GP

e NGS (next-generation sequence)
o AR (Sequencing by synthesis)
o /HZDNA(Prepare genomic DNA)
o [ EXfEDNA, F45 ) EXh0_Eadatpers
o [EEDNA(Attach DNAto surface)
o TEMIMEEENAREREIETE SR,
o MFz{¥ 1Z(Bridge amplification)
o MIATARCHIZE BRANESY 18 H Ex
o fi#hiE(Denature the double stranded molecules)
o KEBIEIRSAIDNA, BEINMERIEES, FNEREBRYNAEES
o TBHIEIHTRE
e [51E Quality control

e FASTQformat

ID

@A00291:15:H5YLVDMXX:1:1101:3794:1016 1:N:0:ATCACG
GNCAGAGTCTCGTTCGTTATCGGAATTAACCAGACAAATCGCTCCACCAACTAAGAACGGCCATGCACCACCACCCACGGAATCGAGAAAGAGCTATCAA

F#F:FFFFFFEFFFFFFFFF: FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF :FFFFFFFFFFFFFFFFF

read data/ \

(A,C,GT) quality scores
(the probability of an error
at each base)

o LE3Falignement
o Rt ABLASTEEAREIE?
LIEEXIE
° 2
e 3,
e BWT (Burrows-Wheeler_transform)&i%
o B1TIZ%E:
o WHMAFREERNLSHMAHHR, BRMEMSNEREIITRHREAL
ASC Il BB RtmE, ETHIR, mEEENRE—II5?
o fim:

LB RENFRFE+sortedX N FRFE, FINRERZEBNFHAS
2. RATBER BRI A HME—iE, REE4 MR
e Qualitycontrol Alignment

e 50% of reads mapped/unmapped would be thought as fail.



e Transcript assembly/quantification
o BHAZEMNER Ut BRKRIAER
e individual readsr] LA#E mappedZ| R~ [ElAYt ranscriptsgiisoforms_t
e Peak-calling
o FHreadsEERIX1E--peaks
o NGSHINZF
e denovogenome assembly

e {540 Using next-generation sequencing technology alone, we have successfully
generated and assembled a draft sequence of the giant panda genome

e Genome resequencing
o WWFHFHRMAR, KiER L Bvariant gene
e Clinical applications
o MBEREG#EFvariant gene
e Sequencers as counting devices
e WGS (Whole genome sequence)
e historyof WGS
e Denovo assemblyvs Variant calling
e Denoveassembly
o YIMBEREZ RN
o MKFintaZERE A
e Variant calling
o reference genomeZ B HIH
o BHRZE TR MMAEREARvariances
e Denoveassembly
e Variant Calling
o FhE types
o HIZEHEHFE Single Nucleotide Aberrations
o HIIZEEEZSM Single Nucleotide Polymorphisms (SNP)
o AIREFE—TIMBIAIBER AT
o ERHAPIEMTEMRUA—ENR LN
o ERAREZMMIAI
o FFdbSNP(
o HIZEHBZT R Single Nucleotide Variations (SNV)
o BTEREME—TASL
o REMEM, FER


http://www.ncbi.nlm.nih.gov/snp)

o ERAEARAERL

o 5IHEATFEMIBR Short Insertions or Deletions (indels)
o ZEMIMETZY, structure variants (SVs)

e largedeletionorinsertion

e chromosomerearrangement

T ERTE workflow

e phase1:NGSdataprocessing
e phase2:variant discovery and genotyping
e phase3:integrative analysis

e overall workflow

Phase 1: NGS data processing Phase 2: Variant discovery and genotyping Phase 3: Integrative analysis
Typically by lane

——Typically multiple samples simultaneously but can be single sample alone

. Sample 1 Sample N . [ Raw Raw Raw
Input ' ’( reads ]""[ reads J ' indels ] [ SNPs J ( SVs J
: .
i .

Mapping

[ External data |
A}

: Known
( Pedigrees ( variation J
Population Known
structure genotypes
| Variant quality ||
1| recalibration |!
i :
\/

' |
. '
' |
'

i Genotype E
' refinement '
' |
' i

\
Local
realignment

Y

Duplicate
marking
A
Base quality
recalibration
'
:
y :
[ Analysis-ready '
Output VAt '

Pipeline

Structural
variation (SV)

i )

.
.
.
.
|
...... '

e phasel:Mapping
o {ERmapping&iEfFreadsE¥)/REEXI Rllreference genome £
o (BAMIIRLEXSEE
o [FEBindelsEFLEXS
o JHIREEMNDF
e 4 Rftechnology-independent #JSAM/BAM X 14
e phase2:Discovery of raw variants
o {FEFISAM/BAMN 4, DHTFIE SHSNPs, SNVs, short indels, SVsHI{i &=
e phase 3:Discovery of analysis-ready variants
o MEZ_LHKEMrawvariant F o BENZSHEASR

e overall pipeline



Raw Unmapped Reads

FASTQ

FasiQC
tastap

NGS QC Toolkit
PRINSEQ
QC-Chain

of quality

FASTQ

if data quality is adequate

Trmmomatic
CutAdapt
AlienTrimmer
Skewer
BBDuUk
Fastx Tookit
Trim Galore

Trimming
ssary)

(ifr

Trimmed Reads

FASTQ

e Fileformat
e SAM/BAM
* BAMX{4ZESAMH
CAES

e Header

QC-pass Reads Raw Mapped Reads

AN
- FASTO | e SAM/
BWA BAM
Bowtie2
novoalign
mummer

=]
[
[7]
[}
[}
(%]
(=]
o
o
-
[
Q
£
[+
D
©
-
w
(=}
o

Recalibrate Base Quality Scores (GATK)

Mark Duplicates (Picard)

\J

Analysis-ready Reads
AN
BAM

N B EAR S

o BIEXHRIFEER

o AR

o A

o [EXY
e Alignment

e B8

(B
KE
ik

o readfJBFR

.
}Ji i ==]
[ ]
[
Header Format
version
Algnment @HD  VN:11
soingorde ™~ cn”  sntent
n o
Sequence 2 16
name
QNAVEE:Read aitwise
or Query FLAG
name

e VCF

FRER
i VA
tExd s

UiE U

=

N

EEXHER

custom tag

Analysis-ready Reads

-

-

GATK - HaplotypeCaller
VarScan2

SAMools

beftools

FreeBayes

Platypus

deepvariant

-

Raw SNVs and InDels
AN
VCF

-

Filtration of variants
Annotation of variants

Further analysis for interpretation

Coordinate
system
o etndie R RNEXT: Ref nameof ~ TLEN: observed QUALASCII of Phred-
IN:97 length the mate/nest template length scaled base quality
fragment

w0 27 30 Mt ) 0 TGTGTTCCTTIGCGTT 8M2I4M1D3MCEC@=DE?CF

0 12 ) M o 0 CTCTATCATCAACATIGTG GGGGFGGCEEEE,@C@C
RNAME: POS:starting MAPQ:  CIGAR  PNEXT: Position of SEQ:
Reference  posivon of the Mapping  String  the mate/next fragment



Header
o VCFRYRRAS
e variant callerf9hR7s

Data Line
o HTHEZE MNvariantlIEE
##fileformat=VCFv4.0 y header lines

##fileDate=20100707
##source=VCFtools
##reference=NCBI36
##INFO=<ID=AA, Number=1, Type=String, Description="Ancestral Alle}é">
##INFO=<ID=H2, Number=0, Type=Flag, Description="HapMap2 membersfip">
##FORMAT=<ID=GT,Number=1, Type=String, Description="Genotype’
##FORMAT=<ID=GQ, Number=1, Type=Integer, Description="Genotyge Quality (phred score)">
##FORMAT=<ID=GL ,Number=3, Type=Float, Description="Likelj#oods for RR,RA,AA genotypes (R=ref,A=alt)">
##FORMAT=<ID=DP Number:l,Typc:lﬂtcgcr,Descrlptxcn:"R @ Depth">

##ALT=<ID=DEL ,Description="Deletion">
##INFO=<ID=SVTYPE, Nunber=1, Type=String, Descripti

Optional header lines (meta-data
about the annotations in the VCF body)

VCF header

="Type of structural varxant >

##INFO=<ID=END, Nunber=1, Type=Integer,Description="End position of the variant" Reference alleles (GT=0)
#CHROM POS ID REF ALT OUAL FILTER INFO FORMAT SAMPLEI SAM;%R/
> g ACG_ A, AT PASS GT:DP 1/2:13 /0729
'g 1 2 FSl T,CT PASS HZ AA=T GT:GQ 0]1:100 2/2J0
o 1 5 « A G . ASS . GT:GQ 10:77  1/1:9;
1 100 <DEL> P SVTYPE=DEL;END=300  GT:GQ:DP %/1:12:3 0/0:20  Alternate alleles (GT>0 is
an index to the ALT column)
Deletion SNP fosection Drhac avant Phased data (G and C above
Large SV are on the same chromosome)

e NF application

REY)#AY Evolution studies
AUFTHIEERMA 20 2019 nCov

o HAEMDHT Microbiome analysis

BMEZE foodsafety
2 EEH X RIEZYE Health-related infection
YEIEIE XM Disease association

o EH{IMHE Population traits
o JRHFEXERAZ Disease association study
o MNMEMLFZS Personalized medicine

o R4

R4S Phylogenetics

Phylogenetic tree ¥i2 R4t & £ F i

pangenome analysis A OEEEAKHEEE
effective population size FiIIE =

transmission map FIAE L E]

recombination hotspots Fill Z £ 1%3E T Hregions

genome-wide association studies fiIASNPZ#8%variants

o B9 FIME Single molecular sequencing

e PacBio

e Nanopore

Gene Expression Analysis

e technique

e 1th generation:RT (Reverse Transcription)-PCR R4%5%PCR

EE


https://www.zhihu.com/topic/20015076/top-answers

RNA extraction

LLLLLLLLL RNA

Reverse Transcription

cDNA

PCR R primer

/\\j/ 5'|||||1|||||||||||||LLLL|.\

o T

/Q (_ " >

3 LU LU

F primer

gel electrophoresis

1 2 3 4 5 6 7 8

300 bp . f
i I”‘JE— oo s rpresseger
100 bp|

e Disadvantages:
e 1.Singlegeneat atime BE1E

e 2.Needmanycellstoextract RNA

3.needto design specific primers
4.result not quantitative TL/AE =
e 5.lowsensitivity SUREIRIE

e Advantages:

e 1. Fast
e 2.Cheap
2nd generation technique: RT-gPCR (quantitative) A E 2 R ¥&&PCR

o JMAE:

RNA extraction

LULILILL RNA
Reverse Transcription
5
-
PCR reaction

cDNA

@ Activated flurophore

> e Activated flurophore

Copies per reaction (Ct) 7

e Disadvantages:
e 1.Singlegeneatatime
e 2.Needmanycellstoextract RNA
e 3.needto design specific primers
e Advantages:

e 1.Fast



e 2.Cheap
e 3.Quantitative
3rd generation technique: microarray %5 /%

. hE:

Healthy cell Pathological cell Disadvantages:
1. Need many cells to extract RNA
- * 2. need to design specific probes
- Advantages:
1. High throughput
AN AAA AAA AAA 2. Quantitative
ANAN ANAN
RNA extraction
AAA AN ANAA AN We need to design the probe (known
NN NN AN NN targets)
Reverse transcription + How to study unknow sequence?

fluorescent tagging
Result on microarry

// (probe)
Hybridization
v onto // § § 5 @ Not present in cells
microarray P Sj// © Equally expressed
‘7 === \E\ﬁ?p) @ in normal cells only
- @ in pathological cells only

e Disadvantages:

e 1.Needmanycellstoextract RNA
e 2.needto design specific probes

e Advantages:
e 1.Highthroughput
e 2.Quantitative

e 4th generation technique: Next Generation Sequencing based RNAseq

o fiFE:
* RNA%%3EACDNA
o JEcDNARERN FEXFH N Eadapter
o TERINARRMNFHAT BHER
o BETHASEHNF
o LEXS, o

e Disadvantages:
e 1.Needmanycellstoextract RNA
e 2.expensive
e 3.dataanalysis complicated

e Advantages:
e 1.Highthroughput
e 2.Quantitative
e 3.no priorinformation needed

e 5th generation technique:
e single cell RNA-seq (scRNA-seq)

o MiE



o REAHARA R
o {FRFACSH B R4
o MJFERNAseqEFH M
e Disadvantages:
e 1.expensive
e 2.dataanalysis complicated
e 3.lowcoverage comparedto NGS

e Advantages:

1.High throughput

2.Quantitative
e 3.nopriorinformation needed
e 4.single cell level
e longreadsequencing (Nanopore sequencing)
o MAE
o JEKread BT KL
BT B ICRRNAFRS
e Disadvantages:
e 1.Need manycellstoextract RNA
e 2.expensive
e 3.dataanalysis complicated
e 4. higherrorrate

e Advantages:

1.High throughput

2.Quantitative
e 3.no priorinformation needed
e 4.longreads (>kbs):higher resolution
Nature of mMRNA-seq library RNAX FE AU R
e PolyAenriched
o REERNARER
e cDNA
o FEAERNETFHRR
RNA seqAnalysis
o FASTQCR#Z
« TH
e Fastqc —IRIBRIZIRE



e Trimmomatic—trim FEXIRE =
e Cutadapter——Z[Radapter
Splice-aware alignment togenome EEXJ
e TH
e Short reads aligner: BWA, Bowtie, Bowtie2 ...
e Denovo splice aligner: HISAT,HISAT2 ...

e Denovo splice aligners thatalso use annotation optionally: Tophat, Tophat2,
STAR ...

e Recommend: STAR, Tophat, HISAT
o IASTARIfI
o FR
e Steplseedsearch
e Step2deal with mismatch
e Step3deal with unmappedreads
e Step4 Clustering, Stitching,Scoring
e Assign countsto genes/isoform J§LEXF EREX R EE A
e TH
e FeatureCount
e HTSeg-count
e Normalization J[A—ft &R
e Why we need normalization?

e The more yousequenced (total reads sequenced), the more reads you would
get over each genes.

e Thelongerthegeneis,the morereads youwould get over the genes.
e RPKM (Reads Per Kilobases per Millionreads)
e Differential expressed genes calling S ZF M RIANEER
« TH
e DEseq2
e EgeR
e multiple testing correction Z BN IF
e Bonferroni
e FDR/Benjamini-Hochberg (most commonlyused)
o BEMERNILS, 2, 4
e Q-value/Storey method
o BHE{EN0.05



e Application N A
o EFAXKIAIEGene expression profiling
o FE{fHitAbundance estimation
o TAJZEEI#Falternative splicing
e RNAZgEERNA-editing
o JRRIFTAEEF ARnovel transcript identification
o BUEIEFAfusion transcripts
o EMIEFIFHERIX Allele specific expression
e prevalence of transcribed SNPs
o {5l example
e Theidentification of COVID-19 using NGS
ChlP-seqand Other SequencingApplications
e Adaptation
e DNase-seq

Lysed cells with detergent —,

DNase HS: DNase hypersensitive

o O—===

== = BR——

{ne1s0

== ‘@
o FAHIDNase IRYIEGIR A F IR E R X
e ATAC-seq-> Assayfor Transposase-Accessible Chromatin
o BI¥EBTNSEZESEFAMREBRINFY, AEXTnsEEHIREIRIDNARTFHT
M,
o R
o FLE(FMATagszFantibody
o i

e QC, readtrimming

| Crawford, G.E., 2010

e Alignment

e PeakCalling
e Toidentify TF binding sites S TFRYE S LM
e peakfIENX

e Count based i Zreads¥ & & 1EB—"regionfy, FAIFRZ Hpeak



e Shapebased [RIAE SN R, Hread DM ETNEAD WA, TEI—D
peak
e QC, datavisualisation
e FAIRE-seq
o SHITEERE, AERH-RFES
e Ribosome Profiling
e ATERRERNEEDT, BIIRBIEEHITENEFNERER, REE—NZIN
HMEANERRIE
e NH
e Investigate translational control and measure gene expression If R ERERIA
e Identifytranslation start sites FIABNFFCIANL =
e Determine the rate of protein synthesis #8/E & F RS BEREER
e Predict protein abundance FNIE B FREE
o iz

Celltype ™
ofimerest\_i_/

In vivo capture of translating ribosomes and mRNAs, lysis |

Y N\

a Ribosome profiling b mRNA-seq

-Q—'M\AAAAAAAAAA T " T AAAAAAAAAA
W\AAAAAAAAA T T T AAAMAAAMA
WAAAAAAAAAAA e T T AMAAAAAAAAA
M\—'@—\—AAAAAAAAAA T " T— AAAAAAAAAA

WAAAAAAAAAAAA T T T AAAAAAAAAANA

~—— T—— - T AAAAAAAA
- ) —~ e —_—~_}A
=T TR = Rlbosqme T~ S — T T~ AAAA
- __ . footprints T T T~— AAA
—_ e T T TS AAAAAAAAAA
¥ A4
Library generation Library generation
¥ A4
Deep sequencing ” Deep sequencing
“ o
© A o ¥
@ r [ =
o ? Read mapping g Read mapping
EE 9 ¥
6 C <
3£ =4
£0 @
e .2 E
A ' Codingregion A A Genomic position
AUG ) . Stop 5’ transcript end 3 transcript end
Genomic position (often indicates (often indicates
transcription start site) transcription stop site)

e CLIP-seq-> Cross-linking and Immunoprecipitation XA 5 & L T5E
o FARNAFIRNAGEEREUV FRAIGEHIRE, JTUERNA

o fiE



Preparation of cross-linked cell lysate |—— | Purification of specific cross-linked RNA fragments —.l CDNA library sequencing and analysis ‘

RNA:

everse transcription
Most cDNAs truncate at cross-link sites:
AAA "
A read-through cDNA:
l 3 ———

|

PCR and high-throughput sequencing
[ Purification of protein-bound RNA by SDS-PAGE !

Bioinformatic determination
of binding peaks

e Bisulfite Sequencing IFREA S “,D"Jr‘
o TILVERBENMMCIHET HU, BEPCRERT, FRAFENIBIHEHNCHKRX D FFE
o MifE

Genomics DNA

l Fragmentation of DNA

l End repair
_= en Adaption ligation

1

CH,
1

—C e e

l Bisulfite treatment
CH,
1

"l

1]

CH,
._(I:...... u=— | PCRamplification

— e T

!

Library test

]

sequencing

1]

bloinformatic analysis

E R ZADNAHEFTIT}100-500bpkY 5 X

DNARERRIGIEE, 3umERARE, EZNFL

Bisulfite £hI2

BRihab3R, PCRYIBEXFE A ERR/)ERE

e MeD-seqwith LpnPI < >

e LpnPlI

e aDNA methylation-dependent enzyme that is blocked by a fragment size smaller

than 32 bp —FHDNABR E{L (KTl
o PHLEREAMNZREDNANTELIE
o i


https://genome.cshlp.org/content/28/1/88.long

o MFEARE/), NFLREIRENF+T5Z2—
o NH

o FMAERMESMEEFER Patient-specific differentially methylated regions
(DMRs)

o ZEIFHIE DMRs
o IFEMXRBARENFREMNER
e ChlP-seq

ord Y o /

Sample fragmentation
Immunoprecipitatior

=

) L
Iy Histone ChIP
4

l DNA purification

Non-histone ChIP

-
3

End repair and -

adapro".gay
B
H

Cluster
g@'\Pf}!rlﬁl‘

(bridge PCR)

|

lHlumina
Sequencing
with reversible
terminators

Sequence reads

o MfE
.
e map protein-DNA interaction place AJ LAFIARI(I =
Transcription factor binding sites ¥R R FE SIS
DNA-binding proteins (HP1a, Lamins, HMGA, ..) DNAEE B E &5

RNA Pol Il occupancy

Histone modifications HE B {& ML &

e Technical observations
o HMANEESRINGR
e cross-linking3BXR [B]£2-30minZ A
o HTENREXSRIMIAR] K% A K sonicationAY3E
 SonicationBYZ5 RN IZHIDNA F EZ K /)\E200-1000bp Z A
o sonicationBY BT K S RN/ MANIDNARYERR
o MERERSHEHLME X



e BEHFEEFEL2X

e histone code

Type of Histone
modification H3K4 H3K9 HaK14 HaK27 H3KT9 H3K122 HaK20 H2BKS
mono-methylation | activation®  activation®! activation”  activation!®l'%] activation'® | activation!®)
di-methylation repressionl] repressionl!l  activation!!®!
tri-methylation  activation'"!! repression!®l repression!®/ t:::::::;::lj repression'’/
acetylation ivation! ! ivation! ! i 121 activation!'?!

e Epigenetic Modifications Beyondthe Coding Region
e cohesin #5EEH
o MHELNXNIEEASERS
TADs:topologically associating domains ¥a¥h < Bx13]
WAPL

PDS5: Precocious dissociation of sisters 5

e associate protein of cohesin —f¥fEEH
CTCF
o AL X pactiveFlinactivefI X 15
o HEMARFINCTCFAbindingldFE
e DNA Methylation DNAFRE 1Y,
o 5-FRAEMIEIEZHA NP E—LKINAIHMDNAREA

o Fl
o ABTERANREEMIEEERF
o ERXIX
o ERMAENC
o XREBIRKE

e [ FH application
e Denovo genovme assembly
e Variant calling
e Species diversity
Single Cell Genomics
e Bulk RNA-seqvs Single cell RNA-seq
e Bulk RNA-seq
Average transcriptional state SRS FIIEFIRSEIE
Higher quality BiEREE 5
Cheaper
Less batch effect $tt/RRUN/)\



e Lesstechnical variation #2835 M variationgZ /)
e Less bias E/)\#bias
e Standardised analysis B EXI DRI
o Best for pure cell populations & F/RARfNE 2 — AU HAE AL
e Single cell RNA-seq
e FRiC
e UMIFRiCPCRYIERHIAIE—reads, BhlEY 1B KAIbias
o BarcodetTic4iRE, tEEIZHAEANIreadsH1HERIbarcode
e Smart-seq2
o MniE
@Smg\c(ell

Poly(A)* RNA ~er e e AAAMAAAAAA

ﬂ

SMART dT30VM
Reverse Transcription

v

EEGG6— T AMMAAAAAAA
™ C.CC

Template Switching
b)’ Reverse Transcriptase

T )
)

PR
Pre-Amplification

GGG -]
N (CC

TnS)

l Tgmentatont
R R R R

GGG
N CCC

l Gap Repair & Enrichment PCR

Sequencing-Ready Fragment

o lysis HfRZMAE

e Reverse transcript {£F30ligo(dT) primerX} & A polyARRIRNA( EEEmRNA)HITR
#x. BT ERARBERERE, RESMLCS

e Template switching &R & %, {FFITSO (template-switchingoligo)5|1¥1&H T
cDNARY 5%, MMER TS5 —HEcDNAE#MIRNA,

e Preamplification ¥ 18, R#HIT/LECHIPCRY 1E

e DNAfragmentation and adaptor ligation & /&4 Tn58E FEEgbreak DNAFF RN
adapter

e Gaprepair &8 gap
e DNA purification DNA 46t

e 10x Genomics



o {$F barcode IEM DN D B LA
o WEER

o #E#illibrary

e HiseqaB=N%

e Smart-seg2 vs 10x Genomics

Smart-seq2 10x Genomics
Low throughput: High throughput: over
102-108 cells 102-1068 cells
Labor intensive Labor free
Higher quality Lower quality
Not strand specific Strand specific
Highly abundant- | capture rate: 65%
transcripts bias

e Dimensionality Reduction [
e HTFRNAseqiIRE, WTFETHBENERFRAENMRESERIIFRENTIESSENE
AT EE, BTERESSNEIMIN, SYHERTESFEIMMEMES. BRIERN

AL IVE , ARNSHEREER, MEBNREALSRIBU
o SR

o THEHSSHZEF—MHEN—EHNERIPE B ER”
o FRIRTERRAEEXLEEIE R EAR1IRY

e t-Stochastic Neighbourhood Embedding (t-SNE)
o {ERSHETIRRETE AR


https://blog.bioturing.com/2022/01/14/umap-vs-t-sne-single-cell-rna-seq-data-visualization/

o groupsB]INEEEISBEMEN, groupsANIEERERIEEEREN, BEREBNKERZES
EhE
e Uniform Manifold Approximation and Projection (UMAP)
o HEIRFNEH
e Single Cell ATAC-seq
o RAFZE/LEMTHERIER TR MR ER X
o IEM8Mprofile
o REMAR
o MpTRALR
 biopsies JEZHZAREA
e Spatial Multi-Omics
o BMRSTRANET AR EEEMIMEMmIRGE T XBER
e Spatial transcriptomics %3 |8)45 &A%
o MRNAERFIBEZERMTBNARRIHIR, ZBRERYIULEFERPISE
(V=1
e DBiT-seq(Deterministic Barcoding in Tissue)
o {FEFbarcodetRICET T mRNARE R AR, {FMoligonucleotide-tagged antibodiesE 1%
HERIMCHIUATICER R

e workflow

e Functional genomics
e what is functional genomics
 Analyses are performedon a “genome-wide” scale EET £ ER BRI
e Reverse genetics-> from genomicto phenotype MERAHE %, HAREMZE
e application
e identification of gene function for all genesin all organisms iR BIFF A ¥IFMAIFR A EE
IhgE
e Improvement of crop yields, plant diseases, agrobiotechnology for drug production iz Fg
THEME, ReTE, BMERE
e Cancer, identification of drug targets FAEREAE. Z5¥IAVEE B4R
e mechanisms of antibiotic resistance 14 Z it 25144 IO 5



e functional genomicla)ERAYE 7] &
e How many genes are essential for the viability and optimal fitness of human cells? AZE3E
MEFNREENEROBEZDER?
e approximately 2000 genes are essential (under standard cell culture conditions and

when summing up essential genes in a number of cell lines) TEAMEER FET K45
2000

e Areessential genesin human cells also essential in other organisms? A Z£essential F9E ]
EEEHEMMHZE N ITR?
e manyessential genes in human cells are also essential in yeast AZEessential FUEFE £
B2 B rh[EiE Eessential i
e essential genes are more evolutionarily conserved essential (& E7E3# 1L BT E E 217
FHY
e What are the functions of essential genes in humans? essential BYEE HIIHEEF MHFLE
e enrichedin translation, transcription and DNA replication, but not signalling 325 .
BEUAKDONAEH, ZBEESEEINEE
e What arethedifferences in the set of essential genes across different types of human cells
and genotypes? ~NEE B AN EFEZEE Messential ER B ARE
e Acoreset of common essential genes (~700 genes) exist #Z/ ORI EEFE RKLNHF 700
e Model organisms
e Functional genomicstools
e RNAi RNAGYPRER
e CRISPR/Cas9
e Genedeletion libraries
e Over expression (cDNA/ORF)
e whywe needit?
e Chemical genomics
e what
 not pure functional genomics in the strictest sense N2 B X _FAINAER R HS
e anystudydirectedat gaining a holistic understanding of how small molecules interact
with cells BA5R/\oF5 MIEAITEE/ER
e phenotypicdrug screens do not reveal drug targets,but can be combined with
sgRNA/RNAi tools ToiAIRAIZAYAVEE @B AT A5 sgRNA/RNAILE S {E B
e Typical data analysis for functional genomics
e Volcano plots XILE

e plotting a measure of the statistical significance of a change (e.g., p-value) on they-
axis, versus the magnitude of the change (fold-change) on the x-axis. ----y3IZR R4 1T
FREXEENTZHUNEXREE, xHRTEMMIEE



o AIMRBELZEMNIEER, ANESRITZLEERNR (FARKR, ERF) , Bin
RNEERNA LA EA

o A

Fold-change

e Geneset or GO enrichment EE D7
e Network analysis

.

o 5l
e Venndiagrams

o fl

Venn diagrams

e Distribution of samples/hits
o Tl

e Binding motifs
o 5l

e cluster byt-SINE, PCA and UMAP
o 5l

Shortcoming

e Functional redundancy of genes prevents identification of observable phenotype THEEM T

RAUBESHEEAMRINERNRINE, o, 5k 7ER, EERySERxGEDINEE



2, SHESHONINEEEXN EKOMcontrol AR T5/EM R E X 5l
Onlyalimitedview on gene function as phenotype may be heavily dependent on
environmental conditions ERERIMELSZZTMEMNRINE, Fr&IMAYgene functionBIHER
BRRAY
Information overload and multiple-testing problem due to large-scale experimentation
AMMRANZR AT SHE RIS, WERTHRKZREE
Independent validation required? JHI7AY3QIFEK?

Your results are only as good as your measurements! 315045 R R ERBOFNEE AN 2
goodfy?

e Proteomics

e background

IR BRIERRAZRRRETLIGRIATAEYIREY), FiB protein-basedE 4R
1EYEB 2 E T screeningFlantibody

BX: EARMAEITCHEEH THRARNEERES

E3f: EEHRAEONARUFHNERE (ATGC) , FigFMAguthERNEBMELNS
A

® massspectrometry

g D iAEId mass-to-charge (m/z) BILEHI, IRBIFIEED F
FUB DT EREEBRANEN EM BN E®R T RIEH . [BARZEE M specexperiment #B
EEEMN
common mass analyzers & 0L BTIE 5 Y
e time-of-flight [TOF]
e orbitraps
e quadrupoles
e jontraps

Tandem mass spectrometry (MS/MS) offers additional information about specificions. &
BEBIE oM rl AR 4T EionsHIEIIME 2 Atwo step process is also called tandem mass
spectrometry

selectedionsTE S — 4Tt BEm/zikt, FEEEI—RINAXAFERNL

As biological samples are complex, liquid chromatography (LC) is commonly used before

MC R TEMFmMINERTE, ERIEDTZAE], BERARB&EIEALC

e proteinidentification work

workflow


https://www.nature.com/articles/nature19949/figures/1

Mass spectrometry Data analysis and
Q C-trap interpretation

5%? ol MaxQuant
DDA trajecto .
Peptide separation jectory  ————————» [}
€| e * Perseus
' and ionization ren
Orbitrap mass
sin = TS~—__"—"" analyser
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cell mass analyser

Peptide quantification

MS! level MS? level
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e Trypsindigestion generates smaller peptides the mass of which can be measured
using MS{EAR4FRI4EE (20: FREARE) KEBRDBAENNREERTRIED T
e separate peptides 7B ZAK

e These masses are comparedto the calculated masses of peptides derived from in silico
digested proteins. IREEHIBIE S M BB ANIRIUH € & B IR GRIMAIIT EREAELR,
P ERR AL

e if many peptidesmatch the expected peptides derived from in silico digest, this is
taken as positive identification of a protein. & Z K 5ES FE B EE LA E ML AL EEM)
BNATRAEE — T EBRMEMER

o BTERIE)RRE

o EENMHRNEERALRYD, FJERAEENMERAENERIRMIRFIL . HERRN
RBIE—PEAB—FEmass/charge ratiohd Z BRI RIS FE

o FHfAmass measurement BIRER/), T/ \Bmass tolerancea SR ERBIREH

o EEEEseparateEHAR

e goodforidentification of individual proteins

e 1Dgel
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e Two-Dimensional Gel Electrophoresis (RIS, H—FH DB S, UPH)
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e provideinformation for protein complexes

e Size exclusion chromatography <https://zhuanlan.zhihu.com/p/93483415>

Large molecule Small molecule
° .

k § B & J

: s - : B ¢ ; 2

C s/ R .0 c s

Porous oY/ 8
particles %

Volume or tizhe

e goodfor quantitative

e Direct lysate digestionto peptides

information we get

e When andwhere proteins are expressed
e Rates of protein production, degradation, and steady-state abundance @B REVERL. &

RIIRER, RENEARFEE
e Post-translational modifications (PTMs) EliZ /SRS


https://zhuanlan.zhihu.com/p/93483415

Localization of proteins in different subcellular compartments, or even extracellularly &
UEARNIAREEE, EEMEINMIERR
Protein-protein interactions & H & 8 HIE B {EF

e Multiplexing mass spectrometry assays

metabolic labeling

o {FfStableisotope labeling with amino acids in cell culture (SILAC), FIFRRRIEE K
g modificationfYHFIFRICERA R

e limitation
e expensive
e efficiency lower than 100%

chemical labeling

e challenge

Deep protein coverage is not particularly quantitative due to sampling of low abundance
peptides JRE

Almost all proteomic analyses ignore variants FoiE&  Bvariants, BEEFRIITRNEEE
EHFEESAEEARAFFRE, HEHTRNANZRYER), SHEBREEN
TR R

It is also possible that a mutation is identified as a post-translation modification(PTM)
due to the same difference in mass AR—PRLESH T HfEmass EIZEM, MMAJEESH
RBA—FENE SIS

lack of effective algorithms and cloud computing to find known protein variants fR/> &%
SR EEARvariant WEENZITE

Huge dynamicrange AR EHREMBEAN S EGEERFE X

MS of membrane proteins is difficult in solubilizing, separating, and digesting due to they

are hydrophobic thus lack of charged lysine (K) and arginine (R) residues BT & & B BIE:
K, ROFBENHSENBREREE, HEMSHESRMWARE. 2SFENK

e dataanalysis

collect spectra, identifies and quantifies tens of thousands of peptides. Equals to read
mapping in NGS.

o BEFRERH MaxQuant, Mascot, SEQUEST, ProteinProspector

e variancein data £ (B]fvariance

SLIGIERY Avariance

e Mass spectrometryis basically random sampling of the peptides FiiZ i {# FB FENL £
fpeptides, AT FAmultiplexing/#i‘Pvariance

o SLIGARIERYvariability datafd7h

e Tissue dissection and homogenization (protein extraction) 72% 2B & B FRYZAE

LRE A



e Trypsin digestion and clean-up 3% FE&E A B EA A5
e Run-to-runinstrumental variance 16% H28A0C1TEH
e Long term (>2 week) drifts in instrument stability 8% 1< HAR{Y 23F= E MR drift
e PTM
.« BIHPTM
e HFmodificationtt3REN, A THRPTM, EEHFenrichment EENSTE
o WI: MARBEMN, BERAEEHNEZEBE FEBIE(IMAOS _AMRK(TIOQ)ANER, X
MR AT HERERDHIPTMS
e dataget from PTM experiment ABEEZ X, 9151
e MaxQuant=HH M I, SERFNEIAEERCAIR
e proteinGroupsixt
e Phospho (STY)Sitestxt
o FIMISMIBERMAAR, B— THERMYMNIR — SHBEAEE TS ER LT R4ERN
motif p-value, RBDSHIEERN MR
o R
o HTFERRIVKFRIEERRE, RIFPEPTMAIKFnormalizedto EHFIKF
o HTHAERIBNIMEE T/ LS/ LD HRNLIEER, PTMAIKTEESENSH
o EHINFIFIFIRFEmodification
o EIREPTMEUEFIRELLE A PFUKFEEIENIRFEARFTZ

e AP-MS
o FJFprotein-protein interactiontiEERARIENMEXRR, RINBRRERRESYEE
SRR ERY

e Tandem affinity purification SBEXZEF401t,
o MIEZE<

>
A a
3 i TEf:ml-vanu
B First affinity purification Second affinity purification
Protein A-lg0 Intersction CBP-Calmodulin ([CM) Intersction
5% - @ -
o Span e J ot b
I3 D -~ y" -5 =
579 @0
Wash 'ﬂ‘nhl
o
TEY cloavage EGTA Troatmant
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https://febs.onlinelibrary.wiley.com/doi/full/10.1046/j.1432-1033.2003.03428.x?sid=nlm%3Apubmed

e JgImmunoglobulin G (IgG) EIZZETAP taglIEEE, BIYBL, DEBEEE Ttag

’

NEB

o {FATEVESIIA TS, BIMERRK

e f&calmodulin (CaM) EEEZEHR ENFIRED RELD, PEEBCaMEY
A=)

o {EREGTARRIMTE, BMEBMR
e BiolD

A
o HIZE

Labelling radius

Addition of
biotin

BirA*

@ Interacting protein
@ Vicinal protein (9
@ Distal protein @ CC,

& Biotin

o Biotinoyl-5-AMP
® Covalently bound

Cell lysis, protein
extraction and

biotin purification using
Streptavidin
@ Trypsin .
5 digestion %
©
T e
: . Qe
: om {7
- o
E D O
n e 9,0
@
s . . Non-biotinylated
Mass spectrometry Biotinylated proteins
proteins
o SR

o JY&interest proteini®#% tbiotin ligase, ERLEHIRCIo0nmEEANEECERRK
o MARZLAR, 1REY, {FFStreptavidindift ERR

° MAMS
o fiRm
o HFERICIonmEERMFIBEZIRA, —L3Ephysicallyinteractingl ¥ RAIBES LS
Fric

e |dentifying true protein-proteininteractions
e SAINT (Significance Analysis of INTeractome)

o {FAHETIInEE L abel-freefIRIZRIIES Hitrue interactionAHEER
e CRAPome

o FARE4AKInegative controlsRKNERE S
e keratinsBEHERD 225N

~zs

SRFUEHIESENEARNGER



o BUES, mJLAMEitinteractionBIFIT=% (the molarratio of prey proteinsandthe
bait protein) UREBRINENFE

genomics data processing
e General steps KENLIE
e Datacollection IIEEENIE
e HfiEEhypothesis driven or discovery/curiosity driven
o MAEFREZ/DE=Esamplesiligenes
e samples
e EEFETRIIFEXLNEEXR
e samplesfIRENE B RS
o BEHERMBMNME
e genes
e RealtimePCR ERTERHNE LR
e Microarrays BT ERHEZRISLH, {BsensitivityRPCRIM S RE

° RNAseq @R T REDITRISTIRARE T RMNIE, - IRBFROFERZA,
PR AEZRAIRNA

o FRARTFARIBEALIE, B Sbatch effect HERZA
o MAHEHEEIREVEE

Consortium what is it for?

Transcription factor binding sites, gene expression and

ENCODE i ) -
epigenomics data for cell lines

Epigenomics Roadmap Epigenomics data for multiple cell types

The cancer genome atlas Expression, mutation and epigenomics data for multiple cancer

(TCGA) types

Human genetic variation data obtained by sequencing 1000s of

1000 genomes project )
individuals

e Data quality check and cleaning I E#IRFR =
e FASTQC
e Datacleaning
e trimmomatic
e cutadapter
e Data processing $UELMIE
e reference genome
e genome version EERA
e hgl9
e hg38
e GRCh38

e genome annotation



e UCSCrefSeq
e Ensembl
e alignment
e Bowtievs BWAvs STAR
® parameter

e workflow

Alignment Workflow

Sequence Reads
FASTQ

bwa aln Alignment to Genome

SAl

bwa samse Convert to SAM format

5AM

e LR Convert to BAM format
BAM

samtools sort Sort the BAM file

| sequence Reads
e
*
_‘
| Sort the BAM fle__

Sorted BAM
e PCRduplicate
o UMIBIBABSLEPCREVEE ENMARIRAIE
o DAERINGSEIEAHZ B IAUMI
e normalization
e RPKM/FPKMvs TPM
e RPKM (Reads Per Kilobase Million)

e Thesequencing depth is normalized (the ‘million’ part) M2
normalizedto — 8/

e Thelength of the geneis also normalized (the ‘kilobase’ part) Fi 5 &
K E##normalized to —F MR E ST

e method
e rawdata/sequencing depth->/readlength
e FPKM (Fragment Per Kilobase Million)

e using to deal with paired-sequencing [ Lt paired-sequencing #E H Y
FEFEEEITE
e TPM (Transcript Per Million)



o FAUMREITEEFNgeneMBIBRE, EERATRITENTER
readsAY5EL

e Exploratorydata analysis and modeling 73 #T£3E

e normalization vs standardization

e normalization

XE Ay SRAEI N —, FEAZFERANX 1 19ER S

e standardization

HRESIER, BRSENSINELD

principal component analysis

o TESZHBUER A Hvariancel RS LK1

PCAvs tSNE vs UMAP
define hypothesis

define significance level

e foldchange

e t-test

e Wilcoxon Rank-Sum test

e Visualization andreporting ATt R HIRES

e |GV

e UCSCgenome browser
e Reproducibility and transparency EE M FERR L
o EEM

RFAJEE——{EMgiven data, RBSEAIUSH
EMZEENAIEE ——RW A b ARNE @R RS/ T LI E IR E I

AL

e Howto keep EEMFER M

WRIRERNEHEEHEE—TEEE
ERERNGITTENNR 7 EHEL TR TR —LEE R
RFAIgefRFRIGEHREAIEIZR

RIS RII R AR SR

TEEF B E R R real-time PCR (MIQE). microarray(MIAME)FIRNA-
seq(MINSEQE) & TR FI B & AAY{5 R Aguidance

IR IFAISE IR R EITHRE B R AA 2 SLIORV A HEUEZE, WArrayExpressay
GEO

e Biological analysis andinterpretation of omics data

e Pathways vs. Networks

e workflow



e collect genomicdata WEREFALHE, 20: mRNA expression
e normalization andscore tEREIEFH 1T, 20: differential expression
e Generate gene list SRISERFIR

e learn underlying cellular mechanism by pathway or network analysis T fZ/&7EROZAAR
5=
e visualization andidentifyinterested gene BI#ft. 3 &K I B inEE
e understand molecular mechanism T fi#9 F &l
e publish model to explain data ¥ 321&HY, FRIREE

e pathways

o Detailed, high-confidence consensus ¥R, B[{ZERS

e Biochemical reactions A] AR RAEIME 2 = NI

e Small-scale, fewer genes /J\SEERY

e Concentratedfrom decades of literature B&F J1L+ERI SRR

e networks



Simplified cellular logic, noisy &1t 7 4RRRIEIRIVEFE 248

Abstractions:directed, undirected

Large-scale, genome-wide SEEIR K
Constructed from omics data integration BT 4HF EIEIEERE

e howto get the genelist
e Molecular profiling 73 Fi&
e identification-> gene
e quantification -> gene + value
e Ranking, clustering -> gene
e Interactions ;2
e Proteininteractions
e microRNAtargets
e transcription factor binding sites (ChlP)
e Geneticscreen E A THi%
e of knock out libraryE &R X E
e Association studies fHXH%
e Single nucleotide polymorphisms (SNPs)
e Copynumber variants (CNVs)
e beforeanalysis
e quality control your data
e normalization
e backgroundadjustment

e Usestatistics that will increase signal and reduce noise 1Z38{5 S38E, /H35IEE T



o Make sure gene IDs are compatible with software ffifRgene IDX FEUE T S 2RI TR
e What do youwant to accomplish with your list BZ{RIER{RAVIst fE+4

method

Summarize biological processes or other aspects of gene function S4E4E Y FITFE,
REHEHENERATINEE

Perform differential analysis - what pathways are different between samples?
Finda controller for a process (TF, miRNA) RINE NI TR o=

Find new pathways or new pathway members EIFFAVERS, S@ER LTS
Discover new gene function K INETROEEIHEE

Correlate with a disease or phenotype (candidate gene prioritization) KM 2B 5 &R
X

Finda drug S1XZ54)

e Pathwayenrichment analysis:summarize andcompare B EE DM : SES5HRK

method
Gene list from experiment: Pathway information:
Genes down-regulated in drug- All genes known to be involved in
sensitive breast cancer cell lines Whnt signaling

£\ Test many
A/ pathways

2}

o JELBUIRGHIgene list SEMBEHESNERRNRE, FlHTEEESESH
B 5S [o) AR 5K I

Identifiers (1Ds) are ideally unique, stable names or numbers that help track database
records

e ensemblegenelD
Pathways and other gene function attributes

e Availablein databases

e pathway BIRER
e GeneOntologybiological process, pathway databases e.g. MsigDB, Reactome

BERARMEEY IR U RIB R EIEE

e Otherannotations EERIEE
e Gene Ontology molecular function, cell location
e Chromosome positionZt BB
e Disease association @ B RFIEX
e DNA properties DNAEE



e TFbinding sites, gene structure (intron/exon), SNPs @ BB TFHES IR,
mﬁSNP

e Transcript properties ¥ & Az B
e Splicing,3’ UTR, microRNA binding sites B8tJ], microRNA
e Protein properties EFFRIE R

e Domains, secondary andtertiary structure, PTM sites £5#i8, — =4R%EH),
EERREMALR

e Interactions with other genes R85 HEEERHEEER
geneontology GO
e what

e ontology-- Aformal system for describing knowledge —F R £ 14 A FNIR$E A
A

e cover
e cellular component fARELERY
o ZRRRIZEN
e molecular function 2 FIJHE
e glucose-6-phosphateisomerase activity & & §& /N A ARRTE S
e biological process &4 372
e cell division
e Annotation Sources JERERIFER
e manual AJIERE
e Curatedbyscientists BRI RFX
s RES
o FZE/P——time consuming
e Reviewed computational analysis @ 1T E DS HA
e electronic REA TIIEREH TR
e Computational predictions @3 1T EFNIAY
o FER
e Beaware of annotation origin EE;F B H IR
e Enrichment analysis
o Genelist EESIR
o EE: BEENTERAEEXMIIRTSEEESE, WHAEMR
e Statistical test Z31THF1010
e Fisher’s Exact Test (Hypergeometrictest)
e Rankedlist HFFFIX
e BF: EREETEENHIRLETFERNSEHE



e Statistical test Z3iTH0I0
e minimum hypergeometrictest, GSEA
e benefit
e easiertointerpret
e identifies possible causal mechanisms
e predict newroles for genes FUNIEE A E ZINAEE
e improves statistical power
e morereproducible AIEE
e facilitatesintegration of multiple data types {E3#E & Z AL HY
e Network analysis: predict gene function, find new pathway members, identify functional
modules (new pathways) W&o 4 FUNEREINGE, IRBIBINEEN D F
e application
e Gene Function Prediction Fi & RE INEE
e Detection of protein complexes/other modular structures ¥ MERRE ST E
EARIREE
o Network evolution FZRM %S5 8
e Prediction of newinteractions and functional associations FNETAIME EVE RS I
BEMER
e Identification of disease subnetworks & H 57 A9 I 2% ) 4%
e Subnetwork-based diagnosis 21 2k WM HIIZ T
e Network visualization and analysis &R 4L D
e pathwaycomparison
e literature mining
e Geneontologyanalysis
e active modules
e complexdetection
e network motif search
e Regulatorynetwork analysis:find and analyze controllers
Multi-omics and Data Integration
o Genomics EFAHZ
e Why
e For genotyping,toinfer species evolution, to characterise genes, to find genotype-
phenotype associations FAR MY, $FIEERE, IFHERESRIMEIEKR
e How

e Whole-genome sequencing, metagenomic sequencing, SNP typing ®ERENF, £
BERAZNF



e Transcriptomics ¥ 7 H %
e why

treatments/conditions AR EREZFMHRIX
e how

e toidentifydifferencesin genetranscription between populations or due to

e Microarrays, RNA-seq {¥Ef%, RNAIE
e Epigenomics RV IRIEHZ

e why

e To better understand gene expression profiles B 73R R E K RiA EIL
e how

e Bisulfite sequencing for DNA methylation I B8

Y SEEDNAREMNF,
e ChIP-seqfor histone modifications ChIPseq?H % B &1
e (Small-)RNAseqfor ncRNA

e [imitation

e Proteomics EHRAZ

o HMRARHNE. MEMULMEEIEFRRLTY
e Why

o MREBRFERIIFEEM

e how

e Mass spectrometry Gl

e |sotopeenrichment [E{iIZ
e protein microarrays & H F{HEM

e Metabolomics fXi§t4E %
e why

o MRE—NBRAEMFERPINEL NS
e how

P FIEE
e Mass spectrometry fFiZ
e limitations
o RREMNAFSMERE., B RMAEER T ML
o TEEMRE BN D FABEHR UL K3k
o BEITIAMNEIZER YR
o HEERAZF
e why

e protein-proteininteractions, miRNA-target interactions, DNA-DNA interactions, any
other "set of molecularinteractionsin a particular cell"
in

i FARMBEEIEAH, miRNAB
EERA, DNATHERN, 15EMRARND FHEEER



e how
e Phagedisplay, Yeast-two-hybrid, Affinity purification coupledto Mass spectrometry
(AP-MS) IRE R THik, BEERIE, AP-MS
e DNA-proteininteraction ChlP-seq
e RNA-DNA Interactions:CLIP-seq
e limitations
o ANEBDNFE, FM4E
e multi-omics
e why
e compensate for missing or unreliable information in any single data type 3R#ME{a] B2
—EER B R A A ERIER
e Multiple sources of evidence pointing to the same gene or pathway are less likely to
leadto false positives $&[@E[E]—EE IR T Z MIEHERIFEA KT8 S EURMA M
e function
e disease subtyping and classification & INEIHAIILF & 5 £
e prediction of biomarkers FiGMN4AEAR1CH)
e deriving insight into disease biology JRAE T AR RN AEIES
e Methods for DatalIntegration

e Tools,theonetargetedbygreen arrowis R package
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e Correlation analysis is useful when prior knowledge of biochemical interactions is

lacking HER/DFTIRIEYIMCF R NAIZIIREY, BILBA{EAcorrelation
e LRAcluster andIClusterPlusP] AREER SR EMN R ERFKIALUE
o mixOmicsAIIAZ Lo, BIERE, BREMBIINL
e Challengesin Omics DataIntegration

e Preprocessing steps



e lack of universal standards
e Datafilering
e Systematicnormalisation
e Removal of batch effect
e Qualitycheck
e Heterogeneityandlarge data size leadto computational intensity M AENEIES
PUTE M RER H Y
e Benchmarking studies to evaluate the performance of different methods and tools ¥t 4Rff
RUAHEREAEN TR EE
Spatial Information by Sequencing
e Enhancers
e Cis-regulatoryelements
e can act with promoters over long distances FJIABES BelFEKIES NMEEEFRH

e enhancertrap

a Enhancer trap

Endogencus gene X HSV-tk
e gen P3LSN vector promoter
—a » H e [ lacZ B e
Endogenous
rogJatory clement pA pA
l Vctor integration
I Y 4
) A

DNA  — o | S S

ANA [—

| '
Protain Protein X (\;&gal/) e

e Chromatin Conformation Capture (3C)

o 1k < >
3C 4C 5C Hi-C
One-by-one One-by-all Many-by-many All-by-all

* Biotin labelling
of ends

* DNA shearin

OO A
! ( _;_ ®
_I_

PCRor Inverse PCR Multiplexed LMA

5 , e Sequencing
Sequencmg SEqUenCII'Ig sequencmg

o step &
o cross-link DNA FA3REXAYFEZ7E$E Enhancer ] promoter& & RIS DNA
e cut with restriction enzyme FRRHI 4 EE DI B A S RV AA ML
e ligate DNA anddigest proteins E M EXDNAR I H BN B HERNERR
e breaktheloop and get fragment fEFFDNAMRHIE 1L
e PCR andsequencing PCR¥ &I B E&


https://zhuanlan.zhihu.com/p/349659624

e Hi-C
« BN

e To capture the nearby DNA fragments in the 3D genome 7£ = 4 & K 4H H3#HFADNA
REx

e all-to-all
e Topologically Associating Domains (TADs)
o RBHESEHEMdomain (FHIE]) IR TADs

high low

Interaction frequency

Mid eccupancy

High occupancy
APBS

Low occupancy
APBS

APBS

e highly conserved across species, cell types and number of overlapping TAD boundaries 7£

REFh, EREEASERT
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e boundaries are enrichedin CTCF

e CTCFisaninsulatortranscriptionfactor
o H3K27acHYEMEwithin TADRYE MR between TADRE I E S
Fluorescent In Situ Hybridisation (FISH)
e Single Molecule FISH (smFISH)

e Multiplexederror-robust FISH (MERFISH)
e FISH + Super resolution microscopy + Multiplexing

e Super resolution microscopy FJ A B3 F AL,
o Multiplexing Bd{FERUMISZI 1T 10007 FEIATIRIE
o BIAATFIRAIHREEEY DA 4HAR B BRI AT ALAIR S
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