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Computational Biology and Data Mining

Transcriptome

* Most transcripts in the human

genome are non-coding
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 Non-coding RNA essential for gene
< regulation at transcriptional and
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nCRNA(<200m) post-transcriptional level
 Heterochromatin formation, histone
icroRNA . g . .

modification, DNA methylation
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e Other 1,11%

La Ferlita et al. (2018)
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Computational Biology and Data Mining

microRNAs are small non-coding RNAs (22nt)
Approximately 2500 human microRNAs
Key-proteins: Drosha, Dicer, Argonaute
Binding of microRNA seed in silencing
complex to complementary 3' untranslated

region of mRNA

Lead to translational repression/ mRNA degrada
tion

microRNA families often enriched in targets of tr
anscription factors (redundant functions)
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microRNA genes

Gene Genes Gene « Approximately 2300 microRNA

‘ ‘ ‘ genes

Primary
transcripts « Different primary
AAAAA e AAAAA  o— AAAAA transcripts (up to 6)
N\ ‘ @ 7 . Splicing
m} Pre-miRNA hairpin =

LTI T miRNA duplex

Multiple microRNAs can be
Bl—AAAAA within one ORF

* Multifunctional transcripts
(MIRTRONS)

* Non-concial biogenesis can

Silencing avoid Drosha/Dicer dependency
complex

Target mMRNAs 4

Adapted from Kim et al. (2005)



microRNA-mRNA Y o e

Stem Loop

AIITe O * Drosha 3' cut leaves a 2 nt
" ( W overlap and Dicer 5' cut leaves a
7>77.‘ O 2nt overlap
HHHHHE
" :>>)) O | seed | * Strong propensity for one of both

J mature strands

mature miRNA-3p

* Many microRNA binding sites in

L Pre-miRNA
Pri-miRNA 3'UTRs are broadly conserved

* Multiple microRNA binding
sites for the same microRNA

B o sinie e spwnens s ssenas mugzane §ieesee s NNNNNN.......... 3’ Offset 6mer
B ; siona vums 3o SERE FUTE § HERE NNNNNN......... 3’ émer family
J'UTR B ittt ittt NNNNNNA........ 3’ 7mer-A1
I I NNNNNNN......... 3’ 7mer-m8 ° >60% Of protein Coding genes are
Bliis s 5 sois S9A & SR LS & l\lllTII\lll\lll\lll\lll\llA ........ 3’ 8mer targeted
mature miRNA 3’ NNNNNNNNNNNNNNNNNNNNNN &’
| seed |

Marmol-Sanchez et al. (2020) 5



Experimental microRNA detection

Northern blotting

In situ
hybridization

Low-throughput-Low sensitivity-
Laborious and very time consuming

Low-throughput/Semi-quantitative

Reverse
transcription(RT-
gPCR)

Microarray

Next generation
sequencing

Cannot identify novel miRNAs

Low-sensitivity
and specificity/ Cannot identify novel
MiRNAs

Substantial computational work
required

Computational Biology and Data Mining

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

— - ) isclate 5ug of fotal RNA
TOTAL RNA ISOLATION / \ from yoursample e A profile of all small RNAs and miRNAs in the

transcriptome
I 0 Size fractionate total RNA
using denaturing PAGE
SIZE FRACTIONATION . .
@ select smoll RNA fction  Small RNA targets are enriched through size
(17-25 nt)
* selection using size-exclusion gels or commercially
@ 3 odapter figation developed k|ts
ADAPTOR LIGATION - -
— — G 5' adapter ligation

’r * Follow RNA-seq procedure

_— = . il o Reverse transcribe RMNA
_—— = = sequences
RT & PCR _— _ =
= — ] _— T — @ PCR amplify sequences

« Bias because of degradated RNA fragments

i 1] @ Flow Cell Attachment &
LT ) Bridge Amplification
a W i ind P Annealing of Seguencing
@ ! w9 Primers & Base extension

B @seuencingaseca

Deblock Extension,
Extension, Base Call 7

*llumina sequencing method depicted however other sequencing platforms can also be used.



Ex.1 Annotate microRNAs B~~~

Exercise 1: Find the (hsa-) microRNA sequence using blast

>seql

ACATTTACCTAGCAGAAGAAAAATCGTGTTTACGAAGGTGGTTTTCGCAGGGCGAAGCTAATTCGTGCAACTTCCCCAAATGTG
GGAAGCTCGACTGCATAATTTGTGGTAGTGGGAGACTGCGTTCGCTCTTTTCCCCCG

>seq2

TCCAAACAGACACTGATGGCACCTTCTGCCATTTAGGAATTTGTTTTAAAACAGACATTTGTCTAGATATTTCCTTTGTGGCCTCC
TCCCCATCAAAAGTCAATCAAACATCG

>seq3

GUGGCCUCGUUCAAGUAAUCCAGGAUAGGCUGUGCAGGUCCCAAUGGGCCUAUUCUUGGUUACUUGCACGGGGACGC
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Sol. 1 Annotate microRNAs

I 0 Your search is limited to records that include;: Home sapiens (taxid:9606)

Enter Query Sequence Job Title 3 sequences (seql) Filter Results
Enter accession number(s), gi(s), or FASTA sequence(s) @ clear Querysubrange® P TI3YG2IVOL3 Search expires on 12:08 20:06 pm Download Allv
Organism only top 20 will appear |:| exclude
i Results for FlclQuery 27773 seq3#4#(77bp) v
From Type common name, hinomial, taxid or group name
>seq3 Program BLASTN@® Citation v _
GUGGCCUCGUUCAAGUAAUCCAGGAUAGGCUGUGCAGGUCCCAAUGG : + Add organism
GCCUAUUCUUGGUUACUUGCACGGGGACGC A W[ Database  refseqma  See details v :
Query ID IcllQuery 27773 Percent |dentity E value Query Coverage
Or, upload file Choose File | No file chosen (7] Descripion  seq3## to 0 o
H Molecule type ma
Job Title | 3 sequences (seql) | P m Reset
o Query Length 77
Enter a descriptive fitle for your BLAST search 9 :
|_| 0 Other reports  Distance tree of results MSA viewer @
__| Align two or more sequences
Graphic Summary Alignments Taxonomy
Choose Search Set
_ Sequences producing significant alignments Download ¥ Select columns ¥ Show | 100Y | @
Database @® Standard databases (nretc): (L) rRNANTS databases () Genomic + transc i d i i
selectall 1 lected GenBank Graphics Distance tree of resulis ~ MSA Viewer
| Reference RNA sequences (refseq ma) v |© S e
c Descrinti Scientific N Max Total Query E Per. | Acc. _
Drgamsm | 9506 ||_| escnvpuon CIEHDE ame Score Score Cover value  Ident | Len  ficcession
Optional 1 8 i ’ v - N
X . . . i Homa sapiens microRNA 26a-1 (MIR26A1), microRNA Homo sapiens 143 143 100% 3e-33 10000% 77 NR_029499.1
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown 9
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RNA secondary structure

3D-strcture of tRNA

* Not only proteins and DNA have secondary structures

« Structured RNA is involved in all aspects of gene expression

Amino acid
attachment site

| model * mRNAs are often structured in terminal regions

Anticodon

« Watson-Crick-pairing is preferred, but not as prominent as

Khanacademy

in DNA
AACUUGU
U UGAGG !
« Mismatches created wobbles (distinct hydrogen bonds)
Stermn
wm yarson-Crick parrs  Mismatches can have similar stability
mm (G pairs

W AsmaichH 10



RNA secondary structure

* RNA folding has a great relationship with minimum free energy (mfe)

Example:

-O\.ﬁ -2¢.0 —2¢l.9 2.1 -1.¢1 —Z\Ll -20 -23 -0.38
s-ACG G UACGAR
GCCAUGCU-+

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

Propagation AR, AS®, AGY;,
sequence kcal /mol cu kcal/mol
AA
uu —-6.6 -18.4 -0.9
—
AU
UA -5.7 —15.5 -0.9
o
TA
AU -8.1 -22.6 -1.1
0]
CA
GU -10.5 -278 -1.8
-—
—
Ccu — - -
GA 7.6 19.2 1.7
ga
—
GA -133 -35.5 -23
cu
GU
CA -10.2 -26.2 -2.1
=2
—_—
CG - _ =
GC 8.0 19.4 2.0
"
—
G =14.2 —34.9 -3.4
oie]
GG
cc -12.2 -297 -29
-
Initiation () =10.8 34
Symmetry correction
(self-complementary) 0 -1.4 0.4
Symmetry correction
(non-self-
complementary) 0 0 [V}

Freier et al. (1986)

enclosed base pair
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closing base pair
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interior loop
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i 1 enclosed base pair
closing base pair b v
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bulge exterior loop

*Turner 1999 RNA parameters
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*Mathews 1999 DNA parameters

A u A o
@U u Andronescu 2007 RNA parameters
U

*Mathews 2004 DNA parameters

|

11



Ex.2 microRNA folding B ™™

1. Use the ANAfold webserverto compute the secondary
structure of prior annotated microRNA sequence.

2. Find the 22 nt mature microRNA-3p and -35p sequences.
(7ip: Dicer 5' cuts directly at the hairpin loop)

Stem Loop
\
_RNAfold WebServer o TR 2
mature miRNA-5p
5' ( ‘
o e e g Ll 1illl/
- | seed |
[ 3
[ R mature miRNA-3p J
e
Noicatn el s compltion o e ;[ woel ' Pre-miRNA
‘
— - Pri-miRNA )

12



Sol.2 microRNA folding B~~~
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Check further Information on miRBase
Search for hsa-mir-26a-1
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MFE secondary structure 13
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Finding microRNA targets

* Mature microRNA is loaded into argonaute protein

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

to complementary 3'UTR sequence

« 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

14



Ex. 3 microRNA seed  E™™" "™

1. How many human genes are potentially targeted by previously

identified mature microRNAs? (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 microRNA.

Does it match the positions in the mature microRNA?

15



Sol. 3 microRNA seed B ™™™

Genes with only poorly conserved sites are not shown.

1045 transcripts with conserved sites, containing a total of 1209 conserved sites and 579 poorly conserved sites.

[View top predicted targets, irrespective of site conservation]

Table sorted by cumulative weighted contexi++ score [Sort table by predicted occupancy] [Sort table by aggregate Pc1]
The table shows at most one transcript per gene, selected for being the most prevalent, based on 3P-seq tags. [Download table]
Represen- Number of Conserved sites Poorly conserved sites Predicted occupancy ET e Previous
L LR Al 6mer Representative weighted Total Aggregate TargetScan
Target gene transcript Gene name tags sites in Tmer- Tmer- e Fmer = - mod high trans- 9 context++ P get. 3
: total 8 total 8m sites miRNA ! Mgh  focteq CONtext++ cT publica:
ENSTO000.. ""LEI,P:TQQ R Mer "mg a1 @ ' ms A1 miRNA miRNA “PCC  score score tion(s)
PTEMN 0371953.3 phosph;(ase and Le-r.lsin nomolog_ 118 Sites inUTR 4 3 1 o o o o o hsa-miR—ZGb—E‘p 0.1153 0.6550 2.1149 -0.55 -0.60 >0.99 2011, '15
LYCEET L VIIMAT 0000082
HEULITERVEE hsa-miR-26a
Position 1261-1268 of PTEN 3' UTR 5' ...ACUGUUAGGGAAUUUUACUUGAA. . .
- et e Sequence
hsa-miR-26a-5p 3 UCGGAUAGGACCIAAUGAACU 10 - Jucaaguapuccaggauaggcu - 31

Deep
sequencing

28542742 reads, 159 experiments
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mICroRNA-mRNA Interactome

 microRNA-mRNA interactions often false-positive

« Experimental validation often indirect from high-throughput

* Integration of further information can help ensuring accuracy:
*site type
esupplementary pairing

elocal AU

*minimum distance

«3' UTR length

*TA (target site abundance)

*SPS (seed-pairing stability)

= *Conservation of 3'UTR
*Conservation of microRNA family

*Thermodynamic stability of precursor microRNA

conserved sites MIR26A (3196) 17



