

    
      
          
            
  
YAP documentation

Please read the new documentation of YAP here:

https://hq-1.gitbook.io/mc/


	Code: https://github.com/lhqing/cemba_data


	Author: Hanqing Liu, hanliu@salk.edu
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Mapping - Three Steps


Step 1. Prepare mapping config



Command

yap default-mapping-config







Input

This step take several informations related to the library to make up a mapping config file. Each information is explained below


Mode --mode


	mc for normal snmC-seq2, snmC-seq3


	mct for snmCT-seq, snmC2T-seq






Barcode version --barcode_version


	V1 for 8 random index


	V2 for 384 random index






Bismark Reference --bismark_ref

Read bismark documentation [https://rawgit.com/FelixKrueger/Bismark/master/Docs/Bismark_User_Guide.html] to prepare a bismark-bowtie2 mapping index using the bismark_genome_preparation command



Genome FASTA --genome_fasta

The SAME fasta file you used for bismark_genome_preparation.



STAR Reference (mct only) --star_ref

Read STAR documentation [https://github.com/alexdobin/STAR/blob/master/doc/STARmanual.pdf] to prepare a STAR mapping index. In addition to the FASTA file, STAR also need a GTF file. For human and mouse, GTF from GENCODE [https://www.gencodegenes.org/] is recommended.



GTF (mct only) --gtf

The SAME GTF file you used for STAR index building.



NOMe (NOMe treatment only) --nome

If this library is NOMe treated, the mapping config will have two modifications in ALLC generation and mapping summary: 1. [callMethylation] num_upstr_bases = 1; this will record additional 1 base information before the cytosine in the mC context column of ALLC files, which allow us distinguish GpC sites. 2. [callMethylation] mc_stat_feature and mc_stat_alias changed; this will generate different mapping summary to calculate GpCH, HpCG, and HpCH methylation, etc.




Output

The mapping config generated based on input information will be printed out directly, you can redirect the output into a mapping_config.ini file, and use this file in step 2



Command

yap default-mapping-config







Input



Output


[ ]:














[3]:





!yap default-mapping-config -h













usage: yap default-mapping-config [-h] --mode {mct,mc} --barcode_version
                                  {V1,V2} --bismark_ref BISMARK_REF
                                  --genome_fasta GENOME_FASTA --star_ref
                                  STAR_REF --gtf GTF [--nome]

optional arguments:
  -h, --help            show this help message and exit
  --mode {mct,mc}       Library mode (default: None)
  --barcode_version {V1,V2}
                        Barcode version, V1 for 8 random index, V2 for 384
                        random index (default: None)
  --bismark_ref BISMARK_REF
                        Path to the bismark reference (default: None)
  --genome_fasta GENOME_FASTA
                        Path to the genome fasta file (default: None)
  --star_ref STAR_REF   Path to the STAR reference (default: None)
  --gtf GTF             Path to the GTF annotation file (default: None)
  --nome                Does this library have NOMe treatment? (default:
                        False)







[ ]:













[image: Mapping Steps]



Output Directory Structure


	Each sub-directory will contain:


	*.command.txt: the actual command list for generating the data file


	*.records.csv: the csv file contain the output file list that should be exist after the corresponding command finishes.


	data file (after execution): the actual data file will appear after command execute successfully.


	*.stats.csv (after yap mapping-summary): the stats file for this step.






	the qsub/ directory contains a copy of all command list as well, if using qsub mode, the qsub log file will appear in each of the sub-directory of qsub.


	MappingSummary.csv.gz (after yap mapping-summary): A single flat csv file for the final cell-level summary for ALL necessary mapping stats.





[18]:





!tree -d /example/output_dir/for/normal/mc/mapping/













/home/hanliu/tmp/final-bp/
├── allc
│   ├── generate_allc.command.txt
│   ├── generate_allc.records.csv
│   └── generate_allc.stats.csv
├── bismark_bam
│   ├── bismark_bam_qc.command.txt
│   ├── bismark_bam_qc.records.csv
│   ├── bismark_bam_qc.stats.csv
│   ├── bismark_mapping.command.txt
│   ├── bismark_mapping.records.csv
│   ├── bismark_mapping.stats.csv
│   ├── final_bam.command.txt
│   ├── final_bam.records.csv
│   ├── select_dna_reads.command.txt
│   ├── select_dna_reads.records.csv
│   └── select_dna_reads.stats.csv
├── fastq
│   ├── demultiplex.command.txt
│   ├── demultiplex.records.csv
│   ├── demultiplex.stats.csv
│   ├── fastq_dataframe.csv
│   ├── fastq_qc.command.txt
│   ├── fastq_qc.records.csv
│   ├── fastq_qc.stats.csv
│   ├── merge_lane.command.txt
│   └── merge_lane.records.csv
├── MappingSummary.csv.gz
└── qsub
    ├── bismark_bam_allc
    │   ├── allc_commands.txt
    │   ├── bam_qc_commands.txt
    │   ├── bismark_commands.txt
    │   ├── final_bam_commands.txt
    │   └── select_dna_commands.txt
    └── fastq
        ├── demultiplex_commands.txt
        ├── fastq_qc_commands.txt
        └── merge_lane_commands.txt

6 directories, 32 files








mCT Library Specific Directory


	For mCT library, there will be an additional sub-directory called “star_bam” in both the root output directory and qsub directory. For storing STAR mapped RNA bam file


	The mapping summary file will also have additional fields for RNA stats and DNA, RNA selection stats.





[2]:





!tree -d /example/output_dir/for/mct/mapping/













/home/hanliu/tmp/final/
├── allc
├── bismark_bam
├── fastq
├── qsub
│   ├── bismark_bam_allc
│   ├── fastq
│   └── star_bam
└── star_bam

8 directories










            

          

      

      

    

  

    
      
          
            
  
Mapping Summary


Generate mapping summary

# after ALL mapping commands finished, use this command to generate total summary
# output_dir is the same as yap mapping
yap mapping-summary --output_dir OUTPUT_DIR







Example Mapping Summary Visualization


[1]:





# related plotting functions from cemba_data package, installed together with yap
from cemba_data.plot.preprocessing import *
import pandas as pd
import pathlib
import matplotlib
import numpy as np








[2]:





sns.set_context("paper", font_scale=1, rc={"lines.linewidth": 0.5})
matplotlib.rc('figure', dpi=200)  # make figures more clear









Generate stat summary


[3]:





total_meta = pd.read_csv('MappingSummary.csv.gz')









Major filtering paramters


mCH%


[6]:





fig, axes = cutoff_vs_cell_remain(data=total_meta['CH_Rate'],
                                  cutoff_num=1000, bins=50, kde=False, xlim_quantile=(0.01, 0.99))












[image: _images/MappingSummary_6_0.png]






mCG%


[7]:





fig, axes = cutoff_vs_cell_remain(data=total_meta['CG_Rate'],
                                  cutoff_num=1000, bins=50, kde=False)












[image: _images/MappingSummary_8_0.png]






Dedupped Reads


[8]:





fig, axes = cutoff_vs_cell_remain(data=total_meta['DeduppedReads'],
                                  cutoff_num=1000, bins=50, kde=False)












[image: _images/MappingSummary_10_0.png]





[9]:





cell_pass = (total_meta['DeduppedReads'] > 500000).sum()
total_input = total_meta['MultiplexReadsTotal'].reset_index()[['uid', 'MultiplexReadsTotal']].drop_duplicates()['MultiplexReadsTotal'].sum()
total_final = total_meta['DeduppedReads'].sum()
print(f'In {cemba_region_name}, {cell_pass} cells have > 500,000 final reads.')
print(f'In {cemba_region_name}, {total_input} total input reads.')
print(f'In {cemba_region_name}, {int(total_final)} total final reads.')













In 9C, 2672 cells have > 500,000 final reads.
In 9C, 9646396456 total input reads.
In 9C, 3880445998 total final reads.









Success vs Fail


[10]:





fig, axes = plt.subplots(ncols=2, figsize=(10, 4))
ax = success_vs_fail(total_meta.reset_index(), 'DeduppedReads', 500000, 'index_name', 'CG_Rate', ax=axes[0])
ax = success_vs_fail(total_meta.reset_index(), 'DeduppedReads', 500000, 'index_name', 'CH_Rate', ax=axes[1])
fig.tight_layout()












[image: _images/MappingSummary_13_0.png]






mC%


mCG%


[11]:





fig, axes = plot_on_plate(total_meta, 'CG_Rate', 'real_plate', vmin=0.7, vmax=0.9,
                          heatmap_kws={'linewidth': 0, 'linecolor': '#EEEEEE'},
                          aggregation_func=lambda i: i.mean())












[image: _images/MappingSummary_15_0.png]






mCH %


[12]:





fig, axes = plot_on_plate(total_meta, 'CH_Rate', 'real_plate', vmin=0., vmax=0.06,
                          heatmap_kws={'linewidth': 0, 'linecolor': '#EEEEEE'},
                          aggregation_func=lambda i: i.mean())












[image: _images/MappingSummary_17_0.png]







Reads at FASTQ level


MultiplexReadsTotal


	Total Fastq Reads before demultiplex





[13]:





fig, axes = plot_on_plate(total_meta, 'MultiplexReadsTotal', 'real_plate', vmin=1e7, vmax=1e8,
                          heatmap_kws={'linewidth': 0, 'linecolor': '#EEEEEE'},
                          aggregation_func=lambda i: i.mean())












[image: _images/MappingSummary_19_0.png]






IndexReadsRatio


	Portion of each index_name (cell) among every 8-multiplexed fastq group





[14]:





simple_violin(x='real_plate', y='IndexReadsRatio', data=total_meta)








[14]:







(<Figure size 1000x600 with 1 Axes>,
 <matplotlib.axes._subplots.AxesSubplot at 0x7f340806ea90>)











[image: _images/MappingSummary_21_1.png]





[15]:





fig, axes = plot_on_plate(total_meta, 'IndexReadsRatio', 'real_plate', vmin=0, vmax=25,
                          heatmap_kws={'linewidth': 0, 'linecolor': '#EEEEEE'},
                          aggregation_func=lambda i: i.mean())












[image: _images/MappingSummary_22_0.png]






IndexReads


Total


[16]:





fig, axes = plot_on_plate(total_meta, 'IndexReadsTotal', 'real_plate', vmin=1e6, vmax=5e6,
                          heatmap_kws={'linewidth': 0, 'linecolor': '#EEEEEE'},
                          aggregation_func=lambda i: i.mean())












[image: _images/MappingSummary_24_0.png]






Ratio


[17]:





fig, ax = simple_violin(x='index_name', y='IndexTrimedReadsRatio',
                        data=total_meta.reset_index())
ax.set_ylim(0.7, 1)








[17]:







(0.7, 1)











[image: _images/MappingSummary_26_1.png]





[18]:





fig, axes = plot_on_plate(total_meta, 'IndexTrimedReadsRatio', 'real_plate', vmin=0.7, vmax=1,
                          heatmap_kws={'linewidth': 0, 'linecolor': '#EEEEEE'},
                          aggregation_func=lambda i: i.mean())












[image: _images/MappingSummary_27_0.png]








Reads at BAM level


Mapping Ratio


R1


[19]:





fig, axes = plot_on_plate(total_meta, 'R1MappedRatio', 'real_plate', vmin=50, vmax=80,
                          heatmap_kws={'linewidth': 0, 'linecolor': '#EEEEEE'},
                          aggregation_func=lambda i: i.mean())












[image: _images/MappingSummary_29_0.png]






R2


[20]:





fig, axes = plot_on_plate(total_meta, 'R2MappedRatio', 'real_plate', vmin=50, vmax=80,
                          heatmap_kws={'linewidth': 0, 'linecolor': '#EEEEEE'},
                          aggregation_func=lambda i: i.mean())












[image: _images/MappingSummary_31_0.png]







PCR duplicates


Non-duplicates Ratio


[21]:





fig, axes = plot_on_plate(total_meta, 'DeduppedRatio', 'real_plate', vmin=0.5, vmax=0.8,
                          heatmap_kws={'linewidth': 0, 'linecolor': '#EEEEEE'},
                          aggregation_func=lambda i: i.mean())












[image: _images/MappingSummary_33_0.png]






Total non-duplicate reads (including MAPQ filter)


[22]:





fig, axes = plot_on_plate(total_meta, 'DeduppedReads', 'real_plate', vmin=5e5, vmax=3e6,
                          heatmap_kws={'linewidth': 0, 'linecolor': '#EEEEEE'},
                          aggregation_func=lambda i: i.mean())












[image: _images/MappingSummary_35_0.png]








Pairplot


[23]:





sns.pairplot(total_meta.reset_index()[['real_plate', 'IndexTrimedReadsRatio',
                                       'R1MappedRatio', 'R2MappedRatio',
                                       'DeduppedRatio', 'DeduppedReads', 'CH_Rate', 'CG_Rate']],
             hue='real_plate')








[23]:







<seaborn.axisgrid.PairGrid at 0x7f33f8420fd0>











[image: _images/MappingSummary_37_1.png]





[24]:





sns.pairplot(total_meta.reset_index()[['index_name', 'IndexTrimedReadsRatio',
                                       'R1MappedRatio', 'R2MappedRatio',
                                       'DeduppedRatio', 'DeduppedReads', 'CH_Rate', 'CG_Rate']],
             hue='index_name')








[24]:







<seaborn.axisgrid.PairGrid at 0x7f341283ac18>











[image: _images/MappingSummary_38_1.png]





[25]:





fig, ax = simple_violin(x='index_name', y='DeduppedReads',
                        data=total_meta.reset_index())












[image: _images/MappingSummary_39_0.png]








            

          

      

      

    

  

    
      
          
            
  
Input of Mapping Pipeline


Input Files

In order to run the pipeline for a single cell library, you need to have 2 things:


	FASTQ files generated by bcl2fastq


	If the samplesheet used in bcl2fastq is made by yap, you don’t need to make fastq dataframe about the fastq files, just provide the path is fine.


	If the samplesheet is not made by yap, you need to make a FASTQ dataframe, see next step.






	mapping_config.ini for mapping parameters






FASTQ File Name Requirements


	FASTQ file should be generated by SampleSheet made from previous step. Because the pipeline heavily relies on pre-defined FASTQ file name patterns to automatically parse uid, lane, read_type etc.


	If the SampleSheet is not generated by previous step, FASTQ names may not support automatic parse. You need to provide the FASTQ dataframe by yourself. See the documentation of making FASTQ dataframe. The mapping summary part should also be done manually.






mapping_config.ini


What is mapping_config.ini file?


	It’s a place gather all adjustable parameters of mapping pipeline into a single file in INI format [https://en.wikipedia.org/wiki/INI_file], so you don’t need to put in 100 parameters in a shell command…


	INI format is super simple:

; comment start with semicolon
[section1]
key1=value1
key2=value2

[section2]
key1=value1
key2=value2







	Currently, the pipeline don’t allow to change the sections and keys, so just change values according to your needs.






How to prepare mapping_config.ini file?

You can print out the default config file, save it to your own place and modify the value.

# MODE should be in snmC, NOMe, snmCT, snmCT-NOMe, depending on the library type
yap default-mapping-config --mode MODE





Here is an example of getting snmC-seq default mapping_config.ini file. You need to change the place holders to correct value, such as providing correct barcode version (V1, V2) or path to the reference genome


[1]:





!yap default-mapping-config --mode mc













# Executing default-mapping-config...
; Mapping configurations
;
; INI format
; [Section1]
; KEY1 = VALUE1
; KEY2 = VALUE2
;
; [Section2]
; KEY1 = VALUE1
; KEY2 = VALUE2
;
; lines start with ";" is comment.
;
; NOTE: Don't change any section or key names.
; Custom keys won't work, only change value when adjust parameters.
;

[mode]
mode = mc


[multiplexIndex]
; This section is for demultiplex step
; V1: 8 random index version
; V2: 384 random index version
barcode_version = USE_CORRECT_BARCODE_VERSION_HERE


[fastqTrim]
r1_adapter = AGATCGGAAGAGCACACGTCTGAAC
r2_adapter = AGATCGGAAGAGCGTCGTGTAGGGA
; Universal illumina adapter

overlap = 6
; least overlap of base and illumina adapter

r1_left_cut = 10
; constant length to trim at 5 prime end, apply before quality trim.
; Aim to cut random primer part, determined by random primer length.
; Random primer can impact results, see bellow:
; https://sequencing.qcfail.com/articles/mispriming-in-pbat-libraries-causes-methylation-bias-and-poor-mapping-efficiencies/

r1_right_cut = 10
; constant length to trim at 3 prime end, apply before quality trim.

r2_left_cut = 10
; constant length to trim at 5 prime end, apply before quality trim.
; Aim to cut Y-tailing by adaptase, exact length is uncertain.

r2_right_cut = 10
; constant length to trim at 3 prime end, apply before quality trim.

quality_threshold = 20
; reads quality score threshold for trimming.

length_threshold = 30
; reads length threshold after all trim steps.

total_reads_threshold = 10000
; total minimum reads number threshold for a cell to be analyzed in subsequent steps.
; Change this to 1 for miseq library


[bismark]
bismark_reference= CHANGE_THIS_TO_YOUR_BISMARK_REFERENCE_DIR
; reference directory of bismark

read_min = 10000
; total minimum reads number threshold for a cell to be analyzed in subsequent steps.
; Change this to 1 for miseq library

read_max = 12000000
; total maximum reads number threshold for a cell to be analyzed in subsequent steps.

remove_fastq_input = True
; whether remove input fastq or not.


[bamFilter]
mapq_threshold = 10
; reads MAPQ threshold


[callMethylation]
reference_fasta = CHANGE_THIS_TO_YOUR_REFERENCE_FASTA
; reference fasta file, use the same one that bismark_mapping reference is prepared from

num_upstr_bases = 0
; number of base to include before mC

num_downstr_bases = 2
; number of base to include after mC

compress_level = 5
; ALLC file compress level
# default-mapping-config finished.








Mapping Modes of the config file

yap support several different mapping mode for different experiments, which is controlled by mapping_config.ini as described bellow.


snmC-seq2 (mc)


	Normal snmC-seq2 library






snmCT-seq (mct)


	snmCT-seq library, each cell contain mixed reads from DNA and RNA


	The major differences are:


	Need to do STAR mapping


	Filter bismark BAM file to get DNA reads


	Filter STAR BAM file to get RNA reads










snmC-seq + NOMe treatment (nome)


	snmC-seq with NOMe treatment, where the GCH contain open chromatin information, HCN contain normal methylation information.


	The major differences are:


	Add additional one base in the context column of ALLC, so we can distinguish GpC sites with HpC sites










snmCT-seq + NOMe treatment (mct-nome)


	snmCT-seq with NOMe treatment, each cell contain mixed reads from DNA and RNA, and in DNA reads, the GCH contain open chromatin information, HCN contain normal methylation.


	The major differences are:


	Need to do STAR mapping


	Filter bismark BAM file to get DNA reads


	Filter STAR BAM file to get RNA reads


	Add additional one base in the context column of ALLC, so we can distinguish GpC sites with HpC sites














            

          

      

      

    

  

    
      
          
            
  
Prepare Sample Sheet (start from sequencing)


Related Commands

# Print out template of the plate info
yap default-plate-info

# Make bcl2fastq sample sheet based on the plate info file
yap make-sample-sheet







Step 1: Prepare a PlateInfo file


What is PlateInfo file?


	A plain text file with experimental, library, and barcoding information.


	This file needs to be made manually for each library.


	The main content of this file is the barcoding information for each plate in the library, so the pipeline can properly demultiplex and name the single cell files with that information


	The initial 8-random-index barcoding version is V1, the 384-random index barcoding version is V2






Get plate_info.txt template

yap default-plate-info






V1 (8-random-index) plate info template


[2]:





!yap default-plate-info -v V1













# Executing default-plate-info...
#                               .__
#   ___________    _____ ______ |  |   ____
#  /  ___/\__  \  /     \\____ \|  | _/ __ \
#  \___ \  / __ \|  Y Y  \  |_> >  |_\  ___/
# /____  >(____  /__|_|  /   __/|____/\___  >
#      \/      \/      \/|__|             \/
#        .__                   __  ._.
#   _____|  |__   ____   _____/  |_| |
#  /  ___/  |  \_/ __ \_/ __ \   __\ |
#  \___ \|   Y  \  ___/\  ___/|  |  \|
# /____  >___|  /\___  >\___  >__|  __
#      \/     \/     \/     \/      \/
#
# ____   ________
# \   \ /   /_   |
#  \   Y   / |   |
#   \     /  |   |
#    \___/   |___|
#
#
# PlateInfo template of single cell sequencing demultiplex
#
# This file template contain 3 sections.
#
# [CriticalInfo]
# [LibraryInfo]
# [PlateInfo]
#
# The final sample id will be values of each part concatenated by "-" in the following order
# [Values in LibraryInfo] + [Additional values in PlateInfo] + [Sample UID determined by library strategy]
#
# Empty lines and line start with "#" will be ignored. You can remove these if you understand the template.
#


# =====================================================================================================

[CriticalInfo]

# =====================================================================================================

# Explain:
# Every key=value pairs are required. key name can not be change.
# Some values have limited options, they are:
# n_random_index choice: 8 (V1), if your n_random_index=384, use V2 template!
# input_plate_size choice: 384
#
# Example:
# n_random_index=8
# input_plate_size=384
# pool_id=Pool_NN
# tube_label=Pool_NN_MM_AA_BB  # often times 2 libraries are pooled together on Nova-Seq, but there is no rule on this.
# email=your-email@salk.edu
#

# if your n_random_index=384, use V2 template!
n_random_index=8
input_plate_size=384
pool_id=
tube_label=
email=


# =====================================================================================================

[LibraryInfo]

# =====================================================================================================
#
# Explain:
# library metadata that applies to all plates
# this whole part is optional, may contain any "key=value" pairs necessary to describe the library.
# All the values will be concatenate by "-" into the sample id and present in file name. Use UNIX path safe characters.
# Any character does not belong to [a-zA-Z0-9] will be replaced by "_"
# Here are the recommended information to include, you can define your own based on your needs,
# non of these information is actually used in demultiplex or mapping:
# these keys are ALL optional, but better be consistent throughout the project.
#
# Example:
# lib_comp_date=180101
# project=CEMBA
# organism=mm
# dev_stage_age=P56
# tissue_cell_type=1A
# exp_cond=1
# bio_rep=1
# tech_rep=1
# lib_type=snmC-seq2
# sequencer=NovaSeq
# se_pe=pe
# read_length=150
#





# =====================================================================================================

[PlateInfo]

# =====================================================================================================

# Explain:
# Plate metadata that specific to certain plates, a tab separated table
# First row must be header start with: plate_id primer_quarter
# First 2 columns are required and must be in the order of: plate_id    primer_quarter
# You can add more plate specific info into additional columns, those info will be appended to LibraryInfo as part of sample_id.
# All the values will be concatenate by "-" into the sample id and present in file name.
# So better not to include "-" in value and use UNIX path safe characters.
#
# If your experiment design contain sup-plate difference (e.g. some rows come from 1 sample, some rows come from another),
# you should maintain your own metadata about this and added into the mapping summary table later after mapping by yourself
# Because here the plate info is just for barcode demultiplexing, so that we can get single cell data AND the plate position of each cell
# with the plate position, it should be very convenient for you to add any custom information you designed in your experiment.
#
# primer_quarter valid values are:
# Set1_Q1, Set1_Q2, Set1_Q3, Set1_Q4
# SetB_Q1, SetB_Q2, SetB_Q3, SetB_Q4
#
# Example:
# plate_id      primer_quarter
# CEMBA190530_9C_1      SetB_Q1
# CEMBA190530_9C_2      SetB_Q1
# CEMBA190530_9C_3      SetB_Q2
# CEMBA190530_9C_4      SetB_Q2
# CEMBA190620_9C_1      SetB_Q3
# CEMBA190620_9C_2      SetB_Q3
# CEMBA190620_9C_3      SetB_Q4
# CEMBA190620_9C_4      SetB_Q4
#
# Remember the columns MUST be separate by tab not space
#


# =====================================================================================================
# if your n_random_index=384, use V2 template!
# =====================================================================================================

plate_id        primer_quarter




# default-plate-info finished.








V2 (384-random-index) plate info template


[3]:





!yap default-plate-info -v V2













# Executing default-plate-info...
#                               .__
#   ___________    _____ ______ |  |   ____
#  /  ___/\__  \  /     \\____ \|  | _/ __ \
#  \___ \  / __ \|  Y Y  \  |_> >  |_\  ___/
# /____  >(____  /__|_|  /   __/|____/\___  >
#      \/      \/      \/|__|             \/
#        .__                   __  ._.
#   _____|  |__   ____   _____/  |_| |
#  /  ___/  |  \_/ __ \_/ __ \   __\ |
#  \___ \|   Y  \  ___/\  ___/|  |  \|
# /____  >___|  /\___  >\___  >__|  __
#      \/     \/     \/     \/      \/
#
# ____   ____________
# \   \ /   /\_____  \
#  \   Y   /  /  ____/
#   \     /  /       \
#    \___/   \_______ \
#                    \/
#
# PlateInfo template of single cell sequencing demultiplex
#
# This file template contain 3 sections.
#
# [CriticalInfo]
# [LibraryInfo]
# [PlateInfo]
#
# The final sample id will be values of each part concatenated by "-" in the following order
# [Values in LibraryInfo] + [Additional values in PlateInfo] + [Sample UID determined by library strategy]
#
# Empty lines and line start with "#" will be ignored. You can remove these if you understand the template.
#


# =====================================================================================================

[CriticalInfo]

# =====================================================================================================

# Explain:
# Every key=value pairs are required. key name can not be change.
# Some values have limited options, they are:
# n_random_index choice: 384 (V2), if your n_random_index=8, use V1 template!
# input_plate_size choice: 384
#
#
# Example:
# n_random_index=8
# input_plate_size=384
# pool_id=Pool_73
# tube_label=Pool_72_73_9A_10C  # often times 2 library are pooled together on Nova-Seq
# email=your-email@salk.edu
#

# if your n_random_index=8, use V1 template!
n_random_index=384
input_plate_size=384
pool_id=
tube_label=
email=


# =====================================================================================================

[LibraryInfo]

# =====================================================================================================
#
# Explain:
# library metadata that applies to all plates
# this whole part is optional, may contain any "key=value" pairs necessary to describe the library.
# All the values will be concatenate by "-" into the sample id and present in file name. Use UNIX path safe characters.
# Any character does not belong to [a-zA-Z0-9] will be replaced by "_"
# Here are the recommended information to include, you can define your own based on your needs,
# non of these information is actually used in demultiplex or mapping:
# these keys are ALL optional, but better be consistent throughout the project.
#
# Example:
# lib_comp_date=180101
# project=CEMBA
# organism=mm
# dev_stage_age=P56
# tissue_cell_type=1A
# exp_cond=1
# bio_rep=1
# tech_rep=1
# lib_type=snmC-seq2
# sequencer=NovaSeq
# se_pe=pe
# read_length=150
#
#





# =====================================================================================================

[PlateInfo]

# =====================================================================================================

# Explain:
# Plate metadata that specific to certain plates, a tab separated table
# First row must be header start with: plate_id primer_quarter
# First 3 columns are required and must be in the order of: plate_id    multiplex_group primer_name
# You can add more plate specific info into additional columns, those info will be appended to LibraryInfo as part of sample_id.
# All the values will be concatenate by "-" into the sample id and present in file name.
# So better not to include "-" in value and use UNIX path safe characters.
#
# If your experiment design contain sup-plate difference (e.g. some rows come from 1 sample, some rows come from another),
# you should maintain your own metadata about this and added into the mapping summary table later after mapping by yourself
# Because here the plate info is just for barcode demultiplexing, so that we can get single cell data AND the plate position of each cell
# with the plate position, it should be very convenient for you to add any custom information you designed in your experiment.
#
# primer_name valid values are:
# [A-P][1-24]
#
# Example:
# plate_id      multiplex_group primer_name
# Plate_1       1       B1
# Plate_1       2       B3
# Plate_1       3       B5
# Plate_1       4       B7
# Plate_1       5       B9
# Plate_1       6       B11
#
# Remember the columns MUST be separate by tab, not space or comma
#


# =====================================================================================================
# if your n_random_index=8, use V1 template!
# =====================================================================================================

plate_id        multiplex_group primer_name




# default-plate-info finished.










Step 2: Run yap make-sample-sheet


	yap make-sample-sheet take a V1 or V2 plate info file to generate bcl2fastq sample sheet.


	The sample sheet and name pattern is automatically generated so the pipeline can automatically parse cell information during and post mapping.


	See usage bellow:





[4]:





!yap make-sample-sheet -h













usage: yap make-sample-sheet [-h] --plate_info_path PLATE_INFO_PATH
                             --output_prefix OUTPUT_PREFIX
                             [--header_path HEADER_PATH]

optional arguments:
  -h, --help            show this help message and exit

Required inputs:
  --plate_info_path PLATE_INFO_PATH
                        Path of the plate information file. (default: None)
  --output_prefix OUTPUT_PREFIX
                        Output prefix, will generate 2 sample sheets, 1 for
                        miseq, 1 for novaseq (default: None)

Optional inputs:
  --header_path HEADER_PATH
                        Path to the sample sheet header that contains
                        sequencer info. Will use default if not provided.
                        (default: None)








Example


V1 Index Library (e.g. snmC-seq2, snmCT-seq using V1 index)


	This example contain eight plates


	Every two plates share a primer quarter


	Possible primer_quarter values are:


	SetB_Q1, SetB_Q2, SetB_Q3, SetB_Q4


	Set1_Q1, Set1_Q2, Set1_Q3, Set1_Q4






	Each primer_quarter appears no more than twice for the same NovaSeq run.




[CriticalInfo]
n_random_index=8
input_plate_size=384
pool_id=Pool_73
tube_label=Pool_73
email=your_email_address@salk.edu

[LibraryInfo]
lib_comp_date=180101
project=CEMBA
organism=mm
dev_stage_age=P56
tissue_cell_type=9C
lib_type=snmCseq2
sequencer=NovaSeq
se_pe=pe
read_length=150
requested_by=HL

[PlateInfo]
plate_id        primer_quarter
CEMBA190530_9C_1        SetB_Q1
CEMBA190530_9C_2        SetB_Q1
CEMBA190530_9C_3        SetB_Q2
CEMBA190530_9C_4        SetB_Q2
CEMBA190620_9C_1        SetB_Q3
CEMBA190620_9C_2        SetB_Q3
CEMBA190620_9C_3        SetB_Q4
CEMBA190620_9C_4        SetB_Q4

V2 Index Library (e.g. snmC-seq3, snmCT-seq using V2 index)


	This example contain four plates


	Every plate has six multiplex groups


	All primer name must be unique for the same NovaSeq run.




[CriticalInfo]
n_random_index=384
input_plate_size=384
pool_id=Pool_9
tube_label=Pool_9
email=hanliu@salk.edu;bawang@salk.edu;abartlett@salk.edu


[LibraryInfo]
lib_comp_date=200518
project=DVC
organism=mm
dev_stage_age=P120
tissue_cell_type=VC
lib_type=snmCT-seq
sequencer=NovaSeq
se_pe=pe
read_length=150
requested_by=HL


[PlateInfo]
plate_id    multiplex_group primer_name
DVC200116_P120_VC_B_M_1_4   1       D11
DVC200116_P120_VC_B_M_1_4   2       F9
DVC200116_P120_VC_B_M_1_4   3       I10
DVC200116_P120_VC_B_M_1_4   4       C16
DVC200116_P120_VC_B_M_1_4   5       D2
DVC200116_P120_VC_B_M_1_4   6       I4
DVC200116_P120_VC_B_M_1_6   1       N6
DVC200116_P120_VC_B_M_1_6   2       J17
DVC200116_P120_VC_B_M_1_6   3       N12
DVC200116_P120_VC_B_M_1_6   4       L19
DVC200116_P120_VC_B_M_1_6   5       D7
DVC200116_P120_VC_B_M_1_6   6       J5
DVC200116_P120_VC_B_M_1_8   1       K22
DVC200116_P120_VC_B_M_1_8   2       J13
DVC200116_P120_VC_B_M_1_8   3       E10
DVC200116_P120_VC_B_M_1_8   4       M21
DVC200116_P120_VC_B_M_1_8   5       J6
DVC200116_P120_VC_B_M_1_8   6       C4
DVC200116_P120_VC_B_M_2_4   1       P8
DVC200116_P120_VC_B_M_2_4   2       J19
DVC200116_P120_VC_B_M_2_4   3       I21
DVC200116_P120_VC_B_M_2_4   4       C9
DVC200116_P120_VC_B_M_2_4   5       P10
DVC200116_P120_VC_B_M_2_4   6       J4

Example Output


Command


[5]:





!yap make-sample-sheet --plate_info_paths example_plate_info.txt --output_prefix Pool_EXAMPLE













# Executing make-sample-sheet...
# make-sample-sheet finished.








Output

The output contains 2 sample sheets, one for miseq, one for novaseq


[7]:





!head -n 25 Pool_EXAMPLE.miseq.sample_sheet.csv













[Header],,,,,,,,,,
IEMFileVersion,4,,,,,,,,,
Date,,,,,,,,,,
Workflow,GenerateFASTQ,,,,,,,,,
Application,HiSeq_FASTQ_Only,,,,,,,,,
Assay,TruSeq_HT,,,,,,,,,
Description,,,,,,,,,,
Chemistry,,,,,,,,,,
,,,,,,,,,,
[Reads],,,,,,,,,,
151,,,,,,,,,,
151,,,,,,,,,,
,,,,,,,,,,
[Settings],,,,,,,,,,
Adapter,AGATCGGAAGAGCACACGTCTGAACTCCAGTCA,,,,,,,,,
AdapterRead2,AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT,,,,,,,,,
,,,,,,,,,,
[Data],,,,,,,,,,
Sample_ID,Sample_Name,Sample_Plate,Sample_Well,I7_Index_ID,index,I5_Index_ID,index2,Sample_Project,Description
180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A1,,Plate,,,CGTAGAACAG,,CTGTTAGCGG,Pool_72_73_9A_10C,hanliu@salk.edu
180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A2,,Plate,,,CTGGCATATT,,CGGAAGATAA,Pool_72_73_9A_10C,hanliu@salk.edu
180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A3,,Plate,,,AGAACCTCGC,,ACACTTCGTT,Pool_72_73_9A_10C,hanliu@salk.edu
180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A4,,Plate,,,TGTCGTTAAG,,CGTCGCTCAA,Pool_72_73_9A_10C,hanliu@salk.edu
180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A5,,Plate,,,CATACCGCTG,,ACTTGGCCGA,Pool_72_73_9A_10C,hanliu@salk.edu
180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A6,,Plate,,,CTTCAATAGC,,GATTGATTGC,Pool_72_73_9A_10C,hanliu@salk.edu







[9]:





!head -n 25 Pool_EXAMPLE.novaseq.sample_sheet.csv













[Header],,,,,,,,,,
IEMFileVersion,4,,,,,,,,,
Date,,,,,,,,,,
Workflow,GenerateFASTQ,,,,,,,,,
Application,HiSeq_FASTQ_Only,,,,,,,,,
Assay,TruSeq_HT,,,,,,,,,
Description,,,,,,,,,,
Chemistry,,,,,,,,,,
,,,,,,,,,,
[Reads],,,,,,,,,,
151,,,,,,,,,,
151,,,,,,,,,,
,,,,,,,,,,
[Settings],,,,,,,,,,
Adapter,AGATCGGAAGAGCACACGTCTGAACTCCAGTCA,,,,,,,,,
AdapterRead2,AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT,,,,,,,,,
,,,,,,,,,,
[Data],,,,,,,,,,
Lane,Sample_ID,Sample_Name,Sample_Plate,Sample_Well,I7_Index_ID,index,I5_Index_ID,index2,Sample_Project,Description
1,180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A1,,Plate,,,CGTAGAACAG,,CTGTTAGCGG,Pool_72_73_9A_10C,hanliu@salk.edu
1,180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A2,,Plate,,,CTGGCATATT,,CGGAAGATAA,Pool_72_73_9A_10C,hanliu@salk.edu
1,180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A3,,Plate,,,AGAACCTCGC,,ACACTTCGTT,Pool_72_73_9A_10C,hanliu@salk.edu
1,180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A4,,Plate,,,TGTCGTTAAG,,CGTCGCTCAA,Pool_72_73_9A_10C,hanliu@salk.edu
1,180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A5,,Plate,,,CATACCGCTG,,ACTTGGCCGA,Pool_72_73_9A_10C,hanliu@salk.edu
1,180101-CEMBA-mm-P56-1A-1-1-1-snmC-seq2-NovaSeq-pe-150-HL-CEMBA190530_9C_1-CEMBA190530_9C_2-A6,,Plate,,,CTTCAATAGC,,GATTGATTGC,Pool_72_73_9A_10C,hanliu@salk.edu
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Technology Basics


What does yap do


All sequencing technologies are methylation based

All the technologies covered by yap is based on snmC-seq2, here I visualized the steps and barcoding strategies we used currently in Ecker Lab for snmC-seq2. This is basically all yap mapping is based on.



Multiplex cell in preparing library

When preparing library, the most important part related to mapping is the cell multiplexing:


	use random primer (inside pipeline, index_name corresponding to each random primer)


	use illumina P5/P7 primer pair (inside pipeline, primer_name and uid corresponding to each illumina P5/P7 primer pair)






Demultiplex cell in mapping

When mapping use yap (notice the reverse order):


	prepare samplesheet for bcl2fastq, use bcl2fastq to demultiplex illumina P5/P7 primer pair. Each result file set got a uid, that uid corresponding to the illumina primer pair throughout the pipeline.


	use cutadapt to demultiplex random primer. Each result file set got a index_name, that index_name corresponding to the random primer throughout the pipeline.


	uid + index_name uniquely determine a cell within the same pool on MiSeq or NovaSeq.


	After getting single cell files, yap just do mapping steps for each individual cells, and then summarize all the mapping stats for the whole library.







Important Reference


	snmC-seq original publication: Luo, Chongyuan, Christopher L. Keown, Laurie Kurihara, Jingtian Zhou, Yupeng He, Junhao Li, Rosa Castanon, et al. 2017. “Single-Cell Methylomes Identify Neuronal Subtypes and Regulatory Elements in Mammalian Cortex.” Science 357 (6351): 600–604. [http://dx.doi.org/10.1126/science.aan3351]


	snmC-seq2: Luo, Chongyuan, Angeline Rivkin, Jingtian Zhou, Justin P. Sandoval, Laurie Kurihara, Jacinta Lucero, Rosa Castanon, et al. 2018. “Robust Single-Cell DNA Methylome Profiling with snmC-seq2.” Nature Communications 9 (1): 3824. [http://dx.doi.org/10.1038/s41467-018-06355-2]


	snmCT-seq: Luo, Chongyuan, Hanqing Liu, Bang-An Wang, Anna Bartlett, Angeline Rivkin, Joseph R. Nery, and Joseph R. Ecker. 2018. “Multi-Omic Profiling of Transcriptome and DNA Methylome in Single Nuclei with Molecular Partitioning.” bioRxiv. https://doi.org/10.1101/434845. [http://dx.doi.org/10.1101/434845]






snmC-seq2 Library


Molecular steps

[image: molecularsteps]



Reads and Primer Structure

[image: primerstructure]




Cell Multiplexing


V1 (8-random-index)

[image: v1barcode]



V2 (384-random-index)

[image: v2barcode]






            

          

      

      

    

  

    
      
          
            
  
Demultiplex (start from sequencing)


Related Commands

# Demultiplex
yap demultiplex







Input of this step

In the previous step, we generated sample sheet based on plate information file, and then used illumina bcl2fastq to demultiplex the sequencing results into raw FASTQ file sets. This step only demultiplexed the barcode on the illumina primers, therefore, each set of FASTQ file still contain reads mixed from multiple cells.

Depending on the number of random index used in each barcode version, in V1, each set contain reads from eight cells; in V2, each set contain reads from 384 cells.



Output of this step


	This step demultiplex raw FASTQ files into single cell raw FASTQ files.


	The random index sequence will be removed from the reads


	Each cell will have two fastq files in the output directory, with fixed name pattern:


	{cell_id}-R1.fq.gz for R1


	{cell_id}-R2.fq.gz for R2










Usage


[12]:





!yap demultiplex -h













usage: yap demultiplex [-h] --fastq_pattern FASTQ_PATTERN --output_dir
                       OUTPUT_DIR --barcode_version {V1,V2} --mode
                       {mc,mct,mc2t} --cpu CPU

optional arguments:
  -h, --help            show this help message and exit

Required inputs:
  --fastq_pattern FASTQ_PATTERN
                        FASTQ files with wildcard to match all bcl2fastq
                        results, pattern with wildcard must be quoted.
                        (default: None)
  --output_dir OUTPUT_DIR
                        Pipeline output directory, will be created
                        recursively. (default: None)
  --barcode_version {V1,V2}
                        Barcode version of this library, V1 for the 8 random
                        index, V2 for the 384 random index. (default: None)
  --mode {mc,mct,mc2t}  Technology used in this library. (default: None)
  --cpu CPU             Number of cores to use. Max is 12. (default: None)







Notes


	**Remember to use “” to quote the fastq pattern like this: --fastq_pattern “path/pattern/to/your/bcl2fastq/results/*fastq.gz”**


	An error will occor if output_dir already exists.







Runtime notes for NovaSeq


	This command run demultiplex directly, the runtime is roughly ~8 Gb per CPU per hour. For a typical eight-plate NovaSeq library (500GB), the runtime using 12 CPU is ~5-7 hours depending on the file system loads.


	This command creads lots of files simutaniously, in order to prevent too much berden on the file system, I set default and max CPU = 12








            

          

      

      

    

  

    
      
          
            
  
Installation


Setup Conda and Mapping Environment


check if conda is installed

conda info







if not installed, install either miniconda or anaconda.


	IMPORTANT: select python 3


	miniconda (recommend if you don’t use python a lot): https://conda.io/miniconda.html


	anaconda (larger): https://www.anaconda.com/download/






Set up bioconda

bioconda [https://bioconda.github.io/] is a package manager for most popular biological tools, its wonderful!

# run these command to add bioconda into your conda channel, the order of these 3 line matters
conda config --add channels defaults
conda config --add channels bioconda
conda config --add channels conda-forge







Create Mapping Environment

you can change the name into any desired name, but python version need to be 3.7

conda create --name mapping python==3.7







why using stand alone conda environment?


	Using environment make sure all the mapping related package is handled by conda and pip in a stand alone place


	It will not impact any of your other installed packages and vise versa.


	This make sure the stability of pipeline.


	The only drawback of using environment is you need to activate environment every time, because everything is only installed for that environment.


	See here [https://docs.conda.io/projects/conda/en/latest/user-guide/tasks/manage-environments.html] for more info about conda environment.






activate new environment

remember to run this command EVERY TIME before using the pipeline.

source activate mapping








Install packages


install packages into new environment

conda install -n mapping bedtools=2.27 bismark=0.20 bowtie2=2.3 cutadapt=1.18 fastqc=0.11 picard=2.18 samtools=1.9 htslib=1.9 pysam=0.15
# for mCT mapping
conda install -n mapping STAR=2.7

# for generating ALLC files (single cell base level methylation table)
# ALLCools is still in developing, right now only support install via github.
git clone https://github.com/lhqing/ALLCools.git
cd ALLCools
pip install .







clone cemba-data repo and install it

this step will take some time, a few packages will be installed into this environment

git clone https://github.com/lhqing/cemba_data.git
cd cemba_data
pip install .







test if installed correctly

yap -h








update the package

Again, remember you should do this in mapping environment

source activate mapping
# or source activate your_environment_name

cd /path/to/original/dir/you/clone/from/github/cemba_data
git pull
pip install .









            

          

      

      

    

  

    
      
          
            
  
Prepare FASTQ dataframe (Optional)

NOTICE: You can skip this page if you start from preparing samplesheet with yap


FASTQ Name Pattern


V1


	8-random-primer


	2 384-well plates are multiplexed together

*_, plate1, plate2, multi_field = path.name.split('-')
plate_pos, _, lane, read_type, _ = multi_field.split('_')











V2


	384-random-primer


	each plate has 6 multiplex groups. Cells within each multiplex group are multiplexed together with one SetB primer

*_, plate, multiplex_group, multi_field = path.name.split('-')
primer_name, _, lane, read_type, _ = multi_field.split('_')
# the primer name is illumina i5/i7 name (SetB Pos384)












Make FASTQ dataframe (optional)

NOTE: This file can be automatically generated by yap, if the fastq is demultiplexed by SampleSheet made from ``yap make-sample-sheet``


What is FASTQ dataframe?


	A tab separated table contain all information of a library of FASTQ files.


	First line is header, each other line is information of a FASTQ file.


	IMPORTANT: must have 4 columns, (order of column doesn’t matter, but the column name must be the same as following):


	lane: sequencing lane where the fastq come from, e.g. L001, L002, L003, L004…


	uid: An unique id that corresponding to each illumina i5 i7 index.


	read_type: read1 or read2, e.g. R1, R2


	fastq_path: Absolute path of a FASTQ file.










How to prepare FASTQ dataframe?


	Because different project may have different naming pattern, you should figure out which part of the file name is lane, uid and read_type, then make these information for each FASTQ file in a table like bellow.


	This may seems trivial, but once you done these, you can save the code for all subsequent experiments following same name pattern.


	so it is HIGHLY RECOMMENDED THAT YOU DO NOT CHANGE FASTQ NAME PATTERN THROUGHOUT YOUR PROJECT.






FASTQ dataframe example (V1 example)


[2]:





import pandas as pd
df = pd.read_table('fastq_dataframe.tsv.gz', index_col=None)[['lane', 'uid', 'read_type', 'fastq_path']]
print(f'This FASTQ dataframe have {df.shape[0]} rows (not include the first header row) for {df.shape[0]} FASTQ file, which is from a standard CEMBA snmC-seq experiment using 8 384-well plates.')
df.head()













This FASTQ dataframe have 3072 rows (not include the first header row) for 3072 FASTQ file, which is from a standard CEMBA snmC-seq experiment using 8 384-well plates.







[2]:
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