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SMART-seq: £ cDNAIFF

Cell lysis (Steps 1-8)

Poly(A)* RNA v ORTHFHERS imE RS 4
WW 5] %viﬁ%ztﬁg'f%lECDNAE"]’%)ﬂz}‘ﬂm RNARY3 &
IBET2ENRE / Oliga(dT) primer RimHAia; & BICDNAE TiifiE LB A PCRS()

Reverse transcription

l and terminal transferase (Steps 9-11) v i&i_l_ﬁygkﬂl\] 5!&%%1ﬁ g I %

il e S—— FIFAMMLV 5 RES S RIBE A0S (GRisS

gy CCC) , ®itwiBAPCREI#MARGGGHIS|H,
Template switching 1%iIEm RNA S’ﬁﬁdﬁ E,‘J %%’I‘i

by reverse transcriptase (Steps 9-11)
ISPCR primers

2 ¥ BAPCREIMN—EE, MHPCRY kLT

NN CCC { =]

(=]
l ISPCR primers

PCR preamplification of cDNA (Steps 12—14)
PCR cleanup (Steps 15-26)
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Technology

SMART-seq2 vs. 10x Genomics

SMART-seq2

Microfluidic plate

10x Genomics
Microfluidic droplet

Number of cells
per sample

Number of read

96/800 cells

A limited number of cells
depending on C1 IFC

500 -10,000 cells

A large number of cells

100 -1,000 million reads

5000 -10,000 reads

per cell Uniform among cells Diverse among cells
Sequencing Full-length (96 cells) 3'-end
: 5-25 uym
=
Cell size Depending on C1 IFC 40 Hm
Sequenm ng Separate Mixed
Ilbrar},r Can resequencing the user's selected cells

For individual cells
in detail

For individual cells
in a population

> Cell suspension (fEE#%) and nuclei
suspensions (1Z&#) samples can
be studied.

» Recovers up to ~65% of cells; Low
doublet rate (~0.9% per 1,000 cells).

» For the most common applications,
50,000 or more reads per cell should be
sequenced.

> It is possible to work with cryo-preserved

cells, enabling safe sample shipping and
batching.

19
(Kashima 'V, et al. Exp Mol Med, 2020)
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TR EAERMARRINEN E, RKETEiExR
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* Deep learning algorithm
g alg

+ Classify cancerous regions

+ Virtual clinical trials
* Combined with scRNA-

_Gene Expression

- Spatial resolved data of inflammation reaction
and signaling pathway activation
* Molecular-morphological map of tumor
- Distinguishing cancer cell state
* Transcript correlated to metastasis and origin of
metastasis
* Prognostic biomarkers in TME

Combined with
Other Techniques

Cell Clustering
rin and Interaction

+ Tertiary lymphoid-like
combining pathological structures

section and spatial tran- + Cell enrichment

scriptomics Colocalization patterns
of immune, stromal,
and provide clinical deci- and cancer cells

sion support for pathol- * Recurring tumor

Spatial
Transcriptomics

gists stroma interactions

seq and other single cell
transcriptomics

* Co-inhibit signal of immune cells
* Spatial reprogramming of immunosup-

- Metabolic reprogramming

* Increased lipid metabolism
- Cancer-selective metabolic liabilities in cen- RPN

Cancer \LILL“\‘L mu?l olic ]1.11 .lIlULg in up pressive cells
tral carbon, amino acid, and lipid metabolism

; i ; : * Organ-specific distribution of
* Metabolic regulation may mediate phenotypic

2 2 immune cells
and functional shifts in macrophages in res- - Spatially organized of stromal
ponse to different microenvironmental cues immun‘c e
* Increased plasma cell
proportions

SEEEFREFINA 20
(Du J, et al. Int J Biol Sci, 2023)
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N RNA .) )>Z ﬂj e
______________________ \:’\.v"“dd Tissue Staining ‘\‘,h K’ /J Microscopic imaging/visualization

{ & photoselection of target cells/ROls

L 2 TR IS ER — s — OO: n. )
ﬁ%xiixn SIERASRE g p— ) ,.

AT

_— H
vV

Imaging & ROl selection i‘
¢ o "
UV cleavage & barcode iﬁ l ithn;:;l;mwn
, . @ KT ESMERERRRS
3. EF AR g N

EAEHROBEEE. b o ;p@m
—————————————————————— i- ! S
Data analysis L
MEEFTE, Image-seqEFBMEGSEE 4 Image-s@ oo o spataly amotted Fonees
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s Single cell w1 g
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(Chen T, et al. Cells, 2023)
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ETSEERAAE VAR, BaR......

RS AE
P FEEERK
/ (fastp) \
v
HTF2HFLRAHLE de novo A3 2 IR AL
xS B RA H4E de Bruijn x2S B R A
(HISAT2) (Trinity) (HISAT2)
o omk ri K :—__ B
25 — = — L S
¥ ¥ L = -
23 wEa Py | == Usmepped

- — Contig (FEFU)
— = Unmapped \ > i
- g; ) Unmapped reads
- e (CAFU)
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HRATESTEUNFEIESERBRILL SR AR, EXFREAE. BENRNHEBEHTSeq, BEDTools, FeatureCounts,
StringTie, Qualimap, CufflinksZ,

Mapping
/I-:) Assembly .\
] Mutually
da Map paired cDNA . :
"ot fragment sequences mfcompanble
ragments
to genome
3
\-.
Minimum path cover
\-J“
Transcripts
N Spliced fragment Overlap graph -
== alignments [ 1
= =—aa
= oo oo -—em = e
Maximum likelihood *
abundances
Log-likelihood I.» d Abundance estimation
Transcripts 6'3’ o _};:
and their - BTXBs © == Toa
[ 1 7 abundances « Y Seoecgg o 08
—— o——{C—4
. v Fragment
& . °4 B Transcript coverage length
-, \ and compatibility distribution;

Result N Cufflink pipeline 26
Cufflinks itz (Trapnell C, et al. Nat Biotechnol, 2010)
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BEPKFEHREES

RNA (EcDNA) S FENFRZRIFHTHERMN, RIKINERFSCRTERISERAEETIRE SRR, A,

ERANreadsEINMYEEFTIAIKERIELL, MESHEKERIELL.
NTBEREERKEFENEERARE, AdETEFH, SEXIRNA-seqfiBEF A TFEZIA—EE, BEn,
BXFATPM (Transcripts Per Million) . RPKM (Reads Per Kilobase Million) . FPKM (Fragments Per

Kilobase Million)fyEEEKFAIFRIX(E.

: . 1 Total reads mapped to gene x 103
TPM of a gene: TPM = A S (A) Where A = v

Number of reads mapped to gene x 103x10°
RPKM of a gene: RPKM <—Total number of mapped reads x Gene length in bp—

Number of fragments ma.pped to genex 103 x10°

FPKM of a gene: FPKM @umber of mapped reads x Gene 1@
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ERPIKFHREES

-  HERKFHRESTEBRR T B—EEAEERIIIRIEER.
- LAStringTie A, EERSRMBAMEFT ZTHEEZMASR (junction) , BESHTEIKEjunction £
RIS TRV RAR S FEAEXTFE., XA RS RS ITRNER, B

FREIRBIE R,
ST I e HK == e == ==
% [ [ ] — s I | s | I s

| ] D L ] ] — I R [ I | s s B s E—

HRAACT T o ) ) e e e

0 O O )

BRI RN KERIAEE RS E
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RAESE R REEG

- ®&{E (Outlier) .
OutlierfLIBBEE T RITF LA, UBEHERNEZE, SRERESSIRITIES
IS R EERTEN. AREIHR. SREEENERRGIE EHEEReT—
) MEREEHTUHE, RIEBERKBEFINTREYE.

« XN (batch effect)
EidsvafAJcombat, limma REremoveBatchEffectii%i, RUVseqfllsvaseqZFr]—
EEEHERRRN., EHURBIEZ /S, SJLAERRLE (Relative Log Expression)
FiEtr RO ANERUREERERZ ERIEME. ERRIURINRRYEEE, E RLE &
MR TE, BEAEERNERLL,
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E£7FIL (DE) ERDIT: HEARFAENEIRIKFEREFEREER.

EHTERRARRAERAEEN, BERAR MR TRHIE: (1) RAENEREEL (Fold Change, FC) ; (2)
HHRIRIAGZR (False Discovery Rate, FDR) , Z%itE 5 AR1EGHIPE.

« BOHFARIEREERRIADTT

« HEEFAREREERRIEADTT

(" DN v )
BE A 4 N TR A AR LR TR T S _
G -
ah A : f_\.Drug is.. %Iﬂé’ﬂ 6.5 lﬂllﬂlﬁﬂ‘ﬁ
o~ N o CPlacebo - Gene 1 . .. T —e— SheEd
= ™ e o 6.04 »
2 . o Gene 2 | ] 3 e XA
g A E g 55 -
g o § .. Gene 3 .. %
e ® Gene 4 ... ;.(_ 5.01
S s W45 Gene 1
® P A 4 B
Dimension 1 Gene N .. T1 T2 T3 T4 T5
%E%ﬁjﬁ@%[ﬁ] T1 T2 T3 T4 T5 Time
P Pt BN Rk e g ey
B 0h
= %h Gene 1
Gene 2 Gene 1| 0.005 | 0.01
Gene 3 .. Gene 3| 0.015 | 0.02
Gene 4 Gene 8| 0005 | 03
T log2!(f Icll h ) T Gene N .. Gene || 0.99 1
Gene expression ogZ{told change T1 T2 T3 T4 T5
N /L J \. /. J

. — 30
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Slﬂz—/\ SENERRIAEN, ATHITHARE. ERER

o _ . P N ‘
. WEZZ (Biclustering) . EERERZE (Integrative O mnmn O
S (A A R :
clustering) = el e e _—
BF i Ll == ==2
- HARKEARHREHSARN RS FARAKIEERR K;ﬁﬁgjmﬁ% . el === ===l
KBTI, R stasZuitE hclustflkmeansEET S8 | . 1 "
KIBEREZZE (Hierarchical clustering) FOK-YIEERZE (K- % _E,f Jffﬁ SE=m=———=_
5l e 2.0l |4 pe
means clustering) EiANTFEARHITERE, g VA LT o
. Dim1 (18.8%) F R i 5 4 B 2K 87
- HEREMERAEASEBUNERERS © v BAERAEY P e
RSB TR R AT EE. S R =
. RE**_JHEJ‘XJ‘EIWHZIKMTH%% LORBIERSEEMSAS || \ 1L
}S 1 L:]E“'
HERANEFRESTIHAES, 32T Mpheatmapt = el |||H
él%;imo I G )

. EREBANSESHMEREIEAIER, BTEBETFARAE e ke
RSSO S ST IR, LELE. TR RRARRD TS
AR NI RR S SR A B S B E. 31

IR



EPERZF Rz

Bioinformatics

2.5 B RIBFAEDNT

Rl

7 101
R

i

PSR et e B IR I SRR EREDE, ERERBREHIEIIEREM L, BYMDFHIEREL
BFEEIEERE, SSIXIEURNEARRCEMIFIESRRE.

ENREEE AR TE:
« PCA (prcompFdprincompi&£g)
« NMF (CoGAPSH. easyMF)
- t-SNE (Rtsnefl) ...

f 1.F04hFE
FTEEER. TG IE

—_— e e e

_— e, e e e e e e e e e e e e e e e e ———
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—_— e — e — — — — — =

3. TE
BIFFERIA S, IREE SRS

Gene Expression Plot

[
0

el

o

mmmmm
mmmmm

UUUUU

|
|
|
o] |
g I
255
- |
c
250 |
w
w
] |
a4.5
X |
i}
25 50 75 100 !
Time Points |
|
gene13 I
genegd |
genell
E;;igen 1501
gened
gene3d o |
genel0
gened | 4 |
geneld &
gene2 N,
gene7 |
genel2
genel |
| | genes
[ gene6 |
|
I

mmmmm
mmmmm

Principal Component 2 (15.0%)

Principal Component Analysis

®
@
‘=:J'.. ©% g: .
cﬂq.o 0
o @
Q’.‘. 0de® ©
® ® 9
I ARe
®

Principal Component 1 (34.9%)

PCARELERE 1) 7021

32

(Xu W, et al. Sci Rep, 2018)



EPERZF Rz

Bioinformatics

. HEHEAMLZSOH (Gene Co-expression Network Analysis,

GCNA) B—HRTRETERRAXRKENRFEENZDTITIE.

B EEERERIANE, ATLURBIEEHEURAERIEER
R, REREEMESFREIRER, BIEMSEFZOER,

- BEHEUFEARI (HFRX) HEREDNRELEX, BTE—2
ek, 25F—@=ZEETIE, JeeRERINE R sEZERE
EHLHIRISZR.,

Pattern of expression changes

Gene A M&'WMU‘J\W
Gene B MWQ_MMA

Samples

Coexpress
(r=0.7)

BEREEFAFRNEMERIRIA R

3
https://coxpresdb.jp/static/overview.shtml
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vV IINEEREHEFRIENKZ ST (Weighted Gene Co-
expression Network Analysis, WGCNA) ERENLR I

HEARBEH WA, WECNATEABIANTELSE: — e ¥®
RS, BEERS% ERERST. BOBRS e e ®e
=, 0O e ¢ 20

. @ ® vE - \’_::1:\
REEHIER > DRSS, HORRTER R P P el
BRI % SERELEN, 19EEEENE B = V. Va N
AR EER 1 0 & AV, S
ERIERHT -> KEADHT. BRI R '\\ | //1;54 7 0o
BROERSRE > AIERMEXRMIEERERTIhub X 2an S
= SR 4T e I
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ERIVAIEMLE (Transcriptional Regulatory Network, TRN) 2—XRUEREAFMRHEEERAATR. EFEREEXEA
BREFNE, 2EREERENESEENEOEGTHRBGNERREIER, SR ARIEBEISESLINSE

SES AR
THIER =R,
o FLIH IR FEFF (Gene Expression Matrix) 6 BSE (Validation)
Sample 1 Sample M s
PR % " -
cene 1 [ N Gene 1 | RIS
cene 2 I cene2 Il FEvin
L . e e LN LN dﬁﬁE{Jiﬂi%
Gene N . Gene N . LRI
TI T2 = Tn T1 T2 = Tn
e B HA AL (Data Pre-processing) (Nehﬁ%lﬁe%ince) o W H (Applications)
FE L E (Gene filtering) @Ef‘:ﬁ TR ﬁzﬁﬁ
z S
HedmAniE(l (Normalization) {} ¢
LN 0 = +
@.{@ UES

o HEWTF 771 (Inference Methods)
P T

Gene correlation Random Forest ODE modelling

Gene 1

Instance |
Gene 2 - ~ N ~ i 1/
J{b QJ{}S 4 AR
0 1 A R 7 L

Gene N
T1 T2 -~ Tn  Tree1 Tree2 Tree n - =

BT SR A SR B A DR VR 97 X 48 0
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- EFEININEEEREERREEE. N XUKRMAENENBIEREEE. ERNERDEEEREEIEESR: GO (Gene
Ontology ; https://geneontology.org/ ) . KEGG ( Kyoto Encyclopedia of Gene and Genomes;
https://www.genome.jp/kegg/pathway.html ) | MSigDB ( The Molecular Signatures Database; https://www.gsea-
msigdb.org/gsea/msigdb) &,

- FitFHEE, EENENERNEEEENEEIEE, RENSMERIEANERIE, nEiZERKEBIER (Fl1a,
£RFKXEE) HB, MEFX—GO em P ESHWERNE, KEZGCO termFERFAEENHE, FEBBLEN
(hypergeometric distribution) , AILATEHXAZERFRAZEREEEEEHETIZGO term, EEMRITEUT:

1 _Zk—l Chty X Chy

n
i=o  Cy

5
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BERANESRAREIEGSEATIGSVAL,

* GSEARA— ISt HNERSETNEERHMHESREEXEHIFNERRTISHEE, NMmAMENE
BIRISIRR.

« GSVAR—MIFEHILRE ST E, BEBEEREREFAENRAEEGERCAERSEEFERNDRIRIAE
FEfE, NMRIEHGARLIIEEBRENRERNEEEEE.

Upregulated Downregulated
Re: se to oxygen k ,., C |I|un u(m organization
L aan] ® @ @ @ 00 0 0 0 @ b
TGF- hl(i )kn sIm;,, |)|(h\\ ay | ® @ . . . . ® © o} \ tin Bilament-| ms«d proce:
THE GENE ONTOLOGY RESOURCE >
GO Enrichment Analysis @ O “”“‘j “1“ e "1“’"" 1 ® a2 2 . @ . ® o
Powered by PANTHER B3GAL
Rvgulm on of prn(rolnn ] ’ . . © . e ©
Nat
!1I(l‘fl‘vf;ﬂfl‘.fl :Tll\\‘ [} . . ‘ . .
Cytokine signaling in immune system B
® [ |® o ® | v
~Log.s (P-value) Counts = = ) g E o8 = < ) o ~Log (P-value) Counts
10 £ 3 = 2 £t % 2 = & T 15
® 10 g 3 B d X8 £ 3 ®
o = [ e 10
5 @ » £ £ - ® »
= 1 2
g [ 40
"o @ H B 0 . «

GOERELERTEE
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3.1 KIE4RASRNA

3.2 IF4KRNA

3.3 ME4RASRNA

3.4 JELRPSRNARYLEHS

3.5 FAELRESRNARY TR . & INFNEE
3.6 JE4RASRNATSS R 22
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KHEIFRES RNA(INCRNA)2—RERAKEREE 200nt B RNA DF, FmDEH, LA RNA ZZUESH
FHL GRMEEER. BRERUNEREERES) BEERINRAKY,

MRS, MRS, REFEYFIREURSHERRRTIYAIFEEER.

H19
Arc eRNA Dnm3os XIST PTENP1
Enhancer RNA Intronic Intergenic Pseudogene
¢ Cc

J \/\/’ J Jd

Divergent Antisense Promoter-associated
ncRNA-RB1 Tsix rDNA -pRNA
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LncRNABIIHEE

ERERAYRGESIE]

SIEEEE
AT

b RIS A
Ve LR B mIRNA

YEAPIE/NRNABIR, TEEEENY
IegiElE. HE{ERMMEEEN,
S5 EEE

ith. REEHEEERA.

Cytoplasm Histone modification & e Nucleus
Chromatin remodeling mm7 meaKz7
Regulate transiation HOTAIR C;}Q
8 T\ \—/ W
g 3 -

i W o i . GASS
\(\J"(f/-mm;m:ry 0 Transcription J\\ —‘_} .
regulation /t e — =l <\
. \,/"{/D
Deacoy

miRNA sequestration |
HULC

;J f Subcellular structures

miR-372

@ Precursor for small regulatory RNAs

’ \
. Protem protom interactions @

N O
o
l moc»isNAs / &M N
—— RON
f"“v o~ N Scaftold
N AAMA 0 .

. Transport & localization




SAERT = 3.1 KIEJREBRNA

LncRNA HEESESE
MF: RNA-seq , Ribo-minus, fE5SIENRF

FERab

SE: M RNA-seq FERRERA, [ TREMEERA, WTHHERA, FERISERE,

EE: SMRNALFRAZRL, LlreadsissUhENM, BiA

KAFMMIRNA R4 5E 5 5

WTZHILNA M4 %

TA—t (FEEIERPKM, TPM, scale factor=_'%)

HISAT2. STARJ¥ 41 LL%f TRk AR A

[ Trinity ML 4351 BEE: R 7 )

[ Cufflinks. Stringtie4]%
R ARG S5

5 QRIS A 5 L

INcRNAZER HEBR Em#ﬂéwfmﬂ

N Iz

[ CPAT. CPC. CNIT ¥ ]

A HiincRNA%R 6E 1y

fizzs e [ Lz
5 Y (1 I |

= R PP m [N VAT
;. ’ \"lv '_' ] :

» Human (hg19, GRCh37)
Mouse (NCBI Build 37/mm9) {;
use (GRCm38/mm10) RP F DB
Fly (dm3, BDGP Release 5) =
Home Browse Search Download

Coding Potential Assessment Tool .« O Zebrafish (Zv9/danRer7)

PhyloCSF browser tracks

“http://www.broadinstitute.org/compbiol/PhyloCSFtracks/trac SO RFS. 0 RG

kHub/hub.txt” into the “My Hubs” tab under “track hubs”, sORFs.org Biomart database

:_',’ \[a:J8 ORF Finder (Open Reading Frame Finder) Tls “b

ength
+2 " 2. 229 218 Specify Identifier Type

m1288
3 Ll 96 302 207 NM_002046
o4

o
3 969 1085 117
mi2

TR R AR RIS & sERY TR
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http://cpc.cbi.pku.edu.cn/programs/run_cpc.jsp
http://lilab.research.bcm.edu/cpat/index.php
http://www.ncbi.nlm.nih.gov/gorf/gorf.html
http://gwips.ucc.ie/
http://sysbio.sysu.edu.cn/rpfdb/index.html
http://www.sorfs.org/BioMart
http://tisdb.human.cornell.edu/
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LncRNA 18XE0ERE

«  RNAcentral —/\@,"\J'“ %*EF ncRNA F5
HGEEURE

. IncBook BA AKICRNAR SESERAVHIRR, FHi
T T IR AR R EINCRNA,

T dictyBese
@& cNeB 7+ NGDC

PomBase

Databases ~ Tools  Standards  Publications  About

8 Base Ln CBOO k 2 . O Integrating human long non-coding RNAs with multi-omics annotations
G Integrated view
TarBase of non-coding RNA &= FlyBase \ i
The L. # Home I= Genes @ Multiomicsv £ Tools v & Downploads €8, Stafistics | | @ Help| | @ Contact [ V1.0
tmRNA [y sequences ho o
o \
Website -D-Rrsc
Modomics MGt
LncBook accommodates a high-quality collection of 95,243 human IncRNA genes and 323,950 IncRNA transcripts, and incorporates their abundant annotations at different omics levels, thereby enabling users to
tair decipher functional signatures of INcRNAs in human diseases and different biological contexts.
€.9.. MALAT1; ENSG00000228630.5; HSALNG0084892; hsa-miR-619-5p; SPROHSA127474; Body height; Mus musculus;

silva NONCODE

NONCODEEUESE IncRNAE’JIBﬂRFJZ%UEE

Nerwarcx | [2)
An integrated knowledge database dedicated to ncRNAS, especially IncRNAs
arc isea:

Science N4 mﬁ

S //\\
-~ = - © < NAR, 2005(33),0112-D115 NAR, 2012(40),0120-D125 vl NAR,2016(44),D203-D208 TS NAR, 2021(49),D165-D171
. | Sl | A s— RFALER (201620181 IncRNAS B
< HLETIR ISR OUSAIR MG ES *IncRNA= 3
HTE R «E[F#A T ke :if_;l;ﬁ K AFETIRNAEH =IncRNAS 5/ «SNP-INcRNAFEfE 2 <FEH I IncRNA
et <HEEA Red eIncRNAZE IRIEAE T B o Sh 3R IncRNATE 1%
\ 4 Version 1 e Version 3 «DEMIER «IncRNA—£REE 14
Y 4 4 ) CERL D B AR, 2008(36),0170-D172 [l NAR, 2014(42),D98-D103 iUl AR 2018(46),0308-D314 (2019-2021)
Y ¥/
Function
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Az RNA SSHE4HIE

« IRARNA (circular RNA, circRNA) 2—fsiBRIREMEIFRIBRNAD ¥, SEREMURNARE, BE
JEFFHIAIAESTE, iR 3'poly A EEE 1 5'cap 4544,

* CIrCRNAXZERESAEIRR, LLEIMERNAE AfEE, F=HIK

- {RZcircRNARERRBEER4Y, trillcircFox03, {BEEF A RIcircFoxO3 R age

- Chromosome 6q21
P B
- pre-mRNA ,
exon exon 2 CXON el 2 exon L EENEEE
. circRNA © Back splicing linear mRNA : l |
\ i exon exon exon onAAAAA

J

 protein _ <__protein_>
__protein
circFOXO03
circRNAZHS circFoxO3AYREISEHR (Rao D, et al. Front Cell Dev Biol, 2021)
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A2 RNA B4R

circRNARYIUFFIMEIRIZ

a. BIEEMKIEOIMEIER

b. ERHEFESIMLIER

c. A& FECXIIKFIAVIMLIER
d. EEIKEHIRLIER

Intron 1 Intron 2 Intron 3 Intron 4

Alternative Exonic Intronic
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2 RNA BYThEE

(b)

- RIEEHXEE, BHSZER
HNEBEEER.

. FUBEESS, TRUES

EA, FEEEAER. + :
f © i Fi5t
mRNA ||| || AN e

7 N / _ EIiRNA
v’ /
JIMIRNAES Ul snRNA " >. )
Y3 ST :) X
Pol I i " ) >
| Pomoter |

S5ERBE

46
(http://www.pibb.ac.cn/html/2018/6/20170443.htm)
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A2 RNA BIETE

- [RIE: ERNA-seq#dE+, 1QilPLECEI MBIz RHIreads, IRBICircRNARYBIER .
- ARHITCrcRNAZKFFIRERZE, FRBIFJZERE, HEcircRNANZBRIE MRS,

readl

5 read2 3’
N — [——
circRNA junction Exon2 Exon3 Exon4 Exonb5

a b

@idiRBljunction reads3EFMcircRNA,
a. readsZBas S RAIEHENAR
b.

pSIHreads@ &7 RAFHEAR, BHEXIRMZERBRAY,

. NRESFHE KETEEER.
. FRIILEXIRE; @I

(junction reads) 3EiRBlcircRNA,

. NBEFIRTER NERATIREURT

HoEl. RAVERREFAE, ARFERA
BIRBe I DB IR EEEIX
Lo PR o 2ARTY, XS circRNAK

17T,
47
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A2 RNA BIISITE

* CIRI

} IS b3S 2z [F B mAYreads falllcircRNA
e FUCHS

- CIRI-AS
} iRBlcircRNARBRAYET 325 ]

* circSplice

» DeepCirCode
NBsF I RS AT o 2B /R A AEFuN/circRNA
* PredcircRNA
o CIRI-full: €1+ circRNA B9&E%ZE, isoform KENER., EESEKHEE, >250
T 300bp

« CIRI-vis: circRNARJ#{,
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r~_w

fi2 RNA 1EX&3E FE
circAtlas: SR circ RN AR CircNet: &) FTEE EFIﬂW(RNA (circRNA) iEiE

RIZSHOEE .

Data resources Data pm Annotation ncer types
& 6 species J CRuNA. decacéion ® Orthologous circRNAs ncer samples
19 tissues ool el B >

1070 samples g . . - O
& ‘ 40 billion reads ® Full-length reconstruction —HTHE—

-y VT
- ® Multiple conservation score
Functional genomic data MCS =N, +N, X N;
Gencode GEO @® Liftover
Ensembl RefSeq @® Coding potential
¢ IRES
Soma & ucsc | i D macac . G @
y i e o’ 2" [ - = E
starBase POSTAR R — —{ES - {oRE- ) Construct T Y-> | ny;u \ S
ENCODE miRBase g i @ RBP binding Network e i E'
& clusterProfiler - ) ® miRNA binding Piesh Tonis i
1{“32 S ® Network-based annotation -
circad e ®- —». circRNAs ot
‘ mRNAs _ ( 80) GENEONTOLOGY
& circR2Disease {1 e 6o &7 -
£ circRNADisease ./‘ R ﬂ‘. LA

circRNADb: ZiF T RiZERRIcircRNA  JESHEE __
IR, B832, 914N EAIFEA IR P e
B99MNEFcircRNA, FFG T circRNA

Circ ID: hsa_circ_07894

I:P ﬂﬁg Eg O R F . | c" E I(;eneral Information —

|

Location (hg19) chr9 : 107645319-107651476 1

Strand - ‘

Gene Symbol ABCA1

Genomic length 6157 ‘

Samples oligodendroma, Hs68 | 49
|

Organism Homo sapiens (human)
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> /NERISRNAIKETELS-200 , BREERFRIEERGKEFEZSREEERRIE,
HZ M EY T E S RS IS0,
- =P IZ SRRV EREL/ ARNA
mIiRNA
PIRNA
SIRNA
- FEFFEEREIART/NRNA
tsRNA

rsRNA
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miRNA
ENX: FETRSHEZENF, KEH20-25 nt, BE5InEBERERS in/A 20T,
IOgE: mIRNABIIREEMNCXIAIATVRBEEER, IHEEEMRNARIENEEFERE,
EHPFIFL:
BERTE: TRAEMABSIRET, mRNASEBHEBRIERLS.

HTF‘ RAFRMNE: EFARER. FRIKBMER, MIRNARIAKFEHEZAY.
HRRIAFRME: —EmIRNARIABEMRMELNTRIE.

Fat

'_ _\ metabolism
/ \\ ‘ prol::l!:mﬂ
3 5
-x__m___________ __________,./ Stem cells Apoptosis
Ago2-miRNA v . »

(Shang et.al, 2023)

Cell
differentiation

Epigenetics Development

51

|



SoEST R 3.3 /\IFHHIBRNA

- miRBase:B&FRAIMRNA FFFIEHE. T, FUNERERERS,

miRBase MANCHE

Bioa [l Submit L3

Home ] Search J| Browse | Help ] Downlo;

- - miRNA count: 38589 entries
miRBase: the microRNA database =~ R

miRBase provides the following services: Search by miRNA name or keyword

+ The miRBase database is a searchable database of published miRNA sequences and annotation. Each entry in the miRBase Sequence database represents a
predicted hairpin portion of a miRNA transcript (termed mir in the database), with information on the location and sequence of the mature miRNA sequence
(termed miR). Both hairpin and mature sequences are available for searching and browsing, and entries can also be retrieved by name, keyword, references and Download published miRNA data
annotation. All sequence and annotation data are also available for download. Download page

+ The miRBase Registry provides miRNA gene hunters with unique names for novel miRNA genes prior to publication of results. Visit the help pages for more ————
information about the naming service.

To receive email notification of data updates and feature changes please subscribe to the miRBase announcements mai
mirbase@manchester.ac.uk.

. Any queries about the website or naming service should be directed at

miRBase is managed by the Griffiths-Jones lab at the Faculty of Biology, Medicine and Health, University of Manchester with funding from the BBSRC. miRBase was previously hosted and supported by the Wellcome
Trust Sanger Institute.

. WTEE A Kmi ;
« miRNASNP: 2t «  miRTarBase:WWE#SLIS %@&%ﬁéﬁ;&%ﬁnﬁ

mIRNM‘E?éEI’\JSN Ps IS UFAVELAR

HMDD v3.2: the Human microRNA Disease Database version3.2

= 2 h
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_ Download Submit | Help |
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PIRNA (PIWI-interacting RNAs) 22006 FHziE A IRI—25HYAEZRAS/\RNA, piRNARYAIN#E SciencelF
/J2006F T+ ARIFIHEZ—,

PIRNAEZESEMESRE, EEEARNEREEFAIFEE(ER.

nature

Explore content ¥ Journal information ¥ Publish with us v

nature

Explore content ¥  Journal information v Publish with us v AYAAAS  Become a Member
nature * letters * article .
nature 2 letters > article SClellce Contents ~ News - Careers ~ Journals ~
Published: 04 June 2006
Published 0 dune 2006 . A novel class of small RNAs bind to MILI protein in SHARE  erort o ,
A germline-specific class of small RNAs binds mouse testes Characterization of the piRNA Complex from Rat Testes

mammalian Piwi proteins

Nelson C. Lau'”", Anita G. Seto"", Jinkuk Kim%?, Satomi Kuramochi-Miyagawa®, Toru Nakano?, David P. Bartel*-%, Robert E. Kin...
Alexei Aravin, Dimos Gaidatzis, Sébastien Pfeffer, Mariana Lagos-Quintana, Pablo Landgraf, Nicola
L . - . = . : . . . L X . . «* These authors contributed equally to this work.
Angeélique Girard, Ravi Sachidanandam, Gregory J. Hannon & Michelle A. Carmell lovino, Patricia Morris, Michael J. Brownstein, Satemi Kuramochi-Miyagawa, Toru Nakano, Minchen + See all authors and affiliations aualy
; . . Chien, James J. Russo, Jingyue Ju, Robert Sheridan, Chris Sander, Mihaela Zavolan = & Thomas Tuschl
Nature 442, 199-202 (2006) | Cite this article

S‘ ence 21 Jul 2006:
Vol 3\ Issue 5785, pp. 363-
01 10.1126/scienc ell’\,\ﬁ-i

©600

D
9762 Accesses | 1043 Citations | 13 Altmetric | Metrics

Nature 442, 203-207 (2006) | Cite this article

6717 Accesses ‘ 937 Citations ‘ 6 Altmetric | Metrics
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© PiIRNARMSIE ——
« piRNA: KE£923-32nt, BB5Im1URIFIEFS iR2’-0O-HE(EIHRISHIE.

5 0,PO - 2-OCH,
e

21U-RNA
(Deniz M. Ozata et.al, 2019)
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piRNARYIINEE
B RIKFE
Q@ Target recognition b Silencing establishment a m igi}ﬁﬂﬁl j:f"E

. &G ) ) i .\4. polyA
) R ' L8O LN D —_ HeT-A mRNA
H3K4me3 13K4me2 H3K4me3 H3K9me3 H3K9me3 H3K9me3
Promoter  Transposon body Promoter  Transposon body Promoter  Transposon body

Piwi-piRNAIBIS FFH B MRBIFTERERA, EINER, b
FHEFEADHENAE. Drosoptila

SwibEmEXmpRNA  REEEEREmpRNa . SO0 @

—

20

o*°

2\
\%2 | 2

g 3
>/ 8 \ —
5\

Mouse

m7G

Target mRNA
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PiRNAFBECEREE
piRBase: HBIpIRNATIEEIAREVENRERE, EEMRNABBRINRIIE—pIRNAT I EHERE.

CNCB-NGDC leBase

piRBase The database of various piRNA associated data to support piIRNA functional study

Quick start

Browse piRNAs Search piRNAs Browse datasets

PIRNACIusterDB: piRNA clusterf{EEE IRV IR E 56
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INRNAREENES
MiRNASERE:
BIEFRYIFAE, RBEERXEN, s/NEHEFIHFMREE, HTHTMIRNANR ZREHaFml,

TEH: miRDeep2, miRge, miRanalyzerZs

PiRNAFIpiRNA clusters&se:

PIRNARRZ (RFRIFFIFNEHNFIE, SEURBIpRNABEGRARIBEKIE. TSR AT IREINE SRR
iE, BEEETTIEEEEFARRAIPIRNA TN,

piRNApred: EFRNAFS, 2518, Hahh=FIEEMAHRFTNPIRNA
PiRPred: EFZOfSIFRENIHITHEEFEIFMPIRNA
Piano: EFHEFFISIFRENIFUNPIRNA

PIRNN: N FEFRFE ML D 385 TpIRNARIFTL
piClustfIproTRAC: BEFETNIPIRNA cluster

57



EIERF FiE 1t
Bioinforﬁaltics 33 /J\EIEg,H:IHﬁE.,JRNA w]iﬂlzlﬁf

IJ \ R N AEE&Egﬁﬁﬁ*ﬁ /v'\ Total RNA isolation and Raw sequences in

i FASTQ form
n(,\N Fragmentation ASTQ format

. 4

* RNA TEHR Quality Check and
. _ Size selection Adapter Removal

« IEREKE 17-25 nt fY ¥
RNA Alignment and

Adaptor Ligation Quantification

¥ W

Annotation using Novel miRNA
e —— PCR amplification miRBase and Rfam prediction

Differentially Expressed
small RNA

Size selection ‘

Target |Identification

L 2

Data Integration, Pathways
Sequencing and GO analysis, Regulatory
Networks, Lab validation

- JnEsk (adapter)
- g

=3

- BUBROMT

I
«m«|||l|I'| @ |lallllle

7
[
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3.3 /MEZRFERNA

[ — |

* KEE.

ShortStack - EFTEDHT:

A Small RMA alignments (BAM)
Reference Genome (FASTA)
OPFTIOMAL: Inverted repeats from einverted
d]
OPTIONAL: Known loci to flag overlaps xH it
" = Bm i
Phase 1: de movo cluster B DESqulﬁnﬂdEFS
discovery ) FEE et al, 2014)
* R
Phase 2- Quantification and L ; B
phasing analysis FoED E“dg'«?RLRG binson
¥ ¥Ex et al, 2010)

Phase 3: Refrieval of genomic ]
sequences for RNA folding

¥
Phase 4: ldentification of
qualifying hairpin structures

Y

- ERFEKIE

Phase 5: Annotation of
hairpin-associated and microRMA

¥

Fhase 6: Output, organize, and
summarize results

&

“count mode — Quantibcation of user-provided koci
couni mode forces nohp mode

DE)EJOULIE 0L F20] YOI
pue palersosse-undn e — apow dyou,

=
B I 3
o
=
Mindepth o | g
— -
=t R
— —— —— 01
A —
—-— - | .-\: .
- et el Eel T T O
- | 5:'4 "
Pad ] i
Island :

0
log2FoldChange

inigEdbriE

TMM

threshold
* Up
*  Down

NoSignificant

pvalueit& FDRitEA
=8 = =S EREmEIRTE
- llog2(FoldChange)|
pra 1Ty ] BH .
= 0 & padj = 0.05
- llog2(FoldChange)|
pra (1T s ] BH

=1 & padj = 0.05

I
|
[
|
-
-4
¥
2
=

condition
— 0 adjacent

— — tumor

0 g
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miRNASEEE 1R

> EEEEFT

-miRanda: Z&&FMNEZTOEEEE, —EmiIRNAFIMRNABHNFESIENIEGEE, —EFRNE SEHEE/HEL.
-TargetScan: EIIERFIEFEMIRNAFRFXIE ILEHYLRFRI8merFI7mer i R FUNIEEEE,

-RNAhybrid: EF5HrmiRNAFIEEE R AR ARGEN RS, AmmulimiRNAZEER,

-DMISO: EFREFIT5AMMIAMIRNA/IsomiR(MIRNAIIAY) SmRNAEBE{FRRIS FAFL.

> GOESEDHT > KEGGEEDT > EIEMEDIT o ®
;ﬂw A
Ase e @
ig:: uuuuuu ) '."‘ 3 .!\..‘ 7o




Bioinformatics 3.4 AFARFBRNARIEEHIFTN pALL .

« RNAZRZEN): 2IERNARJLUBEIREBAMCYY (base pairing) FZakANEIAVERHEX I, (loop) FOXX
HEXiE (duplex)
« RNA=ZEN): ERFEFNGEEXKIHAERMIN _REMEM E, sEH— R EERRNE =451,

— =5 - 2 =
Primary Sequence Secondary Structure Tertiary Structure
(Base Pairing)

GAAGCUGACCAGACAGUCGCCGCUU
CGUCGUCGUCCUCUUCGGGGGAGAC

GGGCGGAGGGGAGGAAAGUCCGGGC AU=K
UCCAUAGGGCAGGGUGCCAGGUAAC =N

GCCUGGGGGGGAAACCCACGACCAG t=

UGCAACAGAGAGCARACCOCCOAUG oo & —
GCCCGCGCAAGCGGGAUCAGGUAAG g :

GGUGAAAGGGUGCGGUAAGAGCGCA Letesacy,

CCGCGCGGCUGGUAACAGUCCGUGG MhmacC A o yah
CACGGUAAACUCCACCCGGAGCAAGG A

CCAAAUAGGGGUUCAUAAGGUACGG NS

CCCGUACUGAACCCGGGUAGGCUGC Atddd Face anl
UUGAGCCAGUGAGCGAUUGCUGGCC FEUdgr ITITMNTITE SRENIT Feua o
UAGAUGAAUGACUGUCCACGACAGA R I “C;‘-"‘G':: ¢
ACCCGGCUUAUCGGUCAGUUUC A

lllllllll
GGGGGGGG

G=C
A=U
c-c
Eaaccucacca bt
=Cca
R CG“CA 61

Ca AG
UUCGGECCCA
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3.4 IE4RABRNARYEERIFI

JEREIRNARI Z R EEHaTIN

1L EFRERNMERITEN (Free Energy
Minimization) E—EBSEMET, RNAREM
EEERTFRETRENRIREIRS, BIEHEE
EENRS. —L£TEHEIW RNAfold
RNAstructurefi 2Tt RIE TERY.

2.tk FESAYFRM (Comparative Analysis)

X EE TN A 2EHCIRES, ThEeRE
KHIRNAGHILL R ERST. Rfam EUEER
R T XEFEREERIRT.

3MMBEIFNAIFE (Machine Learning and
Al) ISR, BEREFS. IBEIEFN
SEFIFAFARNER, BE—LHEIRNAL
WG AR, XEFRFEEEEXREEHM
HIRNARZIFNZEFE /91 || 5880,

RNA 51l +

RNA Z5H1EN

E‘Jﬁﬁ%ﬂ%

Fh 1

L ®©
wo® " %a

[

RFHIZ R

L [ || Il° EEEEER
Fh 1 GGUGAGGUGUCCGAGUGGCUGAAGGAGCAC
Yk 2 GCCUCGGUGGCUCAGCCUGGUAGAGCGCCU
AR 'R e |
N | [ BC NN BN
GCCUGGAAAGUGUGUAUACGGCAA —-CGUA N ,
GACUUGUAAUCAGGUGGUCGGGGGUUCGAA TTERE
—
Il I [N [ | |
[ N
UCGGGGGUUCGAAU
UCCCC-—————~ cc
[ |
Reactivity
]
Low High
AN = AN a1 7aY 2 A I N4 — =+ N
55 RNA iR NISCISEHEFITTERELA1T RNA ZR STl
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shERs ¥R 35 FARRARNARTGL, STAISE S 10uH

ERENMFEAR: RNA-seqBETNF2ERA, T LURIFETRIAERIERNAL T
EYESEEINGE: ETF7SERFUN; R|RFERIFTN; IheeFRa0TuNZ:.,
SCI8I8F 33 Northern blot; Real-time PCR; [R{Z¥3s; IHBESLCES,

SIBEXLIERA: Ribo-seq, BITNFIZEAESHIRNARE SERNARGRANRISERE;, SHAPE-seq,
CLIP-seg%s,

A

Zre N _EINX AT, AT LA RS E HAFRABRNAS F FHRIT HAEMIZF TORE.
XL T AR E AN RIEABER L 32980 T -

1. Zﬁﬂ#ﬂ?ﬁ’f@%ﬂﬁ*ﬁ: BRI RATE, IFRIERNABEEERERIGCEE LARIFIARAERH IR,

=3

2. EEXIFRTHER T DheeE I EmABRNATEHAC IR PEERMERSHFIIRTIE. T REINTKIEGEIE
BLAST, Rfam &,

3. BFREDIN: RAFUEDHT, EFHT. PREBVREGEIEWGCNA, EdgeR, DEseq2,

4. FETIIRE: BSSMMHE, WFH. S/, RIA, RIESFSMHINESTEN, FEI=EFEITS
AR E B EFITAETTNRE. S RERREEIECOME, CPATE, 63
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1. FRYERESRNARBINAIR,; NESYR. HEIERE FAIIFRIAERIZRNA, FRHMEM RS
HRMAEIRSFISAGF TRIFAESRES RNA,

2. IFfREBRNAGHEFNIGERIGAS, H—TIRSTRNRENFIRER, ETAl Kok, KIEEIRIZSHATTN,
3. JERABRNARSEEFIINGEAT; IFRIBRNASDNA, RNA, BEHRSHEEIEREEEYNITEAINLE].

4. AESRESRNATERTERRIRIA; ZHBESN RNA (cfRNA, cell free RNA) AR BHIZEIHTNEID FAns,
EEEd Hh MACIe R e MRS,

5. IEREBRNARITTEFA; BT siRNA BIRNAFHT (RNA interference, RNAiI) Z&GHETERRTT.
circRNABTFRNAZ &,
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4.1 B RA BB IR RE
4.2 BIEfREN. RERESR
4.3 fEdE . SREMMTR

4.4 ZFRMMELHIMERREER 7

4.5 RN % B B HERT

4.6 ERERERLE

4.7 ‘ARRE W 24

4.8 PR RB BB RS

4.9 B pEE LA N -



Biomformatice 4.1 EAYAREEERIARTETRRMERFIE L2101

[RIn&iETRAbIE

|— analysis
| | clustering
| | diffexp
| | pea
| | tsne
Sequencing = ------------ Cell Ranger Pipeline ------------ L T e AAACCTGAGAACAATC-1 AAACCTGAGCTATGCT-1
|— filtered feature_bc_matrix itg%g gggi ) ”
I:I I |— barcodes.tsv.gz APOO6222 .2
BCL FASTQ | “wbx. LINC@1409
: mkfaStq count |— filtered feature_bc_matrix.hs FAMB7B
OUtPUt |— metrics summary.csv LINCE@1128
FASTQ |— molecule_info.hs LINC@OO115
o o |— possorted_genome_bam. bam FAMA1C
& .Q. |— possorted genome_bam.bam.bai AL645608.6

|— raw_feature_bc_matrix SAMD11
|— barcodes.tsv.gz -

|
| | features.tsv.gz

| ' matrix.mtx.gz

|— raw_feature_bc_matrix.hs
L— web_summary.html

¢ BEiI{EMACell RangerFEUEETE, AINRISEIRHITINIE, NISEIRMAIERIARE.
¢ Cell Ranger/210x Genomics/AE RN FFEURIRMAT_ Eilr ok, SRy SERABLTIHHITER
RILEE.

67
(www.10xgenomics.com)
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A 3000

RE=H]

4.1 BRZAREE R B SHRTR B

o | w KL R B AR R UMI LK B S O AR S B R B
o - o SEARAS.

- R . S R ST A AR S AR,

SN —— " AL T DoubletFinder, Scrublet, scDblFinder&E{4a] FFIRA!
c D e o -

. " IR T TIEAGELE, BEET = MR T

PR R

. EMEIEIIUMIE;

N \ oo § . A MERROEEE

T — . MR AR ESSEUMIER S EL G,

=i VAN 68
FiEZEnmE (Luecken MD, et al. Mol Syst Biol, 2019)
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Rt
¢ RILEETHIEMTENE T HEAMRNARIIRER, WHERMNFEFS N PRGEEHNER.
¢ FNTEEBNAZ ML EERERREEMBEAIUMIRE R RIREARR, HmsImmiE 2 EEERERELE.

Normalization

: FRE L RORhE
é i RE)SeuratfFNormalizeData R £ 0] LA
s RECSIERRIXEER, | ‘ \
°| - IWRREERIEEER | i, DS EERUMERLE
s EEMNFTARIERESS | " \ .
ize factors C HERBIUMIZL, FkLAscale.factor (BRIA
My, oq 9ENES tbiR, M{RTEAEEEAPNERE] | - et
B o o5 » o sk B s ' 10000) , FB{EFIoglpXIiXLLEH{TIIE
E IRRERESRERHIIT | s TSRO A,
P 0T MRS R, T et

(Luecken MD, et al. Mol Syst Biol, 20]19)
FNEY S EERE (Heumos L, et al. Nat Rev Genet, 2023)
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HIERIESES

HIEITERTSEIERARTENEE, UIREHOR. SRSERE. G, iR
%, EHTTRERIRERIA LR, FEE R E SRR

No batch correction Batch correction

¢ ENEYEZMEEEPRIRIET LB X HEERT S
TR B M B3 SCHN,

¢ PMEEIEAEEMNIESRIR, HP— 1 gi2Edropout,
—JEIE_JL,L%EH’EI&EdrOpout FELSRIRAEREN
O{f, BIENMAGIC., WEDGE, DCA. scVIZ,

¢ EZHAESEHRER, REFRNUFERE. R, 185
ERARNE R G AR MR IEFIFZL MRLE.,

HORRIERIERYUMAPE]

70
(Luecken MD, et al. Mol Syst Biol, 2019)
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HIERIESES

1 scANVI® W HvG - [J[]B 1] [
2  Scanorama W HvG + B[ 10 2] ] [2 18]
3 sVl W HvGe - [ ][] ) [ ]MN
A A 4 fastMNN # HVG - % % % % ] EII
5 scGen* B HVG - [3 ]| [1 1 1
AA D_ - BatCh Ce” type 6 Harmony T&, HVG - Z’ - :| :l |:| - I:I
e A 7 fastMNN Breoe - OO HE B
E A 8 Seuratv3RPCA HH HVG + [2 ]| | [ | [ [ |
A . ] 9  BBKNN eHG - [T MW _J12] W[
—_— 10  Scanorama mue + [JOLCIHE ] L]0
. A 11 ComBat HHe - LWL ] 18
® o 12 MNN %HVG+ 5%gm ;%
\ 13  Seurat v3 CCA HVG -
ym u .ﬂ @ 14 tVAE W HvG - [ [ | B -
@.I 15  Conos cEGVcEEa N N N iy
Y > 16  DESC w e - D BEENE =R
W e Ee - BEREBLE B
N 18  SAUCIE & HVG +
%Bﬁﬂt/)\/__ﬁ}%\ 19  Unintegrated HMrL - BB EHENER QLN
20 SAUCIE Huwve + BB BEI B 2R
= g 3 8 2 § € 8589 § E &
4 z 3 % 8 ¢ 3 EEES 2 & o
§ & 5 E2EE 9
w o g 3
g =

- HIRES (FWR) NENEEAEMRNEIERSE—EHTo, BREAENER. FRIEIESE. FRIUFRASE
« FHREBEEERBREAIRM AR REENEEN

- BRIEANEAEESeurati{4RICCA, Harmony=F, 71
(Luecken MD, et al. Nat Methods, 2022)
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PR
. ” . s B -
BN LRI E A — N S HENE S -
HoE, HEE LA T HERTIER m: g
e, . . g
é&%o % 15000 &
¢ T E TSRS E R :
BFRAREIERERE, FERIMFEERE
AFIEPCA. t-SNE. UMAP. diffusion
maps<., “% o
scRNANFREERYE el 5%
72

(Luecken MD, et al. Mol Syst Biol, 2019)
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Bioinforﬁe:ticis 4.3 B%gﬁx %%*Dﬁﬂﬂ@/f*% wxuz/

EEE I X

E
Bags SIS MR EIAEER, RitESE
o BABBLIERERAERIENRA, BEEERRE, 0 core T AIRERLURAIR R,
BRI BT AR A . BRKE ¢ BRNGEREFNER. singeREFMER, BFSE
SRR TR,

(clustering algorithms) FlttXi&NEE (community

detection methods) . o .
uster annotation

Clustering
@
®_©O
0,0
.:.: O: O
@ o0
o °*° %
*e% | HpEERE
o

L, ° SRREER L (Luecken MD, et al. Mol Syst Biol, 2919)

(Heumos L, et al. Nat Rev Genet, 2023)
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“HAELLY

¢ AELLHIREREREARMEEENIETFE, X
SLES el s e Y=l il 41T RS AEVE S == N i S e

A .. - N R Y ey S VA=

Cell-type composition

| .I - * SRR SRR E RS TIRI T A EAE
C .- - scDC. scCODAFtascCODAZE, X AR LARNASD
EAIREEEYER.

ZHREZERY,

74
(Heumos L, et al. Nat Rev Genet, 2023)



Bomformatice 4.4 EAIELLHINIESFRARESH  LIont

ERFREEDT

BRI RAIMIENERERAR A ITEIEENE IR EIRT:
¢ EEAEH, JLUBEHITERS (pseudo-bulk) FRiX, NE8MEAARFHIERRIA
KA, WNMEREISE MMEARITAAIpseudo-bulkBLAE, FHERRIGEDESeq2.

ERFEER ST LRERERZ AR
£5, RAEERE KR ERS, IR

B NIREERIREFRERMNIZE ¢ THREEE, Seurat IFBREMTSMITEERFXERRGE, ALIES
FindMarkers BRZ{HH test.use SIRBENINERFREERNTE.
Meropenem Ciprofloxacin Gentamicin haenes Loty ! = I T — __
400 1 4 400 - oo WA ann \ E PC ‘ I
Ay 1] recN recA 5 Ly i I ]
o 00— L a0 3 . =
D 200 4 } | osmB | s 1I1 o8 | vsue ™
S 1 5Py s _ABRIE Ddg : 20 Eopsea@® | | 1] T |
100+ R 100 4 i 4+ .'.ﬁ 100 1 _ :mil | I —_—
-0 -5 0 5 10 -10 -5 0 5 -10 -5 0 5 10 Earty RS -
Log, fold change Log, fold change Log; fold change —e =
® p < 10e-6, |Log2 FC| > 2 |Log2 FC| >2 ® p < 10e-6 el :_-7'$u;—'?- ) s m}lf §
KLLE Bulk RNA-seq BRESHILIBATIIERMHER SREEERRE, RitHEE

(Ma PJ, et al. Cell, 2023)
(Huang DY, et al. Protein & Cell, 2023)
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BESESSR

¢ N BIrERFARREHITEREESESTT, AILUSEERFTAERERS AR ENAE, §
B, ERNSUEEERE MSigDB, Gene Ontology (GO) . KEGG B Reactome,

Reactome of PDGFRA+ versus GAL1™
HEMODSTASIS

MES
. CILIUM ASSEME W . PDGFRA' Upregulated Downregulated
PROTEIN_PROTEIN o . . "
L 0 Response to oxygen levels Cell junction organization
INTERACTIONS_AT ‘ et 1 @O @ O ® ® ©® ©® o o o | } g
SYNAPSES TRANSMISSION ACROSS CHOLESTEROL BIOSYNTHESIS l 2 e (NDS$ATP6,EGRI) @ (FLNAACTG1,GABRB2)
CHEMIGAL_SYNAPSES TGF-beta signaling pathway Actin Bilament-based process
eyl ®—o IL12_PAMILY o " (zeB1 t/'\\ F\'w wnl ® @ ‘ @ ® 0O 0 0 @ iz F
NEUROLIGINS @ SIGHALING ®IL0_SIGNALING S €ANUI .
O-linked glycosylation | . a e . . . @ . | Response to hormone
NEUROTRANSMITTER _RECEFTORS INE_SIGNALING (B3GALNT2, THSD7A,GALNT10) (COL1A1,COL3A1,BRDS)
AND_POSTSYNAPTIC . NELITHOPHIL Regulation of proteol Extracellul trix ti
IL12 SIGNALING |NFG. Cgulation of proteoiysis J ‘ L Xtraceliular matnx orgamzation
SIGNAL_THANSMISSION SIGNALING g DEGRAMULATION (RARRES1APOE.C3) . . ® 0 L (COL1A1MMP17.5MOC2)
AMTIVIRAL _MECHANISM_BY ::rE%ﬁifgﬁgmm Naba core matrisome | ‘ o ® O o | Genes related to primary cilium development
RAMA_PROCESSING INF_STIMULATED_GENES ® __ =" mC S (SLIT2 PXDNLEYS) (C2CD3.IQCE,TTC218)
TRAMELATION.' ELKARYOTIC SIGMALING BY MNOM_LYMPHOID_CELL Cytokine signaling in immune system | . @ . . =Y y(“..;!'m'u- gene-r.m-m? )
] ® @ TRAMSLATION  INTERLEUKINS NEGATIVE_REGULATORS_OF (EGR1SOD2 HLA-DPBI) (ADAM18.PAQRS5,YBX3)
EUKARYOTIC @ '@ @ | ELONGATION ® o ® DDX58_IFIH1_SIGNALING =Log (P-value) Counts = =0 X & = o8 =0 T % o w ~Log (P-value) Counts
TRANSLATION INTERLELKIN. 1 MYDE8_INDEPENDENT 10 e = s s 2 ¥ - = = £ m s
- > & 2 = > 2 & » = 5
INITIATION %/ GMALING ~ FAMILY_SIGNALING o TLR4_CASCADE ® 3 g £ S ® ¥ S = ®
BY ROBO ® TOLL_LIKE_RECEPTOR ~ ) S a e o 10 20
RECEPTORS ® ® ®cascapes 5 @ E S < @ :
@ "IL1_SIGNALING Number of genas - z E ;i @«
SIGMALING_BY_THE B - 3 = =
0 . E £ 0
CELL RECEPTOR pon ® @ @ TCR_SIGNALING ('i-; ?go = -
= N —
s O 150 GO %Eﬁ?‘ €=
ANTIGEN_PROCESSING () 200 L_ BAAa<
CROSS_PRESEMTATION () 250

ReactomelBISE & (Yeo AT, et al. Nat Immunol, % 22)
(Huang DY, et al. Protein & Cell, 2023)
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AR AT RS

¢ ETERFRAETGEIEHE R MR ORT R T,

¢ RRRTHEEABSHITBENE ZRREES T TEZ
—=ZMonocle, BEEENFE (20t-SNEFIJUMAP)
FRTAREREEEUEXRR, FBRImRARBENR
BEERMAENT, BREREEFIERLE.

£y AT

¢ ETRNAFEINAFHIRNAIEZR (RNA velocity) 3%,

¢ RNAFEFRZ—Ma] LTRSS HERE,
B LTHEERIREEZRNA (RIARNA, pre-mRNA)
SEARNA (BEIEERNA) RILLFISHERTE R R
SFOTUNARRRRY A B I,

DCM: P1304

e C1_CLEC9A
e C2_CLEC10A
e C3_CCR7

™
2 ® CD56*"CD 16"
@ Pseudotime ¢1-GZMH ® c3-CCL3 ® ¢5-CREM
T T T T T - - 02‘|L7R‘RGS1‘° . C4'|L7R
0 25 50 75 100 0O 10 20 30 B Activated fibroblast Quiescent fibroblast .
Pseudotime(stretched) (Qian JB, et al. Cell Res, 2020)
(Chu YS, et al. Nat Med,2023)
monocle2 monocle3 RNA velocity (Chaffin M, et al. Nature,,2022)

(Tang F, et al. Cell, 2023)
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BEIFEME S

SCENIC workflow
it Rl - BERZATAERUREREARS EENET. BREFRET

53 TR R RN ERETFIEMLZ (Gene Regulatory Network, GRN) 7E
°2 ERFXBRREEEE(FA,
- EREEKNESSEIERSHIAESINEER BRI R,
oo ety e - BPARERARENEERERNESHTEEEBSCENIC (single-
g Z!:\ cell regulatory network inference and clustering) #0hdWGCNA
oo roctiaton metork ferance f DTS e » (high dimensional weighted gene co-expression network analysis) .
e CGATCG: * SCENICETHRIATIDNAFIEER (motif) SHTRIETRMIEER
<|/\/ . " Regulon actlviltylnthe cells gﬂ%i}ﬁlﬁ“@?ﬁo \
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