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V. Molecular and Cellular Biology in the lab

1. Model organisms
2. Cell cultures

3. Studying proteins
4. Studying DNA

» DNA seguencing

» DNA extraction

» DNA amplification

> DNA cloning



Eukaryotic cloning systems

e Fukaryotic genes may not be expressed properly in bacteria (introns, post-translational modifications, .. .)
e Researchers have then to use eukaryotic cells, like yeasts
® |n some cases, yeasts do not have proteins required to modity a mammalian protein properly, in which case insect

cells or cultured mammalian cells are used

e Recombinant DNA is introduced by electroporation or by injection (with microscopically thin needles)

e Once inside the cell, DNA is incorporated by natural recombination



How to introduce DNA in eukaryotic cells? = Transfection

1. Physical Methods

These methods use physical forces to deliver DNA into cells.

Method

Principle Applications / Notes

Microinjection

Used for animal embryos,
oocytes, and transgenic animals;
highly precise but labor-intensive.

Direct injection of DNA Into the nucleus or cytoplasm using
a fine glass needle under a microscope.

Electroporation

Works well with many cell types,
including mammalian, plant, and
veast cells; efficient but may
cause some cell death.

Cells are exposed to brief electric pulses that create
temporary pores in the plasma membrane, allowing DNA to

enter.

Biolistic (Gene Gun)
NVethod

Common in plant and fungal cells
with tough cell walls; also used In
some animal tissues.

DNA-coated microscopic particles (usually gold or tungsten)
are shot into cells using high pressure,




How to introduce DNA in eukaryotic cells?

2. Chemical Methods

hese rely on chemical carriers or compounds that facilitate DNA uptake.

Method

Principle

Applications / Notes

Calcium Phosphate
Precipitation

DNA forms a precipitate with calcium phosphate, which is
taken up by endocytosis.

One of the oldest and simplest
methods: often used In
mammalian cell lines,

Liposome-NMediateo
Transfection
(Lipofection)

DNA Is enclosed in lipid vesicles (liposomes) that fuse
with the cell membrane to deliver genetic material.

High efficiency and low toxicity;
widely used in human and animal
cells.

Polymer-Based
Transtection

Uses cationic polymers (like PEl or DEAE-dextran) to form
complexes with negatively charged DNA, which are

endocytosed.

\ersatile and cost-effective: used
N research and production.




How to introduce DNA in eukaryotic cells?

3. Biological (Viral) Methods
These exploit the natural ability of viruses to deliver genetic material into host cells.

Viral VVector

Type

Key Features / Uses

Retrovirus /

RNA viruses that integrate

Long-term, stable expression in dividing and non-

Lentivirus iNto the host genome. dividing mammalian cells (e.g., In gene therapy).
. DNA virus: does not Transient, high-level expression; useful for gene delivery
Adenovirus . . e
integrate into the genome. |in vivo.
Adeno- . .
Associated Virus Small DINA VITUS with low Safe and efficient; used in human gene therapy.
AAY) mmunNogenicity.

Herpes Simplex
Virus (HSV)

Large DNA virus; targets
Nneurons,

Used in neuroscience and gene therapy for the nervous
system.




How to introduce DNA in eukaryotic cells?

4. Genome Editing Technologies
Modern methods that allow precise, targeted modification of specific genes.

echnology NMechanism Applications / Notes
Uses a guide RNA (gRNA) to target a specific DNA —ast, accurate, inexpensive: used
CRISPR-Cas9 System  |[sequence, and Cas9 enzyme to cut DNA, enabling for gene knockout, knock-in, ano
insertion, deletion, or correction. therapy research.

Uses small interfering RINA (siENA) or ShENA to silence  |Used to knock down genes (not

HINA Interference (FNA) gene expression post-transcriptionally. permanently modify DNA)




How to introduce DNA in eukaryotic cells?

5. Plant-Specific Methods

Method Description
Agrobacterium Uses a soll bacterium that naturally transfers part of 1its
tumefaciens—Mediated [DNA (T-DNA) into plant cells — the basis for many
Transformation genetically modified crops.
Protoplast DNA Introduced into plant cells without cell walls using
Transformation electroporation or PEG treatment.




Engineering animals: transgenic organisms

(A) ES cells growing (B) female mouse
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Engineering animals: the CRISPR system

guide RNA

/.

. . Cas9
» Cas9 and guide RNA are expressed in culture cells protein — eninge st
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Engineering animals: the CRISPR system

guide RNA

Cas9
protein — cleavage site

3 e MM 771 double-stranded
5' S ’ DNA in genome
; cleavage site

(A) target gene

» easy to design guide RNAS

altered version of
target gene produced
by genetic engineering
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Practical applications of DNA-based technology

e \edical application

* identify genes/mutations involved in genetic
diseases which are target for treatment or
prevention

e diagnostic by PCR for disease-causing mutation

e gene therapy, i.c. repairing a "oad” gene - technical

and ethical questions

12

Cloned gene .

X ! @ Insert RNA version of normal allele
\ / into retrovirus.
Viral RNA
\ /
\ / @) Let retrovirus infect bone marrow cells
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© 2011 Pearson Education, Inc.




Practical applications of DNA-based technology

e Pharmacy

* transgenic animals as pharmaceutical factories, producing large amounts of rare substances
= (Soat produces anti-thrombin in their milk, which helps patients with genetic disease lacking this enzyme and that have

blood clots In thelr vessels
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Practical applications of DNA-based technology

(a) This photo shows
Washington just before

e Forensic science his release in 2001,
after 17 years in prison.

e Each individual has a unique DNA sequence (=genetic
orofile) that can be obtained from body tissues or fluids
e DNA testing can identify individuals with a high

degree of certainty

e As of 2013, more than 300 innocent people have

been released from prison as a result of old DNA analysis

Source of STR STR STR
sample marker 1 marker 2 marker 3
Semen on victim 17,19 13,16 12,12
Earl Washington 16,18 14,15 11,12
Kenneth Tinsley 17,19 13,16 12,12

(b) These and other STR data exonerated Washington
and led Tinsley to plead guilty to the murder.

© 2011 Pearson Education, Inc.
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Practical applications of DNA-based technology

TECHNIQUE

*_nvironmental science Agrobacterium tumefaciens

e Genetic engineering to modify the metabolism @ @ |
of micro-organisms (degradation of toxic waste,
mineral extraction, ...) Ti
plasmid
Site where
e Agriculture e outs
* Improve productivity and food quality I T DNA
DNA with
® Herbicide resistance, resistance 1o pests, the gene
of interest

RESULTS

resistance to salinity, improved nutritional
Recombinant

value, ... Ti plasmid

Plant with new trait

© 2011 Pearson Education, Inc

Potential benefits must be weighed against potential hazards of creating harmful products or procedures
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V. Molecular and Cellular Biology in the lab

1. Model organisms
2. Cell cultures

3. Studying proteins

4. Studying DNA

5. Stem cells



Stem cells (ES)

e Stem cells are unspecialized, reproduce themselves
indefinitely and differentiate into specialized cells upon specific

signals

e Stem cells from early embryos are called embryonic stem
cells (ES) and can differentiate into all cell types

® |n adult bodies, stem cells replace non-reproducing
specialized cells

e £S5 are pluripotent, they can differentiate in many cell types

® [he am is to supply cell for the repair of diseased organs

17
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Stem cells (IPS)

Experiment Stem cell Precursor cell
=
* Induced pluripotent stem cells (iPS) are differentiated cells ‘
that are reprogrammed to act as ES
Skin j,
e Retroviruses are used to induce extra copies of 4 master fibroblast
cell

regulators to produce IPS
’ - Four “stem cell” master regulator

* They can be used as models to study certain diseases genes were introduced, using
the retroviral cloning vector.

Induced pluripotent
stem (iPS) cell

18



Stem cells (IPS)
Impact: The Impact of Induced /'\
Pluripotent Stem (iPS) Cells on

Regenerative Medicine @ Remove skin cells

from patient. @ Reprogram skin cells
so the cells become
induced pluripotent

stem (iPS) cells.

* Induced pluripotent stem cells (iPS) are differentiated cells

that are reprogrammed to act as ES Patient with \

damaged heart
tissue or other
disease

e Retroviruses are used to induce extra copies of 4 master

regulators to produce IPS

® [hey can be used as models 1o study certain diseases © Treat iPS cells so

that they differentiate
into a specific
cell type.

@ Return cells to /
patient, where

they can repair
~damaged tissue.

© 2011 Pearson Educat
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V. Molecular and Cellular Biology in the lab

1. Model organisms
2. Cell cultures

3. Studying proteins

4, Studying DNA
5., Stem cells

6. Studying gene expression (mMRNA)



How to study gene expression ?

e py looking at the mRNASs: In situ hybridization

¢ \/\\nere and when is the RNA produced?
e Based on nucleic acid hybridization
e [iSsues are fixed and probes added

* No genetic engineering requirec

e Not good for quantification

Expression of specific
regulatory genes in
Drosophila early embryo
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Studying gene expression

e Using Northern Blotting: gel electrophoresis of mMRBNA

followed by hybridization with a probe on a membrane

Here, southern blotting but same principle

TECHNIQUE Heavy
DNA + restriction enzyme ~ Restriction 1 1y Nitrocellulose weight
— —"— — fragments i
< L membrane (blot) 44
. ; — ; Gel <
—— = Sponge A,
v Vv v L — ——
I Normal II Sickle-cell III Heterozygote — Alkaline - , J
B-globin allele solution Paper
allele towels

@) Preparation of @) Gel electrophoresis €) DNA transfer (blotting)

restriction fragments

Probe base-pairs

I I I with fragments I 1 I

Radioactively labeled | / Fragment from ——>
probe for B-globin | | sickle-cell y - —
gene | B-globin allele Film”~ —
| W’ | A Fragment from g;ler o o

A ) ot

: normal - globin
Nitrocellulose blot allele

G Hybridization with labeled probe 9 Probe detection

© 2011 Pearson Education, Inc.
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Studying gene expression

e Using Reverse transcriptase-PCR or RT-PCR

DNA in
nucleus

MRNAS in

\V = { “"\‘%cytoplasm

Reverse transcriptase

mRNA Poly-A tail
5 @ —
e TTTTT‘ 5

DNA Primer
1 strand (poly-dT)

5 WM™ m®mAAA AAA D
3’ TTTTT 5

polymerase

5'
3'
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Technique
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€ Gel electrophoresis

Results
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Primers
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Studying gene expression

e or guantitative RT-PCR (gRT-PCR)

e Quantifying RNAs using quantitative reverse-transcription
polymerase chain reaction

* |solation of the whole pool of RNAs from a sample (no DNAD

e Addition of primers specific to the RNA of interest + reverse
transcriptase+ DNA polymerase+ nucleotides

e Addition of chemical dyes that are fluorescent when bound to
dsDNA

* Direct relationship between the number of PCR cycles needed
to detect the product and initial amount of RNA in the sample

24
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Studying gene expression

® USINg microarrays

TECHNIQUE I3 SN
@ 1solate mRNA. | ¢ 4T|'ssue sample
transcription, using
fluorescently labeled ¢
nucleotides.
Labeled cDNA molecules
(single strands)
© Apply the cDNA mixture to a * &= DNA fragments
microarray, a different gene / representing a
in each spot. The cDNA hybridizes Vs specific gene
with any complementary DNA on y //
the microarray. ( 4

DNA microarray

/

Q Rinse off excess cDNA; scan microarray y
for fluorescence. Each fluorescent spot /
(yeIIow) represents a gene expressed A
in the tissue sample.

© 2011 Pearson Education, Inc

& DNA microarray
with 2,400
human genes
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Studying gene expression

Each dot is a well containing identical copies
of DNA fragments that carry a specific gene.

Genes expressed

® USINg microarrays in first tissue.

Genes expressed
in second tissue.

Genes expressed
in both tissues.

Ny
/( e Genes expressed

\ y in neither tissue.

<DNA microarray
(actual size)
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Studying gene expression

® UsSINg reporter genes

(A) STARTING DNA MOLECULES EXPRESSION PATTERN
OF GENE X

coding sequence cells
for protein X

normal

2 3
/ start site for RNA pattern of normal gene X

|

. I
cis-regulatory

DNA sequences synthesis expression
that determine the _
expression of gene X coding sequence for cells
reporter protein'Y A B C D E F

recombinant

1
|

pattern of reporter gene Y

expression
(B) TEST DNA MOLECULES EXPRESSION PATTERN OF
REPORTER GENE Y
e e m —
3
B H —
2
.- H —
1 |
' B —

(C) CONCLUSIONS —cis-regulatory sequence 3 normally turns on gene X in cell B
—cis-regulatory sequence 2 normally turns on gene X in cells D, E, and F
—cis-regulatory sequence 1 normally turns off gene X in cell D



Studying gene expression

e using RNA sequencing (RNA-seq)

e Measures which genes are being transcribed at a given time under given conditions
¢ ses reverse transcriptase that to copy all RNAs into cDNAS
e cCDNAs are then fragmented and sequenced by next-generation sequencing

o Abundant RNAs have more cDNA copies and therefore more seguencing reads
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Studying gene expression

e using RNA sequencing (RNA-seq)

= |dentification of RNASs present and quantification

= (Using cluster analysis (computational approach), one can identity genes that are regulated together

time

o

15 min

w
o
3
-]

NN—=—=00NWN =
POONy 555~

D RD R R

R [
wound-healing genes cell-cycle genes cholesterol biosynthesis
genes
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Studying gene expression

e using single cell RNA sequencing (RNA-seq)

» [Issue dissociated into single cells
» Microfluidics to separate single cells
» Each cell Is processed for RNA-seq

» Cluster analysis algorithm that group cells with similar
gene expression patterns

From C.T. Fincher et al., Science 360:eaaq1736, 2018. With permission from AAAS.
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Studying gene expression

transcription regulator A

¢ Using genome-wide chromatin immunoprecipitation (ChiP) to identify sites on

- ’ living
. , . gene 1 ce
the genome occupied by transcription factors vansipion et ”
- - genei
» transcription regulators are responsible for changing transcription e
patterns | DNA WITH FORMALDEHYDE
LYSE CELLS
\J
» Proteins are cross-linked to DNA BREAK DNA INTO SMALL
Y FRAGMENTS
» Cells are open ’ +=

many other DNA fragments
that comprise the rest of

» DNA Is fragmented the genome

PRECIPITATE DNA USING
ANTIBODIES AGAINST
TRANSCRIPTION

» Antibodies that recognise a specific transcription regulator are used to REGULATOR A
orecipitate it with its bound DNA X

REVERSE FORMALDEHYDE
CROSS-LINKS;
REMOVE PROTEIN

» DNA Is sequenced

AMPLIFY THE PRECIPITATED
DNA BY PCR

» Can also be used to identity positions bound to specific modified histones
(Using antibodies that recognise those modifications) DNA CORRESPONDING TO THOSE

POSITIONS IN THE GENOME THAT WERE
OCCUPIED BY TRANSCRIPTION
REGULATOR A IN THE CELLS
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Studying gene expression

5000 nucleotide pairs

I
Oct4
e Using genome-wide chromatin ‘
M,

immunoprecipitation (ChiP) to identify sites on the
I Sox2

genome occupied by transcription factors
Nanog
A A

I T SNSSS——_—— e

H3K4trimethyl

number of sequence reads —»

| RNA
Oct4 gene genomic
- | T e
| |
cis-regulatory exon intron

sequences
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Studying gene expression

e Using ribosome profiling to identity RNAs being
transcribed at a given moment in the cel

» Gives a map of the instantaneous position of
rbosomes on each MRBNA In the cells

» [otal RNA is exposed to a ribonuclease

» BNA sequences covered by ribosomes are
spareo

» Protected RNAs are converted to DNA ano
sequenced

» Allowed the discovery of new (small) ORFs

33
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convert RNA to DNA and sequence
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V. Molecular and Cellular Biology in the lab

1. Model organisms
. Cell cultures

- Studying proteins
- Studying DNA

- Stem cells

- Studying gene expression (MRNA)

~N OO O B 0 N

. Uncovering gene function
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Determining gene function

e [he classical approach is to mutate or delete a gene and look for associated phenotype
e Mutations/deletions are introduced by the cloning methods described before

e (5ene expression can be silenced by RNA interference
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Determining gene function: deletion mutants

¢ \/\/e want to understand how genes (and the proteins they encode) function

e One of the most direct way is to remove the gene (=deletion mutant) and see what happens

® Basis of genetics

GENES AND PHENOTYPES A
Gene: a functional unit of inheritance, usually corresponding s ) e N
to the segment of DNA coding for a single protein. /
Genome: all of an organism’s DNA sequences. . - llm. .
locus: the site of the| gene in the genome W < J A
— Wild-type: the normal, Mutant: differing from the
alleles: alternative forms of a gene naturally occurring type wild-type because of a genetic
7\// change (a mutation)
homozygous A/A heterozygous a/A homozygous a/a
GENOTYPE: the specific set of = » »
aIIe.Ies.fc?rming the genome of - - s
an individual
2
3 ) R ) | ®

PHENOTYPE: the visible
character of the individual Yy !11

\‘]X

P
P

allele A is dominant (relative to a); allele a is recessive (relative to A)

In the example above, the phenotype of the heterozygote is the same as that of one of the
homozygotes; in cases where it is different from both, the two alleles are said to be co-dominant.
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Determining gene function: deletion mutants

¢ \/\/e want to understand how genes (and the proteins they encode) function
e One of the most direct way is to remove the gene (=deletion mutant) and see what happens

® Basis of genetics

Forward Genetics
Phenotype|- > |Genotype

Reverse Genetics

37



Determining gene function: creating mutations

¢ \/\/ith chemicals or radiations that mutate DNA
e By insertional mutagenesis (with external DNA such as transposons)

e Using gene cloning (knock-out, knock-down, CRISPRI, ...)

38



|dentification of the mutated gene

¢ Insertional mutagenesis: by PCR
e For random mutations: whole genome seguencing

= re-introduction of the identified mutation in a clean WT background to prove causality

39



Gene mutations

e Can lead to gene loss-of-function = gene product does not work

e Can lead to gene gain-of-function = works too much or in a different way

conditional loss-

wild type loss-of-function mutation of-function mutation
o
\ v
\‘1//7 \ \// (/\\ //’}/’\\ ) \‘1//7
S S / S
v‘\ \~//\‘//\/ "\
point mutation truncation deletion 37°C 25°C

e Conditional mutant only shows a phenotype in a given condition

mutant cells proliferate
and form a colony at
the permissive
temperature

colonies replicated mutant cells fail to

N
onto two identical / ~\__ proliferate and form
lates and incubated | N
P incu a colony at the

mutagenized cells temperatures
proliferate and form P o temperature
colonies at 23°C 36°C
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Gene mutations

e A mutation can be dominant or recessive
e Dominant mutations cause the mutant phenotype when only present in one copy

e Recessive mutations cannot cause the mutant phenotype when a wild-type copy I1s also present

homozygous A/A heterozygous a/A homozygous a/a
- 7Z
- 77
A
]

) TR S

& = I
= ~$ I I
o - I ||||'

S S
w

&2 P
\ A

allele A is dominant (relative to a); allele a is recessive (relative to A)

In the example above, the phenotype of the heterozygote is the same as that of one of the
homozygotes; in cases where it is different from both, the two alleles are said to be co-dominant.
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Epistasis analysis

o A set of genes participates in a given biological patnway - in which order?

Step A Step B |
gene A > gene B gene A acts upstream of gene B; gene B acts downstream of gene A

Step A Step B . . . . .
gene A* > gene B gene A null mutation — the process is stopped at step A even if gene B is functional
Step A Step B . .

gene A > gene B* gene B null mutation — the process is stopped at step B

¢ [he term epistasis describes a certain relationship between genes, where one gene hides or masks
the visible output, or phenotype, of another gene

Golgi secretory
ER apparatus vesicles

Do secreted proteins first go into the ER or the Golgi?

[ L . 3

protein normal cell secretory mutant A secretory mutant B double mutant AB

protein accumulates protein accumulates protein accumulates

protein secreted in ER in Golgi apparatus in ER
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Epistasis analysis

e Synthetic phenotype: the phenotype of a double mutant is more severe than each of the
single mutants

e Synthetic lethality: the phenotype of a double mutant is death, whereas each of the single
mutants survives

Parallel pathways Parallel pathways Parallel pathways
Ctan A Step B Step A Ctan R Ctan A Ctan R
gene A gene B gene A gene B gene A gene B
Step C Step C Step C
gene C gene C gene C

9

9

X
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Starting from a known gene - reverse genetics

e Starting with a gene —> making mutations —> observing the phenotype

» gene deletions (or gene knock-out) are only possible is the gene is not essential

» iInducible gene expression

d li
T transcriptional ‘ '/ oxycycline
et repressor activator domain
DNA-binding .
domain ‘ ‘ ' ‘
gene X gene X
N/ -
cis-regulatory sequences GENE ON S
for Tet repressor
) ®)

» cell-type dependent gene expression
» overexpression

» any other more “subtle” mutation (catalytic site, structure, fusing a marker, .. .)
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Determining gene function: RNA interference

e |ntroduction of a dsRNA molecule with a sequence that matches the target sequence
* RNA processing

e RNA binding to complementary seguence (MRNA or non-coding RNA)

e Expression Is reduced

* Frequently used in Drosophila, mammalian cells or C. elegans
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etermining gene function: RNA interference

e |n C. elegans, the dsRBNA can be injected directly in the intestine or it can be fed with E£. coli
oroducing the RNA

_ C. elegans
each well contains

E. coli, expressing E. coli expressing l ADD TO WELLS IN PLATE

double-stranded
RNA, eaten by worm

2 ,
Salass e
(A)

Figure 8-58 Gene function can be tested by RNA interference. (A) Double-stranded RNA
(dsRNA) can be introduced into C. elegans by (1) feeding the worms E. coli that express the dsRNA
or (2) injecting the dsRNA directly into the animal’s gut. (B) In a wild-type worm embryo, the egg and
sperm pronuclei (red arrowheads) come together in the posterior half of the embryo shortly after

a different dsRNA
96-well plate

(B) i

WORMS INGEST E. colj;
RESULTING PHENOTYPES

fertilization. (C) In an embryo in which a particular gene has been inactivated by RNAI, the pronuclei RECORDED AND ANALYZED
fail to migrate. This experiment revealed an important but previously unknown function of this gene (©)
in embryonic development. (B and C, from P. Gonczy et al., Nature 408:331-336, 2000. With
permission from Macmillan Publishers Ltd.) / ! °
~
wild type sterile
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Building mutant libraries

Molecular Systems Biology (2006) doi:10.1038/msb4100050 molecular
© 2006 EMBO and Nature Publishing Group All rights reserved 1744-4292/06 system_s
www.molecularsystemsbiology.com b|0|0gy

Article number: 2006.0008

Construction of Escherichia coli K-12 in-frame,
single-gene knockout mutants: the Keio collection

Tomoya Baba'*%, Takeshi Ara', Miki Hasegawa'*, Yuki Takai'®, Yoshiko Okumura', Miki Baba', Kirill A Datsenko®, Masaru Tomita',
Barry L Wanner** and Hirotada Mori""**

" Institute for Advanced Biosciences, Keio University, Tsuruoka City, Yamagata, Japan, © Graduate School of Biological Sciences, Nara Institute of Science and
Technology, Ikoma, Nara, Japan, ® CREST, JST (Japan Science and Technology), Kawaguchi, Saitama, Japan and * Department of Biological Sciences, Purdue
University, West Lafayette, IN, USA

* Corresponding authors. BL Wanner, Department of Biological Sciences, Purdue University, West Lafayette, IN 47907-2054, USA. Tel.: + 1 765 494 8034;

Fax: +1 765 494 0876: E-mail: blwanner@purdue.edu or H Mori, Graduate School of Biological Sciences, Nara Institute of Science and Technology, 8916-5
Takayama, lkoma, Nara 630-0101, Japan. Tel.: + 81 743 72 5660; Fax: + 81 743 72 5669; E-mail: hmori@gtc.naist.jp

Received 28.9.05; accepted 7.12.05

47



Building mutant libraries

e fforts to produce this In more complex organisms

® |nvaluable resource to investigate gene function on a genomic scale

¢ Jse of DNA barcodes to tacilitate mutant identification
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V. Molecular and Cellular Biology in the lab

1. Model organisms
. Cell cultures

- Studying proteins

- Studying DNA

- Stem cells

- Studying gene expression (MRNA)

. Uncovering gene function
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. Omics methods
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(Multi-)omics approaches
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(Multi-)omics approaches

‘Omics” methods are technigues used to study all the molecules of a certain type in a living organism at once. Instead of
looking at one gene or one protein, omics looks at the whole set to see the big picture.

e Genomics — studies all the DNA in an organism - based on seguencing
Question it answers: VWhat genes are there”

e Transcriptomics — studies all the RNA produced from DNA - based on seguencing
Question it answers: VWhich genes are turned on or off”

* Proteomics — studies all the proteins made by the organism - based on mass spectrometry
Question it answers: VWhat proteins are present and what are they doing”?

e Metabolomics — studies all the small molecules (metapolites) like sugars, fats, and amino acids - typically based on
Mass spectrometry
Question it answers: YWhat chemical reactions are happening in the cell”?

e Epigenomics — studies chemical modifications on DNA and chromatine that affect how genes are used - based on
different methods, including Chip-seqg
Question it answers: How is gene activity controlled without changing the DNA seguence’?

Omics methods give a complete, system-wide view of how living things work, helping with disease research, drug
development, agriculture, and understanding how organisms respond to the environment.
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\ ’ > m o . .
ve a nice holiday/exam prep !




