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Innate and immune response

innate -
i mmun Ity activation

®

dendritic cell movement to
APC * local lymph nodes

first response
to pathogen

s B

bacteria @is== < neutrophil
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: antigenic peptide
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Th1 response
pathogen proliferation / INFy, TNFa, IL12
specific attack differentiation @
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Cellular immunity\\wcmy_ T cell Th2 response
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Immune cells distributed in the human body

Total immune cells 1.8x10%2
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Lymphatlc pNAs RESEARCH ARTICLE SYSTEMS BIOLOGY o' OPEN ACCESS &R
updates
System
Tx10 The total mass, number, and distribution of immune cells in

the human body

Ron Sender® &), Yarden Weiss® &, Yoav Navon®, Idan Milo®, Nofar Azulay™, Leeat Keren™&), Shai Fuchs® ), Danny Ben-zui* &, Elad Noor®
and Ron Milo®!

Edized by David Baker, University of Washington, Sesttle, WA recevad May 27, 2023 acoepted Septemoser 17, 2023
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CELLXGENE database

IO0CZ CELLxGENE

Discover the mechanisms
of human health

Download and visually explore reference-quality data to understand
the functionality of human tissues at the cellular level with Chan
Zuckerberg CELL by GENE Discover (CZ CELLXxGENE Discover).

UNIQUE CELLS DATASETS CELL TYPES

CI/ p Yewd UNIVERSITY OF
DEPARTMENT OF b OX F O RD
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CELLXGENE database

@ cellxgene.cziscience.com/:

Datasets

Filters
Assay v
Cell Count v
Cell Type v
hematopoie]
Consortia v
Development
Disease v
Gene Count
Organism v
Publication
Publication D
Self-Reporte
Sex v
Suspension 1

Tissue v

0‘,.Jiorci' "eco

AN
(=]
TH g

< Datasets 573 of 1125 Tissue
Supercluster: Non-neuronal cells 8 tissues
Transcriptomic cytoarchitecture reveals principles of human neocortex
CELL CLASS CELL SUBCLASS
cardiocyte 100
B cell 228
connective tissue cell 444
CD4-positive, alpha-beta T cell 138
defensive cell 377
CD8-positive, alpha-beta T cell 145
epithelial cell 514
dendritic cell 165
+/ hematopoietic cell 573
hematopoietic precursor cell 80
muscle cell 299
leukocyte 560
neural cell 418
lymphocyte 332
precursor cell 392
macrophage 345
secretory cell 376
waiemlaid asll AN
Dissection: Cerebral cortex (Cx) - Gyrus rectus (ReG) - Medial cerebral cortex
orbitofrontal cortex - A14
Human Brain Cell Atlas v1.0
Dissection: Cerebral cortex (Cx) - Temporal pole (TP) - cerebral cortex
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Temporopolar area - A38

Human Brain Cell Atlas v1.0

Disease

normal

CELL TYPE

activated CD4-positive, alpha-beta T cell

activated CD4-positive, alpha-beta T cell,

human

activated CD8-positive, alpha-beta T cell

activated CD8-positive, alpha-beta T cell,

human
activated type Il NK T cell
alpha-beta T cell

alternatively activated macrophage

normal

normal

]

5]

Assay

10x 3'v3

x3'v3

x3'v3

x3'v3

x3'v3

x3'v3

10x 3'v3

10x 3'v3

Organism

Homo sapiens

Homo sapiens

Homo sapiens

Homo sapiens

Homo sapiens

Homo sapiens

Homo sapiens

Homo sapiens

Cells

108,240

148,374

40,191

114,605

36,941

33,968

14,352

37,642

=




Evolution of Gene Expression Analysis: A Century of Discovery

o™

RNA Reverse Transcription Polymerase Chain Reaction (RT-PCR)
A 4
Noitherm Blottin ' \ Reverse transcription
Northern biotiing
Yy Yy s e o (1] i [[] A
/ x / EISWTOQSIS Visulation of RNA l' :'I “
‘ + olymerase
. v ¥ . ’ \ p ' l
25 v 7 Rosalind Franklin S *f N RS \<::;y .
50% vy /77 s DNA Microarray
» Transfer of RNA from gel to memberance Y YY)
25% yy cecece 5 e
e H
ccece 1
Gregor Mendel e
1900s 1940s-1950s 1970s 1980s
Sample Photo 51

Double helix
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Overview of the Central Dogma of Molecular Biology and Processes Involved the Flow of Genetic Information

)/_c ‘\i\a . .

/ 1Chromosom§\ Chromatin fiber Condensed chromatin Open chromatin
g f\ |

,\ \ \\ ......

\"‘x i Histone modifications

‘ Replication DNA methylation
'ﬁm X DD
@MNMNNMNNM%MWMMMMW@% XXX Double helix
%@% Transcriptional regulation Transcription
%\% RNAP

]

\ L
mRNA .
Reverse - Post-transcriptional

oigs regulation
transcription Poly-A
\. Alternative splicing
Translation regulation
SUMleation Glycosylation SDP Translation
e s & o
. \: 4 ADP-ribosylation

Phosphorylation Ublqumnatlon Methylatlon Post-translational

ﬁ w 5 / 5 . %OH modifications

Acylation Polyamlnatnon Hydroxylation

o‘,jord I’t?
“ d\ | UNIVERSITY OF
4}1\&, b Pramanik et al., 2020
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DOI: 10.1016/j.molp.2020.11.002




Coding and non-coding RNAs

RNA

Coding RNA Non-coding RNA

f \
|
I MRNA : Translation related Short non-coding Long non-coding
: I RNAs RNA RNA
I
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How to select and sequence specific RNA classes?

Isolated cell or
tissue population
¢ Extract total RNA

Poiy-A selection Ribo-depletion Size selection

o~ AAAAA = s —

PCR ampification and sequencing

oﬁiord Ve(_“
O

0 >
4 0?‘}’3 d\p

NS

S
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| RNA Sequencing

@ Isolate RNA from samples

Ligate sequencing
adapters and amplify

T

Fragment RNA into
short segments

@ Convert RNA fragments
into cDNA

@ Map sequencing reads to

the transcriptome/genome

UNIVERSITY OF
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Transcriptome pipeline of analysis
jove

A - Filter low-quality reads B Transcriptome pipeline container

Quality control - Remove adapter
sequence

High-Throughput Transcriptome Analysis for
Investigating Host-Pathogen Interactions

André Nicolau Aquime Gongalves'” Vanessa Escolano Maso®, icaro Maia Santos de Castro?®, Amanda Pereira
Vasconcelos®, Rodrigo Luiz Tomio Ogava”®, Helder | Nakaya®™*

X - Mapping of reads to
Sequencing and reference genome

annotation - Annotation of reads to
gene

Statistical and - Define DEGs
- Found co-expression

co-expression analysis | odules

1 Laboratory of Pathology of Infectious Diseases, Depariment of Pathology, Medical School, University of S3o Paulo 2Scienuﬁc Platform Pasteur

usp 3Demrlrnenl of Clinical and Toxicological Analyses, School of Pharmaceutical Sciences, University of S3o Paulo 4Hospita\ Israelita Albert Einstein

Q
£
>
9
o
ot
w
8

FeatureCounts
trimmomatic

P nicolau@headnode:~ - a X

Docker

Molecular Degree of - Found potential outliers
Perturbation analysis ~ samples

. . - Determine biological
Functional Analysis means to DEGs .

Cm transcriptome-pipeline D Transcriptome libraries from

B data Soares-Schanoski A et al., 2019
O e

@8 datasets x20 healthy people o e —

=~ i Folder
{2 annotation ; ;

s
: :

structure x39 CHIKV-infected people o ooooo: o : : . 1 : : : : :

5 |ENSG00000000457.12  SCYL3 235 198 671 726 758 180 711 182 312

genome e — 1 — — —"—_ — —

| — 9 |ENSGO0000001036.12  FUCA2 3151 3859 3435 6287 10039 2738 2358 2846 3103
_- reSultS 10 |ensGooooooniosss  aeic 753 a7 119 2830 20 331 250 205 w8
Blood samples were collected and -y e — ——— ———

[ . H H 14 |ENSG00000001457.15  LASIL 1841 2912 3843 4038 3865 2583 3526 1228 2348
—@ scripts sequencing was done on the lllumina platform 5 ocmois  pens e s = » : : : :
18 |ENSG00000001629.8 ANKIBL 578 71 2041 2638 2546 97 1617 73 461

23 |ENSG00000002330.12  BAD 2414 4696 3088 2503 3620 3135 1608 2157 2766
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Outlier identification based on class sample expression

A control samples

gene
expression

perturbed samples

calculate median and
standard deviation
[ | of control samples

[ L]

median expression
standard deviation

R oL
“« e —
l l vy ~— Step 2:~—

] calculate z-score
| values

z-score
(relative to controls)

absolute SD number
(relative to controls)

outlier
control

Sample MDP

potential

sample

Step3:._—%
¥ threshold z-score
Ll‘ | absolute values > 2 S

‘ [ {

<
<
‘4
<
<
<

vy

i Step 4: remove
| unperturbed genes |

Step 5: average z-score
absolute values
for perturbed genes

-
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B Expression file (required)

!

Symbol C1 C2 C3 P1
Gene1 0 0.20.1 10
Gene2 10 21 11 20
Gene3 40 20 44 33

Gene N 250200190180 ...

. PN

12
13
30

100

https://mdp.sysbio.tools/

A~

MDP score

Samples

Phenotypic file (required)

Sample Class

C1 Control
Cc2 Control
C3 Control
P1 Perturbed

PN Perturbed

.

GMT file (optional)

Download results

Sample MDP

Assessing the Impact of Sample
Heterogeneity on Transcriptome
Analysis of Human Diseases Using
MDP Webtool

André N. A. Gongalves?, Melissa Lever’, Pedro S. T. Russo’, Bruno Gomes-Correia?,
Alysson H. Urbanski', Gabriele Pollara®, Mahdad Noursadeghi®,
Vinicius Maracaja-Coutinho? and Helder I. Nakaya **

" Department of Clinical and Toxicological Analyses, School of Pharmaceutical Sciences, University of Sdo Paulo, Sdo Paulo,
Brazil, 2 Advanced Center for Chronic Diseases-ACCDIS, Facultad de Ciencias Quimicas y Farmacéuticas, Universidad de
Chile, Santiago, Chile, ® Division of Infection and Immunity, University College London, London, United Kingdom, 4 Scientific
Platform Pasteur-USF, Sdo Paulo, Brazil

GSE112057 B Perturbation
® GSE112057 Crohn's Disease
GSE112057 Polyarticular JIA
= GSE107993 Latent Tuberculosis
3’9 GSE112057 Systemic JIA
«| GSE68086 Breast Cancer
% GSE112057 Oligoarticular JIA
GSE112057 Ulcerative Colitis
GSE107994 Active Tuberculosis
GSE107991 Active Tuberculosis
GSE33580 HIV infection
GSEB80060 Systemic JIA
GSE28623 Active Tuberculosis
2 GSE27383 Schizophrenia
g GSES55201 Psoriasis
8 GSE11083 JDM and JIA
§ GSE18123 Autism Spectrum Disorder
= GSE48060 Myocardial infaction
GSE34205 Acute RSV or Influenza infection
GSE13501 oligoarticular JIA
GSE26378 Septic Shock

0 500 100015002000 2500 3000 3500 4000
Differentially Expressed Genes (#)

B Healthy subjects
[ Crohns disease

W Before removal of potential outliers
W After removal of potential outliers
| After removal of random samples (mean)

® RNA-seq samples
@ Potential outlier samples
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Principal Component Analysis (PCA
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—
)
-

20 —

mmmmmmm=
e

———mm - -4
P

e e mmaao 4
]
——————
mmmmmm—— 4

o5}

o

1

T
'
'
'
'
'
'
'

|
|
—mmmmm-m o
|
B ]
]
]
——————
———mm
———--=
————————

Log; normalized values
=)
1

Frs LIIIJ.

RPKM RawCount

L
F -
i
i
"

B
o
1
o

uQ Med

o
1

Normalized gene expression matrix
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Dim 2 (12.63% explained var.)

2 7 o T T Fomat
B- S e v [caoricooy ]2 [+]|As A aber | S wrsnTex © Normal
i == ®
poe (P e~ (B[ I [UJ [ (S ]]AL verse + [BBJr| %] > | (% 48] coanena w0 L
ma1 i 0 & (= & 1556 . .
] A =] = [ D [ E [ F [ G [ H [ 1 [ J [ K [
TCOAVAASEM: | TCOAVA-ASEG: | TCOAVASES. | TCOAVAASEX:
L | gene_name OLA-11R-A405-07 |OLA-11R-A405-07 7 0 7 0 7 0 )7 01A-11R-A405-07 018-11R-A405-07 | T T T T
2 |ENSGO0000000003.13 “TSPANG 1871 579 619 2360 2459 338 2570 465 1963
3 |ENSG000000000055  TNMID [ [ 0 1 0 0 1 0 o 1 50 1 00 50 0 50
_4 |ENSG00000000419.11  DPM1 487 343 1175 1179, 1284 218 1050 284 391 - - -
ENSGO000000045712 VLS 235 108 o1 26 258 180 11 fr 0
6 |ENSG0000000046015  Clorf112 158 97 311 223 204 =] 238 78 101 . o .
7 oecoommise  ron ] = ® e Y » A i M Dim 1 (52 B63% exp|a|ned Var_)
8 |enscooo00om0s7L 14 CRH 104 @ 5 24 S1a 3 138 m 2
ENSGO000000103612  FUCAZ 3151 3859 3435 1 1003 B 28 an2 3108
sac 753 il 1119 2830 20 1 2% 205 ws
NFYA 2239 885 1630 5285 2497 636 4345 824 1597
stea1 1383 256 p 554 225 7 6
A a1 s21 758 36 5310 1008 1885 ass. 1475
it 1841 60 3820 4038 3885 2583 3526 28 2
eneps 24 1 P » 120 4 10 4 s
SEMA3F a1 498 223 527 411 370 258 134 358
TR i o o 2 2 o o o o
aNKsL s m 2001 238 2526 o 1617 m as1
19 |ENSGO0000001630.14  CYPSIAL 119 137 192 660 &7 3 a1 55 55
20 |ENSGO0000001631.13 KRIT1 442 260 980 1779 1489 162 1279 302 266
2 5 weos2 152 15 P 7 a7 105 so1 153 144
22 |EnsGo0000002078:11  MYHLs 3 B s s a a o a o
ENSGO000000233012 84D 214 1806 3088 2503 560 s 168 2157 786
24 |ENSGO0000002543.11  LAP3 1145 978 2249 11002 567 2709 668 1820
25 |ENSG00000002586.16 D93 8663 10337 14686 6470 14531 6043 5921 10453 17924
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Batch Effect
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e oo [B[T[UJ[E(S]]A Merge - | > | fondipret B nsert  oelete
M1 AN fx| 1556
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TCGAVAASEM:  TCGAVAAIEQ:  TCGA-VAASES:  TCGAVAASEX TCGAVEASFL.  TCGAVAASFS  TCGAVDABK-  TCGAVDABKL  TCGA-VD-AASS-
2 gene_name 01A-L1R-A405.07 0IA-LIR-A05.07 O1A-11R-A40S-07 O1A-11R-A4DS-07 OIA-11R-A405-07 OIA-1IR-A405-07 O1A-11R-A40S-07 OLA-IR-A40507 (OLB-1IRA0S07 |
2| ENSGOO000000003.13 TSPANG 1871 579 619 2360 2459 EED] 2570 465 1963
3 |ENsGoo00000000.5 | TNMD o 0 o 1 0 ) 1 [) [}
4| ENSG00000000418.11  DPM1 487 3 175 178 1284 219 1050 284 391
75 |ENSGO0000000457.12  SCYL3 235 108 71 726 758 180 71 18 312
6 |ENSGOO000000460.15 | Clorfi12 158 o7 311 23 204 6 238 78 101
ENSGO0000000938.11 FGR 28 52 29 74 243 70 31 16 44
5| ENSGO0000000S71.16  CFH 104 a8 56 204 514 35 158 m 252
N 10 fuca 3151 3859 35 6287 10039 738 2358 2845 3103
ENSGOOD00001084.9 | GCLC 793 27 1119 230 e} 11 250 205 58
ENSGO0000001167.13 NFYA 2239, 885 1630 5285 2497 636 4345 824 1587
ENSG000000014 sTPGL 1383 256 348 525 594 25 784 3% 1418
ENSGOOD00001461.15 | NIPALS 812 521 758 736 3310 1048 1889 £35 1475
ENSGO0D00001457.15  LASIL 1881 212 389 038 3865 2583 3526 1228 2348
6 Eneps u 15 2 7 120 4 14 4 s
EN5G00000001617.10 SEMA3F 211 498 223 527 411 n 258 134 358
17 |ENSGOO000001626.13  CFTR by [ o 2 2 o o [ [)
18 |ENSGOOD00001628.8 | ANKIBL 578 m 2041 2638 2546 o7 1617 m 61
719 |ENSGO0000001630.14 | CYPS1AT 119 1w 192 560 7 113 m 55 55
20 | ENSGO00000C1631.13 KRITL L2 260 980 1778 1489 162 1278 302 266
(21 |ENSGO0000002016.15 | RADSZ 192 152 545 87 437 105 s01 153 124
(22 |ENSGO0000002078.11  MYH16 3 4 s s 4 4 o 4 [
723 |ENSG00000002330.12  BAD 2014 8% 088 2503 3620 3135 1608 2197 7768
4 |ENSGOO000002548.11 | LAP 1145 78 249 11002 6844 567 108 668 1820
'S | ENSGO0000002586.16 o2 3 10337 6470 14531 6049 5921 10453 17924
DEPARTMENT OF

PAEDIATRICS

=13

type

= PDX matastatic
& PDX primary

®  PT metastatic

-100- L .
-
L R L 1
L
u L]
n
[ ¥ él [
7 5 Fart T e Famt Gl
. @en - [caibi(eosy) [-]12 |-]|As|A-] = d— abe v | (=) wrap Text = [General [+ Normal i . 1
- H T T =Tz - ®|: E
pasa (Poenr~ (B[ F[U][E~| [ ALF verge - [§5[7| % gty Conctonat] [ nsert  Dalete
: L) LS 2 ) e 0] Eomating

Ma1 i@ @ (- fx[ 1556
A T < T D E F T [ T [ ] T K T
L | gene_name o o OIA-LIRA%05-07 0IA11RAI0507 01A-11R-A405-07 014 11R-ADS07 O1B-11RA40507 |
ENSGOO000000003.13 TSPANG 1871 575 619 258 338 2570 465 1963
T3 [ENSGO0000000005S  TNMD o o o by 0 0 1 o )
i |ENSGO0000000415.11 | DPML 87 a 175 1175 1264 219 1050 2 3
5 |ENSG00000000457.12 235 198 671 726 758 180 711 182 312
ombat an ombat-o€eq & |evsconoooosess oz i £ B 2 25 ® i ® e
7 |ENSGO0000000S3811  FGR 1} 52 ) i 23 70 3 16 a4
8 |ENSG0000000087114  CFH 108 8 s6 204 sie 35 198 m 32
o FUCAZ 3151 3859 3435, 6287 10039 2738 2358 2846 3103
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ENSGO0000001167.13  NFYA 238 885 1630 5285 2297 536 4345 w21 1557
ENSGO0000001460.16  STPGL 1383 36 3 625, £ 25 784 396 1418
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ENSGOO000001617.10  SEMASF m as8 s s27 an 370 258 138 38
ENSGO0000001626.13 1 o o 2 2 0 o ) [
ENSG00000001629.8 ANKIBL 578 271 2041 2638 2546 97 1617 73 461
ENSGOO000001630.14  CYPSIAL 11 137 192 560 72 113 sz 55 55
ENSGOO000001631.13  KRITL a2 260 380 1775 1483 162 1278 302 265
ENSGOO000002016.15  RADS2 182 152 615 687 a7 105 s01 153 184
ENSGOO000002075.11  MYHLE 3 2 s s 4 4 o 4 [
ENSG00000002330.12 BAD 2414 4696 3088 2503 3620 3135 1608 2157 2766
ENSGQO000002545.11  LAP3 1265 78 243 11002 567 2708 68 1820
S |ENSGO0000002586.36 €038 3 10337 6470 1531 5045 so1 10283 17524
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Differentially expressed genes (DEGS)

Paired-samples t test Independent-samples t test One-sample t test

g ®

teefee | fefeed Ptiete  feeeed T
theRee V= ettt teeete vs feteed = sess
teefee  feeeed Peeete  feeeed

TrTERTTERTRRRARYRRY

Investigate whether there's a difference
within a group between two points in time
(within-subjects).

Investigate whether there's a difference
between two groups (between-subjects).

Investigate whether there's a difference
between a group and a standard value or
whether a subgroup belongs to a population.

oo

PAEDIATRICS

sampled  samplel  loghc legCPi Pyalue FOIR
TRIMITY_C 1333478 5583637 4.29E-12 2 49E-07
TRIMITY 1386527 6. 11271509 3.19E-100 7. 36E-06
TRIMITY_C 1233800 4509128208 4.27E-10 7. 36E-06
TRIMITY -11.9282 4. 183655 5.61E-100 7. 36E-0
TRIMITY_C 122701 45232230 6.35E-10 7.3GE-06
TRIMITY [ -11.4738 3.7336058 1.71E-09  1.65E-05
TRIMITY_LC 11.76405 40214598 2.19E-09  1.6G6E-05]
TRIMITY -11.3574 3618412 2.55E-09  1.66E-05
TRIMITY_LC 11464 3723645 2.86E-09 1. GSE-05]
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a

Days post-symptoms

Host-CHIKV interaction potential therapeutic strategies of NLRP3 inflammasome

# genes (x 1,000)
0 510152025

CHIKV RNA
010203040
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40 APOBEC3A
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Cc # of consistent differential expression
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Comorbidities have increased expression of ACE2 in the lungs
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Risk of death by COVID-19 given by acid pH .
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Pathway/Gene set enrichment analysis methods
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Overrepresentation-based enrichment
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Ranking-based enrichment
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Topology-based enrichment analysis
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Deconvolution
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Deconvolution
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What we have seen until now...

«  mRNA sequencing — transcriptome — library preparation

« Transcriptome pipeline

* Principal component analysis showing variability ingroup and between groups
» Assessment of potential outliers using molecular degree of perturbation

« Differentially expressed genes analysis

« Pathway enrichment analysis

« Deconvolution analysis
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Coding and non-coding RNAs
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Long non-coding RNA biogenesis and mechanism of action
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Long non-coding RNA sequencing strategy
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analysis of long noncoding RNAs
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Evolution of Gene Expression Analysis: A Century of Discovery

A Vaccination
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Co-expression module analysis
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Co-Expression Module identification Tool (CEMiTool)

@ Inputfiles : : W) e
¢ ' ‘ z CEMiTool: a Bioconductor package for

performing comprehensive modular co-
expression analyses
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Antisense IncRNAs are co-expressed with sense protein coding may be involved in immune response
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Long non-coding RNA function
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Coding and non-coding RNAs
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MicroRNA biogenesis and

function
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Small RNA sequencing protocol
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miR-21a-5p Regulates GBP5 Expression and Partially Influences Intracellular B. abortus Growth
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miR-146b-5p and miR-449c-5p Blockade Promote Neurotoxicity in Striatal Neurons
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High-Throughput Sequencing of BACHD Mice

Reveals Upregulation of Neuroprotective miRNAs at the Pre-
Symptomatic Stage of Huntington’s Disease
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In summary
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