysis result. You need a result of prism deconvolute. The dimension of analysis (i.e., the number of samples you gave to prism deconvolute command) should not be more than three to visualize it. Note that the file extension of output file should be a general one for image files such as png, jpg, or pdf.

$ prism scatter -i sample.prism.result -o sample.png





[image: usage/_images/scatter.png]
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