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2 ERANF(Whole Genome Sequencing)
« YRR A AN T I B RN o R AR BT

+ SR T A R R L 15 5 R 4 ) 2 57

AL ...CATTCAGTAG... ...AGCCATTAG...
/, . @ | ..GGTAGTTAG... ...GGTAGTTAG...
Nz —___ ..AGCCATTAG... ..GGTAAACTAG..
— Next-generation Millions-billions of reads
Genomic DNA DNA sequencing ~30-1,000 nucleotides
RESEQUENCING De Novo ASSEMBLY
Align reads to reference genome Construct genome sequence
and identify variants from overlaps between reads
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7 Genetic Variations(EEZL5) TR EY

* SNV:

Single Nucleotide Variant

* Indel: Insertion/Deletion

e SV: Structural Variants

CNV: Copy Number Variation

(1) Single nucleotide variants (2) Short Indels (Insertions/Deletions
(SNVs): 4 million/person 1-100 bp): S00K/person

GATTTAGATC CGATAGAG GATTTAGATCGCGATAGAG

GATTTAGATC CGATAGAG GATTTAGA TAGAG

3) Structural variants: Chromosome

Deletion B A B C §

Insertion - A 1 5 INENENIE C 1§
Duplication | [l NI | - B
Inversion H ¢ BH ¢t B A B
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’ Single Nucleotide Polymorphisms (SNPs) & w244

© NIPEFRE S D, —AIEHBEE B A S
KTF1%HISNVSFRIISNPs,

* ~ 97 % of the genome between any two
individuals is identical

* ~ 1% of the differences are single nucleotide
variations (SNPs)

* ~2% Other changes — copy number variations,
deletions

- NEEREHEER500E 1000 M REFSFE—RE
SNP{ii/2., Between 11-12 million SNPs have A S
been identified (dbSNP) SNP: SRz EBRZ M

N

pIIES
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7 SNPs can lead to altered protein sequence and functisty 24+ %

* Inherited (Germline) Mendelian genetic disorders are caused

by variations in DNA (SNPs)

o R

- o
fﬁ fﬁ\ unaffected
carrier

e Most of these deleterious variations affect the function of the (e %

encoded protein L

L
e e.g., Sickle cell anemia Val to Glu codon 6. oo ﬁ:n&.,,.mﬂ j,

affected healthy carriers unaffected

http://www.orgsites.com/va/pasca/

Normal HbA ATGGTGCACCTGACTCCTGTGGAGAAGTC
Disease HbS ATGGTGCACCTGACTCCTGAGGAGAAGTC

e, ® 5 )
Y 0 \
®

Normal HbA MVHLTPVEKSAVTA
Disease HbS MVHLTPEEKSAVTA

biologycorner.com
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DNA sequence variant 1:

AGGTTCABGCATCAGATTCGCAATCGCTTG
AGCAATCGCTTGCAGATACGAAAGCTTATACC
TATGTCCTAGGTCAGTGTTTCAAAAAGTTTGT

Cell

TCCATAAAAAAGTAACATTGTGCTGCAGGATTT
CTCAGACGGACCAGTTTGCTAAAGTACTCCGG
GTGTCTCCACAAAGCTTACATAGAATGTGAAG
CTTACAAAACTCATCAGACAAGAGATCATCTC

CTGGACTGAGTTTAAAACACAATTTGGAAA...

DNA sequence variant 2:

.AGGTTCAAGCATCAGATTCGCAATCGCTTG
AGCAATCGCTTGCAGATACGAAAGCTTATACC
TATGTCCTAGGTCAGTGTTTCAAAAAGTTTGT
TCCATAAAAAAGTAACATTGTGCTGCAGGATTT
CTCAGACGGACCAGTTTGCTAAAGTACTCCGG
GTGTCTCCACAAAGCTTACATAGAATGTGAAG
CTTACAAAACTCATCAGACAAGAGANCATCTC

Cell

CTGGACTGAGTTTAAAACACAATTTGGAAA

EFE A (genotype)REZREL (phenotype)

M I AN [F) A 72 S 5 R R A 1) G I 79 AT (Association Study), A 7T 2N 22 i (a8 AL 2L
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Reference Sequence

* W h i I e Si n g I e ge n e a n d We I I - k n OW n ( PN agatcttgacctgegtggacgtgagtttcageacgctag 'T":gg(chqtttgggggccgacaqgtaccgctg

Mendelian genetic disorders, such
as sickle-cell anemia, Tay—Sachs
disease and cystic fibrosis, can be
identified with simple diagnostic [

Fragmentation of DNA sample
Sequencing of short reads

¥
L3 COCTEECCAGCTELTCOCOTTCOMEEECCEACAGGTACCOLTOLTECTTE
technigues, Whole genome T
, CTTGACCTGCGTGEACGTEAGTTTCAGCACGCTGECCAGCTEETCRCETT
. GLCAGCTAGTCGCGTTCREEOECCEACAGGTACCLCTGCTECTTGANGLG Chfomosome 5
sequencing (WGS) can be used to e [ st amo e |
TGAGTTTCAGCACGCTGGCCAGCTGOTCOCETTCEGGGGCCGACAGGTAC C alteredto T

GAGTTTCAGCACECTEECCAGCTGETCGLETTCGEEEECCGACAGGTACC

identify the cause of a large range
Of genEtlc dlseases. Functional Annotation Databases of Human Variation

Genetic Variant : 2
P eyl PO ClinVar: 2 previous reports (1999, 2016), classified
Chr5:172,660,039 C>T ) p as Pathogenic, both patients with atrial septal defects

Consequence: premature stop s ; At
codon at transcript position 461 ExAC: Not present in 63,000 normal individuals

\

|
[ Interpretation by qualified clinician J

Discussion of results with patient/family & clinical care team
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N T A S5 EIEN S5,

SR IR T S AE 910

Ji3R 7t B 55 8 H C.DNAIN

L SRR
Steve Jobs ISR L

“I’'m either going to be one of the first to be able to outrun a cancer
like this, or I’'m going to be one of the last to die from it.” -- Steve Jobs
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The Future of Genomics in Medicine

Lifestyle:

Preventives:

Medications:

Screening:

6. 5 1

SNP 1: GG/GA/AA

Y Y, €= SNP 2: CC/CG/GG
- SNP 3: AA/AT/TT
©2007 by American College of Chest Physicians Tebbutt S J et al. Chest 2007;131:1216-1223
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ENFEIEDTEVEZT(F
- U A B (reads) [ 12 % BRI

YL SESNPs Ml Indels 2 g848R

Reference sequence Non-human
Chr1 i Chrb sequence
| A I
[ [ e [ I ] [ I I ] ] [ I ] | [ _ T 1T —71
[ [ e 1 - HT 1 ] [ 1 | 1 | [ T T/
[ [ e I ] [ I I ] I I ] [ [ |
[ [ Tc ] [OICT 1 | [ 1 | 1 ] | | —
| T | [ 1 T 1 | [ [
[ I e | I I ] [ [ I ] | [ I ] | |
I |‘ ‘ICII . I| : I |I ‘\ |I I| \I I| |‘ III‘ § ]
I [ € | CHT T ] I 1 ] [ 1 ] [ [
[ I e I ] [ I I | [ | I ] [ [
T T /1T s —
[ | I | CHT | | [ | | ] [ [
o s N W ——
[ [ I |1 TH [ I I | [
, [ ‘ [ ‘ I ”HE :  H—1 [ 1 ] [ :I-
e | [ I I | [ [ |
[ | | | [
1 | [ I I I | |
S I !
=:= I
S — :
I I — !
I I — !
N N — |
S I — !
Homozygous Hemizygous Translocation
Point mutation Indel deletion deletion Gain breakpoint Pathogen

|
Copy number alterations

Meyerson, M., Gabriel, S. & Getz, G. Advances in understanding cancer genomes through second-generation sequencing. Nat Rev Genet 11, 685-696 (2010).
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Read Mapping : FFFIEEXY (alignment) B mpzAAd

® Aligning Millions of Short Sequence Reads

® One sequence is “embedded” in the other sequence (NGS reads, PCR
primer, etc.)

4 “Local alighment” for long sequence
4+ “Global alignment” for short sequence

® Aligners:
4 BWA, Bowtie2, STAR, HISAT2, ...
4+ minimap2, STARlong... (Nanopore, PacBio)




Mapping: Input data

Reference Genome

4 Nucleotide sequence (FastA)

4 Length: Hundreds of Mb per
chromosome

4~3 Gb in total (for human genome)

Reads

4 Nucleotide sequence with various
qualities (FastQ)

* error rate ranges from a few tenths of
a percent to several percent

4 Length: ~100 bp per read
4 Hundreds of Gbs per run

iz zH+E

\ Ty

Genome

.
- Read

44187101 44187111 44187121 44187131 4418714l 44187161 44187161 441871718
natgagccagtgzggtggzgcacac cratagtcccagcetacgcaggaggetgaggrgggaggatcgcttasaccegge REFERENCE
e .s . CONSENSUS
aaa gagc caggtgtggtggtgcacac cgatag,gcc cagct acgtaggaggctgaggtgggaggatcgctun cggc
AL GAGCCAGGTCTGCTGGTGCACACCTATAGTCCCAGCTACGTAGGACCGCTGAGGTGGGAGCGATCGCTTAAL  CGGC
asatga CCAGCTCTGOTGGCTGCACACCTATAGTOCCAGCTACGTAGGAGGCTGAGGTGGGAGCGATCGCTTAMCCE ¢
aaatgagee GOTGTGGTGGTGCACACCTATAGTCCCAGCTACGTAGGAGGCTGAGGTGEGAGGATCGCTTAMCCCGGE
AAMTGAGCCAGG grggtggtgcacaccratagtieccagegacgtaggaggctgaggrgggaggatcgctiaaacccgyc
AAMATGAGCCAGCTG ggrggtgcacacctatagtoccagetaagtaggaggctgaggtgggaggatcgctitaacccgyce
AATGAGCCAGCTGT GTGGTGCACACCTATAGTCCCAGCTACGTAGGAGGCTGAGGTGGCAGCATCGCTTAAMCCGGEE
ACATGAGCCAGGTCTG tggtgeacacctatagtcccagetacgtoggaggctgsgatgggaggatcgctiaaacccgrc
saatgagccagaTat ey GCACACGTAAAGTCCCAGCT ACGCAGGAGGCTGAGGTGGGAGGATCGCTTAACCCGGC
CAATGAGCCAGTTGTGG CAcaCCrLalaglcCCagClacyCacgaggclgagutaggaguatcgclitaacccgyc
AMATGAGCCAGGTGAGET cacacctatagtcccagcetacgcaggaggetgaggtgggaggatcgcttaaacccggc
AAMATGAGCCAGGTGTGET acacctatagtcccagcetacgcaggaggctgaggtgggaggatcgetttaacccggc

aaatgagccaggtgtagteg cctatagtcccagctacgtagraggctgagat gggaggatcgcttaaacccgyc

AMATGAGCCAGGTCTGGETGG TATAGTCCCAGCTACGCAGGAGGCTGAGGTGGTAGGATCGCATAAACCCGGC
AATGAGCCAGGTGTGGTGGT TAGTCCCAGCTACGTAGGAGGCTGAGTTGGGAGCGATCTCTTAAMCCCGGE
aaatgagccaggrgrggrggty TCGTCCCAGCTACGCAGGAGGCT TAGGTGGGAGGATCGCTTAAACCCGGE
aaatgagccaggtgtggtggtgca AGTCCCAGCTACGTAGGAGGCTGAGGTGGGAGGATCGGTTAAMCCCGGC
aaatgagccaggtgtggtggtgcac cccagetacgeaggaggetgaggtgggaccatcgettaaaccccge
saatgagccaggtgtggtggtgcac CCAGCTACGTAGTAGGCTGAGGTGGGAGGATCGCTTAACCCGGC

ZHEJIANG GONGSHAGN UNIVERSITY
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7 Mapping algorithms

d Spaced seeds b Burrows-Wheeler
Reference genome Short read Reference genome Short read
* Burrows-Wheeler transform (BWT) 3 goabases 5 igabased
Chrl ACTCGOGTAGTCTAAT Chr1 e scrccoamcTCTART
B TR 45 B (bzi ie— ep—
* EI:E __I:‘:é’fﬁﬁ:/ (bZ| pz) Chrd = Chrd =
. Concatenate into
- - Extract d single string
4 BWT-based tools: BWA, Bowtie2, v
S OA P 2 Position N - e g
— Burrows-Wheeler
* o e e Position 2 transform and indexing
Fast, memory-efficient, Less sensitive cs com et e Y
Position 1 \ J (~2 gigabytes) ;;“-m k J
ACTG CCGT AAAC TAAT ACTC CCGT ACTC TAAT rl""--..x.k'“‘-x ACTCCCGTACTCTAAT
ACTG wews AMAC wove | [ L] Mo P
sers GoGT ++=+ Taar || SIX Seed L2 Look up [l <L A
........ pairs per 3 ‘suffixes’ L — 0~
v H h . l] AR R o | e (L3 ofread N~ - -
a S I n g I:I :I Ii AGTG COGT ##+s sxwx fragment L 5] 1] ,// / .
sxsx COGT ABAC +ss 6 il .
. . ] ) . ﬁ#:——(ACTCCCGTﬂCTCTMT
4 Hash-based tools: MAQ, Novoalign, | reexsesapare Hits ideriy
Sta m Seed jndex Look up each pair giggg?svgfr:z “
py (tens of gigabytes) of seeds in index N
B Hits identify positions
4 most accurate overall results : in genome where
. spaced seed pair
» is found
* COGT =w== TAAT[
ACTG +rex tvex TAAT Confirm hits Convert each
#r+x COGT AMAC s by checking hit back to
“wen” positions genome location
e — I E—
T Report alignment to user

Trapnell, C. & Salzberg, S. L. (2009) How to map billions of short reads onto genomes. Nat Biotech 27, 455-457.
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EEXTEER NG — SAM

- SAM(Sequence Alignment/Map) format is a generic format for storing large
nucleotide sequence alignments

+ 7ESAMIS T, B—1TR N —Pread) X 45

@HD VN:1.6 S0O:coordinate

@SQ SN:ref LN:45

r001 99 ref 7 30
r002 0 ref 9 30
r003 0 ref 9 30
r004 0 ref 16 30
r003 2064 ref 29 17
r001 147 ref 37 30

8M2I4M1D3M = 37 39 TTAGATAAAGGATACTG =*
3S6M1P1I4M * 0O O AAAAGATAAGGATA *
5S6M * 0 0 GCCTAAGCTAA *
6M14N5M * 0 0 ATAGCTTCAGC *
6H5M * 0 0 TAGGC *
9M = 7 -39 CAGCGGCAT *

SA:Z:ref,29,-,6H5M,17,0;

SA:Z:ref,9,+,556M,30,1;

NM:i:1

HEADER containing metadata (sequence dictionary, read group definitions etc)
RECORDS containing structured read information (1 line per read record)

read name position CIGAR read sequence

SLX1:1:127:63:4 99 1 10

flags

LS!IEE 60 23M6N10M = 14 10 GAAGATACTGGTT T768832"4B::::

MAPQ mate
information

quality scores

metadata

SM:Z:JPTGBEMNOL ..

Mapping quality (MAPQ) score is
the probability that the read is
incorrectly mapped, or more
importantly, the probability that

the read maps uniquely.




Read Alignment

] ]
\\'\",;,: M ZHEJIANG GONGSHANG UNIVERSITY

100bp Read
ACATGCTGCGGA Reference sequence
Chr 3
ACATGCTGCGGA
Chr 2
Chr1
Steve Munger, 2017 16
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Nz 2 A K%

The perfect read: 1 read = 1 unique alignment. & #z24;

100bp Read
ACATGCTGCGGA

J Chr3

N
7

ACATGCTGCGGA

Chr 2

Chr 1

Steve Munger, 2017 1

) ZHEJIANG GONGSHAGN UNIVERSITY



Some reads will align equally well to multiple & w2424
locations. “Multi-mapped reads”

100bp Read
ACATGCTGCGGA \\X
\/ { ACATGCTGCGGA ]
ACATGCTGCGGA
\ X
1 read

ACATGCTGCGGA 3 valid alignments
Only 1 alignment is correct

Ignore them?
Steve Munger, 2017 +  Weight them?

18
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SAMI 4T B — SAMtools

* Tools to handle Bam/Sam files: SAMtools
4 Ssamtools view test.bam
4 Ssamtools view —h test.bam | less #show headers
4+ Ssamtools flagstat ./data/SRR3096662_Aligned.sort.bam

* View alignment with samtools
4 Ssamtools index ./SRR3096662_Aligned.sort.bam
4 Ssamtools tview ./SRR3096662_Aligned.sort.bam --reference ./GRCh37.genome.fa

#Need to make the index for the bam file

1 11 21 31 41 51 8l 71l 81
AGC CATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGAT TAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTGGTTACCTGCCGTGAGTA

Aligned reads




EEXFESER o]/, (Visualization):IGV

Integrative Genome Viewer (IGV):

http://software.broadinstitute.org/software/igv/download

HAME

_153000000-154500000:773.199-773.308

DATAFILE
DATATYPE

2200 bp
|

F73220 bp
|

773240 bp
|

111 bp

773260 bp
|

Bdm'Rammma#

hglS_chr7 _DFP&_bwa_s
red.bam

=~

ID 1i6|

|AMWM%mmmaﬁ

hala_chr7 _DPFFP&_bwa_s
rted.bamsrma. bam

=<

Read name = HWI-
EAS59:1:15:1042:361#0
Alignment start = 773220
(+)

Cigar = 41M

Mapped = yes

Mapping quality = 37

Base = A
Base phred quality = 33

XC = 264

PG = srma

AS = -132

Alignment start position =
fragment_153000000-
154500000:773220

=~

AACTGGGTTTAAAATATTTTT

=4

iireT

CTTCCT

TGTGT

TTTTAAAAAAAAAGTCTGGT

LR R T ra R R

T TTTT

GGCTGGOGGLGC GC

GCTGCCTC

P T BY

%/ ZHEJIANG GONGSHANG UNIVERSITY


----------------------Read name = HWI-EAS59:1:15:1042:361
http://software.broadinstitute.org/software/igv/download

¥ iRt

e

_ &:— mapping
— e~ —
_— = Reference
Genome
GGTATAC...
...CCATAG TAT CGCCC CcG TTT CGGTATAC
...CCAT CTATAT| CG TCG TT CGGTATAC
...CCAT GGCTATAT| CGC CTATC GCGGTATA
...CCA AGGCTATAT| CGCCCTATCG TTGCGGTA C...
...CCA AGGCTATAT| | GCCCTATCG TTTGCGGT C...
...CC AGGCTATAT| | GCCCTATCG TTTGC ATAC...
...CC TAGGCTATA | CGCCCTA TTTGC GTATAC...

.. .CCATAGGCTATATIGH ZGCCCTATCG(*ZIXATTT GCGGTATAC...

= I_\
‘\ Genetic variants

ZHEJIANG GONGSHAGN UNIVERSITY




N . . GETN ;
J SNP calling VS. Genotyping CETELEL

* SNP calling: identifies variable sites (variants).

- Genotyping: determines the genotype for each individual at each site.
+The number of alleles (ZH7ZE[X]) or ploidy (He B fE ) is decided and fixed.

Individual sequences Haplotypes

GATATTCGTACGGATT

,......, GATGTTCGTACTGAAT
..ﬂ.. AGT
® GATIATTCGTACGGATT - GTA
‘ GATIATTCGTACGGAAT A
GATIGTTCGTACTGAAT

GATGTTCGTACTGAAT
SNPs A/G G/T A/T

VS R ZHEJIANG GONGSHAGN UNIVERSITY



jAIgorlthms for genotype and SNP calling *

NNNNNNNNNNNNNNNNNNNNNNNNNNNNN

* The sequenced DNA fragments (“reads”) are aligned to the reference
sequence and the base at each position is determined, counted and
then run through a number of statistical tests to determine whether
the site is different from the reference sequence.

119810108101196

PG G G) G GG G
—
O
G)
O

Coverage
-
Reads | T
TT
TITC
THE
T1C
TAC
TAC
TAC
TAC
TA (_:
REF TTC

POS REF ALT
2 T A
4 A G
8 S |

Heterozygous
Homozygous

Allele Fraction (AF)

(5+1)/(9+2) = 54.5%

100%
(3+1)/(11+2) = 30.8%

Confidence?

JIANG GONGSHAGN UNIVERSITY




7 Algorithms for genotype and SNP calling =

o

* SNP calling can be done using likelihood ratio tests or Bayesian procedures, ...

BAL AR 7 I GL it 5207 VA W] A2 25 SCHR:

Review Article | Published: 18 May 2011

Genotype and SNP calling from next-generation
sequencing data

Rasmus Nielsen E, Joshua S. Paul, Anders Albrechtsen & Yun S. Song &

Nature Reviews Genetics 12, 443-451 (2011) | Cite this article

42k Accesses | 907 Citations | 34 Altmetric | Metrics

Key Points

¢ Converting next-generation sequencing (NGS) image files into a set of called SNPs
involves a number of steps including image analysis, alignment and assembly, SNP

calling and genotype calling.

« Genotype probabilities for a single individual can be calculated from alignments using

recalibrated quality scores.

Nielsen, R., Paul, J., Albrechtsen, A. et al. Genotype and SNP calling from next-generation sequencing data. Nat Rev Genet 12, 443-451 (2011).

ZHEJIANG GONGSHAGN UNIVERSITY
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GATK (Genome Analysis ToolKit)

DATA CLEANUP [ VARIANT DISCOVERY 5 EVALUATION

‘ alysis-Ready I Var Calling Analysis-Ready SNPs
[ Raw feads ] % :.... Rentls E"" Variants 8 lndois
> : Genotype Likelihoods :
2 BWA mem 5 = | E
(éo : ) 3 : Phasing
o Mark Duplicates H ~ : Varlant
< & Sort (Picard) § [ Joint Genotyping | Ftadins
: v :
[ Indel Realignment } § [ Raw Variants ( SNPs J { Indels ) : :
[ ] : ! ! : (Variant EvaluatlonJ
Base Recalibration : = H
: Variant Recalibration : look good?
[Analysis-Ready ] : i il o : ‘A
Reads : @ @
Y ) SNPs Indels | |eeee? : ;
Variants troubleshoot 1i1se in project

best practices:
https://gatk.broadinstitute.org/hc/en-us/articles/360036194592-Getting-started-with-GATK4

ZHEJIANG GONGSHAGN UNIVERSITY



TFRBIERE — VCF

* VCF(Variant Call Format) &7 figifife 4 53357, WSNPs, IndelsFISVsFibnE SC1F#% 20
+7EVCRIE T, BT8R — DR R AR

Example VCF file

fffileformat=VCFv4.2

$#FORMAT=<ID=GT, Number=1, Type=Integer, Description="Genotype">
$§FORMAT=<ID=GP, Number=G, Type=Float,Description="Genotype Probabilities">
$$#FORMAT=<ID=PL, Number=G, Type=Float, Description="Phred-scaled Genotype Likelihoods">
#CHROM POS ID REF ALT QUAL FILTER INFC FORMAT SaMP001 SaMP002

20 12591018 rs11445 G A . PASS . GT 0/0 0/1

20 2300608 rs84825 Cc T . PASS . GT:GP 0/1:. 0/1:0.03,0.597,0

20 2301308 rs84823 T G . PASS . GT:PL ./.:. 1/1:10,5,0

http://samtools.github.io/hts-specs/

VS R ZHEJIANG GONGSHAGN UNIVERSITY
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ZHEJIANG GONGSHANG UNIVERSITY

J ERAERMIENER-VCF

& ylqq@LAPTOP-of-y: ~fwgrs X a8

##INFO=<ID=VDB,Number=1, Type=Float,Description="Variant Distance Bias for filtering splice-site artefacts in RNA-seq data (bigger is bet {mmm
##INFO=<ID=RPB,Number=1, Type=Float,Description="Mann-Whitney U test of Read Position Bias (bigger is better)">

##INFO=<ID=MQB,Number=1, Type=Float,Description="Mann-Whitney U test of Mapping Quality Bias (bigger is better)">

##INFO=<ID=BQB,Number=1, Type=Float,Description="Mann-Whitney U test of Base Quality Bias (bigger is better)">
##INFO=<ID=MQSB, Number=1, Type=Float,Description="Mann-Whitney U test of Mapping Quality vs Strand Bias (bigger is better)">
##INFO=<ID=SGB,Number=1, Type=Float,Description="Segregation based metric."=>

##INFO=<ID=MQOF ,Number=1, Type=Float,Description="Fraction of MQO® reads (smaller is better)">
##FORMAT=<ID=PL , Number=G, Type=Integer,Description="List of Phred-scaled genotype likelihoods">
##FORMAT=<ID=DP, Number=1, Type=Integer,Description="Number of high-quality bases">

##FORMAT=<ID=SP, Numbe ,Type=Integer,Description="Phred-scaled strand bias P-value"> S— A : \\ \‘ AP X ‘e‘f / \
##FORMAT=<ID=GT, Number=1, Type=String,Description="Genotype"> A /EE _—_—F I:[ ] ’
##INFO=<ID=ICB,Number=1, Type=Float,Description="Inbreeding Coefficient Binomial test (bigger is better)">

#H#INFO=<ID=HOB,Number=1,K Type=Float,Description="Bias in the number of HOMs number (smaller is better)">

##INFO=<ID=AC, Number=A, Type=Integer,Description="Allele count in genotypes for each ALT allele, in the same order as listed">

##INFO=<ID=AN, Number=1, Type=Integer,Description="Total number of alleles in called genotypes">

#HINFO=<ID= DPH Number=u Type Integer Description="Number of hlgh—quallty ref—-forward , ref-reverse, alt-forward and alt-reverse bases">
#HTMCP’\—/TH MO M amboa—1 'I' nnnnnnnnnnn Do e ot o AL oo oo oo oo .'

#

# . 22 15:57:12 2023

#CHROM QUAL FILTER INFO FORMAT IDX7.sort.bam =5
chrl . 18.8383 . DP=39;VDB=0.00324086; SGB=—0.616816 ; RPB=1 ; NQB=0. 659241 ; BQB=0. 970805 ; MQOF=0; ICB=1;
chrl 5 15.6723 . DP=42;VDB=0.00177017; SGB=-0.636U26 ; RPB=0.935669 ; MQB=0.535992 ; BQB=0.861043; MQOF=0
chrl . 163 . DP=52;VDB=0.00137749; SGB=-0.692562;RPB=0.524716;MQB=0.0867743 ;MQSB=0.556902 ; BQB=
chrl . 188 . DP=62;VDB=0.00523897; SGB=-0.693021;RPB=0.365629;MQB=0.0237017;MQSB=0.326001; BQB=(
chrl 5 198 . DP=63;VDB=0.00861296 ; SGB=-0.693097 ; RPB=0.288101; MQB=0.0229986 ; MQSB=0.276873; BQB=
chrl . 207 . DP=65;VDB=0.0142339; SGB=-0.69311;RPB=0.599664 ; MQB=0.0301369; MQSB=0.256578 ; BQB=0. §
chrl . 225 . INDEL ; IDV=69; IMF=0.971831;DP=71;VDB=0.0387193; SGB=-0.693147; MQSB=0.213156; MQOF=0
chrl . GTTT 225 . INDEL ; IDV=50; IMF=0.909091 ;DP ; VDB=0.0380275; SGB=—-0.693147; MQSB=0.00670185; MQOF
chrl . GTTT  GTT 106 . INDEL ; IDV=46; IMF=0.821429 : DP=56 ; VDB=0. 0020015 ; SGB=-0. 616816 ; MQSB=1; MQOF=0; AC=2 ; A —
chrl 5 GGA G 225 INDEL; IDV=45;IMF=0.865385;DP=52;VDB=2.57575e-05; SGB=-0.686358;MQSB=0.99778; MQOF=
chrl 18398 . CTTTTTTTTTTT CTTTTTTTTTT 10.7919 . INDEL; IDV=8;IMF=0.615385;DP=13;VDB=0.558106; SGB=—-0.662043; MQSB=1
chrl 99419 . ATTTTTTT ATTTTTT 71 INDEL;IDV=12; IMF 0. 923@'7'7 DP=13; VDB 0. 1'722'73 SGB=-0.680642; MQSB=1; MQOF=0
chrl 127009 . ATTTTT ATTTT 161 . INDEL IDV=22; IMF 0. 846154 DP=26; VDB 0. 9858281 SGB=-0.692562;MQSB=0.991121; MQOF=0
chrl l486u8 . TGGGGGG TGGGGG 92 INDEL ; IDV=29;IMF=0.805556;DP=36;VDB=0.0933396;SGB=-0.69312; MQSB 0.133333; MQGF 0; 4
chrl 165672 . TAAAAAAA TAAAAAAAA . INDEL;IDV=9;IMF ;DP=9;VDB=G.G@’438619;SGB=—@.662@43;MQSB=@.97459
chrl 168096 . TAAAAAAAA TAAAAAAAAA 5 5 ; IMF=0.666667; DP=6; VDB=0. 74324 ; SGB=—-0.590765; MQSB=1; M(
chrl 176519 . A G 54 . DP 156 VDB 1. 1049& 20 SGB 0 693145 RPB 1 36185e 12 MQB 3. 39625e 17; MQSB 5. 09993
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Lineages of SARS-CoV-2

* WuHan-Hu-1

* UK, South African, Brazilian,
and India variants

* The World Health Organization
(WHO) has designated SARS-
CoV-2 variants Alpha(B.1.1.7),
Beta(B.1.351), Gamma(P.1),
and Delta(B.1.617.2) as
Variants of Concern (VOC),
among which Delta variant
with remarkable transmission
and immune escape ability has
attracted great attentions.

Selected SARS-CoV-2 lineages*

Dec 5th 2019 to Feb 22nd 2021 A ¢ Contains the root

» of the pandemic

m E484K mutation

Associated with

antibody resistance Seattle Uganda

(extinct)
m N501Y mutation
; o A23 B
Associated with i
increased transmissibility Al
' ¥ Mutation D614G

© Variant of concern/ becomes fixed, raising

under investigationt Liverpool Europe  viral transmissibility
4 Mutation recently found B

in some sequences & {

A23.1 B.40 o
A
United
States S. Africa California New,York B.A177 B.11
: o) © (o)
B.1.2 B.1.160 B.1.221 B.1.243 B.1.258 B.1.351 B.1.429 B.1.525 B.1.526
] | ] 4
Denmark -
Britain~ Denmar k Kent (found in mink)

B.1.1.316 B.1.1.28 B.1.1.25

B.1.1774 B.1.177.21 B.1.1.1 B.1.17 B.1.1.29 B.1.1.37 B.1.1.70 B.1.1.298 B.1.1.315 B.1.1.318
4N i} m

Brazil Australia

§i-ke-protein gene
o o :
R1 R2 P1 P2 D2

483 484 485
Original ‘GUUGGU J e

Code for glutamic acid (E)

E484K UGUU[AAA|GGU

Code for lysine (K) *36 of 880 lineages containing 68% of all 560,000 samples designate

1By Public Health England
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Mutations of SARS-CoV-2

B

R HRIPRSFE X 5 528 X

Total number of amino acid substitutions found in 4,400 coronavirus genomes from Dec. to April

WATINTm CTHI III

10~
Longer lines may — Gaps may show critical
show places where spots in the genome
20~ the genome is more that cannot tolerate
tolerant of mutations. mutations.

MR X3 S G A AU 5 2 W) BB v LR ?
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Origin of SARS-CoV-2 (& #HiR)

- Mutations in the genome produce a fingerprint that can be used to
Infer ancestral relationships (phylogeny).
- Zoonosis, jumped from animals to humans

Bat Coronavirus
(Miniopterus bat coronavirus HKU8)

Human to human
transmission

0 @ >

T

1 1 1

® ¢ ¢ 0 ¢
¢

Direct contact

Incidental host
Homo sapiens
ACE-2 Receptor+
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Linux/macOS

1) i 45 1 B FastQC. Trimmomatic

CE:BWA, HF5BWA index. BWA mem. BWA

aln. BWA sample

(4)

74 43 #r -

~ H.: Samtools, f3%5Samtools view. Samtools

sort. Samtools mpileup. bcftools call. bcftools consensus




‘]1.

(L)% 75
 SARS-CoV-2 Genome (NC 045512.2)

(2)])

=404 (I1lumina PE)

* NCBI accession number: SRR11140750
* Aclinical swab obtained from a patient in Madison, WI, USA
« Data released on 215t Feb 2020.

SRX7777160: SARS-CoV-2 swab_illumina
1 ILLUMINA (lllumina MiSeq) run: 17,657 spots, 7./M bases, 3.6Mb downloads

Design: SISPA Nextera XT
Submitted by: University of Wisconsin - Madison

Study: SARS-CoV-2 parallel sequencing by lllumina and Oxford Nanopore Technologies
PRJNAG07948 - SRP250294 = All experiments = All runs




¥ 2. REBERE

2.1 FastQC

$mkdir fastqc_out
$fastqc SRR11140750.fastq -o ./fastqc_out/

-0 --outdir FastQCH: Bk h
--extract ERINIGIL T4

%ﬁﬁj:T/j;

****** mpzﬁJﬁ

1300 P B MO R 23 1

I T A H f A7 B8 A2

E AR T R R 4A S, WE ISR

-t —threads EFEFEFBITHIZLIES, FHNERE 5 H250MBIN 77, %
FE P 1E AT R




¥ 2. BRBBRE

VAR HF2AAF
*:,‘z ;]’*‘/ ZHEJIANG GONGSHANG UNIVERSITY

inants  VSYLWIIEIL, AR D, OB R

-C --contam
Name [Tab]
FastQCTE T I PPV BRI TF L, 7
-a —adapters
T A7 H) 2

EpL 48 i

Sequence, HTE A BEMITT 4T A, WA XA LI,

ESLT

-HIB AR HEAT 04T 5

R A— D, SR Name [Tab] Sequence,
J¥ adpater #7512 WRAFIN, HETHRANT FastQC
151 YR VS e 81 2 5 A adapter )5k B4
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% 4: Trimmomatic

2.2 FEELAMERE

S

$java -jar Trimmomatic-0.39/trimmomatic-0.39.jar SE -phred33
SRR11140750.fastq SRR11140750.out.fg
ILLUMINACLIP:Trimmomatic-0.39/adapters/TruSeq3-
SE.fa:2:30:10 SLIDINGWINDOW:5:20 LEADING:5
TRAILING:5 MINLEN:50




5 N 3
ﬁ % ﬁ ;E E} ;' s ‘:;:‘3"%‘}}’;; Jﬁ pj 1 ﬁ J\ %
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-ILLUMINACLIP: & BEVIkr#ELF IS

-SLIDINGWINDOW: wEEsNE OKERSH,

-LEADING: B 215 V)brreadH kA2 i) Ji = B E ;

-TRAILING: & &% VlFrread K B H 28 i) ol = H1H ;

-MINLEN: #&E&read# V% s 20 FEMREWKE; WRKTHKE,
FP AR 2 57
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, 3. 55 551 [ by B mprhs
#ZZFFFINC_045512.2 3044 B fiy 44 Acovid19.fasta
$cp NC _045512.2.fasta covid19.fasta

#Index the reference genome for use with BWA
$bwa index covid19.fasta

#Align the HHlumina reads

$bwa mem covid19.fasta SRR11140750.fastg.gz > SRR11140750.sam
#Coordinate sort SAM file, and output to BAM

$samtools sort -0 SRR11140750.ham SRR11140750.sam

Can you figure out how to do the bwa mem and samtools sort commands
in a pipeline so as to avoid writing the large intermediary SAM file?
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N ° ° ° ° ZEN s :
(1§883Y) 24 %
f 4. BAM File Visualisation (B mpzh g

#Generate index of the genome file

. _ B2t BRI SO
$samtools faidx covid19.fasta SRIEEY D10 i
#Index the BAM file e COVID19.fasta.fai
$samtools index SRR11140750.bam L) el el

* SRR11140750.bam.bai

# View alignment with samtools
$samtools tview ./SRR11140750.bam --reference ./covid19.fasta

o/ 7

#Press “q” to quit view
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"’4.BAM file visualization with IGV & #7zi24

* Run local IGV, or visit IGV-web (https://igv.org/app/).

 Load the genome from a “Local File ...” by selecting both the COVID-
19.fasta and COVID-19.fasta.fai files.

* Load a “Track” from a “Local File ...” by selecting both the
SRR11140750.bam and SRR11140750.bam.bai files.

IGV Q )
C )
] | o
o
| | "f ‘ | I s IH | \I ] : Il: Ilﬁ T II\I 1 _—
— |'I!I'|- _‘ i i —— ) : : l.:l A : X ':. :::Iu = _II i|:= . ml::_ " The stacked grey arrows
'I' :|5 II":H j: ! :|I" ':“: S | :li::_"' :: 'I='III ‘I' ‘n fl : I |:| '1:'1 'lll}':ll!I || L . gml : —— :":| represent the reads aligned
| " ‘Hl II: - |I|| : ) ' lj:‘ i |::|: !'u N ' 'H . T = }i' " i |: ||I ‘Il = :: : : " illl ‘ to the SARS-CoV-2 reference
-y ey genome. What do the
i g i | '1 | T T :'= ‘|:|:|H: ! !II Tr—— I'g :H‘ | ;I"'Il ; :: W‘ — :'ﬁ:ll‘ ! ! ‘: = coloured vertical bars within
- ll y "' ”': ' —1 e T = i H'E e '; ‘! ': il I. !!I 2 ,:‘ l'fl: the reads indicate?
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- A% A URFE I [P SARS-CoV-23ll ¥ £ 35 (SRR11140750.fastq) , A
BWA. Samtools. IGVZE 1. A 1T reads mapping5 n] R4l 25,

N
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