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ESAM(v1.4)rh, SRWFESE 11 MHIEFERINETT/EEFER,

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

+r002 aaaAGATAA*GGATA

+r003 gecctaAGCTAA

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

-r001/2 CAGCGGCAT

@HD VN:1.6 SO:coordinate

@SQ SN:ref LN:45

r001 99 ref 7 30 8M2I4M1D3M
r002 O ref 9 30 3S6M1P1I4M
r003 O ref 9 30 5S6M

r004 0O ref 16 30 6M14N5M
r003 2064 ref 29 17 6HS5M

r001 147 ref 37 30 9M

37 39 TTAGATAAAGGATACTG
O AAAAGATAAGGATA
0 GCCTAAGCTAA
0 ATAGCTTCAGC
0 TAGGC
-39 CAGCGGCAT
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FLAG(C2, LEXHSE D)

...... o . .
Coor 12345678901234 5678901234567890123456789012345 1 B RS 5
’ ACCATCTTACATAAS+CATACCTCTCCTACTACCCAGTCACCCCCAT e L 5
¥ ) 2 %R SEIREI ERATVAL
+r001/1 TTAGATAAAGGATA*CTG 4 % FFFIRICEL :
+r002 aaalACGATAA*GGATA e ........................................................
+1003 gcctaAGCTAA 8 s
+r004 RYMY i i ccccancansna TCAGC 16 15}—'%—@]5/\] }irﬁj EL%I\F%‘?IJ IEEE
-r003 ttagctTAGGC L T e P LT E P PP P PP R P LTITERPPPRRRPRLD :
-r001/2 CAGCGGCAT 32 . BECXIFA IR B BEANFS LD
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s o =0 BEXIFFFIRR MEMITEL; Read 256 | RBIUERER
r003 0 =0 IEHEULED 512 . R REEHAEE
r004 O =0 . .................... \\/'\_\‘I ........................... .
r003 2064 =2048+16 ﬁﬁé%?iﬁ%ﬁ.%ﬁ@%ﬁ P — 1024 PCRERHUEFES f
001 147 =128+16+2+1 FHRLFYY, 571~ ; e -
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Coor 12345678901234 5678901234567890123456789012345
ref AGCATGTTAGATAA**GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT
+r001/1 TTAGATAAAGGATA*CTG

+r002 aaaAGATAA*GGATA

+r003 gcctaAGCTAA

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

-r001/2 CAGCGGCAT

@HD VN:1.6 SO:coordinate
@SQ SN:ref LN:45
r001 99 ref 7 30 8M2I4M1D3M

37 39 TTAGATAAAGGATACTG =

r002 0O ref 9O 30 3S6M1P1I4M * O O AAAAGATAAGGATA *
r003 0 ref 9 30 5S6M * 0 0 GCCTAAGCTAA *
r004 0 ref 16 30 6M14N5SM * 0 0O ATAGCTTCAGC *
r003 2064 ref 29 17 6HS5M * 0 0 TAGGC *
r001 147 ref 37 30 9M = 7 -39 CAGCGGCAT *
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® Conda%is

conda config --add channels r
conda config --add channels bioconda
conda install pysam

® Pypiis

pip install pysam
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class AlignmentFile(filepath _or object, mode=None, ...)
Parameters:

mode: r - reading; w - writing; b - bam; ¢ - cram

filepath_or object: file path string or python File object

import pysam
samfile = pysam.AlignmentFile("test.sam", "r"
samfile = pysam.AlignmentFile("test.bam", "rb")

for read in samfile.fetch()
print(read)

>>> for read in samfile.fetch
print(read)

reol 99 #0 8M2I4M1D3M 39 TTAGATAAAGGATACTG None []
roee2 #0 3S6M1P1I4M e AAAAGATAAGGATA None []

rees3 #0 5SeM w GCCTAAGCTAA

roee4 #0 6M14N5M * ATAGCTTCAGC

rees3 #0 6H5M e TAGGC None
reol #0 oM #0 CAGCGGCAT

None
None
[('SA",
None

[('SA', 'ref,29,-,6H5M,17,0;"')]

[]
'ref,9,+,556M,30,1;")]

[('NM°, 1)]
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Returns: An iterator over a collection of reads.
Return type: IteratorRow

function AlignmentFile.fetch(self, contig=None, start=None, stop=None, ...)

import pysam
samfile = pysam.AlignmentFile("test.bam", "rb")
reads=samfile.fetch(contig="'ref', start=0, end=15)

for read in reads:
print(read)

>>> reads=samfile.fetch(contig="ref', start=0, end=15)
>>> for read in reads:
print(read)

reel 99 #0
roee2 e #0

8M2I4M1D3M 39
3S6M1P1I4M (2

TTAGATAAAGGATACTG
AAAAGATAAGGATA None

None []

[]

rees3 [ #0

5S6M = GCCTAAGCTAA None

[('SA",

'PE'F,ZQ,-,GHsm,l?,e} ')]
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import pysam

samfile=pysam.AlignmentFile("test.bam", "rb")
paired samfile=pysam.AlignmentFile("test paired.bam", "wb", template=samfile)

for read in samfile.fetch():
if read.is_paired:
paired samfile.write(read)

paired samfile.close()
samfile.close()

(base) [zyzhao@sg59 test]$ samtools view test_paired.
ref 7 30 8M2I4M1D3M i 39 TTAGATAAAGGATACTG
37 30 oM - CAGCGGCAT * NM:i:1

(base) [zyzhao@sg59 test]$ samtools view -f 3 test.
reol 99 ref 7 30 8M2I4M1D3M - 39 TTAGATAAAGGATACTG
reol 147 ref 37 30 oM i CAGCGGCAT * NM:i:1
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Coor 12345678901234 5678901234567890123456789012345
ref AGCATGTTAGATAA**GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT
+r001/1 TTAGATAAAGGATA*CTG

+r002 aaaAGATAA*GGATA

+r003 gcctaAGCTAA

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

-r001/2 CAGCGGCAT

@HD VN:1.6 SO:coordinate

@SQ SN:ref LN:45

r001 99 ref 7 30 8M2I4M1D3M
r002 0 ref 9 30 3S6M1P1I4M
r003 0 ref 9 30 5S6M

r004 0 ref 16 30 6M14N5SM
r003 2064 ref 29 17 G6HS5M

r001 147 ref 37 30 9M

37 39 TTAGATAAAGGATACTG
O AAAAGATAAGGATA
0 GCCTAAGCTAA
0 ATAGCTTCAGC
0 TAGGC
-39 CAGCGGCAT
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SAMI{*;;T%"E for pileupcolumn in samfile.pileup():

print(pileupcolumn.reference_name,

HERR (pileup)tgz\

function AlignmentFile.pileup(self,
contig=None, start=None, stop=None, ...)

Returns: an iterator over genomic positions.
Return type: IteratorColumn (PileupColumn)

for pileupcolumn in samfile.pileup():
print(pileupcolumn.reference_name,
pileupcolumn.reference_pos,
pileupcolumn.nsegments)

3
3
3
3
2
3
3
3

pileupcolumn.reference_pos,
pileupcolumn.nsegments)

parameters: pysam.PileupColumn.pileups
list of reads (pysam.PileupRead) aligned to this column

class pysam.PileupRead()

Representation of a read aligned to a particular position in the reference sequence.
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import sam coverage at ref:7 =
P Py base in
samfile=pysam.AlignmentFile("test.bam", "rb" ) coverage at ref:8 =
base in
for pileupcolumn in samfile.pileup("ref"): coverage at ref:9 =
ref_name=pileupcolumn.reference_name base in reel =
. . - base in ree2 =
ref_pos=pileupcolumn.reference_pos+1 base in ree3 =

coverage=pileupcolumn.nsegments
print("\ncoverage at %s:%s = %s" % <wVH?gi;:;f:ﬂB =

(ref_name, ref pos, coverage)) base in
base in

n un n w

for pileupread in pileupcolumn.pileups:

coverage at ref:
if not pileupread.is_del and not pileupread.is_refskip: base in

base in
base in

nm un n w

read=pileupread.alignment
read_name=read.query_name
base=read.query_sequence[pileupread.query_position] coverage at ref:

print('\tbase in %s = %s' % (read_name,base)) :E::i:

base in

n n n w
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import pysam
import pandas as pd
cigar type dict = {6:'M',1:'1',2:'D',3:'N',4:'S",5:'H",6:'P",7:'=",8:"X",9:'B'}

samfile = pysam.AlignmentFile('test.bam', 'rb')
glens = pd.read_table('glens.txt', names = ['gname', 'glen']).set _index('gname"')
for record in samfile:

gry_name = record.query_name

gry_len = glens['qglen'][qry_name]

if record.is_mapped:
gry_start = 0
gry_aln_len = 0
cigar = pd.DataFrame(record.cigartuples, columns=['cigar_ typeid', 'cigar count'])
cigar['cigar_type'] = cigar['cigar_typeid'].map(lambda x:cigar_type dict[x])
if cigar['cigar_type'][@] in ['S','H']:
gry_start += cigar['cigar count'][0]
gry_aln = cigar[cigar['cigar_type'].isin(['M','I','=",'X"])]
if not gry_aln.empty:
gry_aln_len += sum(qry_aln['cigar count'])
gry_end = gry_start + qry_aln_len E
gry_cover = (gry_end - qry start) / gry_len
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VCF OUTPUT

##fileformat=V(Fva.2
#CHROM POS ID REF ALT QUAL FILTER

chrl 185. A G . PASS
chrl 19 . C T . PASS
chrl 336 . € A . PASS

Pooled Reads

B73 FL reads
Ki11 FL reads

IsoPhase

SNP CALLING PHASING
A ¢ C
o — 20
1 A
——
&_’—- 1
. POS1 A G N ,
correction
POS2 CT s
POS3 C.A —— 20
h’-- 20
INFO FORMAT ISOFORM1 ISOFORM2

DP=48;AF=0.50 GT:HQ ©]|1:20,20 ©:15
DP=40;AF=0.50 GT:HQ ©]1:20,20 ©:15
DP=40;AF=0.50 GT:HQ ©]1:20,20 ©:15

Allele and Per-sample Read Counts

A c c B73 Ki11 B73xKi11 Ki11xB73
G 0 0 15 15

B73 x Ki11 FL reads
Ki11 x B73 FL reads

Final Results

Phase 0 (B73) : A-C-C
Phase 1 (Ki11) : G-T-A
B73 xKi11 : 15,15

Ki11 xB73 : 15,3

L A
cammmmm 0 2 15 3

Identify B73-only allele as phase0
Identify Ki11-only allele as phase1

IsoPhase is run individually for each gene

a

chr4
a9ty
B73 ' - :
W IFI e 1'.
(1o :..
Ki11 l [ N
! - 1
1 . .
Ki11xB73 . : <
W V"
B73xKi11 ‘.3
Chr6 AT o ety L0 by 20,0000 by AL ST 1Y 12000 b T 008 oy
B73 Iso-Seq

Ki11 illumina

Ki11 Iso-Seq

Ki11xB73 illumina

Ki11xB73 Iso-Seq

B73xKi11 illumina

B73xKi11 Iso-Seq



SANVHL

Zhang-Lab 445 g% %134



