Using

ion

t

ifica
Next-Generation Sequenc

SNP Ident

ing (NGS)

5 te=at

= Xl

5583

.
!

2025/06/11



G\SNI% » g
4 A\ A\
%5 Z)t }. Jﬂ =

PEKING UNIVERSITY

' ® @

Principle & Obijective & Code &
Workflow Framework Visualization



% T N - \E
NEZES .
73508

PEKING UNIVERSITY

PART 01

Principle & Workflow




Next-Generation Sequencing
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Preparation of samples.

Second generation sequencing (massively parallel)

1 Genomic DNA o E———— e e——
2 Fragmented DNA . mm - - i EEE—— -
3 Adaptor ligation e mm e - e . . EE—

4 Amplification
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Bentley, D., Balasubramanian, S., Swerdlow, H. et al. Accurate whole human genome sequencing using reversible terminator chemistry. Nature 456, 53—-59 (2008).

Shendure, J., Balasubramanian, S., Church, G. et al. DNA sequencing at 40: past, present and future. Nature 550, 345-353 (2017). https://doi.org/10.1038/nature24286 <d>



Next-Generation Sequencing

Template amplification strategies

a Emulsion PCR

(454 (Roche), SOLiID (Thermo Fisher), GeneReader (Qiagen), lon Torrent (Thermo Fisher))

Emulsion

Micelle droplets are loaded
with primer, template,
dNTPs and polymerase

On-bead amplification

Templates hybridize to bead-bound primers and are amplified;
after amplification, the complement strand disassociates,
leaving bead-bound ssDNA templates

k- 1 —

Final product
100-200 million beads with
thousands of bound template

b Solid-phase bridge amplification
(Ilumina)

Template binding
Free templates hybridize
with slide-bound adapters

Bridge amplification

Distal ends of hybridized templates
interact with nearby primers where
amplification can take place

Cluster generation

After several rounds of
amplification, 100-200 million
clonal clusters are formed

Patterned flow cell
Microwells on flow cell

direct cluster generation,
increasing cluster density

c Solid-phase template walking

d In-solution DNA nanoball generation (SOLID Wildfire (Therme Fisher))

{Complete Genomics (BGI)) Rolling circle amplification

Circular templates are amplified to generated long R
concatamers, called DNA nanoballs; intermolecular '

Cleavage
Circular DNA
templates

are cleaved
downstream
of the adapter
sequence

interactions keep the nanoballs cohesive and

separate in solution

ﬁi‘ “ Template binding
‘ ‘ Free DNA templates hybridize
u to bound primers and the

second strand is amplified

l!!!li!!!!

Primer walking

dsDNA is partially denatured,
allowing the free end to
hybridize to a nearby primer

il

Cluster generation

After several cycles of
amplification, clusters on a
patterned flow cell are
generated

Adapter ligation
One set of adapters
is ligated to either

Iterative ligation
Three additional
rounds of ligation,

end of a DNA circularization and
template, followed cleavage generate a Hybridization
by template circular template with DNA nanoballs are

circularization four different adapters immobilized on a

patterned flow cell

1
i
1
i
'
Y

Template regeneration
Bound template is amplified
to regenerate free DNA
templates

S

Goodwin, S., McPherson, J. & McCombie, W. Coming of age: ten years of next-generation
sequencing technologies. Nat Rev Genet 17, 333-351 (2016).
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Next-Generation Sequencing

Sequencing by synthesis: Sequencing by synthesis:

cyclic reversible termination approaches single-nucleotide addition approaches

a lllumina a SOLD a 454 pyrosequencing

(Thermo Fisher) /() (Roche)

Sequencing by ligation methods

Single nucleotide addition
0 L) Only one dNTP species is present during
each cycle; multiple identical ANTPs can be
v ’ Q incorporated during a cycle, increasing

Bl _7 Cleavage agent emitted light
T AT L] o
) 14
t % % % D P »
HO l
5] HO Polymerase Cycle1
Two-base-encoded probes Cleavage APS
Probes with two known bases followed by degenerate or The fluorophore is cleaved from the probe along PP,
universal bases hybridize to a template; ligase immobilizes the with several bases, revealing a 5" phosphate | Q 2
complex and the slide is imaged I R »
ATP = %)
Cycle 2
Probe extension sulfurylase P ATP ’
10 rounds of hybridization, ligation, = 3 L
imaging and cleavage identify 2 out of | |Luciferase b5 Luciferin Q Q e
every 5 bases C 0
Nucleotide addition Imaging Cleavage PR i Light and oxyluciferin Cycle 3
Fluorophore-labelled, terminally blocked Slides are imaged with either two or Fluorophores are cleaved and washed Reset N
nucleotides hybridize to complementary four laser channels. Each cluster from flow cells and the 3-OH group m After a round of probe extension, all Pyrosequencing
base. Each cluster on a slide can emits a colour corresponding to the is regenerated. A new cycle begins =0 &5 ZE LE z probes and anchors are removed and | [As a base is incorporated, the release of an inorganic a
incorporate a different base. base incorporated during this cycle. with the addition of new nucleotides. the cycle begins again with an offset pyrophosphate triggers an enzyme cascade, resulting in light Pl P
m D anchor . Q P
b GeneReader
(Qiagen) b Complote G Cycle 4
omplete Genomics
E@= ’ (BGI) b lon Torrent
’ vig (Thermo Fisher)
% %, LN
] \ ’
. ¥ Y X V4 ty
_ UL AL LLLLLY, S . \ / g

.l 71 A
HO = t_/ /
Single-base-encoded probes Reset TAACAGTA

A probe with a single known base and degenerate bases After each imaging step, both the probe and anchor are removed
hybridizes to a template and is imaged

TAACAGTA

Single nucleotide addition
Only one dNTP species is
present during each cycle;
several identical dNTPs can be
incorporated during a cycle,
increasing the emitted ions

—_—
A TT

Nature Reviews | Genetics

Probe with known

micon r ncin:
base at n+1 Semiconductor sequencing

As a base is incorporated, a single
H*ion s released, which is detected
by a CMOS-ISFET sensor

-

Goodwin, S., McPherson, J. & McCombie, W. Coming of age: ten years of next-generation sequencing technologies. Nat Rev Genet 17, 333-351 (2016).

Anchorwith an n+5 offset

Nucleotide addition Imaging Cleavage

A mixture of fluorophore-labelled, Slides are imaged with four laser Fluorophores are cleaved and washed
terminally blocked nucleotides and channels. Each bead emits a from flow cells and the 3"-OH group
unlabelled, blocked nucleotides hybridize colour corresponding to the base is regenerated. A new cycle begins

to complementary bases. Each bead on a incorporated during this cycle, but with the addition of new nucleotides.
slide can incorporate a different base. only labelled bases emit a signal.

Offset anchors
Subsequent rounds of hybridization and ligation use offset
anchors to sequence more-distant bases

Paired-end sequencing
Sequencing is performed for both the left and right sides of
the adapter

Nature Reviews | Genetics| Nature Reviews | Genetics

<p>




Single Nucleotide Polymorphism

AN
TN DNA — 2 — IE
K18 FASTQ 1&=0/RInF7E0E

[REET
F|FHFastQC, Trimmomatic,

cutadaptFET B LR KRE
reads, ELiSHE

EbxSRISEEFEHE
TE: BWA. Bowtie2;
i SAFETL: SAM/BAM;
[SRME: {§F SAMtools B
Picard XfREE. HIFE

s PEKING UNIVERSITY

WELJ«EE:E**
WiEingE: WERE (DP) . WER
2 (QUAL) . 3Zi5tefl (AF) =
T B : GATK VariantFiltration ;
Bcftools filter;
iR THE: ANNOVAR, VEP, SnpEff

G =2 gl

TH: GATK HaplotypeCaIIer;
FreeBayes, Bcftools, VarScan;

it VCF3/&, 2% SNP 0

£
InDel &L %

<7 >
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COVID-19 and Cytokine Storm ANEEES
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Spike protein

1\4 CD8*T response target
2\3 CD4'T response target
34VoC/Vol
mutations

Envelope

> Jk Membrane
» Ae/N/A Nucleocapsid

’ 7 VoC/Vol mutations

in’cegra’ceq—|

‘T — ACE2 receptor

cytomembrane

<9>
Feng Lin, etc. Life Sciences. (2023)
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COVID-19 and Cytokine Storm %?1?5 e

PIGF

Destruction of
Endothelium

sFltl <—— ATIR MASR
N\
Anti-inflammatory
NF-kf , properties

JAK-STAT

Severe (—Aﬁﬂd&

COVID-19 COVID-19

(SOCS)
SOCS3

I

I Qi : |
: Stimulation % 0verexpress10nT
I

Inhibition ——>  Mention ——> |

e e e e e - - <10 >
Fahimeh Zamani Rarani, etc. Molecular Therapy Nucleic Acids. (2022)
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Research Objectives

» To reveale the mechanism by which macrophages acquire susceptibility to SARS-CoV-2 infection.

» To investigated the gene expression pattern differences between healthy hamster lungs and
SARS-CoV-2-infected hamster lungs collected 5 days post-infection (dpi) using RNA-seq and its
roles in severe COVID-19 patients.

» To elucidate how these genes promote alveolar macrophage mediated infection of SARS-CoV-2.

» To look for a genetic basis (SNP) for the differences in gene expression related to COVID-19

severity in humans.

<11 >



Research Overview

Human genetics
IFNARZ ILTORB

—
— —_— —

/\ Long-read
capture RNA-seq
AL q

GWAS and QTL for
COVID-19 severity

Allele-specific splicing

rs13050728
(risk variant = T)

CiDRE mRNA
IFNAR2-IL T0RB readthrough

Molecular mechanism

Alveolar macrophage COVID-19 severity

|
0 (M2c-type skewing)
N\ | e 2o IL-10
i g 5 Signal activation {
S } (ACE21) &
@ IL-TOR"\ > o
e® ® o = ) /
o0 ﬁ Q "
IL-10 o
IL-10 mild to moderate
%
38 ¢ Strong signal activation
SR o z
foge 9 K IL-T0RA (ACE21 t 1) -
AR Y'Y 2 f& 5
¥ g IR/ STHRE g
|
SARS-CoV-2 iy IFN-decoy receptor =
uptake = \\‘L ] :
IFNAR1 s N X L <
type | IFN severe

.
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» SARS-CoV-2 infects IL-10-induced alveolar
macrophages to promote a cytokine storm.
» Blockade of IL-10R signaling on alveolar

macrophages suppresses COVID-19

pneumonia.

> A readthrough transcript, CiDRE, in COVID-19
was identified by GWAS and QTL analysis.

» CIiDRE possesses a dual function in alveolar

macrophages, promoting severe COVID-19

<12 >
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Data Download

SECE L
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Mesocricetus auratus (golden hamster) Accession: PRJDB14430  ID: 905249

Expression data from whole lung of Syrian hamsters

Whole lungs were extracted from Golden Hamsters infected with SARS-COV-2 or mock for 5 days with or without See Genome
neutralizing antibodies to the IL-10 receptor, and total RNA was isolated using TRIzol (Invitrogen). More... Information for
Mesocricetus

auratus

Accession PRJDB14430

Data Type  Transcriptome or Gene expression

129 additional
projects are related
by organism.

Scope Multiisolate

Organism Mesocricetus auratus [Taxonomy ID: 10036]

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires; Glires;
Rodentia; Myomorpha; Muroidea; Cricetidae; Cricetinae; Mesocricetus; Mesocricetus auratus

Submission Registration date: 24-Nov-2022
Tokyo Medical and Dental university, 1 Chome-5-45 Yushima, Bunkyo City, Tokyo, Japan 113-8510

Project Data:
Number
Resource Name of Links
SEQUENCE DATA
SRA Experiments 8
OTHER DATASETS
BioSample k

SRA Data Details

Parameter Value
Data volume, Gbases 9
Data volume, Mbytes 2826

https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJDB14430a <14
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Quality Control

wget http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/Trimmomatic-0.39.zip
unzip Trimmomatic-0.39.zip

java -jar /lustre/home/2100012177/group/software/Trimmomatic-0.39/trimmomatic-0.39.jar SE -phred33 DRR424117.fastq.gz
output DRR424117.fastq.gz LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36 > trim.log 2>&1

LEADING: M reads BYFFLTIIREREEKTEERNRE
TRAILING: M reads BIRETIFRREEKTEEANRE
SLIDINGWINDOW: B&EigkE, AREEREYERTEENEO
MINLEN: {EEI5ERkfE, EFIE/NTFHIERIreads

threads: ZLFEZ4

lrimmomaticSE: Started with arguments:
-phred33 DRR424117.fastq.gz output_DRR424117.fastq.gz LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36
Automatically using 2 threads

Input Reads: 17028652 Surviving: 17023269 (99.97%) Dropped: 5383 (©.03%)
TrimmomaticSE: Completed successfully

<15 >


http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/Trimmomatic-0.39.zip

Align 0N e 7

PEKING UNIVERSITY

wget https://jaist.dl.sourceforge.net/project/bowtie-bio/bowtie2/2.5.4/bowtie2-2.5.4-source.zip
unzip bowtie2-2.5.4-source.zip

make

vim ~/.bashrc

export PATH=/lustre/home/2100012177/group/software/bowtie2-2.5.4/:$PATH

source ~/.bashrc

bowtie2 -h

wget

https://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/017/639/785/GCF_017639785.1 BCM_ Maur 2.0/GCF_017639785.1 BCM Maur 2.0 g
enomic.fna.gz

gunzip GCF_017639785.1 BCM_Maur 2.0 genomic.fna.gz

bowtie2-build GCF _017639785.1 BCM_ Maur 2.0 genomic.fna ref genome
bowtie2 -x ref/ref genome -p 4 -U output DRR424117.fastq | samtools view -Sb > sample.bam

-x SEERBZRS|

-U -1 -2 gy N fastq 4R =R

-S it sam 37 ER IR

-p LRFEEN B SO SE TR http://bowtie-bio.sourceforge.net/bowtie2/index.shtml

17628652 reads; of these:
17028652 (100.00%) were unpaired; of these:
2195711 (12.89%) aligned @ times

11228194 (65.94%) aligned exactly 1 time
3604747 (21.17%) aligned >1 times <16 >
87.11% overall alignment rate
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1 DRR424117.1 %) NW_©24429191.1 38419846 42 101M * %) %)
1 GNGTGTTCTGGAAGTAATGGCGCCATAGCGGTCTGATCTTGTCCTGGCCGCCCACATCCCACACGGTGAAGCTGATATTCTTGTAC

1 TCAACTGTCTCCACG 22000000000022220000000020222200000000222200000000002222000000022222222222)
1 PPPPPPPPPRPRRPRPPPPPPPPP? AS:1:-1 XN:1:©0 XM:1i:1 X0:1:© XG:1:© NM:1:1 MD:Z:1G99

1 YT:Z:UU

IS AR AL

read name 1 QNAME  fqffjread ID (QNAMEHF]Q#/RQuery)
flags 2 FLAG  FbxHE B4 (bitwise FLAG) | B—A4> 167 %8
- 3 RNAME S4F5I@H SR (RNAMEHRA RReference)
i 4 POS  LRME. MORHIY R E R
MAPQ 5 MAPQ  FbXTiE{E (Mapping Quality)
CIGAR 6 CIGAR  HoxifE &
7 RNEXT  Fgxfread fif bt B (e fafd ({XPair end ] 7% A A )
Mate information 8 PNEXT [iXfread fir b X B WAL E ({XPair end {7 AR A )
9 TLEN  $HARFBKE ({UPair end JFHIEHEATT)
Read sequence 10 SEQ  read[F#%)
Quuality scores 11 QUAL readFiftfdi

metadata 12 Metadata TEfER, W12 iRt ) i metadata, —fR X EAERGAE B,
Metadata o marchfii i, =W HGRHE A%



Bam ‘“’”‘M}

1 DRR424117.1 %) NW_©24429191.1 38419846 42 101M * %) %)
1 GNGTGTTCTGGAAGTAATGGCGCCATAGCGGTCTGATCTTGTCCTGGCCGCCCACATCCCACACGGTGAAGCTGATATTCTTGTAC

1 TCAACTGTCTCCACG 2220022000222000220000020002200022200022000022000222200222022222222222222222
1 2222222222222 2222? AS:1i:-1 XN:1:0 XM:1:1 X0:1:0 XG:1:© NM:i:1 MD:Z:1G99

1 YT:Z:UU

M (PTED) : alignment match (can be a sequence match or mismatch)
Z<areadA mappingZIE=5H9F5 £, NreadURERFFISE=7IRFFIHEERR, FRIEFEIMappingss
R, MERTELE, BEiCreads5F5IRIIEHILE S 2 e IRILEiZ (U EEE 7~ /IM
| () : insertion to the reference
FreadIREFFIBXNTFE=FIHIRNAMEFS, BREERTIHEA
D (#lB&) : deletion from the reference
%TreadE’JﬁJ'JZEF' N TFSE=FIHRNAMERS, BREORIR
. skipped region from the reference ZFTRAJLEIENE
. padding (silent deletion from padded reference)
. soft clipping (clipped sequences present in SEQ) 1XEZB5iZEbX_H{BIRER T
. hard clipping (clipped sequences NOT present in SEQ) iX&53 & EEXT_EBRIREE

ICD'U

<18 >



Sort

Program: samtools (Tools for alignments in the SAM format)
Version: 1.9 (using htslib 1.9)

samtools sort sample.bam -0 sample.sort.bam

samtools index sample.sort.bam _
samtools faidx ref/GCF_017639785.1 BCM_Maur 2.0 _genomic.fna -~ Indexing

dict create a sequence dictionary file

samtools depth sample.sort.bam > sample.sort.depth.txt faidx index/extract FASTA
fqidx index/extract FASTQ
index index alignment

samtools <command> [options]

Editing

calmd recalculate MD/NM tags and '=' bases
fixmate fix mate information

reheader replace BAM header

targetcut cut fosmid regions (for fosmid pool only)
addreplacerg adds or replaces RG tags

markdup mark duplicates

File operations

collate shuffle and group alignments by name

cat concatenate BAMs

merge merge sorted alignments

mpileup multi-way pileup

sort sort alignment file

split splits a file by read group

quickcheck quickly check if SAM/BAM/CRAM file appears intact
fastq converts a BAM to a FASTQ

fasta converts a BAM to a FASTA

Statistics

bedcov read depth per BED region

depth compute the depth

flagstat simple stats

idxstats BAM index stats

phase phase heterozygotes

stats generate stats (former bamcheck)

-- Viewing
flags explain BAM flags
tview text alignment viewer
view SAM< - >BAM<->CRAM conversion
depad convert padded BAM to unpadded BAM

<19 >



Sequencing depth

library("ggplot2")
data<-read.table("D:/Downloads/PKU/Linux&/ili/Final/sample.sort.depth.txt", header = FALSE)
colnames(data)[3] <- 'depth’

data nol<-data[data$depth>100,]

ggplot(data = data_nol,aes(x=depth))+geom histogram(binwidth = 100)
library(dplyr) 1000000

all max dplyr <- data %>% filter(depth == max(depth))

i,

Vi V2 depth 750000

1 NW_024429180.1 50672298 8069
2 NW_024429180.1 50672500 8069

500000 -

count

250000 -

0 2000 4000 6000 8000 <20 >
depth



G UL »
N v 757

PEKING UNIVERSITY

Variant

beftools mpileup -Ou -f ref/GCF _017639785.1 BCM_Maur 2.0 genomic.fna sample.sort.bam | bcftools call -mv > var.vcf
less -SN var.vcf
grep -v ""##" var.vciless -SN

1 #CHROM POS ID REF ALT UAL FILTER INFO FORMAT sample.sort.bam

Q
2 NW_024429180.1 85763 . T C 3.22451 . DP=1;SGB=-0.379885;MQBF=0;AC=2;AN=2;DP4=0,0,8,1;M0=42  GT:PL:AD 1/1:30,3,0:0,1
3 NW_024429180.1 116721 . G 3.22451 . DP=1;SGB=-0.379885;MQOF=0;AC=2;AN=2;DP4=0,0,8,1;M0=42  GT:PL:AD 1/1:30,3,0:0,1
A
C

3.83885 . DP=7;VDB=0.02; SGB=-0.453602; RPBZ=0;MQBZ=0; BQBZ=0; SCBZ=0; MQOF=0; AC=1; AN=2;DP4=5,0, 2,0;MQ=42 GT:PL:AD ©/1:35,0,88:5,2
15.5373 . DP=4;VDB=0.0257451;SGB=-0.556411; MQOF=0; AC=2;AN=2;DP4=0, 8,4, 8;MQ=13 GT:PL:AD 1/1:45,12,0:0,4

4 NW_024429180.1 674853 .
5 NW_024429180.1 680754 .

L#FFELRVER D AiEREER D, ERER D B—ITF—"variantBEE.

FREBD 10505 CRIIEN

CHROM : SEFHIFFR

POS : variantFrfERIleft-most{i/&(1-base position) (REZRRMIERIE—MAERTERIE)

ID : variantfdID, ERIXIAIEdbSNPEBEEFHIID, &i%8, NEGAFR '/

REF : &EFFIRJAllele, (FRE, RIsEFINZUEIRERENFEEEE)

ALT : variantfJAllele, EBZ1, WERAESHR, (BRATOFHURESRENRFEELE) XEAIFESSEIFNH
H#HE, WFSNPHRREBEMFEZSENRS, MY TFIndelskiR 2I5HENZERIMNEERE, DAIRBESSEINT(L
QUAL : variantsfdfRE, PhrediSHO%E, (KFXEHMUAEESHOEER, WEBA, NESREE, (KREXIR
EvariantsfyaJgettk, (RRTREEAATEEME)

FILTER : XA EEERILIEE. WNEREPASS, NRSRIAIARTLAE EAvariant,

INFO : variantf9fB<{=2

FORMAT : variantsg9t&=t,, fa0GT:AD:DP:GQ:PL

SAMPLES : £&1\Samplefy{E, HIBAMXEFAI@RGCTRISMIREFTRE, XEEXNNEFEIFINEZMER, FE
BXNERES S, 8 sampleXIivE1%1; 24 sampleslXpESZS, XfER F7IRIEZEZR1051, coqs
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samtools  tview  --reference  /lustre/home/2100012177/group/Linux _final/ref/GCF _017639785.1 BCM_Maur 2.0 genomic.fna
sample.sort.bam

RFRIEHELLYY, B ERRAMEIT.

AGTCNﬁ%%IE%L SEEFIIARNEE, agtenfURRNE ESSEFSARBIRE.
ARAEREARAROLYREE: B8>=30, &&20-29, && 10-19, HE0-9
fEtviewl R EZ A5, FRIGHED,

NW_024429180.1:675915 5M3193M

675881 675891 675901 675911 675921 675931 675941 675951 675961 675971 675981 675991 676001 676011 676021 676031 676041 676051 676061 676071
TGGCACAAAAACAATTAGTGTAAGCAATTCAATACTTCA  CCTGTACAAATGAGACCGTCGTGCTTGTCGCAGTCTCTGTCATCACAGTCACAAAACTCCCCTGAAATATACCACTCCTCTGCAGAACAAATGCACTTTCCACAATGACAAGAA CCTGAANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

<22 >



Visualization

& 16v — a] X
File Genomes View Tracks Regions Tools Help
GCF_OL7639785. 1 BC Maur_2.... | NV.024429180.1 > |NW_024429180.1:50,672,330-50,672, 437 co Hf < w iy [ 3 (2 | SRR RNNRRARARANY [
[
- 109 bp -
50,672,340 bp 50,672,360 bp 50,572,380 bp 50,672,400 bp 50,572 420 bp
| h 4 v v \ Yvvy Yvy vy vivw

wvar vef

sample.sort.bam

sample.sort. bam Coverage

[0-30335]

B

Sequence

ATTGTAGGGGCCCTGCTCATGGGCCTTCACATGAGTCAGAAACATACCGAGATGGTGAGC TGGCCTGGGTTGAGCACAGACTAGCAACGGGGAACGTCAGACAGGGGA

<23 >
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Thank you for attending!

SNP ldentification Using Next-Generation Sequencing (NGS)
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