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Gene Expression And Regulation

Pre-Transcriptional
* DNA Methylation: Addition of methyl groups to DNA,
silencing gene expression.

DNA ¥ AlTlclalcltlclclalalclT d * Histone Modifications: Chemical changes to histone
proteins, influencing chromatin structure.
Transcription : 3 * Transcription Factor Binding: Activation or repression of

gene transcription by specific proteins.

DNA-Methylation, Histone modification, Chromatin Remodelling
v

mRNA
5'
Translation | J I I | Codons
MicroRINAs, Alternative Polyadenylation; RNA-Binding Proteins Post)Transcriptional
v A PN * RNA Splicing: Removal of introns and joining of exons to
Protein Tyr Ser Gly Ser Amino acids . .
) \ 4 generate diverse mRINA isoforms.
* mRNA Stability: Regulation of mRNA half-life influences
translation.

* MicroRNAs (miRNAs): Small RNAs bind to mRNA 3'
UTR, leading to degradation or translation inhibition.




go Computational Biology and Data Mining
m

Transcriptome

mRNA

Encodes proteins

snoRNA tRNA

Acts as adaptor between

Facilitates chemical TRONIA Al e Ak

modification of RNAs

rRNA
Forms the ribosome
siRNA
™ &
& ™ ™
s

Silences gene expression

Functions in various nuclear
processes (e.g. splicing)

IncRNA

Regulates gene expression

*Transcriptome is a vast collection of
RINA molecules transcribed
from DNA

*Significant proportion of the
transcriptome consists of non-coding
RNAs (ncRNAs, up to 90 %), which
do not code for proteins but play
pivotal regulatory roles

*Non-coding RNAs add intricate
layers of gene regulation and
contribute significantly to the
complexity of cellular processes.
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e ‘The Nobel Assembly at the Karolinska
DGY OR MEDICINE 2024 Institutet has today decided to award
%@ the
Y e
AN

o P 5
N

: ‘;‘ ﬁ -'; :
. : L 2 5 J

2024 Nobel Prize in Physiology or
Medicine
jointly to Victor Ambros and Gary

Ruvkun

- for the discovery of microRNA and
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Nobel Price 2024

A B lin-4 and lin-14 mutants c

| Normal

C. elegans

lin-4 microRNA

Nervous system "
lin-4

sCle
| Has o lin-14
lin-14 mRNA

lin-14 mutant

C. elegans genome

100,000,000 base pairs ," : \

Discovery of microRNAs (lin-4): Ambros and Ruvkun found
that the lin-4 gene in C. elegans produces a tiny RNA molecule
(microRNA) that binds to complementary seqguences in the lin-
14 mRNA, blocking protein production and ensuring proper

%
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microRNA regulation

el * microRNAs are small non-coding RNAs (22nt)
E % 5 PR o * Approximately 2500 human microRNAs
l Transcription L:TE] mMIRNA/MIRNA* . .
_doplex * Key-proteins: Drosha, Dicer, Argonaute

Pri-miRNA Emmn ¥ Onm W .\ )
g @ (}MB o * Binding of microRNA seed in silencing

Pre miRNA iy i) complex to complementary 3' untranslated region of mRNA
Degradal—i?normRNA ~aas
l o s * Lead to translational repression/ mRINA degradation
DGCRS 4—/‘ .f—\f\/ AAA o=
( )[_. sl S FTTTITITITTTTITR . e . . o e
== | - \_ rha * microRNA families often enriched in targets of transcription factor
®rm imTmTTAAAN Translational repression -- S (I‘edundant functlons)

Paul et al. (2020)
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microRNA regulation

Gene Genes Gene

| |

Primary
transcripts £ : :
. Different primary transcripts (up

|
. l'@ \7.\H/. AN to 6)

* Approximately 2300 microRNA
genes

Splicing
JI I § P ”’“RNAha'rpm m—aa  « Multiple microRNAs can be
| @ l, Translation within one ORF

miRNA duplex @ . I(\/IMUIIF’;EIngcl\’iiSo)naI transcripts

Silencin : : : :
i comple)?  Non-concial biogenesis can avoid

Drosha/Dicer dependency

Target mMRNAs

Paul et al. (2020)
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Ex.1 Explore microRNA
genes

canonic cluster Mirtron

a I Gene Genes Gene

Use the UCSC genome browser
(https://genome.ucsc.edu/) to explore human
MIR17HG, MIR1224 and MIR155

Primary . :
|| ransc”pts || - and answer the following questions:

\ Splicing
mﬁ} - ] Which one is the 'canonical' microRNA gene?
| D
P“"“Tu"'”'”“J“F’, miRNA duplex @ . . .
N Which one is the Mirtron and whats the host
@, Siercino gene?

Target mMRNAs

Which one is the microRNA cluster gene and
how many hairpins does it have?
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microRNA regulation

Stem Loop

e e « Drosha 3' cut leaves a 2 nt overlap
( 1 and Dicer 5' cut leaves a 2nt overlap

M e Strong propensity for one of both mature
> t i J strands

L Pri-miRNA

 Many microRNA binding sites in 3'UTRs
are broadly conserved

B e NNNNNN.......... 3’ Offset 6mer ° MUItlple miCFORNA b|nd|ng SiteS for the
L I NNNNNN......... 3’ émer . .
3UTR R NNNNNNA . ... ... 3 7mer-A1 same microRNA family
R NNNNNNN......... 3 Tmer-m8
B somn s gnims Haws & wans v lxlu?lr?uxllwu\Iu\llA ........ 3 8mer o . .
mature miRNA 3’ NNNNNNNNNNNNNNNNNNNNNN 5’ * >60% of prOtem COdmg genes are
(_seed ) targeted

Marmol-Sanchez et al. (2020)
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microRNA regulation

Mature microRNA is loaded into argonaute protein

* microRNA seed (nt 2-8 from 5' end in mature microRNA) binds to complementary

3'UTR sequence of the gene

* 3'UTRs of mRNAs can be really long; on average 800 nt, but up to 10,000 nt

* Searching only complementary sequences leads to many false positives

* Integrate further information for scoring of miRNA-mRNA interactions
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microRNA Regulation

pri-miRNA pre-miRNA miRNA targeting mMRNA
degradation

* Diverse Binding: MiRNAs can target multiple mRNAs, and one mRNA can have multiple miRNA binding sites due to
imperfect complementarity.

* Complex Prediction: Predicting miRNA binding sites is challenging because it involves various factors and is not solely
based on sequence matching.

* Experimental Validation: Accurate validation of miRNA-mRNA interactions often requires experimental techniques in
addition to computational predictions.
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Alternative Polyadenylation regulates microRNAs

A. Proximal PAS Distal PAS

-%?L)—lﬁ—t Slorvl' | | DaPars Algorithm / TC3A database
J'UTR-
APA H

chrX: Thot ihg1ge

Short isoform w l I I — l Normal
.
B. Proximal PAS Distal PAS ™
Start StuB/ I Stopi | l
Splicing ] [ "

APA
Long aoroms o SI D— I

w 5' methyl cap D 5 UTR [:] coding region . 3UTR [ poly(A) tail PNPLA4 —— —riciSeg Genes

Xia et al. (2014)

adapted from Zhang et al. (2021)
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Alternative Polyadenylation

Normal cell Cancer cell

3'UTR equally processed at pPAS and dPAS 3'UTR more efficiently processed at pPAS

pPAS dPAS pPAS dPAS
@r‘:m-.!ﬁ%%—m%ﬁ];ﬁm - ' ! ! '
5 3 5 3

[pPAS ppjs dPAS ' pPAS pPAS dPAS

5 C]'rrl:h'n'm'rr AA. 3 5' An3' 5 C]‘rrl:lnm'rr AA.3 5' A3’
Short 3'UTR Long 3'UTR 1soform. Short 3'UTR Long 3'UTR 1soform.
isoform: miRNA targeting isoform: miRNA targeting

no miRNA targeting no miRNA targeting

l l

WX » ' ¥ 4 9
CF g @ gﬁ)rtr;?ll QG @g@@ Protein @

ﬂ:} overexpression
expression

v
Q@
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Experimental microRNA detection

ES

Low-throughput-Low
sensitivity-Laborious and very

Northern

In situ

hybridization | -OW-throughput/Semi-

quantitative

Reverse
transcription( Cannot identify novel miRNAs
RT-gPCR

Low-sensitivity
Microarray and specificity/ Cannot identify
Next RIBNARtial computational work
generation required
-seguencing

ADVANTAGES

High specificity-Readily
available and easy-to-perform

Monitor cellular and sub-cellular
distributions/spatiotemporal
expression profile

High sensitivity and specificity
- Can be used for absolute
quantification

Comparing the relative
abundance of specific
miRNAs/low cost

Very high sensitivity-High
accuracy in distinguishing
variants-of- miRNAs
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Experimental microRNA detection

MIRNA-SEQ LIBRARY PREPARATION

—_— e lsclate Sug of total RNA

Y » A profile of all small RNAs and

e ——— miRNAs in the transcriptome

G Size fractionate total RNA
using denaturing PAGE
SIZE FRACTIONATION

e Select small RNA fraction
{17-25 nt)

 Small RNA targets are enriched

\ g

ADAPTOR LIGATION e —

@ coorrtooon through size selection using size-

—_— —_ G 5' adapter ligation

- - exclusion gels or commercially

\ - @ eves romsere v developed kits

—_— — —
e — — sequences
RT & PCR g =_ =_

- — e PCR amplify sequences

\ g . o O P — * Follow RNA-seq procedure

—_—— " 'iﬂl::ﬂ & Bl sy Bridge Amplification
W i\' 72; e o Annealing of Sequencing
@ ] Y Primers & Base extension

o Sequencing: Base Call,

* Bias because of degradated RNA

*llumina sequencing method depicted however other sequencing platforms can also be used.
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Ex.2 Annotate
‘microRNAs

Exercise 1: Find the (hsa-) microRNA sequence from the
sequences_mirna.fa-file using
blast (https://blast.ncbi.nlm.nih.gov/Blast.cqi)

>sequence_1

ACATTTACCTAGCAGAAGAAAAATCGTGTTTACGAAGGTGGTTTTCGCAGGGCGAAGCTAATTCGTGCAACTTCCCCAAATGTGG
GAAGCTCGACTGCATAATTTGTGGTAGTGGGAGACTGCGTTCGCTCTTTTCCCCCG

>sequence_2

TCCAAACAGACACTGATGGCACCTTICTGCCATTTAGGAATTTGTTTTAAAACAGACATTTGTCTAGATATTTCCTTTGTGGCCTCCT
CCCCATCAAAAGTCAATCAAACATCG

>sequence_3

GTAGAGGAGATGGCGCAGGGGACACGGGCAAAGACTTGGGGGTTCCTGGGACCCTCAGACGTGTGTCCTCTTCTCCCTCCTCC
CAG

and so on..
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Sol. 2 Annotate microRNASs

Enter Query Sequence
Query subrange €

>se3 From

GUGGCCUCGUUCAAGUAAUCCAGGAUAGGCUGUGCAGGUCCCAAUGG

Enter accession number(s), gi(s), or FASTA sequence(s) @ ciear

GCCUAUUCUUGGUUACUUGCACGGGGACGC 1 T
Or, upload file Choose File | No file chosen ©
Job Title | 3 sequences (seql) |

Enter a descriptive fitle for your BLAST search Q

L Align two or mare sequences (7]

Choose Search Set

Database @® Standard databases (nr etc.): () rRNANTS databases () Genomic + transc
| Reference RNA sequences (refseq ma) v |9

Organism —_

Optional | 9606 ||—| 2

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown 9

I ﬂ Your search is limited to records that include: Home sapiens (taxid:9606)

Job Title 3 sequences (seql) Filter Results
RID T13Y627V013 Search expires on 12-08 20:06 pm Download All ¥ -
Organism only top 20 will appear | | exclude
Resuilts for ‘ FIclQuery 27773 seqa4##(77bp) —
Type common name, binomial, taxid or group name
Program BLASTN@ Citation v -
+ Add organism
Database refseq_ma  See details ¥
Query ID Icl|Query_27773 Percent Identity E value Query Coverage
Description  seq3### to fo fo

Molecule type ma
Query Length 77

Other reports ~ Distance tree of resulis MSA viewer @

Graphic Summary Alignments Taxonomy

Sequences producing significant alignments

selectall 1 sequences selected

Description
h 4

Scientific Name
h

Download v

Select columns ¥ Show (2]

GenBank Graphics Distance tree of results ~ MSA Viewer

Max Total Query E Per. | Acc.

Score Score | Cover value | Ident | Len AT

Homo sapiens microRNA 26a-1 (MIR26A1), microRNA Homo sapiens

v v v v v v

143 143 100% 3e-33 100.00% 77 NR_0294991
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RINNA Secondary Structure

3D-structure of tRNA

* Not only proteins and DNA have secondary

T structures

Amino acid
attachment site

« Structured RNA is involved in all aspects of

.| 20 gene expression
bond\ég model
Cm * MmRNAs are often structured in terminal
o regions

 Watson-Crick-pairing is preferred, but not

Khanacademy

— as prominent as in DNA

- Watson-Crick parrs * GU pairing creates wobbles (distinct

mm G pais
mm Afsmatch

hxdrogen bondsz

e Mismatches can have similar stability
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RINNA Secondary Structure

Example:
-0.5 -20 -29 -21 -11 -21 -20 -23 -0.8

- AC G GUACGA]
GCCAUGCU-¥

Table 2. Thermodynamic parameters for RNA helix initiation
and propagation in 1 M NaCl

Propagation AR, ASe, AGSy,
sequence kcal/mol cu kcal/mol
AA
uu -6.6 -18.4 -0.9
—
Al
UA -5.7 -15.5 -0.9
o
TA
AU -8.1 —-22.6 -1.1
=L
TA
GU -10.5 -27.8 -1.8
p A
cu
GA -7.6 -19.2 =17
o
P
GA o s -
cu 13.3 35.5 23
GU
CA -10.2 -26.2 =21
=
G
GC -B.0 -19.4 =20
==
G
cG -14.2 —34.9 -3.4
GG
cC -12.2 -29.7 =29
_
Initiation ) -10.8 14
Symmetry correction
(self-complementary) o -1.4 0.4
Symmetry correction
(non-self-
complementary) 0 0 o

Freier et al. (1986)

enclosed base pair
¥
C ERNRCLLE

5-....]:[...

Fanns waay
G A"
}

closing base pair

stacking pair

enclosed base pair

vaas®

K
L

C U LTI

5 mm T

3 an G
G ) et

closing base pair

interior loop

+
LT

closing base pair

¢ 5'as 5t
S'ewsm .
3w - .
*y *
Fened LIJ Ctens
closing base pair

hairpin loop multi loop

closing base pair

L] +* *s P

5'ues : : 3 :
.l. _. .. _.

e ] I

% a T T

~+ %, enclosed base pair

‘."--cl’:

bulge exterior loop

*Turner 1999 RNA parameters
*Mathews 1999 DNA parameters
*Andronescu 2007 RNA
parameters

*Mathews 2004 DNA parameters
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Ex.3 microRNA folding

1. Use the RNAfold webserver to compute the
secondary structure of prior annotated microRNA
Sequence microRNA 26a-1

2. Find the 22 nt mature microRNA-3p and -
5p sequences. (Tip: Dicer 5' cuts closing basepairs of

| P | Stem Loop

(HomelNew jobHels] mature mi RNQ—Ep

‘The RNAfold web server wil predict secondary structures of singe stranded RNA or DNA sequences. Current limits are 7,500 nt for partiion function calculations and 10,000 nt for minimum free energy only predictions. - ~

Simply paste or upioad your sequence below and click Proceed. To get more information on the meaning of the options ciick the ) symbols. You can test the server using this sample sequence.

Paste or type your sequence here: [clear]

© Show constraint folding

Or upload a file in FASTA format: [ Choose File | No file chosen

Fold algorithms and basic options
® minimum free energy (MFE) and parttion function ¢))

minimum free energy (MFE) only &)

o 10 GU pairs at the end of helices ¢)

avoid isolated base palrs @) | canl
© Show advanced optons e L ]

Output options

AT TS TR mature miRNA-3p

RNA secondary siructure plots with reliabilty annotation (Parttion function foding orly) &) 4

Mountain piot )

ot v -1 o compein o h ot (cptons) Pre-miRNA

Instiute for Theoretcal Chieisty | University of Vienna | ma@iiunivie acat L Pri-miRNA
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Sol.3 microRNA folding

S 3
1 1
)
1
_
i : 8| Check further Information on miR
i 9| 3 Search for hsa-mir-26a-5p
it €l & I
\‘ ® ( <
‘i“, 3 3 %
i y
i :
i B
e :
ir o —m—
' 3
&

MFE secondary structure
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EX. 4 microRNA seed

1. How many human genes are potentially targeted by previously
identified mature microRNA (hsa- miR-26-5p)?

(www.targetscan.org/vert _80/)

2. Which gene has the most conserved 8-mer binding sites?

3. Find the microRNA seed of previously identified mature microR

NA. Does it match the positions in the mature microRNA?
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Sol. 4 microRNA seed

[View top predicted targets, irrespective of site conservation]
[Sort table by predicted occupancy] [Sort table by aggregate Pl
[Download table]

Table sorted by cumulative weighted context++ score
The table shows at most one transcript per gene, selected for being the most prevalent, based on 3P-seq tags.

Represen- Number of Conserved sites Poorly conserved sites Predicted occupancy o o ioiive Previous
(EinE e HrLiE 6mer Representative 1 . weighted Total Aggregate TargetScan
Target gene transcript Gene name 5upt;lgiing 5:::;:‘ total gmer TMer- 7mer- . o T::;r- 7mer- gjtes miRNA mTRoI:h m?g;l:l‘ﬁ ':l::d contexts++ co:(t:(e))r(teﬂ Per publica-
ENST0000... UTR+5 miRNA ~ Score (T,
PTEN 0371953.3 phosphatase and tensin homolog 118  SitesinUTR a4 3 o 1 o o 0 o 0 hsa-miR-26b-5p 0.1153 0.6550 2.1149 -0.55 -0.60 = 0.99 2011, 15
Lo GO MIMATO000082
HULIER VS hsa-miR-26a
Position 1261-1268 of PTEN 3' UTR 5' ...ACUGUUAGGGAAUUUUACUUGAA. . .
mirsers R Semens
hsa-miR-26a-5p 3 UCGGAUAGGACCIAAUGAACU 10 - Jucaaguapuccaggauvaggcu - 31

Deep
sequencing

28542742 reads, 159 experiments
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microRNA target prediction

« microRNA-mRNA interactions often false-positive
 Experimental validation often indirect from high-throughput
* Integration of further information can help ensuring accuracy:
* Site type
e Supplementary pairing
e Local AU
* Minimum distance
« 3'UTR length
e TA (target site abundance)

* SPS (seed-pairing stability)

e Conservation of 3'UTR

conserved sites MIR26A (3196) e Conservation of microRNA family

. Thermodxnamic stabilitx of ﬁrecursor mMicroRNA
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