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Cas9...

. Cuts single
strands of DNA

. Cuts double
strands of DNA

. Repairs breaks
. Guides RNA




MIRNAS

A. Usually bind in the
5 UTR of mRNAs

B. Usually bind in the
3 UTR of genes

C. Cannot bind in the
coding region

D. Usually regulate
the expression of
only one gene




The RISC complex

A. Enables mRNA
degradation

. Is unique for shRNA

B

C. Requires perfect
sequence
complementarity to work

D. Is when you only read
course materials the
night before
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MRNA expression
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One genome, many outputs

In human body there are:

~ 100 trillion cells
~ 200 types of cells

Individual cell, tissue and organ
outputs from the genome are -
very complex
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Getting Samples to Sequence

. ™ Multispectral detector
P' ette / /'} .
P Q/ +Electronics

/
..'*"--"

96-well plate

T
e 1
-~ |
" l /

Cell lines Fluorescence-activated cell sorting Laser Capture Microdissection
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Bulk RNA sequencing

' Fragmentation

—~ \/\/u\ s \/\/u\ e Fragmented RNA

' Adapter ligation

' Reverse transcription, PCR amplification

Sequencing Library

' Sequencing

— —_— RNA-seq reads

il
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RNA seque

ncing

Mapping to reference genome

I
I N s [ L] ]

I e [
GATCAGCAA{;(TT-T,?.CCGCCAGATACCEEﬁG{&CﬁT&(;(IIATACGA
TAAGCGACGTA INSMBERENNN GG GCCAACTACC
Readl TTACCAGATAGG T T ki
Read2

Quantify gene expression as read abundance, per gene

»

Read count
matrix

RNA-seq
raw reads
Mapped
reads
Sample 1
Gene A 5
Gene B 2
Gene C 6
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Limits of Bulk RNA sequencing

Requires usually thousands or millions of cells

Useful for tissues or cell lines.

Fat droplet

Rare cell types and states cannot be analyzed

Tissues are generally heterogeneous S RS-

% Neutrophils

Most often multiple cell types in a tissue

Adipose cellular
architecture . Vascular fragments

Bulk RNA-seq sample is an average transcriptome
of many cells

No information about expression levels or
heterogeneity of individual cells Q —
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Single cell (sc) RNA sequencing

 sCRNA-seq enables:

 |dentification of rare cell types (e.g. early

development, stem cells, circulating tumour cells) |
® =~
» Elucidating gene regulatory networks o &
@ ~F
» Studying heterogeneity (e.g. tissue composition, 1 -
cancer, temporal processes) oA
» EXploring changes in expression while o & lce..popu.amm
incorporating other information e.g spatial, oo
regulatory or protein information 00 S5 colpopuaton

00 ~

cell population 4

Q0
OO0

» Single cell phenomena (gene expression
stochasticity, mono-allelic expression) Disibution of gene expressior

levels in a cell population

-
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Tissue
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Cell type identification

14

Dissociation
of cells

Isolation of cells

Expression
profile

L i

!
iR B

Single cell

£
L

Single-cell
sequencing

SCRNA sequencing overview

RNA extraction

cDNA
senthesis

Bawa et al, IIMS, 2022
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ENOME *O UNCTION

L1 FE S§ CI ENCE S E NGI NETEWRING



SCRNA sequencing technology

d Manual Multiplexing Integrated fluidic Liquid-handling Nanodroplets Picowells In situ barcoding
circuits
.. ] ]
96 = on
> . S— . -
il ] | | |
Tang et al. 2009™ Islam et al. 2011** Brennecke et al. 2013  Jaitin et al. 2014 Klein et al. 2015* Bose et al. 2015% Cao et al. 2017*'
Macosko et al. 2015% Rosenberg et al. 2017%
b . .
1.000.000 - 10x Genomics SPLiT-seq
100.000 k- Drop'- 589 :“ /sci-RNA-seq
2 MARS-seq (MoSeg0 @ inDrop Q- DroNC-seq
(= High-throughput STRT-seq CEL-seq Fluidigm C1 © O O ® % (c%—-Seq-Well
@ 1,000 - sequencing of RNA ‘ OO O @ O
= .
g 100 I from single cells\ 6 ® o © o oO
[s) O O O AN
&% 10 - /© o O O SMART-seq2
1k o SMART-seq
| | 1 | 1 | | 1 |
2009 2010 2011 2012 2013 2014 2015 2016 2017

Study publication date
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Drop sequencing

 Most commonly used current methods
10x genomics - commercial

Drop-seq - cheaper, more complicated to
set-up

il
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SCRNA sequencing

scRNA-seq procedure

* Disassociate tissue into single cells

(A) Dissolve complex tissue into single cells

| Trichoblast [l Phloem
] Atrichoblast [ Xylem

Cortex || Lateral root cap
1 Endodermis L_| Columnella rootcap
Pericycle || Stem cell niche

Procambium [} Quiescent centre

W
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SsCRNA sequencing

scRNA-seq procedure

' Droplet generation inside the microfluidic device '

(C)

* Disassociate tissue into single cells

 |ntroduce cells into microfluidic device

-
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SsCRNA sequencing

scRNA-seq procedure

(B) Barcoded beads
* Disassociate tissue into single cells , 5 F ,
» Introduce cells into microfluidic device _
——— .
» Combine cells with barcoded beads into a ot naporbend. e
all beads
droplet
§

-
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SsCRNA sequencing

scRNA-seq procedure

(A) Dissolve complex tissue into single cells (B) Barcoded beads
] Trichoblast [l Phloem

Y, Atrichoblast [ Xylem
A5 g
:“:.\}%" [ ] Cortex L] Lateral root cap #
Q) '] Endodermis L Columnella rootcap -
w@ . Pericyc|e D Stem cell niche
|| Procambium [l Quiescent centre
-..Ill‘l.'l}-...:..“_?
S e e e ___'f_.:_;-:-:ival,:.‘?
] T s R T
- S=asassiialising \ PN

* Disassociate tissue into single cells

12 nucleotides 8 nucleotides

A J

. IntrOdUCe CeIIS intO micrOfIUidic deVice (C) , ‘ Droplet generation inside the microfluidic device ‘
Combine cells with barcoded beads into a o @ H
droplet ‘ M

A T
' Qil
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SsCRNA sequencing

scRNA-seq procedure

0) _

» Disassociate tissue into single cells

 |ntroduce cells into microfluidic device

cDNA hybridised
Cell lysis on beads

« Combine cells with barcoded beads into a
droplet

» Lyse cells to release RNA and reverse
transcribe to cDNA

* cDNA derived from cell hybridises to beads

W
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SCRNA sequencing

scRNA-seq procedure

* Disassociate tissue into single cells
* |ntroduce cells into microfluidic device
 Combine cells with barcoded beads into a droplet

» Lyse cells to release RNA and reverse transcribe
to cDNA

» cDNA derived from cell hybridises to beads

 Barcoded cDNAs then sequenced

22

cDNA hybridised
on beads

Barcoded cDNA of
thousands of single cells

DGE matrix
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SsCRNA sequencing

scRNA-seq procedure

* Disassociate tissue into single cells

Leptotene

 Introduce cells into microfluidic device

Late SPT

e g
T ‘._“4g‘\~; SBg
‘;}' i > "L' .' .\'f‘
3 i’\'}*( ." .. ?.%“. ': '.‘}
: o SO e
y Macrophages g
7 ¢ PMCs

» Combine cells with barcoded beads into a droplet roenclf

. Sertoli cells

Leydig
cells

» Lyse cells to release RNA and reverse transcribe P
to cDNA b4 "

gndothelial

ee 3RS . cells
W TP

* cDNA derived from cell hybridises to beads

divisions
"‘--,3})' »
(Di Persio et al., 2021)

e

- Barcoded cDNAs then sequenced

» Analysis of data is complex

-
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The Diversity of proteins is...

A. More than genes

B. More than genes
and transcripts

C. Similar to
transcript diversity




Proteome vs Genome

Human protein coding

» ~20,500 human genes

3%

55 9
&5 &5 &5

& &5 &5 &9

% 8 8 8

» > 100,000s transcript variants &5 5 &5

& S

FENE &

. & & &5
 Many proteins undergo Post- 9 59 &9
translational modification (PTM) ™" imeimd ™05 i e

mRNA editing

» Millions of protein variants per cell type

-
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Post-translational modifications

PTMs

Hydroxylation

Ubiquitination

 PTMs increase the functional diversity of Ghyosylation
the proteome

* Include the covalent addition of functional ,
groups, proteolytic cleavage of regulatory @,:f.,g‘
subunits, or degradation of entire proteins. )

 PTMs can regulate activity, localization, |
and interaction with other molecules such gpSiohide bond i
other proteins, nucleic acids, sugars, lipids .
and other cofactors phdion

* 5% of the proteome are enzymes that perform ethylation
> 200 types of PTMs to other proteins

-
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Protein ldentification

Mass Spectrometry (MS)

28

BU-MS (Bottom UP MS)

Enzymatic digestion of the proteins (Trypsin)
into short peptides (5 -20 Aas)

lonized peptides are then analysed by
electrospray ionization or matrix-assisted laser
desorption/ionization (MALDI)

Analyse their masses, compare to database
Does capture PTMs

Short peptide sequences can be similar
complicating identification, low sensitivity, short

reads means ‘novel’ peptides or PTMs can be
hard to identify.

A BU-MS

Protein extraction
» Cell culture
* Tissue

Digestion into
peptides

>0.8-3 kDa

ESI/MALDI
* MS analysis
* Fragmentation

* MS/MS analysns

v

100

Relative abundance (9

500 1000

MS/MS spectrum

Database
search

proteins

https://doi.org/10.1126/sciadv.aax8978
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Protein ldentification

Mass Spectrometry (MS)

29

TD-MS (Top Down UP MS)

Introduce intact proteins into the gas phase
by electrospray ionization that are
subsequently fragmented

Can reveal primary structure of the protein
with PTMs

Limited in size to 70kDa

SeSnsitivity is poor vs short peptides in BU-
M

Much less frequently used

A BU-MS

Protein extraction
» Cell culture
* Tissue

Digestion into
peptides

>0.8-3 kDa

MS
* ESI/MALDI i
* MS analysis ,

* Fragmentation
* MS/MS analysis \1&

%

100

abundance (

Relative

Database
search

proteins

B TD-MS

Protein extraction
* Cells
* Tissue

Fragmentation
« CID
« ECD, ETD

>10 kDa
MS

« MS/MS analysis

Database
search

https://doi.org/10.1126/sciadv.aax8978

¢

pRoteins
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Next Generation Peptide sequencing

Edman Degradation based Pore based

Denatured proteins

Not database dependent

» Single molecule protein measurements possible

+ Slower, must be parallelised

* more expensive, but technology is evolving rapidly Q i
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Finding Protein interactions

Yeast 2-hybrid system

GAL4
Transcription Factor

» Key concept creation of hybrid fusion proteins

* Transcription factors (e.g. GAL4) have DNA
binding domain (DBD) and Activation domain
protein regions (AD) that can be split apart

 DBD region can be fused to your protein of XX DO
interest [POI] (bait)

* This can be screened against a library of other
proteins (prey) that are fused to the AD of the
transcription factor

 When the POl interacts with a prey protein, this
brings the DBD and AD together enabling
transcription.

 This is used to express a reporter gene

-
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Finding Protein interactions

Proximity labelling methods "'°+

* Protein of interest [POI] is fused to an enzyme (Apex)
that biotinylates other proteins

« This hybrid protein is expressed in cells and biotin is <
* Proteins that interact with the POI are biotinylated by =
Apex activity
* These can be purified from all other proteins using s
streptavidin which binds to biotin with high affinity bl il

* [nteracting proteins are then identified e.g. by mass
spectrometry

32




Changing Protein Activity

* Drugs small molecules

 Antibodies focus on monoclonal antibodies
(mAbs) and nanobodies.

IgG
(Mr 150 kDa)

i
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MADbs In medicine

34

Market Value (Billion)
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Monoclonal antibodies

35

Monoclonal antibodies (mAbs) are produced from
a hybridoma cell lines made from spleen derived B
cells

mADbs usually have monovalent affinity i.e. bind
only to one epitope (different to polyclonal
antibodies)

Once a cell line is established Mabs can be produced
iIn unlimited quantities

Can be used to detect and visualise proteins in
tissues or for biochemistry assays

For human therapeutics, mAbs are often
‘humanized’ to avoid immunogenicity against rodent
sequences.

Mouse challenged with antigen

Spleen Cells Myeloma Cells
200000000 OJ
Fusi s’
_ usion k =
e
Hybridomas \(_/\I( )\\
"N
Culture in HAT Medium Harvest monoclonal
Select for positive cells antibodies
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Phage Display

* Genes encoding protein sequences are

Inserted into a bacteria phage such as
M13

M13 Phage

* The inserted protein is then displayed
on the outside of the phage.

Coat Protein

Displayed Protein

-
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Phage Display

37

Genes encoding protein sequences are inserted
into a bacteria phage such as M13

The inserted protein is then displayed on the
outside of the phage.

A library of phages can be made that express
antigen binding sequences on their surface

These can then be screened In vitro to select
antigen binding sequences with high affinity

Once identified they can be engineered to make
therapeutic antibodies




Phage Display
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Tagging proteins

39

Protein tags are peptide
sequences genetically
iIntroduced Iinto proteins

Can be added to either
transgenic or endogenous
proteins

Can be used to visualise or
Isolate proteins e.g. epitope
tags (HA, V5 etc.) which are
recognised by mADbs

Fluorescent protein tags
(e.g. GFP) allow protein
dynamics to be observed In
VIVO

i
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Nanobodies

Nanobodies are the recombinant variable
domains of heavy-chain-only antibodies

Heavy-chain-only antibodies were first
identified in camels but also found in
cartilaginous fish.

Nanobodies have a small size, excellent
solubllity, superior stability

Can be cloned, engineered and produced
In bacteria.

Longer
CDR3

Monoclonal Camelid Heavy Chain Nanobody (Nb)
Antibody (mAb) Antibody (HcAb)
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Ubiquitination degrades proteins

@ Ubiquitin-E2  Ubiquitin-E3

by Ubiquitin Ligases

© 2016 MyCancer Genome .org

« Ubiquitination is the process in which proteins are labelled with ubiquitin in
a post-translational modification.

» Ubiquitin is small protein which is attached in chains to Lysine residues In
the ubiquitinated protein via the action of ubiquitin ligases

» Ubiquitination most often targets a protein for degradation by the
proteasome. Q -
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Nanobody promoted Ubiquitination

M Target
=
Anti-GFP | e
nanobody fusion
protein

Ubiquitination
| proteins

GFP tagged
protein
ubiquitinated

Protein degradation
9 ——
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