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FASTQ FASTA BWA / BOWTIE2 / HISAT2 | TOPHAT2
SRATOOLS FASTQC  ComBat
GTF / GFF SAM/BAM
BED MACS2 BEDTOOLS FeatureCounts

WIG / BIGWIG / BEDGRAPH SAMTOOLS SALMON CUFFDIFF / DESeq2

MATRIX (EXCEL) TXT GSEA / gProfiler [ DAVID / EnrichR
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AERGBHE (HERT) BF, FEWRERBEXNNEEN, AXERFAHEHRE ~3GB
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>chrM
GATCACAGGTCTATCACCCTATTAACCACTCACGGGAGCTCTCCATGCAT
TTGGTATTTTCGTCTGGGGGGTGTGCACGCGATAGCATTGCGAGACGCTG

CTATTATTTATCGCACCTACGTTCAATATTACAGGCGAACATACCTACTA
AAGTGTGTTAATTAATTAATGCTTGTAGGACATAATAATAACAATTGAAT
GTCTGCACAGCCGCTTTCCACACAGACATCATAACAAAAAATTTCCACCA
>chr1
AACCCCCCCCTCCCCCCGCTTCTGGCCACAGCACTTAAACACATCTCTGC
CAAACCCCAAAAACAAAGAACCCTAACACCAGCCTAACCAGATTTCAAAT
[TTATCTTTAGGCGGTATGCACTTTTAACAGTCACCCCCCAACTAACACA
TTATTTTCCCCTCCCACTCCCATACTACTAATCTCATCAATACAACCCCC
GCCCATCCTACCCAGCACACACACACCGCTGCTAACCCCATACCCCGAAC
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TEE |t | s B TEEE | | RS | B TR | | HANES | B
00100000 | 32 20 (ZFE) (o) || 01000000 | 64 40 @ | 01100000 96 80
FAST oo100001 | 33 21 ! 01000001 | 65 41 A || ofi00001 | o7 61 a
00100010 | 34 22 " 01000010 | 66 42 B | 01100010 98 62 b
0010 0011 | 35 23 # 01000011 | 67 43 ¢ || 01100011 99 63 c
0010 0100 | 36 24 5 01000100 | 68 44 D || 01100100 100 64 d
o010 0101 | 37 25 % 01000101 | 69 45 E | |01100101 | 101 65 e
00100110 | 38 26 & 01000110 | 70 48 F | 01100110 102 66 f
0010 0111 39 27 : 01000111 | 71 47 G | 0100111 103 67 g
@SRR8179797116 116 |ength=151 0010 1000 | 40 28 { o100 1000 | 72 43 H | 01101000 104 ] h
0010 1001 | 41 29 ) 01001001 | 73 49 I | 01101001 | 105 69 i
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0010 1110 46 2E y 0100 1110 78 4E M 0110 1110 110 6E n
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0011 0000 48 30 i} 0101 0000 a0 50 P 0111 0000 12 70 p
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Basic Statistics
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@Fer base sequence gqualit
Filename L1.clean. fq. gz
IRENFREITS (ASCI D) T e
[ ]
@Fer sequence_gquality scores Encoding Sanger / Illumina 1.0
Total Sequences 5487063

B
L % JPer base sequence content

=i
(
= L - JPer sequence GC content Srrsnca Hmsdh 150
=S-N(N— 33
Per base N content W6C 65

@Sequence Length Distribution

Sequences flagged as poor quality 0

L_‘ ] equence Duplication Levels

P = 10A (_Q/lo) @Overre resented sequences @Per base sequence quality

@Ada ter Content Quality scores across all bases (Sz
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SAM [ BAM

SAM XFieRT &— iRk “WfI” LEXFE “F” , BEFEEFETHRERBENKRERES

SRR8179797.52782089 99 chrM 44 60 143M8S = 44 -159
CATGCATTTGGTATTTTCGTCTGGGGGGTGTGCACGCGATAGCATTGCGAGACGCTGGAGCCGG
AGCACCTTATGTCGCAGTATCTGTCTTTGATTCCTGCCTCATCCTATTATTTATAGCACCTACGTTCA
ATATTACAGGCAGATCGGA
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GTF XHidR 7T E—1ER Ay “HKR" M “(NE"

chrl protein_coding CDS 69091 70005 . +
0O gene_id "ENSG00000186092"; transcript_id
"ENSTO0000335137"; exon_number "1"; gene_name
"OR4F5"; gene_source "ensembl_havana";
gene_biotype "protein_coding"; transcript_name
"OR4F5-001"; transcript_source "ensembl_havana";
tag "CCDS"; ccds_id "CCDS30547"; protein_id
"ENSP0O0000334393";
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IRER TN EERE (read count matrix )

Genel

Gene2 353
Gene3 3777 2364 25
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Casel Case2 Ctrl1 Ctrl2 baseMean

DESeq2 4
Cx3crl 13
5830411NO06Rik 1082
Igkc 50
Cd163I1 1147
Jchain 8
Zeb2 18
Gzma 33
Gzmk 10
Sipr5 25

7

821

20

912

30

12

15

363

3819

17

1442

255

915

204

327

691 309.4573221

20 391.3886748

1850 2027.636391

20 427.7605469

651 753.2178054

750 278.0539922

715 555.5517287

383 175.0640247

367 226.5920639

log2FoldChange
-6.253625195
5.589308195
-7.19943295
5.216160719
-7.844916069
-5.789824356
-5.402705083
-5.243874941

-4.769446278

IfcSE

0.51093498

stat

-12.2396

0.472684251 11.82461

0.611847719

-11.7667

0.45457985 11.47469

0.693993672

0.539203416

0.516218347

0.529835716

0.509896752

-11.304

-10.7377

-10.4659

-9.89717

-9.35375

pvalue

1.91E-34
2.91E-32
5.79E-32
1.77E-30
1.25E-29
6.77E-27
1.24E-25
4.28E-23

8.46E-21

Fold Change #1 Pvalue (Padj) #fE£E

padj

2.43E-30
1.86E-28
2.46E-28
5.63E-27
3.19E-26
1.44E-23
2.25E-22
6.82E-20

1.20E-17
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gProfiler &% —RRIERT, REEPadj, HAIIESZEEREE

- el [==]

GO:BP stats »n % B g EE alglulzglc = al= 5 olals % _|a
— B ala|lzs SI¥IZ|=|lz|C|ZIzl=|mlo|lalsm]|3 ]
[ Term name erm ID S | padj ; —~leg1o(padj) B =1 b 1 HEEE B R E E B E EEEE B
|:| requlation of response to stimulus G0:0048583 1-35’5"10-5 . . ... ..
|:| response to external stimulus GO:0009605 2,069 X10_5 . . . . . . . ..
(] immune response GO:0006955 3.100x10°7 [ | [ | | [ ]
|:| response to biotic stimulus G0:0009607 3.251 "10_5 . . . . ..
|:| positive regulation of response to stimulus G0:0048584 1-212><1'3_4 . . .. ..
O immune system process 60:0002376 1342x10°4 N HE B "EEEE §N
[] interspecies interaction between crganisms GOH0044419 1423x1074 . . . . . . ..
|:| response ta other arganism GO:0051707 1637 Xl{)-4 . . . . . ..
|:| response ta external biotic stimulus GO:0043207 1.667 X10_4 . . . . . ..
|:| defense response to other organism GO:0098342 1-?24>‘1'3_4 . . . . .
|:| positive regulation of immune system process GO0002684 4-344"10_4 . . ..

[T Iyrphacyte activation GO:0046649 4428x10" ..

|:| cell surface receptor signaling pathway G0:0007166 5-?0'5><1'3_4 . . . . .. .
[ leukoeyte activation G0:0043321 6.084x107 ..

|:| leukocyte migration G0:0050900 7.163 Xl{)-4 .

[T innate immune response GO:0045087 7.937x107 . . .

|:| regulation of immune system process G0:0002682 1-55E>‘1'3_3 .

[]  cell chemotaxis GO:0060326 1599x107> .

[T requlation of leukocyte migration G0:0002685 1646x10"3 . .

[] leukocyte mediated immunity G0:0002443 1889x1073 ...

|:| positive regulation of leukocyte migration GO:0002687 2381 "1'3_3 . .

O cellactivation GO:0001775 2634%10°3 HE

|:| immune effector process G0:0002252 3.088 Xw-i = ....

LECTN
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JEE + RIAFEPE + IRFRIE R
http://www.cbioportal.org/datasets

‘ﬂ’ cBioPortal Data Sets Web APl R/MATLAB Tutorials\Webinars FAQ News Visualize Your Data About cBioPortal Installations Login

8 R CANCER G EaOMITS -

Datasets

The table below lists the number of available samples per cancer study and data type. It also provides links to download the data for each study. For altemative ways of downloading, see the Download

Documentation.

Q Columns +
Name = Reference All Mutations CNA RNA-
Seq

Acinar Cell Carcinoma of the Pancreas (JHU, J Pathol 2014) < Jial et al. J Pathol 2014 23 23 0 0
Acral Melanoma (TGEN, Genome Res 2017) < Liang et al. Genome Res 2017 38 38 38 36
Acute Lymphoblastic Leukemia (St Jude, Nat Genet 2015) & Andersson et al. Nat Genet 2015 93 93 0 0
Acute Lymphoblastic Leukemia (St Jude, Nat Genet 2016) & Zhang et al. Nat Genet 2016 73 73 0 0
Acute Myeloid Leukemia (OHSU, Nature 2018) < Tyner et al. Nature 2018 672 622 0 451
Acute Myeloid Leukemia (TCGA, Firehose Legacy) < 200 197 191 173
Acute Myeloid Leukemia (TCGA, NEJM 2013) < TCGA, NEJM 2013 200 200 191 173
Acute Myeloid Leukemia (TCGA, PanCancer Atlas) < TCGA, Cell 2018 200 200 191 173
Acute myeloid leukemia or myelodysplastic syndromes (WashU, 2018) & Welch etal. N Engl J Med. 2016 136 136 0 0
Adenoid Cystic Carcinoma (FMI, Am J Surg Pathl. 2014) < Ross et al. Am J Surg Pathl 2014 28 28 28 0
Adenoid Cystic Carcinoma (JHU, Cancer Prev Res 2016) < Rettig et al, Cancer Prev Res 2016 25 25 0 0
Adenoid Cystic Carcinoma (MDA, Clin Cancer Res 2015) < Mitani et al. Clin Cancer Res 2015 102 65 0 0
Adenoid Cystic Carcinoma (MGH, Nat Gen 2016) & Drier et al. Nature Genetics 2016 10 10 0 0
Adenoid Cystic Carcinoma (MSKCC, Nat Genet 2013) & Hoetal. Nat Genet 2013 60 60 60 0
Adenoid Cystic Carcinoma (Sanger/MDA, JCI 2013) &  Stephens et al. JCI 2013 24 24 0 0
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https://string-db.org/

7 STRING

Protein by name

Protein by sequence

Multiple sequences
Proteins with Values/Ranks
Organisms

Protein families ("COGs")
Examples

Random entry

Search Download

Multiple Proteins by Names / Identifiers

List Of Names: (ane per ling; exa

or, upload a file:

Organism

Help

My Data
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http://gepia.cancer-pku.cn/

TCGA #iEE& D th
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¢ GEPIA

%
Gene Expression Profiling Interactive Analysis

Single Gene Analysis Cancer Type Analysis Multiple Gene Analysis

Enter gene name:

The indicators in search box are "symbol” or "alias (newest symbol)™.
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25 + MEZRT ClueGo
https://apps.cytoscape.org/apps/cluego

) ClueGO

Creates and visualizes a functionally grouped network of terms/pathways

% d ok # (282) 225724 downloads | citations | discussions @ ‘{f ¢$

Details  Release History

Categories: automation, data visualization, enrichment analysis, functional module detection, GO
annotation, heat map visualization, ontology analysis

n wégulation o,
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ComplexHeatmap + Circlize +
EnrichedHeatmap +...

Zuguang Gu https://github.com/jokergoo

]

4
{

'..ng

clusiar!

Clustae

‘-I}mw-rr-r-.m;rwr::h'
| : (R}
i

clusterd

R mat foot

2w
R3 Iw Ine
i 0 e

404
Ro 2 02

ANy Sy

¥
H

F
T
B
il
¥

i

i
li
]
il
8

E

B
Pl
i

| )

]

B

i

i

H

i

i




mARMNE 7 AR

UCSC + WashU + IGV

http://genome.ucsc.edu/ Genome Viewer
http://epigenomegateway.wustl.edu/

https://software.broadinstitute.org/software/igv/
UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move [ <<< | << | < | > [ >> [ »>> |zoomin[ 16x | 3x | 10x | base | zoom out| 1.5x | 3x | 10x | 100x |

chr1:154 554 534-154,580,724 26,191 bp. ‘ enter position, gene symbol, HGVS or search terms ‘

sScale 18 kil | hata
chrt: | 154,568, aaa| 154,565, a8l 154,578, aaa| 154,575, aaa| 154, 558, aaa|
Feference AZzemk1d Fix Fatch Zequence Alignments
Feference Assembld Alternate Haplotupe Sequence Alignments

|chr1 [4: =3 -]

A1t Hap lotypes

UCEC Genes (RefSed, GenBank, CCDE, Rfam, TRMAS & Comparative Genomicsh
=
i

ADAR a »
A AR] i i ) I
ADAR - 1 ) I
FADAR — i i  —
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FIDAR Bttt
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Fefdeq Curated ol 11— 1H—1 1B ] L i

i i
Fublications: Seguences in Zcientific Articles
equences | G t t + —t —HHHH il
SNPs 111 | |1 [
Gene Expression in 54 Cissues from GTEx RHA-seq of 17352 samples, 945 donors (WS, Aug 2619
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|
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SPRINT

RNA Editing : RNA editing generates post-transcriptional sequence alterations, primarily
the modification of RNA nucleotides*
Primary types : adenosine-to-inosine ( A-to-l, detected as A-to-G )2 | cytosine-to-uracil

( C-to-U, detected as C-to-T )?

1. Farajollahi, 5. & Maas, S. Molecular diversity through RMA editing: a balancing act. Trends Genet.
2. Zipeto, M. A, Jiang, 0., Melese, E. & Jamieson, C. H. RMA rewriting, recoding, and rewiring in human disease. Trends in molecular medicine
3. Blanc, V. et al. Genome-wide identification and functional analysis of Apobec-1-mediated C-to-U RMNA editing in mouse small intestine and liver. Genome biology



SPRI NT https://github.com/jumphone/SPRINT

A C G U

_z_,_._._ BN : RNA-seq IFEHUE (.fastq)
@

Y it : RNA 4R4E(i5 (BED)
SNP-free RNA editing Identification Toolkit

Ref. SPRINT: an SNP-free toolkit for identifying RNA editing sites, Bioinformatics,
2017
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Reference genome RES calling m

| AluSNY  Repetiive Nonrepetitive

Remap mvasked reads

Reads mappin non-Alu SNV \/
apping | ‘ SNV Cluster SNV duplets within 200nt

Reads processing /\ | Cluster SNV duplets within 200|Jn I
l eppeceace Unmap:’ed e I Reads c!unt >=1 ¢ I
Remove reads with poly(N) (>=10) Cluster size >=3  Cluster Cluster \ | |

| i ¥ I size >=5 size ==7 Cluster size >=5
Remove duplicate reads Require n(C)+n(T) =20 + I

v Reads count >=2

l Mask Awith G (reads and reference) I | Cluster size =2 |

Require mapping unity score >=20 v ¢
| Recover reads and reference

..
SNV calling

—_— e - - - - - . . .

| v

| Require base quality score >=25 and fragment-loc =5

SPRINT consists of three major steps:
v v

| Remove SNV in simple repeats and low complexity regions 1. Reads processing

I v M

SNV called from mapped reads SNV called from remapped reads 2. SNV calling

3. REScalling



SPRI NT https://github.com/jumphone/SPRINT

SNV liSt List 1 LlSt 2 L = O RES duplets

° A G A G g e g O\ RES duplets rate
SNV calling = duplet \Nota dublet 5 | o
AG AC p = 20000 e
AC AG 100000: z‘oo 400‘ 600 Iaoo 1000 1200

T T 1
800 1000 1200

Distance interval (nt)

CHR 1

—1 j e -1 1 g R ST
A A A A c A A G G
Ve G G G G A G G c ¢
S0nt | S0nt 120nt 50nt 240nt s0ne
SNV duplets . .
(eg. distence<z200) N N & X X 4
Merging
SNV Y = 2 2 Y &
duplets G G G G C c

RESs
{e.g. cluster size >=3) v x




l SPRI NT https://github.com/jumphone/SPRINT

A-to-I| C-to-U Mouse

(a) (b) 2000
30000 " 30000 - O Alu
0 Au r— [ Repetitive non-Alu
— Repetitive non-Al 25000 - o
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Alu sites Repetitive non-Alu sites Nonrepetitive sites
Celllines Tools Known Total A- Precision Total A- Precision FDR Total A-to- Precision FDR
SNP to-G (%) to-G¢ (%) (%) G (%) (%)
(%) (%) (%) (%)
GM12878, SPRINT 0 336 97.7 96.5 14 87.8 97.2 - 5407 49.8° 06.8 -
cell 304 019
Ramaswami 100 147 95.8 - 2385 97.4 - - 1451 86.6 - -
etal.” 029
GM12878, SPRINT 0 359 98.9 96.9 5469 96 96.8 - 2081 75.9 95.5 -
cytosolic 725
GIREMI* 70 36 99 99.4 267 83.7 843 - 1193 82.8 73.8 -
131
GIREMI™ 100 38 99.7 - 260 886 - - 1010 73.5 - -
757
USTMG SPRINT 0 48 99.6 96.2 988 99.5 97.1 4.5 296 87.8 91.2 0
085
GIREMI 100 2152 99.8 - 114 96.5 - 9 509 88.6 - 53
RNAEditor 100 62 - - 6142 - - 42.3 155 - - 55.5
979
REDItools 100 628 96.5 - 238 46.2 - 80 14 39.7 - 100
(de novo) 949
JACUSA 100 2154 94.7 - 331 39 - - 4527 20.8 - -
(RRD)
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https://github.com/jumphone/SPRINT

Input data Re-align & Reads SNV RES
hyper-RES alignment | calling calling
calling assisting
SPRINT RNA-seq N N N N
GIREMI dbSNP + RNA-seq N
RNAEditor dbSNP + RNA-seq \ N N
REDItools dbSNP + RNA-seq or N N
DNA-seq +RNA-seq
RED dbSNP + RNA-seq or N
DNA-seq +RNA-seq
RES-Scanner DNA-seq + RNA-seq \ N N
JACUSA DNA-seq + RNA-seq N N
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SPRINT: an SNP-free toolkit for identifying RNA editing sites.

2017 Bicinformatics | Volume: 33, Issue: 22, pp 3538-3548 | DOL 10.1093/BIOINFORMATICS/BTX473
Feng Zhang £, Yulan Lu <, Sijia Yan 3, Qinghe Xing >, Weidong Tian 3

1 State k ey Laboratory of Genetic Engineering and Coflabarative Innovation Center for Genetics and Development,

< The Molecuiar Genetic Diagnasis Center, Shanghai Key Lab of Birth Defect, Translational Medicine Research Center of Children Development and Diseases, Pediatrics Research Institute, = Fudan University

ii 56 References ,’ 29 Citations*

O RNA editing Pull requests Issues Marketplace Explore
Repositories (142 ] 142 repository results
Code
£ jumphone/SPRINT
Commits @ Jump - R .
SNP-free RNA editing Identification Toolkit
Issues rna-seq  rna-seq-analysis  rna-editihg  rna-seq-mapping  rna-seq-pipeline
wi @ Python  MIT license  Updated on 9 Jul 2019
Discussions 0
Packages 0 o
[ a2iEditing/RNAEditingIndexer
Marketplace 0 A tool for the calculation of RNA-editing index for RNA seq data
Y716 @ Makefile Updated on 17 Dec 2020
Topics o
Wikis ed
] BioinfoUNIBA/REDItools
Users o REDItools are python scripts to investigate RNA editing at genomic scale.
e @ Python  MIT license  Updated on 14 Jun
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https://www.scrna-tools.org/tools

@ scRNA-tools

Tools

View entries for individual tools

Sorting & Filters

Sort by

Table

Tools

Name

Filter by category

Select multiple categories and click FILTER below

Alignment

Allele Specific
Alternative Splicing
Assembly

Cell Cycle
Classification
Clustering

Differential Expression
Dimensicnality Reduction
Gene Filtering

Gene Networks

Gene Sets
Haplotypes

Immune

FILTER RESET

Analysis  Updates

A

acorde

ACTINN

ACTION

ACTIONet

ACTIVA

ADImpute

Submit

FAQs

We use cookies

We use cookies and other tracking tech
targeted ads, to analyze our website traf|

o ﬂ Change my preferences
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FHERIADX CREHURPHECARIZARRZEE)

Batchl Detect IVIutuaI Nearest (MN) pairs e e
°o® Embed o BEER
e 0 — “ mm BN = ° %
Ll Embed I I I I T
000 & - BN =m Batch Effect
. I I I I I I I
G BRI N | Remover
Batchl o I
=
® A - PC1 % =:
e O \ Combine PCA PC2 - - . e
& ——> PC3 — 5 =’,= __, Remove PCs wit
N l =i |, low correlation
Batch2 / ormalize EI "

XX PC50

P PCx of Batch1l



Recent update

[ jumphone / BEER

<» Code

ves 1

Pull requests 0 Actions Projects @ Wik Seaqurity nsights Settings

Draft a new release

BEER 0.1.7 -
&2 jumphane releasad this on Nov 4 - 9 commits to master since this release
simple_combine(D1, D2. FILL=TRUE)
“FILL" can help users to keep genes that are expressed in only one condition (fill the matrix with 0s).
Defzult "FILL" is FALSE
¥ Assets 2

[ Source code [zig)

[ Source code [rargs)

BEER 0.1.6 -
&2 jumphone releasad this on Jul 25 - 31 commits 1o master since this release
BEER can automatically adjust "GMUM" when cell number iz small in some batch
b Assets 2

Edit

BEER 0.1.5

2 jumphone releasad thiz on Jul 23 - 99 commits 1o master since this releaze

“ComBat” is used to replace “Regression” in “ScaleData”

b Assets 2

https://github.com/jumphone/BEER

net 7 INa&hR 73 A
(RZ3FFLRtERERELRL)

e ®0agq
.... L ]
BEER
[] :.

L L N
e® e
- 8

Enhancement
( optional )

.. L L N 'Y
®o 0@ LE Y
. o

2D-UMAP

Adjust expression values

Find mutual nearest pairs

______________

Kmeans &
Spearman Remove PCs with batch effect

Adjust remaining PCs

Improve UMAP visualization




1. Find mutual nearest (MN) pairs

2. Remove PCs with “batch effect”

[=hR BEER

https://github.com/jumphone/BEER

&H scATAC 5 scRNA

# B cell proganitor
® CD14+ Monoeytes
& CD1B+ Monocyles

UMAP_2

3. Use Combat & BBKNN to further adjust the outpui ..

No imputation (;&BEREE [FUMAME] )
No cell removing ( ;2B MIER AR )

B cell progenitor
CD14+ Monocytes
CD16+ Monocytes
CD4 Memory

CD4 Naive

CD8 effector

CD8 Naive
Dendritic cell
Double negative T cell
Megakaryocytes
NK bright

NK dim

pDC

pre-B cell

NA

* NKdim
® poC

® pre-Bcell
® NA

hnsskk BEER

® ATAC
® RNA
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