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When Physics Meets Biology

"The notion that life might be
perpetuated by means of an instruction
book inscribed in a secret code appealed
to me” (Watson)

WHAT IS LIFE?

The Physical Aspect of the
Living Cell

BY
ERWIN SCHRODINGER

SEXIOR FROFESSOR AY THE DUBLIN INATITUTE YOR

Professor E., Schr8dinger
26 Kincora Road, ADYAXCED STUDIES
Clontarf,

Dutlin, Ireland.,

Dear Professor Sch¥dinger,

Watson and I were once discussing how we came to enter
the field of molecular biology, and we discovered that we had both
been influenced by your little book, "What is Life?",



Life is a four “letters” word
FOUR BASES

'*I:—;b Pentose sugar Nitrogenous base i
ALL OF LIFE?
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How DNA is packaged into a cell?
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When it comes to genome,
smaller is sometimes better

Genome size 3.2 Gbp 2.8 Gbp 140 Mbp 100 Mbp 12 Mbp
Protein coding 21,000 20,000 14,000 20,000 6,600
genes

Choromosomes 46 (2n) 40 (2n) 8 (2n) 12 (2n) 16

Common name




“Junk DNA” - Not so useless after all

 About 3% of DNA codes

CODING vs. NON-CODING DNA for proteins

»—— Eukaryotic cell * About 40-50% is repetitive

Nucleus
Ewromasoms * What is the function of the
remaining 50%?

( Regions of DNA that
code for proteins

75% of non-coding DNA Regions of DNA that
is found between genes, g
while 25% of non-coding do not code for proteins }—

DNA is found within genes.

</ does not code for any

Most DNA in eukaryotes
proteins!

Figure 5-10
What Is Life? A Guide To Biology
© 2010 W.H. Freeman and Company
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Dark Matter of the Genome
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The Big Question:
what makes us unique?

/ You're 99.9%

: genetically identical
to everyone else.

i ". What does the
0.1% account for?




The Central Dogma of Molecular Biology

DNA

l TRANSCA\PTION
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First Nucleotide Position

UUG Leucine

CUU Leucine
CUC Leucine
CUA Leucine
CUG Leucine

Second Nucleotide Position

A

CCU Proline
CCC Proline
CCA Proline
CCG Proline

AUU Isoleucine

AUC lIsoleucine

AUA Isoleucine
AUG Methionine

ACU Threonine
ACC Threonine
ACA Threonine

The genetic code

G

UGU Cysteine
UGC Cysteine

UGG Tryptophan

CAA Glutamine
CAG Glutamine

CGU Arginine
CGC Arginine
CGA Arginine
CGG Arginine

AAA Lyine

AGA Arginine

ACG Threonine AAG Lysine AGG Arginine
GCU Alanine GAU Aspartate GGU Glycine
GCC Alanine GAC Aspartate GGC Glycine

GCA Alanine
GCG Alanine

GGA Glycine
GGG Glycine

With 4 bases (A,C,T,G)
there are 64
combinations for a 3-
letter code

We only need 20 code
words, one for each
aminoacid



First draft of the Human Genome was just the
beginning

15 Febritiry 2001

Vol. 291 Ma. 5507
Pages 1145-1434 $9

Sequience creates ety |
gpportunities’s T4 s,
*

R\ American AssociaTION

"It's a history book - a narrative of the journey of our species through time. It's a shop manual, with
an incredibly detailed blueprint for building every human cell. And it's a transformative textbook of
medicine, with insights that will give health care providers immense new powers to treat, prevent and
cure disease." (Francis Collins, director of NHGRI, 2001, about)



How much does it cost to sequence the genome?

Moore's Law

N I H National Human Genome
Research Institute

genome.gov/sequencingcosts

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011

2012 2013 2014 2015 2016 2017

Cost: ~ $3 billion
Time: 13 years

iy
£ w
g
4
2 "
£\ g 4
o) &
&
N
-~
-
P"
-

-

Project
®

el &
“OR THE DS

Cost: $1000
Time: 1 day

The Future




The Omics cascade

Tech
m What can ~ 20,000 NGS
happen genes Microarrays
What appears
Transcriptomic SRR ~ 100,000 RNA-seq
happening transcripts  Microarrays

i

/ What makes
Proteomics .
it happen
]
Metabolomics What has }*_‘:_N‘Lf ﬁ[ 3,000. Mass
happened " metabolites spectrometry

NMR

~ 1,000,000 Mass
proteins spectrometry




Control Sample

Measuring Gene Expression with
Microarrays

mRNA extraction

A

Combine equal amou
\ and hybridize

Experimental Sample
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genes

Gene 1
Gene 2
Gene 3

Ind #1
18.9297
18.8174

.

individuals
Ind #2 Ind #3
18.3781 18.5562
18.8174 18.8174
18.6491 18.7507

17.9671



Gene Expression profiling with RNA-seq

RNA Sequencing (RNA-Seq)

BNA sample 1 ENA sample 2

* convert RINA to sequencing library *

O PP AN
AN NN o A CDNA library G
Ay LW Qq
Sequencing &

alignment of sequencing reads
E::::;:;ce ‘Gene 2 | Gene3 Gene 4
Sample 2

B F N == =

Sample 1 G == L

Table of counts
for all genes in
Genome



Transcriptome Analysis of the Minho Ageing Cohort

Immunosenescence and cognitive decline
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> Age (> 55 years), sex, school years;

Patient characterization (114):

> Clinical data;

> Cognitive profile (assessed by

\ heurocoghitive tests and mood).

~

)

“strong” cognitive “poor” cognitive
performers performers

MEDPERSYST: Synaptic networks and Personalized Medicine
Approaches to understand Neurobehavioural Diseases Acrross

the Lifespan
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Characterization of the Minho Ageing Cohort

N =74 PBMCs samples
(Peripheral Blood Mononuclear

Cells)

"good” cognitive
performers (#42)

H Male
B Female

"bad" cognitive

performers (#32)

Ind #1

18.9297
18.8174
17.9671

Gene 1
Gene 2
Gene 3

Cognitive performance and gender
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-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5
Leading logFC dim 1
Ind #2 Ind #3
18.3781  18.5562
18.8174 18.8174
18.6491  18.7507




Clustering - unsupervised learning

Clustering heatmap

Hierarchical clustering
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Estimation of immune cells content by in
silico approach

Bulk
tissue/ Blood
tumor draw
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Differential Gene Expression Analysis
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Gene Ontology (GO)

biological
processes

molecular
functions

cellular
components

transcription regulatory region sequence-specif... -
transcription regulatory region DNA blndlng -
https://xuegen564s18.weebly.com/gene-ontology.html transcription, DMA-templated -
transcription by FthlAJ:DI merase |l -
sequence-specific double-stranded DMNA binding =
sequence-specific DNA binding -
roof plate formation =
RMA strand-exchange activity =
FtMArﬁ{:Iymerase Il regulatory region segue nce-gp... =
AMA polymerase Il regulatory region DNA binding -
re _uIatDr{ region nucleic acid blndlng -
regulation of transcription, DNA-templated -
regulation of transcription b RMA D_I#f'me rase .-
regulation of tendon cell differentiation =
regulation of RNA biosynthetic process -
_regulation of primary metabolic process =
regulation of nucleic acid-templated transcript... =
regulation of nitrogen compound metabaolic proce... =
regulation of macromolecule metabolic process =
regulation of macromolecule biosynthetic proces... =
re?ulatmn of cellular metabolic process -
Vregulati{:n of cellular macromcolecule biosynthet... =
. . protein binding =
ositive regulation of tendon cell differentiat... -
positive regulation of peptidyl-serine dephosph... =
nucleic acid-tegplated transcription -
. . neuron recognition =
negative regulation of transcription, DMA-templ... -
negative regulation of transcription by RNA pol... =
negative regulation of HNA metabdlic process -
negalive regulation of RMNA biosynthetic process -
negative regulation of nuclecbase-co ntalnlnF co...=
negative regulation of nucleic acid-templated t... =
negative regulation of negative chemotaxis =
movement of cell gr subcellular component =
forebrain development =
double-stranded DNA binding -
v central nervous system neuron dlﬁereg_tleﬂgon -
inding -

actin binding = 1
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Pathway Analysis

CELL CY¥CLE
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Data Integration of the Minho Ageing Cohort

Y

¥

Increasing Resolution

N ~ 20,000 transcripts
Ind #1 Ind #2 Ind #3

Genel 18.9297 18.3781 18.5562 N ~300,000 DNA variants

Gene 2 18.8174 18.8174 18.8174 Ind#1 Ind #2 Ind #3

Gene3 17.9671 18.6491 18.7507 Snp 1 0 0 0
' Snp 2 1 0 0
\\ 1 Snp 3 1 0 0

Gene expression profilling is influenced by
DNA variants?



What about Physics?

_Deep Learning-Based Multi-Omics

' pData Integration Reveals TWO
Prognostic Subtypes In High-Risk

T Zhang'", Chenkai Lv't, Yagiong Jin2®, Gangi Cheng', Yibao Fu', Dongsheng Yuan', A 4
Yiran Tao’, Yongli Guo®, Xin Ni234 and Tieliu Shi™* " o ;e o st
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Thank you for your attention !l

DA MM
NOW , T HAVE

TO CHANGE THE
PASSWORD

6OD... THE
HUMAN GENOME
CODE'S BEEN
\ UNRAVELLED-




Why Gene Expression

Gene expression profiling
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Find case/control
discriminative signatures

Differential gene
expression

7

Biological function:

( 60 enrichment and Pathway Analysis)

7

Develop diaghostic tests.
Identify new drug targets
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Advantages of RNA-seq

RNA-seq

(High cost (but continually reducing);\

high data storage;

v High dinamic range (no saturation);

v High sensitivity, low technical variation
high tecnical reproducibility;

v Not limited by a prior knowledge
the organism’s genome

v |dentify novel transcripts, splice junctions,
Q\IPS and non-coding RNAs. /

Microarrays

[Relatively low-cost; ability to

process a large # of samples;

o

* Dinamic range limited by scanner;

% Low sensitivity and high background
noise;

* Reliance upon existing knowledge
about the genome sequence;

«\Limited to the probes on the chip. /




Transcriptome Analysis of the Minho Ageing Cohort

Effector memory CD4" T cells are

associated with cognitive performance in a
senior population

Cldudia Serre-Miranda, ABSTRACT
ASc* . ) )
MSe Objective: Immunosenescence and cognitive decline are common markers of the aging process.
595-‘_”-' Rf"‘:l““j PI_‘D Taking into consideration the heterogeneity observed in aging processes and the recently
Nadine Correia Santos, described link between lymphocytes and cognition, we herein explored the possibility of an asso-

PhD

il Maeal T

ciation between alterations in lymphocytic populations and cognitive performance.

Biological question: ® i_[_

Is there an association between alterations in peripheral blood
mononuclear cells (PBMCs) and cognitive performance in
healthy aging Individuals ?




