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. sam/bam ) YTEeHUH Ha peepeHCHbIN

J

[ vcf J [ HabOp BAPUAHTOB J

[ IIPOTPaMMBbI J

fastqc / multigc — uccnenoBanue
L KaueCTBA YTEHUU

r

bwa, hisat2 - xkapTUpOBIIHKH

>
samtools — uccnenosanue sam/bam

k(I)aHJIOB

s

GATK — ompenenenre BapuaHTOB

vcftools / beftools — ucenenosanue

kHat6opa BapHaHTOB

AN

Bce ¢aitnibl XpaHUM 1 aHATM3UPYEM B apXUBUPOBAHHOM BU/IE! 2


https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://multiqc.info/
https://github.com/lh3/bwa
https://daehwankimlab.github.io/hisat2/
https://www.htslib.org/doc/samtools.html
https://gatk.broadinstitute.org/hc/en-us
https://vcftools.github.io/index.html
https://samtools.github.io/bcftools/bcftools.html

Variant Effect Predictor &/’

* VEP

« Ha Bxox moxxHO 1togath VCf daiin ¢ BapuanTamu

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

Web Tools

= Web Tools Variant Effect Predictor @
- BLAST/BLAT

I~ Variant Effect Predictor

I~ Linkage Disequilibrium Calculator

I~ Variant Recoder

I~ File Chameleon

|

|

|

|

ecent jobs =
Assembly Converter
ID History Converter
VCF to PED Converter

Nata Slicar


https://www.ensembl.org/info/docs/tools/vep/index.html

VEP

Species: = )
Homo_sapiens

Assembly: GRCh38.p14
Change species

Name for this job (optional):

Input data: Either paste data:

Examples: Ensembl default, VCF, HGV'S notations, SEDI

Or upload file: BribepwTe daiin ] ®alin He BLIGpaH

provide file URL:



VEP yelr

* [Ipu 3arpy3ke (aiiia co3aaeTCsi HOBBIM MPOLIECC

Analysis Jobs
Variant Effect Predictor E1 VEP analysis of doom_1_sample_het_hom vcf in Homo_sapiens

¢ AHHOTaHI/I}I 3dHUMACT KAKOC-TO BPCM:I

* Jloxxaurech craryca Done

Analysis Jobs
Variant Effect Predictor E1 VEP analysis of doom_1_sample_het_hom.vcfin Homo_sapiens (EEY [View resulis]



VEP ey

* Job detalils — oroGpakaeT Bce HacTpOMKH U
IPEIOCTaBIsICT KOMAaHIy U1 aHAJIOTMIHOTO
aHaJIM3a Ha BEIYUCIUTEIBHOM KJacTepe



OunbTpaumA

e TexHuueckas
* Jlo aHHOTALIMKU MOKHO YIAJIUTh BAPUAHTHI

* C HU3KHUM MOKPBITUEM
* C HM3KHUM Kaue€CTBOM

* CMBICIIOBaAS
* DTO CaMO€ HHTEPECHOE
 IIpennoxute 5 BapuaHTOB MPUOPUTHU3ALIMY BAPUAHTOB



VEP

» Conseguences

1 1

-

T J

- ™
[J 5 prime UTR variant

B regulatory region
[ start retained variant

B TF binding site

l splice donor variant
l splice acceptor variant
b

[] start lost

[] synonymous variant

[] missense variant

[] inframe insertion

H inframe deletion

B stop gained

B frameshift variant

B coding sequence variant

B intergenic variant
[] upstream gene variant

[ splice region variant

[ splice donor 5th base

[ splice donor region

[ splice polypyrimidine tract
l intron variant

‘ [] 3 prime UTR variant

‘ [] downstream gene variant

B stop lost
[ stop retained variant
B incomplete terminal codon variant )

B transcript ablation

[ transcript amplification
B protein altering variant
l mature miRNA variant
B NMD transcript variant
B coding transcript variant

l non coding transcript exon variant
l non coding transcript variant

| TFBS ablation / amplification

[ feature elongation

[ feature truncation

l sequence variant



https://www.ensembl.org/info/genome/variation/prediction/predicted_data.html#consequences

VEP

e Summary statistics

Category Count

Variants processed 34350

Variants filtered out 0

Novel / existing variants 6 (0.0)/ 34344 (100.0)
Overlapped genes 9179

Overlapped transcripts 47336

Overlapped regulatory features 4771

" Ie!l)

'/.Consequences (all)

<
W

intron_variant. 46%
non_cading_transcript_variant: 17%
upstream_gene_variant. 10%
downstream_gene_variant: 10%
NMD_transcript_variant. 6%
regulatory_region_variant: 3%
intergenic_variant: 3%
non_coding_transcript_exon_variant
3_prime_UTR_variant: 1%

Others

| Coding consequences

missense_variant: 53%
synonymous_variant: 46%
frameshift_variant: 1%
start_lost: 0%
inframe_deletion: 0%
stop_gained: 0%

stop_lost: 0%
coding_sequence_variant: 0%
inframe_insertion: 0%




VEP

" Ie! Y

IMPACT

HIGH

MODERATE

LOW

MODIFIER

Consequence examples

splice_acceptor_variant,
splice_donor_variant,
stop_gained, stop_lost,
start_lost

inframe_insertion,
inframe_deletion,
missense_variant

splice_region_variant,
synonymous_variant

5 prime_UTR_variant,
3_prime_UTR_variant,
intron_variant,
TFBS_ablation

Description

The variant is assumed to have high
(disruptive) impact in the protein, probably
causing protein truncation, loss of function
or triggering nonsense mediated decay

A non-disruptive variant that might change
protein effectiveness

A variant that is assumed to be mostly
harmless or unlikely to change protein
behaviour

Usually non-coding variants or variants
affecting non-coding genes, where
predictions are difficult or there is no
evidence of impact

10
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* HGVC

* PGKOMGHI[EIL[I/II/I I10 OIIMCAHHWIO ITCHOMHLIX BAPHUAHTOB

¢ EI[I/IHa}I CUCTCMaA OIIMCAaHUuiA BapI/IaHTOB ITIO3BOJIACT
HpI/ICBaI/IBaTB YHI/IKaJ'IBHOe 1 OJHO3HAYHOC «HMUMS»
BapUAHTY
- HGVSc - ENST00000320048.1:¢.819T>A
« HGVSp - ENSP00000321506.1:p. Tyr273Ter

11


https://varnomen.hgvs.org/

CTpYKTYypa reHa

gene (DNA)
exon exon exon exon
~——*—~ intron —— intron —— intron ————~

promoter
transcription

TN —

+ splicing

el

+ translation

amino acid
chain

+ posttranslational
modification

protein

© 2013 Encyclopaedia Britannica, Inc.

12



ANbTEPHATUBHbBIN CMAAUCUHT

DNA
RNA
1 2 3 4 5 1 2 4 5 1 2 3 5
MRNA sty -t Sxininininiulsinislnipininlaly - e e L
Translation Translation Translation

Protei A Protein B Protei C

ref 13


https://en.wikipedia.org/wiki/Alternative_splicing

Yem aHHOTMPOBATbL BAPMUaAHTbI?

* JK30H WJIM UHTPOH

* 11pUBOAUT JIM K 3aMCHC dAMHWHOKHUCJIOTDI

* [IpuoOperenue unu noreps STOP-komona

* OYHKIIMOHAILHBIE JIOKYChI
e CalT CIuIayiCUHTa
* CalT CBSA3BIBaHMS TPAHCKPUIILIMOHHOTIO (PaKTOpa



JK30H UM UHTPOH ?

5.’

Genome 1 2 £] 4 5 G
Transcript A
Transcript B
Tranzcript G
BApWnaHT

s TpanckpunTa A — UHTPOHHBIA BAPUAHT
J1ist TpaHckpunTa B — 3K30HHBIA BapUAHT
g TpanckpunTa C — CalT CIulaliCUHTa

15



MANE

 Matched Annotation from NCBI and EBI

* |leabr0 aHHOTAIAM ABJISIETCSA PA3PEIICHUE
po0JIEMbl MHOKECTBEHHBIX TPAHCKPUIITOB

 JlJ1s KaXX10T0 reHa IpeICTaBICH OJUH TPAHCKPHUIIT,
YAOBJIETBOPSIOIIUU PAAY YCIOBUNA



https://www.ensembl.org/info/genome/genebuild/mane.html

YTO M3 3TOro Ha3BaHMeE reHar

« A1BG

» alpha-1-B glycoprotein
« ENSG00000121410

« ENST00000263100.8
« NM 130786

« P04217

e [Touemy Tak MHOTO?!
Yy



HomeHKNaTypbl

* A1BG - symbol

» alpha-1-B glycoprotein - name

« ENSG00000121410 — Ensembl (gene)

« ENST00000263100.8 — Ensembl (transcript)
* NM 130786 — Refseq

* P04217 — UniProt/Swiss-Prot



HGNC

HUGO Gene Nomenclature Committee

HUGO Gene Nomenclature Committee

* YTBepKJI€HHAsI HOMEHKJIaTypa F€HOB YEJIOBEKA

Pseudogene 14749

Protein-coding gene 19392 Immunoglobulin pseudogene 203
Non-coding RNA 9303 Pseudogene 14509
RNA, cluster 127 T cell receptor pseudogene 37
RNA, long non-coding 5867 Other 1547
RNA, micro 1970 Complex locus constituent 70
RNA, misc 29 Endogenous retrovirus 117
RNA, ribosomal 60 Fragile site 1186
RNA, small nuclear 58 Immunoglobulin gene 230
RNA, small nucleolar 569 Readthrough 148
RNA, transfer 615 Region 82
RNA, vault 4 T cell receptor gene 206
RNA, Y 4 Transposable element 4
Phenotype 569 Unknown 564
Virus integration site 8

19



HGNC

HUGO Gene Nomenclature Committee

HGNC

HGNC data for A1BG

Approved symbol & A1BG
Approved name & alpha-1-B glycoprotein
Locus type & gene with protein product
HGNCID ® HGNC:5
Symbol status @ Approved
Chromosomal location @ 19g13.43

Gene groups @ Immunoglobulin like domain containing

Gene resources for AM1BG © =

Ensembl ENSG00000121410= W curated NCBI Gene 1= W curated
Ensembl region in detail =,
Ensembl gene sequence

UCSC uc002qgsd.5= Alliance of Genome HGNC: 5@
Resources
Nucleotide resources for A1BG & =]
& MANE Select NM 130786.4 RefSeq NM 130786 W curated
ENST00000263100.8 = NCBI sequence viewer

CCDSsS CCDS12976 W curated

20



HGNC

HUGO Gene Nomenclature Committee

HGNC

e [lone3Hoe mId MEAUITMHCKOU T€HOMUKHU

Clinical resources for A1BG 3]
OMIM 138670 MedlinePlus Search via A1BGE
DECIPHER SearchviaA1BGEF ClinGen Search via HGNC:5
Genetic Testing Registry Search via NCBI Gene ID 1& Clinvar Search via NCBI Gene ID 1

dbVar Search via NCBl Gene D 1=

* CrpaBo4Hasi HHQpOpMaLus

Other resources for AMBG (=]
AmMIGO Search via PO4217 = QuickGO Search via PO4217 =
BioGPS Search via NCBlI Gene ID 1= GeneCards Search via HGNC. 5=
Monarch Search via HGNC 5= WikiGenes Search via NCBI Gene ID 1=

21



HGNC

HUGO Gene Nomenclature Committee

HGNC

* [lone3noe ajis PUIIOTEHETUKU
Report HCOP homology predictions ‘

Approved symbol
Approved name

Locus type
Chromosomal location

Gene resources

A1BG @&

alpha-1-B glycoprotein €

gene with protein product @

19q13.43

NE HGNC:S ENSG00000121410 2 ‘1 =

reciprocal search

Gene symbol

Gene name

Locus type
Chromeosomal location
Gene resources

A1BGE

alpha-1-B glycoprotein
protein_coding

19

€/ ENSPTRG00000011588 & & 7423900

Assertion derived from:

E

Macaque
'
k

reciprocal search

Approved symbol
Approved name
Locus type
Chromosomal location
Gene resources

A1BGE

alpha-1-B glycoprotein
gene with protein product
19

88\ aNC69569 2 € ENSMMUG00000012459 &

2712737

Assertion derived from:

“end=Ee)]

Macaque
'
k

reciprocal search

Approved symbol
Approved name
Locus type
Chromeosomal location
Gene rasources

AFFiz
ALF transcription elongation factor 1

gene with protein product
4]

88\ oneeesiy & elensm MUG00000014076 &

+ elle MHOro OpraHM3moB HuxKe!

2700733

Assertion derived from:




Genome Browser

* [eHOMHbIN bpay3ep

SHNIH EHUZ ﬁi?ﬁ{ﬂi& ’ ; ? Genome Browser Gateway

Genomes Genome Browser Tools Mirrors Downloads My Diata Projects Help About Us
Browse/Select Species Find Position
POPULAR SPECIES HumanAssemh|Y

- - - | Dec. 2013 (GRCh38/hg38) v

. b '

-. - Mouse Febrefish tfi agm
Hn y ey Position/Search Term }
Search through thousands of genome browsers |Enter position, gene symbol or search terms |

Enter species, common name or assembly D | Current position: chrl2:6,333,553-6,53%,333 &1

23


https://genome.ucsc.edu/

Genome Browser

* Buszyanuzanus CTpyKTypbl TEHOB, BKJIKOYAs
TPAHCKPHUIITHI, B pAMKaX Pa3HbIX HOMEHKIATYP

* bosIbII0€ KOTUYECTBO aHHOTALIMM JIOKYCOB:

KOHCEPBATUBHOCTH
YPOBEHb IKCIIPECCUU B PA3HBIX TKAHAX

HaJIMYKWE BApUAHTOB, IPEICTABICHHBIX B PA3IUUYHBIX
knHnYecknx 60a3ax manHeix (OMIM, ClinVar, COSMIC

H TIp.)
(PyHKIIMOHAIBHBIC YUACTKH (CalThl CBS3BIBAHUS,
SHXAHCEPHI U TIp. )

TIOBTOPSIOIINECS DJIEMCHTBI
MHOTO€ JIPYyIroe



Genome Browser

e MoxHo mojaBarhk Ha BXxoJa ID rena

* [logaepxuBacT MHOXXECTBO HOMEHKIIATYP

Search

[Human v | [Human Dec. 2013 (GRCh38/hg38) w | for

|3F30b || Search |

Use the tree to hide/show results from only these categories. Hover your mouse over each category for an
explanation:

i i GENCODE V44 (96 results)
A & hg38 Track Data (253 results)
: ﬁ w Visible Tracks (10 results)
L B RefSeq Curated (10 results)
i w Currently Hidden Tracks (243 results)
1' W' Genes and Gene Predictions (240 results)
; i b RetroGenes V9 (2 results)
: w Other RefSaq (83 results)
| @ MANE (13 results)
i— i IKMC Genes Mapped (15 results)
| @ HGNC (16 results)
|_. & NCBI RefSeq (51 results)
| | ¥ GENCODE Versions (8 results)
J W' Phenotype and Literature (1 results)
[_ & GeneReviews 1 results)
i w' mRMNA and EST (2 results)
i w Human mRNAs (2 results)
W Public Hubs (74 results)

25



Genome Browser

* B renomHoM Opay3epe Bcs nHpopMaus
BU3YAIM3UPOBAaHA B BUIEC TPEKOB

* PazmeTka renoB no Bepcun GENCODE V44;
IIPEJCTABICHO 3 TPAHCKPUIITA

' GENCODEVMEZtm filtered out)

APOB . s
ENSG000002803 r
APOB

* Tpek KOHCEPBATUBHOCTH; PACCUMTAH HA YPOBHE
II03BOHOYHBIX; BBIIIC 3HAUCHUE — 00jIee
KOHcepBaTHBHLIﬁ JIOKyC

ertebrates Bas vation by PhyloP

, ks Dbl 4 30 ) Vm,,H N T O O O Y I

26




Genome Browser

* Tpeku MOXXHO BBIBOAWUTH B IATU BapHaIAAX:
* Hide

Dense

Squish

Pack

Full

JI1s1 n”3BMEeHEHMs TUIIa IIPEACTABICHUS IECJIKHUTE 110 TPEKY
paBOM KHOIKOMW MBIIIIM U BEIOEpUTE HEOOXOIUMOE
pEJICTaBIICHUE



Genome Browser

multi-region | chr2:21,001,429-21,044,073 42645 bp. |gene. chromosome range, search terms, help pages, see examples| go | examples

Scale 10 kb} | hg3s
chrz: 21,005,000] 21,010,000] 21,015,000| 21,020,000] 21,025,000| 21,030,000] 21,035,000| 21,040,000|
Referer Assembly Fix Patch Seql Alignments

hr2_MU273344v1_fix |
Reference Assembly Alternate Haplotype Sequence Alignments
(GENCODE Va4 (2 iterns filtered out)

ENSG00000280390 -
RafSaq ganas fmm NCBI

L]
OMIM Allelic Vananl Phenulyaes
OMIM Alieles [ I (I A \ |
OMIM Gene Phenotypes - Dark Green Can Be Disease-causin
OMIM Genes
Gene Expression in 54 tissues from GTEx RNA-seq of 17382 samples, 948 donors (V8. Aug 2019)

APOB
III = 5 I. - ==

AC010872.1 ____
ENCODE Candidate Cis-Regulatory Elements (cCREs) combined from all cell types
ENCODE ¢CREs [ ] 1 [ | | |
H3K27Ac Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE
Layered H3K27Ac

4 1f|f| vertebrates Basew ~on c‘.ﬂr‘zmn n by PI )-In-‘

R Y] MWWMJ ,L“ lwwvjwlw.,,,ﬂ“mwlu JHMMLMLLwLL«JTLWWLL%H

Mulhz Alignments of 100 Vertebrates

Bhesus

Mcn-se - N T T T T T T
/TN R ST | MM |

Eleplnl L _

Chicken — NN
X_tropicalis

Zebrafish

enel\c Varlan[s [mrrl cb NP rel ease 155

Short
Common dbsNe(tss) | | (1 111 1l || TR TN Ot it e R R TR AR A R R R R TR TR
Repeating Elements by RepeatMasker
RepeatMasker I | mEnmm i R O IEm nmmmu | [TT0 T

MO>XHO B CTpOKE ITOMCKa BBECTH JIOKYC B (hopmare
chrN:start-end



Genome Browser

* BHHM3Y cTpaHUIIEI €Il €CTh OIPOMHBIN CITHCOK
CIPSATAHHBIX TPEKOB (B IpeacTaniacHun hide)

ﬂ Mapping and Sequencing
Base Position P14 Fix Patches P14 Alt Haplotypes Assembly. Centromeres Chromosome Band B Clone Ends W Exome Probesets
@® FISH Clones Gap GC Percent GRC Contigs GRC Incident Hg19 Diff INSDC B | ifiOver & ReMap

hde

LRG Regions I Mappability New Bm Problematic Region ™ Recomb Rate RefSeq Acc Restr Enzymes Scaffolds Short Match

s

STS Markers

[ - | Genes and Gene Predictions
Updated GENCODE V4 ™ NCBI RefSeq CCDs CRISPR Targets Updated B8 GENCODE Version HGNC @ IKMC Genes Mappe LRG Transcripts

4 hide v s d

ful v

MANE] MGC Genes B Non-coding RNA Old UCSC Genes  ORFeome Clones Other RefSeq Pfam in GENCODE W Prediction Archive
RetroGenes V9 B8 TransMap V5 UCSC Alt Events M UniProt

hde

- | Phenotype and Literature
OMIM Alleles I CADD B Cancer Gene Expr B ClinGen % B ClinGen CNVs 8 ClinVar Variants s Constraint scores @ Coriell CNVs

New COSMIC % COSMIC Regions DECIPHER CNVs DECIPHER SNVs B Development Delay GenCC Gene Interactions GeneReviews

hide hde

GWAS Catalog HGMD public W | OVD Variants OMIM Cyto Loci OMIM Genes Orphanet I PanelApp @ W REVEL Scores

hide v

| SNPedia I TCGA Pan-Cancer UniProt Variants B Variants in Papers

Jlanee BHU3Y e11e MHOTO 29



Genome Browser

* Jls1s1 oTOOpak€HHs HOBOTO TPEKa
* BEIOEPHUTE €r0 M3 CIIMCKA BHU3Y
* IIOMEHSIITE IPEACTaBICHIE TPEKA HAa HEOOXOIUMOE
* o0HOBHUTE cTpanuny (KkHOmKH refresh)

o Jlns ymaneHus Tpeka u3 opaysepa
* IIOMCHSITE MpeICcTaBICHIE Tpeka Ha hide



GeneCards _

* 9HHI/IKHOH€I[I/IH AHHOTHUPOBAHHBLIX I'CHOB YCJIOBCKA

* Arperupyetr MHOXXECTBO HH(popMalinuy, 0a3 JaHHBIX
Y JIOTOJIHUTEIBHBIX PECYPCOB

e ~200 ncrounukon!!!

* MOXHO I10/1aBaTh UMs T'€Ha B JFOOOH HOMEHKJIATypE

31


https://www.genecards.org/
https://www.genecards.org/Guide/Sources

CTaTUCTUKA

GeneCards Version 5.18 (Updated: Oct 5, 2023)

Total genes
HGMNC approved
Disease genes

Hot genes

466,332
43,718
20,000
500

Category ©
Protein-coding
ncRMNA genes
IncRNAs
piRMNAs
miRNAs
rRNAs
tRNAs
snoRMNAs
SRP_RNAs
circRNAs
Other ncRNAs
Functional elements
Pseudogenes
Genetic loci
Gene clusters

Uncategorized

# of Genes
21,652
291,346
130,005
111,811
6,903
1,250
1,158
1,904
9,022
120
29,173
128,259
21,979
1,287
10
1,799

Example Genes

MTOR FGFRZ RET RAF1 MET MAP2KZ MAP2ZK1

SFTAS OFCC1 SPATAS SLC22AT8AS HCPS LINCO03040 DLEU1

piR-52356 piR-30791-073 piR-62069 piR-62060 piR-62024 piR-61955 piR-61945-518
MIR2T MIR143 MIR140 MIR27A MIR145 MIRLET7D MIRLET7C

MT-RNRZ2 MT-RNR1 RNAS5517 RMAS5516 RNA5515 RNA5513 RNA5S512

MT-TLT MT-TV MT-TT MT-T51 MT-TF MT-TW MT-TN

SMORDES SNORD3A SNORD118 SMORA73B SNORAG4 SNORAGZ SCARNAS
RN75L2 RN7S5L1T RN7S5L3 RFO0017-7992 RF0O0017-7752 RFO0017-6963 RF0O0017-6018
OP794511 OP794616 OP794610 OP794600 OP794560 OPT794534 OP794524
ADGRF2ZP TERC ARRDCT-AS1 HCG22 SCARNAY SCARMNAGE RNU4ATAC

FRAXA HEBB-LCR FRAXE H19-ICR LOC111365204 FRA16B FRA11B

BIRC8 SLC26A10P GUCY1B2 GNRHR2 ZNF781 TRIM16L OR10J3

ERVE-1 5T2 VIST IGKDEL IFNR ERDA1 AZF1

PCDHG@ PCDHE®@ IGLV@ IGKVE@ HOXD@ HOXA@ HOXE@

C200rf181 UGT1A ERVKS-11 ERVH-1 KHDRBS2-OT1 ERVK-28 CCDST

32



Pasnensl _

MalaCards

THE HUMAN DISEASE DATABASE

GeneCards Sections

Aliases .

:Ll:w-w'nri:-s Genes"lkeMe
- o RELATED GEMES

Genomics

GeneHancer

GeneHancer Regulatory Elements
g ! ENHAMNCERS & TARGET GEMNES

Proteins G C RNA
Domains _Ene a ABASE
Function

Localization

Pathways & Interactions

Drugs & Chemical Compounds

Transcripts GeneAna
Expression GENECARDS GENE SET"ANALYSIS
Orthologs

Paralogs

Variants

Disorders / Diseases
Publications

Products
33



The human protein atlas

e Ha Bxona: ID rena v Oeska

e 12 cekIuiu:

TISSUE BRAIN TISSUE CELL TYPE PATHOLOGY
b
re—@ ¢
p » 9, o ®
A5 s . L m . - _
Protein and RNA profiles in Protein and RNA profiles in brain Single cell RNA profiles in tissues Cell type profiles in tissues based Protein and RNA profiles in Protein levels in blood in patients
tissues based on antibodies and based on microdissected regions based on single cell RNA on deconvolution of bulk human cancers based on with diseases
transcriptomics analysis franscriptomics antibodies and transcriptomics
BLOOD PROTEIN SUBCELLULAR CELL LINE STRUCTURE ' ERAC(

® W N
- Jl
T

RNA profiles in human immune Blood protein levels in healthy Spatial, subcellular protein RNA profiles in human cell lines 3D-structures of human proteins Human protein-protein
cells individuals and the human profiles in human cells based on with best models for human with antibody-binding sites and interactions and metabolic
secretome antibodies cancers genetic varianis enzyme profiles



The human protein atlas

Gene

__ Gene'

| Gene synonym'

() Ensembl gene id'

. Gene description’
) Uniprot accession

| | Chromosome

) chromosome posmon

L] ) Protein class'

L B|olog|cal process

| Molecular function'

[ Disease involvement!

Evidence

Evidence (summary)!
L HPA evidence

L UniProt evidence

() NextProt evidence

Atlas

Tissue!

Brain'

single cell type!
Tissue cell type'
Pathology'
Disease!
Immune cell
Blood'
subcellular
Cell ling'
Structure’
Interaction’

RNA category human

|| RNA tissue specificity

L RNA tissue distribution!

|: | RNA tissue specificity score

L] RNA tissue specific nTPM

|_.' RMNA tissue nTPM max in non-specific
|: | RNA single cell type speciﬂcityi

|__\- RMNA single cell type distribution’

|:\. RNA single cell type specificity score
|_ | RNA single cell type specific nTPM
L] RNA cancer specificity’

(L) RNA cancer distribution’

|: | RNA cancer specificity score

| RNA cancer specific FPKM

|__‘- RNA brain regional spec:iﬁcity.ri

|:\- RNA brain regional distribution’

|. RNA brain regional specificity score
|:. RNA brain regional specific nTPM
L_J RNA blood cell specificity’

L RNA blood cell distribution’

|/ RNA blood cell specificity score

|_.' RMNA blood cell specific nTPM

|_ | RNA blood lineage s.peciﬁcitj,ri

[ RNA blood lineage distribution’

|:‘. RMNA blood lineage specificity score
|_ | RNA blood lineage specific nTPM
L RNA cell line specificity’

|:\- RNA cell line distribution’

|_ | RNA cell line specificity score

] RNA cell line specific nTPM

] RNA tissue cell type enrichment

RNA category pig/mouse
[]
(]
:.l RNA mouse brain regional specificity score

|._: RNA mouse brain regional specific nTPM

RNA mouse brain regional specificity’ _
RNA mouse brain regional distribution’

RNA pig brain regional specificity’

:' RMNA pig brain regional distribution’

|.__ RMNA pig brain regional specificity score

RNA pig brain regional specific nTPM

Annotation

[ Antibody ID'

| Reliability (IH)'

;_.l Reliability (Mouse E!rain)i
_| Reliability (IF)'

| IH abundance (Normal Tissue)'
[ ]

Subcellular location’
Secretome location'

[ secretome function’

:l Cell Cycle Dependent Protein’

L Cell Cycle Dependent Transcript‘

| cancer prognostic p-value'

_| Blood expression cluster

|.__ Tissue expression cluster

|._ Brain expression cluster

_| Cell line expression cluster

. Single cell expression cluster

| Num protein interactions



The human protein atlas

* Jlerexnust MPHK 1 cooTBeTcTBYyromero 0enka B
Pa3INYHBIX TKAHSIX, TUMAX KJIECTOK M KIECTOYHBIX

JIMHUAX

RNA AND PROTEIN EXPRESSION SUMMARY?

Protein expression [sc:c:re]i

RNA expression [nTPM]i

Brain

Eye

Expression CVELTL ]

Organ

GTEX dataset’

nTPM

500 -
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The human protein atlas

* CyOKieTouHas JoKajlIu3auus OeliKa

|| Allnon detected compartments
- RHOA detected in Plasma membrane and Cytosol
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The human protein atlas

* CtpykTypa O€jIKa ¢ MOMYISIHOHHBIMU 1
KJIMHAYECCKUMM BaprallusIMHU

Description:
Structure prediction of P61586 from Alphafold project, version 2

Color scheme:

Residue index Your selection

Variants:
off Clinical (#=2) Population (#=17)
Population ations: Autorotate:

Ala-=Cly (o])]

SIFT. tolerated 0.1000
G PolyPhen benign 0.0000 Confidence for predicted structure:
B verv hinh il ANT > a0y

Description:
Structure prediction of P61586 from Alphafold project, version 2

_ . Color scheme:
Clinical variations:
——— Confidence Your selection
SIFT: deleterious 0.0400 Variants:
PolyPhen: possibly_damaging 0.7470 off Population (#=17)
' Pathology: pathogenic Autorotate:

o NS

N mHoroe apyroe!



UniProtKB

Retrieve/ID mapping

CepBHC TTO3BOJISIET TIEPEBECTHU

criicok D u3 olHOM HOMEHKIIATyPhI

B APYI'YIO

Retrieve/ID mapping

Enter one of more IDs (100,000 max). You may also load from a text file. Separate IDs

From database To database

Mame your ID Mapping job
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https://www.uniprot.org/id-mapping

Tunbl PHK B KneTke

e Kakue Bbl 3HaeTe?

* [1o KAKOMY NPUHLUNY MOXKET UATK aeneHue?



Tunbl PHK B KneTke

* ToranpHaga PHK

* NOJIMA

* be3 ppakuuu pPHK
* [1o pasmepy

* Mansie: mukpoPHK, muPHK, maPHK, ...

* |10 BHYTPUKIIETOYHOM JIOKAJIU3AIUU
* Anepnelie
* [luTomimazmMarndeckue
* ACCOLIMUPOBAHHBIE C XPOMATUHOM



3aaa4a

* CEKBEHUPOBATh TPAHCKPHUIITOM

* Ho B cekBeHATOp HYKHO I10JaBarh /|
OMOJINOTEKY

e Kak ObITE?

P 4

HK-



[lpouecc

* [loaroroBka nyxHou (pakuuu PHK

* [Iposepka kauectBa PHK

* O6parnas TpaHckpunuusa => kJIHK

» ®parmenranus (~200-300 Hyk)

* CekBEHUPOBAHUE (YEM IITyOXkKE, TEM JIYUIIIC)



Penamku

e Y10 310 Takoe?
e Kakue ObIBAIOT?

* 3a4eM HYKHBI?



Penamku

* TexHUYECKUE PEIIMKUA — ITOBTOPHBIM aHAJIN3
OJIHOT'O M TOrO K€ 00pa3ua

* broJIornyecKrue pemiImKi — TaKOE K€ UCCIEIOBAHUE
aHAJOTMYHOTO 00pa3na

TECHNICAL BIOLOGICAL

YN

ﬂ


https://hbctraining.github.io/Intro-to-rnaseq-hpc-salmon/lessons/experimental_planning_considerations.html

CKO/IbKO HYXKHO peninkK?

1.0

>

06

Fraction of significant genes
0.4

0.2
1

Tt L ST

£y wm g

0.0

ref

(

# DE genes (FDR 0.05)

) 6000 -
5000 -
4000 -
3000
2000

1000

5

10 15 20 25
Number of Reads(M)

L =
=

@

# Reps

-2
-3
-4
]
MG
B
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4878611/
https://watermark.silverchair.com/bioinformatics_30_3_301.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA3wwggN4BgkqhkiG9w0BBwagggNpMIIDZQIBADCCA14GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMnjO3LYY0FWR-ZjGJAgEQgIIDL_5Deo2XSHD4wr0KH1HjBUfENhw8mGgvG2i7APg4Pv0-iBbv6Y4rOpUDblsVCCRNmsCL2ESgRKGTRLZlGSsO3giP0CNwHNVKFGpU9FjgM2D5YQ-3S1G74bxWCYAbL3-MbflhalfLK3A1CXtqp6PCkKggODk-akp3Ua6_v86rszrxNNK1yNFwmDyAVO1p8499hbuUt9c14LQOmRecGJwy_Dp2vEQ-qC60nP4b0CYYtJ-ciOoXuvz5buRtpQ8XiY7hhlKgRdgdMIdxil3PVXAtKlnwEzyymBl5xp9HFju6Ok4yw75dpU-uyCWWBeYTRV8kYAZmxCYhbwxbGMfGLxzI0RyRDTrLzM_PFMELNPBlTJg1dBanbF-E0zTrGvxJG-pGkb_LsPtkydrvVMbJhZ0F2dwuGrm1xCEjiwhyAknQ8Qxh-uvaKc1Pzg2aBvLh6qBI5_2LN7v1YxTgzuhahqMk1TREeejMoK2NZ47-EqHfl0W3a_m-IchK7tCDEMmunwP1FHo1JafbavDXB9rSMRKepMJ0UNm_AMTgEt2yhcGLfV0uKSRcuYc6CaCOEevd40JRhN8DG8NSxrt85AKnhX-0uyBJ_X-Qp0d_pUk4Kml3psOIBlZ6BzRFbGS-msn_hGVM6XInLZov_6vuviAdeLzUaa-3gRMPRbvzJYOjPls2GyBV40u0CVvY7XlCkIbN1rPEHkO2FlkR1l1Qsx15ZcezDrvV5NfFK94bfTPVqJyExSnbVFfpCxnN3NeX_brfhGdtoPwSz3Nk6JoaT9E3moOoHKqZ6SniR20Jz29cPqPCgfU0WW6ucR3tlTyLv4dlnWsVOIiXFzJDovcPujlXSchQLLCuj8S4l8CmRQE6zBnKPOKKzyY_P4HuwP363Nu_8k9gFoBQVqIt7OpBZ62WulpIVjlIBAevYuLXNy7WRhL9vo8bTSyp_1G9CSsaqRIWJ7SLKPCIUEwdHRgLmUrRrIfhH3cVv-pXFg7CFf9JQhgWj8HN24X6qXHKETPWnE31FfTIuJGzSU_auaNuKuYl8PfAqz-IMS-t7vTwrjeUHUve325TotMNLE6GYh6Ky24QE8ts

Isolated cell or
tissue population

Extract total RNA

Long ncANA

/\//\/ r\f‘\\JJ\\A i

AAAAA
Ar\f\/

Small ncRN. mRNA

P e i AAAAA

Isolate specific RNA species
Poly-A selection Ribo-depletion Size selection
N
~——_ AAAAA s AAAAA e

S~ AAAAA

Convert to cDNA
cDNA

Construct sequencing library

= e— Y S—

ﬂ

PCR ampilification and sequencing
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4863231/pdf/nihms768779.pdf

ﬂ

Sequencing reads

Align reads to genome

| Assemble transcripts

Reference-based

I4-

!

De novo assembly

Quantify abundance

FPKM

GeneA GeneB GeneC

v

Test for differential
expression/splicing

v v

Assess allele-specific '
expression Identify eQTLs
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4863231/pdf/nihms768779.pdf

Llenb-cneumnduyHbie OMbANOTEKM

* [Ipn cexkBeHHpPOBAHUHU COXPaHsAEM HH(POPMALUIO O
TOM, ¢ Kakou 1env JIHK nura tpanckpunims

* 3AUEM?




Llenb-cneumduyHOCTb

* MYJIBTUK

|chr11 (p15.5-p15.4) [15.4] [ 11p15.1 11p13 11p11.2 3. q14. 24,

Scale 100 kb} | hgas
chrii: 2,450,000] 2,500,000] 2,550,000| 2,600,000/ 2,700,000| 2,750,000/ 2,800,000] 2,850,000/
atc nce Alignments
Reference Assembly Alternate Haplotype Sequence Alignments

Beference A
Heference A

chri1_Kiz270e31v1_a!t | 1 e B
GEMNCODE V44 (9 items filtered out)

TRPMS s etesse

TRPMS5 KK

TRPMS K]

KCNQ1 it

KCNQ1 {

KCNQ1

KCNQ1
§ |
CNQ1OT1 I
CNQ10T1
.CNQ10T1
CNQ10OTH ]
.CNQ10T1 I 4

==
S

-
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https://youtube.com/watch?v=_nKWSXTC9a0

AHaNM3 TPAHCKPMNTOMOB

* [IepBbie padoThl — 2008 roj - IpoKKH

A
O |
(VO SR CUUR O LR T LR PO TR
T L1 (AR UL (8T (I |
VAR | [0 LORUAR A0 O (N XU NECRE O Ot O LT (AR AR R MR e
AR (R M1 RER R OUOREN TR
VI IRV
AVATI | {1 FRATRLN Y VR ST T RO A I R
AITI 0 TR R R R
O IEME 0 R
b 11T R RRT SR TN IR AT ITIE TR LN |
OO BTV RO NI
SO W1 U (BRI A OB A I AR VY |
b {1 1R B (A TR A RO [T I
SOV | [T SR R WA T
bAVAN A8 { A0 R0 1 I TIOE T TREA T A LA AN
XV BEPPWO0 000 000 0 O ORS00 O ot 1o

Mito NI
0 1 4 6 15 Base count (log2)
NO LOW MEDIUM HIGH REPEAT
ref

B 6%

44%

I No Expression
I L ow Expression
Medium Expression
[ High Expression
I Repeat Masked

51


https://www.science.org/doi/10.1126/science.1158441

[ndpdepeHumanbHaa aKCnpeccus

A cell B cell

\ 7/
scRNA-seq or BULK RNA-seq

l

Differential expression analysis
Cell

ﬁf
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https://link.springer.com/article/10.1007/s40484-016-0089-7#Abs1

ANbTEPHATUBHbBIN CMAAUCUHT

* APOB-100 — mimHHBIA TpaHCKPUNT, CHHTE3UPYETCS
B IICYCHMU

* APOB-48 — KOopOoTKHi1 TPaHCKPUIIT —
CUHTE3UPYETCS B KUILICUHUKE

* CHHTE3UpYIOIIHECS OCJIKH BXOJST B COCTaB Pa3HBIX
IPYINIT JIMIIOOPOTEUMHOB, KOTOPBIE 3aTEM HUIYT
KaKJIbIM CBOUM IIyTEM METa00JIM3Ma



Hekogupytowme PHK

Genome
il /m

<200 nucleotldes '>200 nucleotldes

i ) e

>

RN e e
y

— MRNA ===p Protein

10.3390/ncrna5020031 54



RapTnpoBaHue

* YeM NpUHIUIIHAIBHO OTJIMYACTCS KAPTUPOBAHUE
YTEHUU DK30MHOI0 cekBeHupoBaHus U PHK-
CEKBEHUPOBAHUA?



HISAT2

Reads I



https://wikis.utexas.edu/display/bioiteam/Mapping+with+HISAT2

AHHOTaLMA

* Hy>XHO KaXXJIOMy I'€HY NPUITHUCATh KOJIUYECTBO
YTEHUU, KOTOPBIE HAa HETO MONaIA



e KHMxka
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https://learn.gencore.bio.nyu.edu/
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