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bedtools intersect 2 %

BAT 4

bedtools 1intersect -a test multi _region _a.sort.bed -b
test multi region b.sort.bed -wa -wb

BATH R
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SAM s #

5 BAM A4 2 7 R A A P AT 25 R 69

— NPt 48 3 89 ) F

:chrl? LN:83257441
:chrl8 LN:80373285
:chrl9 LN:58617616
:chr2o LN:64444167
:chr2l LN:46709983
:chr22 LN:50818468
:chrX LN:156040895

:chrY LN:57227415

:chrM LN:16569
:293T_Mock-Input-covaris_repl
:bwa PN:bwa VN:0.7.17-r1188

:MarkDuplicates VN:2.18.

:samtools PN:samtools

:samtools.1l  PN:samtools

:H375LCCX2:8:1111:21115:31142
:H375LCCX2:8:1206:22079:2856
:H375LCCX2:8:2103:22150:30017
:H375LCCX2:8:1206:22079:2856
:H375LCCX2:8:2103:22150:30017
:H375LCCX2:8:2207:28392:22370
:H375LCCX2:8:2207:28392:22370
:H375LCCX2:8:2217:7984:60888
:H375LCCX2:8:2102:13738:25710
:H375LCCX2:8:2102:13738:25710

SM:293T_Mock-Input-covaris_repl PL:ILLUMINA

CL:/gpfs/build/bin/bwa mem /home/menghaowei/menghw_HD/reference/bwa_hg38/hg38_only_chromosome.fa fix.fastq/293T-Mock-Input-
17-SNAPSHOT CL:MarkDuplicates INPUT=[bam/293T-Mock-Input-covaris_bwa_hg38_repl_sort.bam] OUTPUT=bam/293T-Mock-Input-cov
PP:bwa VN:1.9 CL:samtools reheader -i repl.header 293T-Mock-Input-covaris_bwa_hg38_repl_sort_rmdup.bam

PP:MarkDuplicates VN:1.9 CL:samtools reheader -i repl.header 293T-Mock-Input-covaris_bwa_hg38_repl_sort_rmdup.bam
129 chrl 10002 43 104M1I41M chr3 44587195 0 AACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTA
99 chrl 10005 24 45M1D10@M5S = 10094 138 CCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTACCCTA
163 chrl 10054 27 7M1D89M1D17M = 10124 218 CTAACCCAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAA
147 chrl 10094 24 101S4M = 10005 -138 TCATGTCCTTCCCTGTTACCTCATCCCTTTCCTGCACCCTACCCCCATCCATTCCCCGT
83 chrl 10124 27 20M1I13M1I6M1113M4D12M2I52M1128M = 10054 -218 CCTAACCCTAACCCTAACCCTTAACCC
163 chrl 10150 40 7M1I74M1D59M = 10329 303 CTAACCCTTAACCTTAACCTTAACCTTAACCTAACCCTAACCCTAACCCTA
83 chrl 10329 43 27S115M1D8M 10150 -303 CTTAACCCTAACCCTACCCCTACCCCTACCCCTACCCCTAACCCTAACCCT.
147 chrl 10354 20 57S93M = -413 CCCCAACCCCCCCCCTCCCCCCCCCCCTCACCCTCCCCCCCCCACCCCTACCCCTACCC
99 chrl 10446 47 7M1I142M 10466 170 ACCCTAACCCCTAACCCTAACCCTCGCGGTACCCTCAGCCGGCCCGLCCGL
147 chrl 10466 48 15eM -170 CCTCGCGGTACCCTCAGCCGGCCCGCCCGCCCGGGTCTGACCTGAGGAGAACTGTGCTC




SAM #8947

Sequence Alignment/Map Format Specification

The SAM/BAM Format Specification Working Group
3 Jun 2021

The master version of this document can be found at https://github.com/samtools/hts-specs.
This printing is version 53752fa from that repository, last modified on the date shown above.

1 The SAM Format Specification

SAM stands for Sequence Alignment/Map format. It is a TAB-delimited text format consisting of a header
section, which is optional, and an alignment section. If present, the header must be prior to the alignments.
Header lines start with ‘@’, while alignment lines do not. Each alignment line has 11 mandatory fields for
essential alignment information such as mapping position, and variable number of optional fields for flexible
or aligner specific information.

This specification is for version 1.6 of the SAM and BAM formats. Each SAM and BAM file may
optionally specify the version being used via the @HD VN tag. For full version history see Appendix B.

Unless explicitly specified elsewhere, all fields are encoded using 7-bit US-ASCII ! in using the POSIX /
C locale. Regular expressions listed use the POSIX / IEEE Std 1003.1 extended syntax.

1.1 An example

Suppose we have the following alignment with bases in lowercase clipped from the alignment. Read r001/1
and r001/2 constitute a read pair; r003 is a chimeric read; r004 represents a split alignment.

Coor 12345678901234 5678901234567890123456789012345
ref AGCATGTTAGATAA**GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT
+r001/1 TTAGATAAAGGATA*CTG

+r002 aaaAGATAA*GGATA

+r003 gcctaAGCTAA

+r004 ATAGCT.............. TCAGC
-r003 ttagctTAGGC

-r001/2 CAGCGGCAT

https://github.com/samtools/hts-specs 18



@HD VN:1.5 SO:coordinate Header
@SQ SN:ref LN:45 section
r001 99 ref 7 30 8M2I4M1D3M = 37 39 TTAGATAAAGGATACTG *

r002 0 ref 9 30 3S6M1P1I4M x O O AAAAGATAAGGATA *

r003 0 ref 9 30 5S6M * 0 0 GCCTAAGCTAA * SA:Z:ref,29,-,6H5M,17,0; Alignment
r004 0 ref 16 30 6M14N5M * 0 0 ATAGCTTCAGC * section
r003 2064 ref 29 17 6HS5M * 0 0 TAGGC * SA:Z:ref,9,+,556M,30,1;

r001 147 ref 37 30 9M = 7 -39 CAGCGGCAT * NM:i:1

|
Optional fields in the format of TAG: TYPE:VALUE

QUAL.: read quality; * meaning such information is not available
SEQ: read sequence
TLEN: the number of bases covered by the reads from the same fragment. Plus/minus
means the current read is the leftmost/rightmost read. E.g. compare first and last lines.

PNEXT: Position of the primary alignment of the NEXT read in the template. Set as 0 when the
information is unavailable. It corresponds to POS column.

RNEXT: reference sequence name of the primary alignment of the NEXT read. For paired-end
sequencing, NEXT read is the paired read, corresponding to the RNAME column.

CIGAR: summary of alignment, e.g. insertion, deletion

MAPQ: mapping quality

POS: 1-based position

RNAME: reference sequence name, e.g. chromosome/transcript id

FLAG: indicates alignment information about the read, e.g. paired, aligned, etc.

QNAME: query template name, aka. read ID

https://'www.samformat .info/sam-format-flag 19
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o —){ 0) HEADER (m) } J{ Original
8., v B 0) HEADER [ SAM header
& —{ 1) SEQ (b) ——  Vertical , ‘
8 2) QUAL (b diforerice .3 1 2 3 4 5
= ﬁ\* ) (b) run-length
= 3) POS (i) — encoder
y ‘% ) 6 T 8 9 10
—{4)QNAME (s) |— ’ '
© L —{ 5) TLEN (i) — Q-value || | 11 12 | 13 | 14 | 15
T quantizer
g —{6)MAPQ (b) | o] e
@ :  —
Difference o} : |
—8)RNAME(s) H GolombRice —+> = | 7 I
— H{9)RNEXT(s) H encoder o NGC file
w
\  {10)FLAG(c) H g
= [ 11) HCPRE (b) H Prefix ~ B J @
) encoder S
% — 12) HCPOST (b) H s
- —{ 13) SCPRE (b) H Difference %
[ 14) SCPOST (b) H ﬂ;f:‘c'ﬁgztrh ™ 3
0 —{ 15) SCPREQ (b) H .
< | Run-length | |
g | 16) SCPOSTQ(b) encoder | -~
= > 17) UNMAP(SAM) |— A
= - Difference
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Niko Popitsch and Arndt von Haeseler, NAR, 2013 21
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A4+ 4 = FIPysam 6,7

A pysam

latest

Introduction
API

Working with BAM/CRAM/SAM-
formatted files

Using samtools commands within
python

Working with tabix-indexed files
Working with VCF/BCF formatted files
Extending pysam

Installing pysam

FAQ

Developer’s guide

Release notes

Benchmarking

Glossary

Docs » Introduction 0 Edit on GitHub

Introduction

Pysam is a python module that makes it easy to read and manipulate mapped short read sequence
data stored in SAM/BAM files. It is a lightweight wrapper of the htslib C-API.

This page provides a quick introduction in using pysam followed by the API. See Working with
BAM/CRAM/SAM-formatted files for more detailed usage instructions.

To use the module to read a file in BAM format, create a AlignmentFile object:

import pysam
samfile = pysam.AlignmentFile("ex1.bam", "rb")

Once a file is opened you can iterate over all of the read mapping to a specified region using
fetch() . Each iteration returns a AlignedSegment object which represents a single read along with

its fields and optional tags:

for read in samfile.fetch('chrl', 100, 120):
print(read)

samfile.close()

AR, MR AFTBEEART E T #H
2%E ARABTHHEALT, R REBEHLT

https://pysam.readthedocs .io/en/latest/api.html
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Chromatin accessibility

Dynamics

Closed chromatin Permissive chromatin Open chromatin

o TR ELER T RME?

Sandy L. Klemm et al., Nat Rev Genetics, 2019 30



ATAC-seq# A7 22

A Tn5
transposase

closed ({
chromatin &
d amplify
— — and
e sequence
r <’
open : =
chromatin [+ amplifiable _~.
fragments
B = Open chromatin
common end
. " == adapter 1
extension at 72°C == adapter 2
for 5 minutes Y barcode

PCR using

barcoded primers Y

final PCR product
for sequencing Y

Jason D. Buenrostro et al., Curr. Protoc. Mol. Biol., 2015 31
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Jason D. Buenrostro et al., Nat Methods, 2013 32



* Flfragment length 4 ATAC-seq 1z 5
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T
‘Fuzzy’ nucleosomes

Gene body

F 400

gene distance [op)

William K. M. Lai and B. Franklin Pugh, Nat Rev Genetics, 2017 33



Fragment length &y ## &

I Adapter

L }  Insert

Read 1 Adapter Read 1 Read 2 Adapter
3

‘5 >
N ) [T 77Ty 7y g v 7z,
3 < ‘5

>

a Read 2
Inner distance
< g

Insert size

< >

Fragment length

- AEXLEMENRKKER, fragment length—#t# &4
adapter 5 349 K & ;

o f#AmappinglAEdy R BRKE T HEAE, fragment —#&Kig RS
adapter 778K Z, Bp LB #insert size
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RPM (Reads per million mapped reads)

CPM (Counts per million mapped reads)

RRE A FKIEGN F2 RE;
CFN\-

penk repen  CPME 002
— v

9N

'
Number of reads mapped to ggex 10°
RPM or CPM = =

Total number of mapped reads

—

—

— -_ O~

——

_— — 20

(_‘/6)(\/\: (292 ? \M’ 0~>
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RPKM (Reads per kilo base per million mapped reads)

FPKM (Fragments per kilo base per million mapped reads)

FREIEE G KERE ;
RRE A FKIEGN F2 RE;

Number of reads mapped to genex10° x10°
RPKM = i

Total number of mapped reads x gene length in bp

~~

—_—

N 0 %) By Reaols 32 = 2%

i

[\‘éﬂlﬁjﬁ X -&fa /\93177
29 _
FP#M < / = 2 RP = ¢o
/09/\/\\0-“‘ I"L
5 k &
|M Readly B4R | Ebp, 217 A Reals 1@ | Fp, 10
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RPKM (Reads per kilo base per million mapped reads)

FPKM (Fragments per kilo base per million mapped reads)

AR ARG KETRE; ey
RRE A FKIEGN F2 RE;

'\_\—__'5
Reads cont = 2% (f'?”wr

FH‘M = RF"/E\ : 2_6
Number of reads mapped to genex10° x10
RPKM = gl

Total number of mapped readsx gene length in bp
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[ I Insert

Read 1 Adapter Read 1 Read 2 Adapter

5 % ‘3
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D e

- Read 2
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Insert size

< >

Fragment length
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RPKM (Reads per kilo base per million mapped reads)

FPKM (Fragments per kilo base per million mapped reads

FREIEE G KERE ;
RRE A FKIEGN F2 RE;

RPKM — Number of reads mapped to gene x 10%x10°
- Total number of mapped readsx gene length in bp

I Adapter

[ I Insert

Read 1 Adapter Read 1 Read 2 Adapter
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D e
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Insert size
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Fragment length

FPKM = RPKM /2
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nature

Article | Published: 08 July 2020

A bacterial cytidine deaminase toxin enables
CRISPR-free mitochondrial base editing

Beverly Y. Mok, Marcos H. de Moraes, Jun Zeng, Dustin E. Bosch, Anna V. Kotrys, Aditya Raguram, FoSheng

Hsu, Matthew C. Radey, S. Brook Peterson, Vamsi K. Mootha, Joseph D. Mougous & & David R. Liu™d

)|

-

DddA: Double-stranded DNA deaminase toxin A

. Cytidine
UGl [ /_Ic_\ deaminase
TALE . — — &7
. & I || Mitochondrial <G
_ )y =i DNA A '
Mitochondrial /gzl(;tA | \“ ’/ letosine
targeting half X conversion
sequence - - “ )
- \‘ | G
(/\' — l DNA replication
T
A
v\ Desired edit
Cytoplasm || |\ Mitochondrial
\ matrix

DACBE: DddA-derived cytosine base editor
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Article

Mitochondrial base editor induces
substantial nuclear off-target mutations

12 B 16 A 16 i y;il37.802
Received: 10 May 2021 Hao Wu'?, Min Liu'®, Aibin He'® & Chenggqi Yi

Accepted: 5 May 2022

https://doi.org/10.1038/s41586-022-04836-5  Zhixin Lei'*°, Haowei Meng®®, Lulu Liu*°, Huanan Zhao**®, Xichen Rao®, Yongchang Yan'?,

ND6-L1397N
(n =697)

ND51-L1397N
(n=652)

ND5.3-R1397C
(n=610)

ND4-L1397N
(n=100)

ND4-R1397C
(n=91)

ND5.1-L1397-N-pd-rep1

GFP-pd-rep1

Chr. 12: 2622875-2626875
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&4 fEDetect-seqil| 5, 2EFAFHREEA0.03, XM=z
S ] 2 A Chyreads 105, a7 A C-to-T R T #9reads 205, A
A GAL B AL A — MDetect-seq ® AL &2

W LAAE ] =30 47 3 Fpvalue

0:9Y
EdFn=30, p=6-063

b(k;n,p) = P(X =k) = (Z)p’“qn_k, k=0,1,---,n,

AR X AR A =3 470 (binomial distribution), X ~ B(n,p).
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BAM 1} #9 pileup 424

« 3@ iF2bam_file.pileup 3% 43-5,BA 3 A%
© JUNARELRZKE:

contig, start, stop

* reference

* max_depth

* ignore_overlaps ( B &] &k Apysam.#{£bug)
* min_base_quality

* min_mapping_quality
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Thanks for your attention!
And see you next time!




