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RNA

RNA: tfi hlavni formy zapojené do proteosyntézy,
mediatorova RNA (mRNA), ribozomalni RNA (rRNA),

transferova RNA (tRNA).

mRNA: prenos informace pro syntézu proteind.

rRNA: nekédujici RNA, slozka ribozomu. Vyuzivana
pro studium evolucénich vztah(. Nezbytnd pro
spravnou funkci ribozom, tj. evoluéné konzervovana.

tRNA: transport aminokyselin pro proteosyntézu.

Obsahuji misto pro pripojeni am
antikodon pro interakci s mRNA.
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Cellular RNAs: Varied Roles

]ian Gu , Baylor College of Medicine, Houston, Texas, USA
Ram Reddy, Baylor College of Medicine, Houston, Texas, USA

In the cell, there are three major types of RNA directly involved in protein synthesis.

In addition, many other cellular RNAs also play important functions.

Ribosom

Proteinj



MRNA — nastroje a databaze DNA

* Prokaryotickd mRNA je €asto polycistronicka (multigenni, polygenni) — obsahuje prepisy
nékolika gend. Transkripce je u prokaryot Uzce sprazena s translaci. Zivotnost bakterialni

MRNA je kratka.

RNA

* Eukaryotickda mRNA je monocistronicka. Vznika jako pre-mRNA (prekurzorovda mRNA),
podléhd modifikacim (tvorba komplex( s proteiny, Uprava 5° konce ¢epickou,
polyadenylace 3" konce) a sestrihu.

* Predikéni nastroje: predikce mist sestfihu (souvislost s predikci gentl) a dalSich
specifickych mist a oblasti, predikce interakci (s proteiny a dalsi RNA), predikce Proteiny
modifikaci, predikce lokalizace.

Messenger RNA in
Eukaryotes

Goran Aku S]aI'VI , University of Uppsala, Uppsala, Sweden
]an-Peter Kreivi, University of Uppsala, Uppsala, Sweden
Svend Petersen-Mahrt, London Research institute, London, UK

Posttranscriptional regulation of gene expression represents an important level at which
eukaryotes can expand the coding capacity of their genomes. The concept that one
gene makes one protein does not apply to higher eukaryotes. Thus, a eukaryotic cell can
use alternative ribonucleic acid (RNA) splicing, alternative polyadenylation and RNA
editing to produce hundreds or even several thousands of protein isoforms from asingle
gene.

Messenger RNA in
Prokaryotes

Sidney R Kushner, university of Georgia, Athens, Georgia, USA

Messenger RNAs (mRNAs) are molecules that represent the intermediate step in
converting the genetic information carried in a cell’s DNA to functional proteins. Structural
features of mRNAs control both how effectively their contained data are translated into
functional proteins and how rapidly they are destroyed.
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Figure 3 Prokaryotic mRNAs are polycistronic, containing multiple
open reading frames (ORFs, boxes) where each initiation codon is
downstream of the Shine-Dalgarno sequence (SD) and the region
between the ORFs can vary; it may even overlap with the termination
codon of the prior ORF.



MRNA — predikce mist sestrfihu

SpliceFinder: ab initio prediction of
splice sites using convolutional neural
network

Ruohan Wang, Zishuai Wang, Jianping Wang™ and Shuaicheng Li"

Abstract

Background: Identifying splice sites is a necessary step to analyze the location and structure of genes. Two
dinucleotides, GT and AG, are highly frequent on splice sites, and many other patterns are also on splice sites with
important biological functions. Meanwhile, the dinucleotides occur frequently at the sequences without splice sites,
which makes the prediction prone to generate false positives. Most existing tools select all the sequences with the
two dimers and then focus on distinguishing the true splice sites from those pseudo anes. Such an approach will lead
to a decrease in false positives; however, it will result in non-canonical splice sites missing.

Related work

The existing splice site prediction tool

sequences. For RNA-seq based tools

the alignment-based approach by mappinsg , A-seq experimen
reference genome and discovering the exon-exon junctions. The alignment-based approach
malkes it easier to avoid false positives since it relies on the junction signals, instead of
patterns. However, the need for a reference genome limits its application. Recently, deep

neural networks have been emploved to predict splice sites from arbitrary pre-mRNA

transcript sequenm

SpliceAl

,Compared with other state-of-the-art splice site prediction tools,
SpliceFinder generates results in about half lower false positive
while keeping recall higher than 0.8. Also, SpliceFinder captures
the non-canonical splice sites.”

,We demonstrate that MapSplice achieves higher sensitivity and
specificity than TopHat and SpliceMap on a set of simulated RNA-
seq data. Experimental studies also support the accuracy of the
algorithm.”

,Compared to current methods, SpliceMap can achieve 12%
higher sensitivity without sacrificing specificity.

,The TopHat pipeline is much faster than previous systems,
mapping nearly 2.2 million reads per CPU hour, which is sufficient
to process an entire RNA-Seq experiment in less than a day on a
standard desktop computer.”

Bézny predikéni
program
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MRNA — predikce polyA (pA) mist

* Polyadenylace 3" konce — pfipojeni poly(A) sekvence na 3" konec pre-mRNA. Stépeni pobli?

polyadenylacniho signalu, poté pfipojeni 50-250 A.

e Vyznam pro stabilitu, export a translaci mRNA.

* Geny mohou mit vice polyadenylacnich mist (alternativni polyadenylace). 1 gen = vice transkriptld (mRNA
isoformy) s rGznou stabilitou a efektivitou translace; popripadé mohou vznikat rizné formy proteind.

Genome analysis
DeepPASTA:
polyadenylation site analysis

Ashraful Arefeen @ ', Xinshu Xiao?* and Tao Jiang'***

"Department of Computer Science and Engineering, University of California, Riverside, CA 92521, USA,
*Department of Integrative Biology and Physiology, University of California, Los Angeles, CA 90095, USA, *Institute
of Integrative Genome Biology, University of California, Riverside, CA 92521, USA and *Bicinformatics Division,
BNRIST, Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China

Predikce urovné ob&dl v menze zaloZena na empirickém pozorovani Example  Search

https://acronymify.com/

Acronym
PROVE
PROVEN
PROMO
MEANER
MANNER
DROVE
DRONER
RODEO

IRONER

deep neural network based  Deep neural network-based PolyA SiTe Analysis

Expanded

Predikce URovné Obédl V mEnze

Predikce URovné Obédl V mENze

Predikce URovné Obédi eMpirickém pOzorovani
MEnze zAloZzena Na Empirickém pozoRovani
Menze zAloZeNa Na Empirickém pozoRovani
Predikce URovné QB&dld Empirickém pozoRovani
preDikce URovné Ob&dd V mEnze

preDikce URovné Ob&dd Na Empirickém pozoRovani
pRedikce arovné obéD0 Empirickém pOzorovani

predikce URovné Ob&dld Na Empirickém pozoRovani
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MRNA — predikce mRNA:mMiRNA interakci

DNA

* miRNA — microRNA. Kratké nekddujici jednovlaknové retézce RNA. Regulace genové exprese — vazba na
komplementarni dseky mRNA vede ke snizeni produkce proteinu (inhibice translace, destabilizace

mMRNA).

* Chybna (sniZzena x zvysena) produkce microRNA pozorovana u rliznych nemoci.

e Léciva budoucnosti?

How close are miRINAs from clinical practice?

A perspective on the diagnostic

and therapeutic market

Bonneau E.}, Neveu B.2, Kostantin E.3, Tsongalis G.J.%, De Guire V.2

* Department of Laboratory Medicine, Biochemistry Division, Saint-Eustache Hospital, Québec, Canada
* Biochemistry Division, Maisonneuve-Rosemont Hospital, Montreal, Québec, Canada
? Department of Biochemistry, McGill University, Montreal, Québec, Canada
* Department of Pathology and Laboratory Medicine, Geisel School of Medicine at Dartmouth
and Dartmouth Hitchcock Medical Center, Lebanon, NH, United States of America

Faze 1 — testovani na malé skupiné osob, nejcastéji zdravych
dobrovolnicich. Stanoveni nejvyssi tolerované davky, sledovani
vedlejsich ucinka.

Faze 2 — testovani na malém poctu vybranych pacientl. Teprve
tady se sleduje, jestli lécivo skutecné funguje — prokazani
[éCebnych Gcinka.

Faze 3 — testovani na velkém mnoZstvi pacientl, ovéreni
ucinnosti. V pripadé Uspéchu kondi schvalenim a registraci 1éCiva,
Ize pouZit pro zdravotni péci.

Faze 4 — sledovani nezadoucich ucink( pfi dlouhodobém uzivani,
interakcis jinymi léCivy, vzacnych vedlejsich ucink(.

Companies

Roche/Santaris

Regulus
Therapeutics

MiRagen
Therapeutics

ENGenelC

Abivax

Product

Miravirsen

RG-101

RG-012

RG-125

MRG-201

MRG-106

MRG-107

MRG-110

Mesomir

ABX464

Targeted
miR

miR-122
miR-122
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miR-
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miR-155

miR-155

miR-92
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miR-124

Disease

type
HCV

HCV

Alport
syndrome

MASH
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and leukemia
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IBD

Development
phase

Phase 2
Phase 2 (hold)
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Phase 2

Phase 1 and
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Phase 1
Phase 2

Phase 2
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MRNA — predikce mRNA:mMiRNA interakci

DNA
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* miRNA — microRNA. Kratké nekddujici jednovlaknové retézce RNA. Regulace genové exprese — vazba na
7 7 ’ v ’ . . . . K
komplementarni dseky mRNA vede ke snizeni produkce proteinu (inhibice translace, destabilizace
MRNA).
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* Chybna (snizend x zvySena) produkce microRNA pozorovana u rliznych nemoci.
e Léciva budoucnosti?
Therapeutic molecule  Disease Target miRNA Biotechnology or Stage ol Development
Biopharmaceutical Company (Climical trialjpreclinical
trial)
Miravirsen(SPC3649) For the treatment of hepatitis C virus mik-122 SantarisPharma Phase 1l clinical trials H
(RO itection Proteiny
MEX34 For the treatment of different types of mik-34a mikMNATherapeutics Phase 1 clinical trial
cancers
RCG-101 For the treatment viral effect mik-122 Regulus Therapeutics Phase 1B clinical trial ) ) ) )
RG-012 To prevent alport nephropathy miRNA-21 Regulus therapeutics (with the Preclinical stage Contents lists available at ScienceDirect
strategic alliance with Genzyme)
RCLS4326 For the treatment of Polycystic kidney miR-17 Regulus Therapeutics Phase | clinical study _]Ol_ll'l'lal Of Adva l'lCEd Resea['Ch
disease (PKD)
MGN-1374 for Lht-.: treatment of post-myocardial mikNA-15 and miR- miRagen therapeutics Preclinical stage emomal [Dememanes Tomelamianee e fae
infarction 195
MGN-2677 For the treatment of vascular disease miR-143/145 miRagen therapeutics Preclinical stage
MGN-4220 For the treatment of cardiac fibrosis miR-29 miRagen therapeutics Preclinical stage
MGN-4893 For the treatment of disorders like mik-451 miRagen therapeutics. Preclinical stage . . .. ..
abnormal red bload cell production Therapeutic advances of miRNAs: A preclinical and clinical update )
MGN-5804 For the treatment of cardiometabolic miR-378 miRagen therapeutics Preclinical stage . . abl . ) b1 i . b Chmpkier
disease Chiranjib Chakraborty *”*, Ashish Ranjan Sharma ™', Garima Sharma “, Sang-Soo Lee ™
MGN-G114 For the treatment of peripheral arterial miR-92 miRagen therapeutics Preclinical stage  Department of Biotechnology, School of Life Science and Biotechnology, Adamas University, Barasat-Barrackpore Rd, Kalkata, West Bengal 700126, India
disease 1_’li'rsu'mtﬁ Jor Skeletal Aging & Orthopedic Surgery, Hallym University-Chuncheon Sacred Heart Hi.:spiml Chuncheon, Gangwon-[o 2%252. Kepublic of Korea
MGN-9103 For the treatment of chronic heart Eailure miR-208 mi R;.IF,E]'I tl'rerapeulics Preclinical stage Neuropsychopharmacology and Toxicology Program, College of Pharmacy, Kangwon National University, Chuncheon 24341, Republic of Korea
Cobomarsen (MRG- For the treatment of cutaneous T-cell miR-155 miKagen therapeutics Phase-] clinical trial
106) lymphoma (CTCL)
MRG-107 For the treatment of amyotrophic lateral mik-155 miRagen therapeutics Completed preclinical trial
sclerosis [ALS) and entering in clinical trial
MRG-110 Target blood vessel growth and to control  miR-92a miRagen therapeutics Phase-1 clinical trial
ischemia
Remlarsen (MRG-201) For the treatment of different type ol miR-29 miRagen therapeutics Phase-1 clinical trial (for

fibrosis such as cutaneous fibrosis,
idiopathic pulmonary fibrosis etc.

idiopathic pulmonary
fibrosis and other fibrosis)




MRNA — predikce mRNA:miRNA interakci  ona

* miRNA — microRNA. Kratké nekdduijici jednovldaknové retézce RNA. Regulace genové exprese — vazba na
komplementarni useky mRNA vede ke snizeni produkce proteinu (inhibice translace, destabilizace
mMRNA).
RNA
* Chybna (sniZzend x zvySena) produkce microRNA pozorovdna u rdznych nemoci. <«

e Léciva budoucnosti?

E
. Proteiny
: http://mirdb.org/

miRDB is an online database for miRNA target prediction and functional annotations. All the targets in miRDB were predicted by a bioinformatics
tool, MirTarget, which was developed by analyzing thousands of miRNA-target interactions from high-throughput sequencing experiments.
Common features associated with miRNA binding and target downregulation have been identified and used to predict miRNA targets with
machine learning methods. miRDB hosts predicted miRNA targets in five species: human, mouse, rat, dog and chicken. Users may also provide
their own sequences for custom target pred|ct|or1 usmg the updated prediction algorithm. In add|t|on through combined computational analyses
and literature mining, functionally a and mice were identified. These miRNAs, as well as associated functional
annotations, are presented in tt »s a recent update, miRDB presents the expression profiles of hundreds of cell
lines and the user may limit their s& at are expressed in a cell line of interest. To facilitate the prediction of miRNA

. = 1) Target prediction with user-provided miRNA or gene target sequence
functions, miRDB presents a new web |nterface for |nteg rative analysis of target prediction and Gene Ontology data.
Species: Human v
Why miRDB? Submission type: | mRNA Target Sequence v |
miRDB is an online database for predicted microRNA targets in animals. MicroRNAs are involved in many diverse biological Example miRNA sub meqce 't mRNA submission
i i i - i i i i i m ar (=] uence

processes andlthey may potentially regulate t.he fu.nct|ons of thousends of.genes. One major issue in miRNA studies is the Iackl CCCCTECCTCOOCCAR TEL =R CTETITCCCACCTOCTCTOCACTCACCTTAGATG
of bioinformatics programs to accurately predict miRNA targets. Animal miRNAs have limited sequence complementarity to their TTCAGAAGCCGCTTCCTCTCCACTGAAGAGCTATGAGATACGCACAATACTTGCTGTTCACGTTATGACTCTC
gene targets, which makes it challenging to select relevant biological features to build target prediction models with high ATGCAAGCAAAATACACAGTTTCATTGTTCTGAATCCTGTGGTTTCTTTCAGCCCACTTTTATCGCCTTAACCT

Ty : e H i _ AGTTAATGTATAT T T TGAATTGTGTGTATGACCTCAGAACTGAAATTGATAATGAAGTTGCAAGTTTTGATAGC
Sﬁ_eclfl(;:ty. WE‘ .hEIlVE‘ gev‘:_llOped anew mlRNA ﬁarget Ipn?dmt}_l]?nhpr}?_gran;] baSEd OnISUDDOWthECtOr mﬁChln.edS (S\E{Mg) andlhflgh CCGTGAAGTGCATAAGTATCTAATT TTACCTGAATTGATTTGGGGGGAAATTACCAGTAGAATGCCTTGGTCT
throug put training atesets. By system_atlca y analyzing hig -throug p_ut experimental data, we have identified novel features GAATATTTGATAGAACCAATTGTTGTACATAAAACAGATTGCGCATATATATATATGTATAAAAAATAATAAAATA
that are important to miRNA target binding and expression downregulation. These new features as well as other known features

ATGGAAGATGATGGTGTTCTCTAGTAAAAAAAAAAAAALALAN
have been integrated in an SVM machine learning framework for the training of our target prediction model. Qur prediction

algorithm has been validated by independent experimental data for its improved selectivity on predicting a large number of
miRNA downregulated gene targets.

Go | Clear



rRNA — nastroje a databaze

* rRNA tvoti 2/3 ribozomu. Ribozomy jsou komplexni makromolekularni struktury, skladaji
se z malé a velké podjednotky, obsahuji RNA a proteiny.

* rRNA se vyskytuje v burice ve velkém mnozstvi (80 % RNA).

» Jednotky S: prvotni analyzy ribozomU byly délany pomoci ultracentrifugace. Svedberg (S)
— jednotka sedimentacniho koeficientu pojmenovana podle Theodora Svedberga.
Svedberg byl plodny védec — mél Nobelovu cenu, ¢tyfi manzelky (postupné) a dvanact
déti. Jeho dalsim konickem byla botanika a malovani.

Protein7

* rRNA je vysoce konzervovana (predevsim 2D, 3D struktura). Vyuzivana pro fylogeneticke
analyzy a studium biodiverzity (konzervované Useky, variabilni Useky gena).

Table I RNAs in prokaryotic and eukaryotic ribosomes

Ribosomes Ribosomal RNAs (rRNA)

Prokaryotic70S (average mass: 2.5 million daltons, of which Small subunit:16S rRNA (1542 nucleotides)“Large
about 66% is RNA subunit:3S rRNA (120 nucleotides)?23S TRNA

rRNA Structure

Arun Malhotra, University of Miami School of Medicine, Miami, Florida, USA

Ribosomal RNAs (rRNA) are essential components of ribosomes which are responsible
for protein synthesis in all living cells. rRNA structure can be described at several levels — at
the level of their primary sequences and secondary structures, as well as in terms of their
tertiary folds of macromolecules within the ribosomal subunits.

(2904 nucleotides)”
Eukaryotic80S (average mass: 4.2 million daltons, of which  Small subunit:18S rRNA (1874 nucleotides)’Large
about 60% is RNA) subunit:5S rRNA (120 nucleotides)bS.BS rRINA
(160 nucleotides)’28S rRNA (4718 nucleotides)”

“Escherichia coli.
’Typical values for mammalian cytoplasmic ribosomes.



Molekularni fylogeneze

* Fylogenetickd data jsou ziskavana zkoumanim charakteristickych znakd studovanych

organismdul.

* Prvotné pouzivany pouze MORFOLOGICKE znaky. Probjém — fosilni pozUstatky vétsinou
NEKVALITNI, neposkytuji Zzadané informace nebo se VUBEC nedochovaji.

* Kde se da inteligentné umfit:

Histology of a Woolly Mammoth
(Mammuthus primigenius) Preserved
in Permafrost, Yamal Peninsula,
Northwest Siberia

CHRISTINA PAPAGEORGOPOULOU,' KARL LINK,? axp FRANK J. RUHLI**
!Laboratory of Anthropology, Department of History and Ethnology, Demokritus
University of Thrace, Komotini, GR-69100, Greece
“Centre for Evolutionary Medicine, Institute of Anatomy, University of Zurich,
8057 Zurich, Switzerland

Mamutatko , Lyuba“ (protoze kdyz to
pojmenujete, asi se to lépe pitva?).

Did saber-tooth kittens grow up
musclebound? A study of postnatal limb
bone allometry in felids from the Pleistocene
of Rancho La Brea

Rancho La Brea tar pits —
asfaltova jezirka

Katherine Long', Donald Prothero™**, Meena Madan®, Valerie J. P. Syverson*

Fig 2. Growth series of juvenile limb bones of Smilodon fatalis, showing the dramatic transformation in size and shape during ontogeny. A. Tibia.
B. Femora. Photos by DRP.

Kosti $avlozubych kotatek.



Molekularni fylogeneze

Fylogeneticka data jsou ziskdvana zkoumanim charakteristickych znak( studovanych
organismu.

Prvotné pouzivany pouze MORFOLOGICKE znaky. Problém — fosilni pozGstatky vétsinou

NEKVALITNI, neposkytuji zddané informace nebo se VUBEC nedochovaji.

Molekuldrni fylogenetickd dat = sekvence nukleovych kyselin, proteint ze soucasnych
taxond.

Jednotlivé stavy (nukleotidy, aminokyseliny) jsou jednoznacné a nezaménitelné a vhodné
pro matematické a statistické analyzy.

Priklad: kdo jsou nejblizsi pfibuzni hrochu?

Zoo Ostrava | it g https://www.whalesbﬁéeahd.is/
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Molekularni fylogeneze e e
&R  Mongolian Sheep i

G owca domowa

* Fylogenetickd data jsou ziskavana zkoumanim charakteristickych znakd studovanych
organismu.

. CETARTIODACTYLA - KYTOKOPYTNICI
' BOVIDAE - TUROVITI

t\\ @ : 50-70 kg ﬂOD : trdva, seno

~ Je hojn& rozsifena ve vnitim Mongolsku, odkud se dostala do severnich

* Prvotné pouZivany pouze MORFOLOGICKE znaky. Problém — fosilni pozistatky vétSinou g b
NEKVALITNI, neposkytuji zadané informace nebo se VUBEC nedochovaji. | Dol e

i y ymi nebo hnadymi
i . bahnice nikoliv. Rouno byva bilé, n&kdy s cemymi nel
:I:\:rér\::‘uy na hbetd a na bocich. Hiava je &ema, hnéda nebo bila a tyto

ji Basto aZ na krk. Vyskytu sttt
e e ejvétsiho z nich (Ujumquin) je a2 71 cm. hmotnost

* Molekularni fylogeneticka dat = sekvence nukleovych kyselin, proteinl ze soucasnych %mmmw;:‘““mmwv%

taxonﬁ | 1222 kg. Chové se také pro maso. -
tocen nahoru 2
) 227

o Tenky konec ocasu je okle st

| Zg5) OSTRAVAI!®

Jjo se v nakolika razech (typech)

* Jednotlivé stavy (nukleotidy, aminokyseliny) jsou jednoznacné a nezaménitelné a vhodné
pro matematické a statistické analyzy. The Cetartiodactyla Family Tree

Branch lengths are not proportional to time
(From Price, Bininda-Emonds, and Gittleman, 2005)

Priklad: kdo jsou nejblizsi pfibuzni hrochu? Retur to

he base of
the tree ——
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rRNA — nastroje a databaze

* Vyuziti pro fylogenetické analyzy: small subunit ribosomal RNA (SSU rRNA) — rRNA z malé
ribozomalni podjednotky

* 16S rRNA — prokaryota
e 18S rRNA — eukaryota

silva

high gquality ribosemal RNA databases

Silva = latinsky les

SILVA» Bacteria» Proteobacteria» Gammaproteobactenia » Enterobacterales »  Morganellaceae »  Photorhabdus »  Photorhabdus sp. ChKj163

*) Enterobacterales
» (10) = (3)
Budviciaceae
Enterobacteriaceas
Enwiniaceae
Gibbsiella
Hainiaceae
Morganellaceaer
Pectobacteriaceae
Thorselliaceae
uncultured
Yersiniaceae

Vyhledavani
podle nazvu

*: Morganellaceae

+ (31) » (323)
Candidatus Eckstaimia
Candidatus Hamiltonella
Candidatus Hartigia
Candidatus Ishikawaella
Candidatus Kleidoceria
Candidatus Moranella
Candidatus Puchtella
Candidatus Purcelliella
Candidatus Regiella
Candidatus Riesia
Candidatus Rosenkranzia
Candidatus Schneideria
Candidatus Westeberhardia
Cosenzaea
endosymbionts

Incertae Sedis
Moellerella

Morganella
Photorhabduse

Proteus

Frovidencia

uncultured
Wigglesworthia
Xenorhabdus

*) Photorhabdus

@ (452)

(1/46) next»

® Photorhabdus sp. ChKj163
» Phoforhabdus sp. OnlirdQ

# Phoforhabdus sp. Fslwag
» Photorhabdus sp. WkSs43
» Photorhabdus sp. KcTs129
» Phoforhabdus sp. Onknz
» Photorhabdus akhurstii

» Phoforhabdus sp. TyKb140
» Phoforhabdus sp. NnhdtZh
» Phoforhabdus sp. IT

+

-habdus cn. ChETT63

% Photorha

Accession Nr  AB272085

Description

Regions
Length
Guality

Links

Photorhabd
CbKj163 ge
ribosomal RMA.
1

1499

Sequence —-—
Alignment -
Pintail —

Protein7

https://www.arb-silva.de/

Motivation

Sequencing the ribosomal RMA [rRNA) genes is currently the method
of choice for phylogenstic reconstruction and nucleic acid based
detection and guantification of microbial diversity. The ARB software
suite with its corresponding rRMA databases has been accepted by
researchers worldwide as their standard tool for large scale ribosomal
RMA analysis. More than 20 years of development have already been
invested to extend and maintain the system. To provide high quality
and comprehensive rRNA databases comprising Bacteria, Archaea and
Eukarya the SILVA (from Latin silva, forest) system has been
implemented in 2007. It is designed as an automatic software
pipeline for sequence retrieval, quality assignment and the alignment
of nucleic acid sequences based on the latest comprehensive ARB
alignments.



* Vyuziti pro fylogenetické analyzy: small subunit ribosomal RNA (SSU rRNA) — rRNA z malé

rRNA — nastroje a databaze

ribozomalni podjednotky
* 16S rRNA — prokaryota
e 18S rRNA — eukaryota

silva

high gquality ribosemal RNA databases

SILVA» Bacteria» Proteobacteria» Gammaproteobactenia » Enterobacterales »  Morganellaceae »

*) Enterobacterales
» (10) = (3)
Budviciaceae
Enterobacteriaceas
Enwiniaceae
Gibbsiella
Hainiaceae
Morganellaceaer
Pectobacteriaceae
Thorselliaceae
uncultured
Yersiniaceae

Vyhledavani
podle nazvu

*: Morganellaceae

+ (31) » (323)
Candidatus Eckstaimia
Candidatus Hamiltonella
Candidatus Hartigia
Candidatus Ishikawaella
Candidatus Kleidoceria
Candidatus Moranella
Candidatus Puchtella
Candidatus Purcelliella
Candidatus Regiella
Candidatus Riesia
Candidatus Rosenkranzia
Candidatus Schneideria
Candidatus Westeberhardia
Cosenzaea
endosymbionts

Incertae Sedis
Moellerella

Morganella
Photorhabduse

Proteus

Frovidencia

uncultured
Wigglesworthia
Xenorhabdus

*) Photorhabdus

@ (452)

(1/46) next»

® Photorhabdus sp. ChKj163
» Phoforhabdus sp. OnlirdQ

# Phoforhabdus sp. Fslwag
» Photorhabdus sp. WkSs43
» Photorhabdus sp. KcTs129
» Phoforhabdus sp. Onknz
» Photorhabdus akhurstii

» Phoforhabdus sp. TyKb140
» Phoforhabdus sp. NnhdtZh
» Phoforhabdus sp. IT

Accession Nr
Description

Regions
Length
Guality

Links

Silva = latinsky les

Photorhabdus » Photorhabdus sp. ChKj163

"bKi163

AB272085
Photorhabdus sp.
CbKj163 gene for 165
ribosomal RMA.

1

1499

Sequence —-—
Alignment -
Pintail —

https://www.arb-silva.de/

ACT: Alignment, Classification and Tree Service

SINA1.2.11

Input data

=1

GCGTGCTTAACACAT GCAAGTCEAACGAGAACGGGTTATAGCTTGCTATAACT GTCAGCT
AAGTGGCGCACGGGETGAGTAATGTATAGT TAACCTGCCCT CGAGAAAGGAATAACAGTTG
GAAACGACTGCTAATGCCCTATATGCCCATAATACAAAAGTATGCTGGGGAAACGCTTTA
GTGCTCGAGGATGGGACTGTATGGTATCAGCTAGTTGGTGAGGTAATGGCTCACCAAGET
AATGACGCCTAACTGGETTTGAGAGGATGATCAGT CACACTGGAACTGAGACACGGTCCAG
ACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGAGGALM CTCTGATGCAGCAA
COCCGCGTGGAGGATGACACTTTTCGGAGCGTARACTCCTTTTATATAGGAAGATAATGA
COGTACTATATGAATAAGCACCGGLTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGG
TGCAAGCGTTACTCGGAATCACT GEGCGTAAAGAGCGTGTAGGLGG

or

upload an FASTA file

.

Seledt file

Protein7



rRNA — nastroje a databaze

* Small subunit ribosomal RNA (SSU rRNA) — rRNA z malé ribozomalni podjednotky
* 16S rRNA — prokaryota
e 18S rRNA — eukaryota

16s rRNA — studium biodiverzity (metagenomika)

A Comparative Metagenome Survey of the Fecal Protei nj
Microbiota of a Breast- and a Plant-Fed Asian Elephant 2 E

Reveals an Unexpectedly High Diversity of Glycoside
Hydrolase Family Enzymes

Nele limberger’, Simon Giillert’, Joana Dannenberg’, Ulrich Rabausch’, Jeremy Torres’,

Bernd Wemheuer?, Malik Alawi®, Anja Poehlein?, Jennifer Chow’, Dimitrij Turaev®, Thomas Rattei’,
Christel Schmeisser’, Jesper Salomon®, Peter B. Olsen®, Rolf Daniel?, Adam Grundhoff®,

Martin S. Borchert®, Wolfgang R. Streit"*

https://ngs.arb-silva.de/silvangs/

Processing and analysis of 165 rRNA gene data sets

Via pyrosequencing generated raw sequences were processed
according to [35], with the following modifications: After raw data
extraction, reads shorter than 300 bp and those possessing long
homopolymer stretches (=8 bp) or primer msmatches (=5 hp)
were removed. The sequences were denoised emploving Acacia
[34]. Chimeric sequences were removed using UCHIME in
reference mode with the most recent SILVA 55U database as
reference dataset (SSURel 115 NR) [35]. s
rBNA gene sequences were uploaded 16
next-generation sequencing) server for (axonommic ChEslicaton
[36]. Microbial taxonomy was determined using default settings
with two adjustments: The cluster sequence identity threshold was

Materials and Methods

DNA isolation

No specific permissions were required for these activities. The
study did not involve endangered or protected species. Coordi-
nates are: Longitude/Latimde 9.941572/9.941572. Fresh feces
samples derived from a six-years-old female Asian elephant
(“Randy™, *2003 in Hamburg) and from a three-weeks-old male
elephant (“Assam”, *2012 in Hamburg), both living in the zoo
‘Hagenbecks Tierpark’ in Hamburg (Germany), were collected
from the zoo stall directly after defecation. The samples were
transported, directly and on ice, to the laboratory in Hamburg
Klein Flotthek for further analysis. The elephants were not treated
with antibiotics. The older Asian elephant was mainly fed with
grass, hay, leaves and twigs, with additional fruits and vegetables.

; _ . . . T S ' o decreased to 0,97 and the maximal taxonomic depth was
In contrast, the three-weeks-old male_ele H asi=fed. v s . . .
DNA isolation was performed witfthe OLAamp DNA Stool kit Kandy uz ma potomky... S I va n increased to 30, Rarefaction curves were caleulated emploving
from Qiagen (Hilden, Germany) as deésor ool the QIIME 1.8 software package [37].

www.zooelefant.de @

Assam bude moci za chvilku
poskytovat vzorek...




QIAamp® DNA Stool Handbook

For DNA purification from stool samples

Introduction

The QlAamp DNA Stool Mini Kit provides fast and easy purification of total DNA from
fresh or frozen stool samples. QlAamp purified DNA is of high quality and well suited
for use in PCR and other downstream enzymatic reactions.

The simple QIAamp spin procedure yields pure DNA ready for direct use in less than
1 hour. The procedure can be automated on the QlAcube® for increased standardization
and ease of use (see page 9). Purification requires no phenol-chloroform exiraction or
alcohol precipitation, and involves minimal handling. DNA is eluted in low-salt buffer
and is free of protein, nucleases, and other impurities or inhibitors. The purified DNA
is ready for use in PCR and other enzymatic reactions, or can be stored at —20°C for
later use.

Stool samples typically contain many compounds that can degrade DNA and inhibit
downstream enzymatic reactions. To ensure removal of these substances, the QlAamp
DNA Stool Mini Kit contains InhibitEX Tablets, a unique reagent provided in a
convenient tablet form. InhibitEX Tablets efficiently adsorb these substances early in the
purification process so that they can easily be removed by a quick centrifugation step.
In addition, the kit contains Buffer ASL, which is specially developed to remove
inhibitory substances from stool samples.

DNA of up to 20 kb is purified by the QlAamp DNA Stool Mini Kit. DNA of this length
denatures completely during thermal cycling and can be amplified with the highest
efficiency.

Sample size

The QlAamp DNA Stool Mini Kit is optimized for use with 180-220 mg fresh or frozen
stool, but can also be used with larger amounts of stool. Starting with larger amounts
of stool is recommended when the target DNA is not distributed homogeneously
throughout the stool and/or is at a low concentratfion; a larger amount of starting
material will increase the likelihood of purifying DNA from low-iter sources in stool
samples. See “Protocol: Isolation of DNA from Larger Volumes of Stool”, page 30.

The QlAamp DNA Stool Mini protocols can also be used for samples of less than
180 mg (e.g., forensic samples). In such cases, follow one of the standard protocols,
without reducing the amounts of buffers or InhibitEX matrix used.

For maximum flexibility, protocols are provided for use with samples collected in both
2 ml microcentrifuge tubes and 15 ml stool tubes.

Metagenomika

Culturing-based genomics

* Sekvenace jednotlivého genomu je ,,out”

* Mnoho organismi nelze ziskat

v izolovaném stavu
* Padni spolecenstva
* Mofskd spolecenstva

e Stfevni mikrobiom

* Metagenomika se zabyva sekvenacemi

komplexnich vzorki O (©)
* Garza & Dutilh 2015

About the Human Microbiome

The Human Microbiome is the collection of all the microorganisms living in association with the human
body. These communities include eukaryotes, archaea, bacteria and viruses. Bacteria in an average human
body number ten times more than human cells, for a total of about 1000 more genes than are present in the
human genome. Because of their small size. however, microorganisms make up only about 1 to 3 percent of
our body mass (that's 2 to 6 pounds of bacteria in a 200-pound adult). These microbes are generally not
harmful to us, in fact they are essential for maintaining health. For example, they produce certain vitamins
that we do not have the genes to make, break down our food to extract nutrients we need to survive, teach
our immune systems how to recognize dangerous invaders and even produce helpful anti-inflammatory
compounds that fight off other disease-causing microbes. An ever-growing number of studies have
demonstrated that changes in the composition of our microbiomes correlate with numerous disease states,
raising the possibility that manipulation of these communities could be used to treat disease.

https://hmpdacc.org/hmp/overview/



tRNA — nastroje a databaze

AGC GUA CGG

* tRNA - transport aminokyselin pro proteosyntézu. Obsahuji misto pro pripojeni ‘ ‘ ‘

aminokyseliny a antikodon pro interakci s mRNA. Existuji ve dvou stavech, s/bez

aminokyseliny.

Ser His Ala

* Na 3" konci je vidycky sekvence CCA (kddovand nebo pfipojend enzymaticky) — slouZici

k pfipojeni aminokyseliny.

* tRNA podléha mnoha posttranskripénim modifikacim, obsahuje neobvyklé nukleotidy

(dalezité pro strukturu a funkci).

e Typicka sekundarni struktura: jetelovy list (,,cloverleaf®).

Transfer RNA tRNA Structure

Eric Westhof, institute of Molecular and Cellular Biology, Strasbourg, France
Emanuel Goldman, New jersey Medical School, Newark, New Jersey, USA

Pascal Auffinger, Institute of Molecular and Cellular Biology, Strasbourg, France
Transfer ribonucleic acid (tRNA) is the class of molecules that decode the genetic code
and link the coded information to their attached amino acids. These become
constituents of the protein specified by the gene.

Transfer ribonucleic acid (tRNA) molecules that participate in the elongation step of
protein synthesis on the ribosome have a conserved secondary structure, known as the
cloverleaf, and fold into a common three-dimensional architecture.

O~ Amino acid
~{Amino acid|

D loop

Anticodon stem Variable loop

32

Anticodon loop

Anticodon



tRNA — databaze

T-psi-C
and structure

Marcin Piotr Sajek “'"f, Tomasz Wozniak' "', Mathias SprinzI?*, Jadwiga Jaruzelska' and
Jan Barciszewski®*"

database of tRNA sequences

http://tpsic.igcz.poznan.pl/

ﬁ%iPsi- Database

Discover RNA database available!

There is simplified list of what you can do:

* Browse sequences

tdbR00000492

NAME

Coding AA:

AGC GUA

CGG

Ser His

Ala

VALUE

s Search by sequence, structure and other properties
* JustBLAST it

s See gvailable and generated models

» Analyze visualized secondary structure

* Upload your own tRNA

Download data

* (Gain APl access to do the above

Statistics

Data version 1 (06.08.2019)
» total number of sequences: 1030
* mitochondrial tRNAs: 122
* plastid tRMNAs: 38
+ viral tRNAs: 17
» tRNAs obtained from hydro-tRNAseq: 251
* tRNAs with structural data from crystal structure: 54
» tRNAs obtained only from PDB: 46

Anticodon sequence:

Organism:

Sequence:
Unmeodified sequence:
Secondary structure:

Homeology model or
structure extracted from PDB:

Prepared by:
Version:
Folding free energy [kcal/maol]:

Pre-aligned sequence:
Pre-aligned secondary structure:

Publications:

Rattus norvegicus NCBL:xid 10116

mitochondrial

AAGAAGUUU"GEAUAUACAGUC CAAGAGCCUNCA*AGCCCUUAGASAACAAACAAGUUUAACULCUGCCA
AAGAAGUUUAGGAUALACAGUC CAAGAGCCUUCASAGCCCUUAGASAACAAACAAGUUUAACULCUGCCA

ST C({ PP IRDDIAUS{ CRPRREED DRV D ) PRR  { C CPRTPY YNNI ...

Model @l gl [s=1s MMl (Iast update Sept. 6, 2019)

Database creators

1 (5ept. 6, 2019), created: Feb. 25, 2019, modified: Sept. 23, 2019

-10.90

AAGAAGUUU"GGAUAL- - -AC- - - AGUCCAAGAGCCUNCA®*AGCCCUUA- - - - - - - - - - - - - - - - - - - G- AARAC - ARACAA- - GUUUAACUUCUGCCA
ST (P I D [ LT MNP

» tRNA alterations in cancer.
K Randerath, H P Agrawal, E Randerath

volumne: 84 PUBMED |D: 6844691

Recent results in cancer research. Fortschritte der Krebsforschung. Progres dans les recherches sur le concer




T-psi-C database of tRNA sequences

tRNAf databaze

and structure e

Marcin Piotr Sajek “'"f, Tomasz Wozniak' "', Mathias SprinzI?*, Jadwiga Jaruzelska' and
Jan Barciszewski®*"

Discover the (o

http://tpsic.igcz.poznan.pl/

; |
database available! {dbR0O0000492

There is simplified list of what you can do:

Browse sequences

Search by sequence, structure and other properties
Just BLAST it

See available and generated models

Analyze visualized secondary structure

Upload your own tRNA

Download data

CCOHPFPEHDEEWM

Gain APl access to do the above

LA U A GQ
H 0 3 A [ 111
O}gf”‘ 7 WHe AGUCC
Hi ; H 3 T D il \A
n::@ v O- WHEDJD ,é
H:;dificmior:{s " R Wi L ‘] A
s oeo iy JEHE c
B bk voncis c
quences

Depley Settng Scene Mase Wewd Blgn

PrOCCOCOOORE®

all
£dbRO000042
(sele)

Sekundarni struktura

9) Predikce 2D, 3D a 4D struktury
protein(. Souradnice. Formaty.
Vizualizac¢ni nastroje.

At
Modomics: ms2i6A

Terciarni struktura



T-psi-C database of tRNA sequences
and structure

Marcin Piotr Sajek “'"f, Tomasz Wozniak' "', Mathias SprinzI?*, Jadwiga Jaruzelska' and
Jan Barciszewski®*"

Discover the (o

http://tpsic.igcz.poznan.pl/

-Psi-C Database

database available!

There is simplified list of what you can do:

Browse sequences
Search by sequence, structure and other properties
Just BLAST it

See available and generated models
Analyze visualized secondary structure
Upload your own tRNA
Download data
Gain APl access to do the above tdbR00000492
.
A
c
5 c
2—5  Sekundarni
G—c¢
~—u  struktura
A—U
G—¢
U—a
U—a
UAUAGQ \UUUGAA
A LTI e g
CAGUCC AAACAA
AN R
A—u
A—uU
G—¢
A ¢
G—C
c—o
c

At
Modomics: ms2i6A

Terciarni
struktura




tRNA — modifikace

H, o
H H H . e .

) - Wn RNA sequences with modifications h imch i | domi
mg . } e enaype[GNA ¥|  subtypa[Gy ¥|  organism|Bombys mo ttps://iimcb.genesilico.pl/modomics/
m5C v ¢ e - g Visualise as | Modomics symbols ¥ Display || Draw Medification Profile

HOH  OHOH @@ pathways l{j

modifications @@ oo

7 .‘Q“ | : :I PDF | CSV  Print

: Qg ‘

9 RNA sequencesj

accept| | D-domain | lanticodon domain || variable region I T-domain | laccept |
Type . AAtype Anticodon Organism Organellum 101 20| 30| 40| 50| 60| 70|
I 012345678901234567-890--1234567890123456789012345 6789012345678901234567890123456
tRNA Gly GeC Bombyx mori cytosolic -GCAIC GEUKGUUCAGU--GGD--AGAAUGCUCGCCUGCCATGCGEECG== == == == === === === == G-??PGEETPCG" UUCCCEGCCGAUGCACCA
tRNA Gly ,CC Bombyx mori cytosolic -GCGIUGGUKGUGPAAD--GGDC ~AGCAUAGPUGCCY , CCAAGCAGUUG == == == === == === === == A-U??GEETPCG" UUCCCEGCCAACGEACCA
Showing 1 to 2 of 2 entries
Modomics 3
MODOMICS is a database of RNA modifications that provides comprehensive information concerning the chemical structures of modified 5'

ribonucleosides, their biosynthetic pathways, the location of modified residues in RNA sequences, and RNA modifying enzymes.

CHj
tdbR00000492
3 / CH3
c
9 C
A—o  Sekundarni HN
G—C
a—v  struktura
G—C N
i / SN
UAUAGQ \uuusAA |
ALl s N = _CHs
Caguce AAAACHA HO N S
\A —uAG o
A—U
g%
G—C
C—G
C

At
Modomics: ms2i6A

OH OH

Schematické znarodnéni
mist/miry vyskytu
modifikaci
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Mnoho dalSich typl a funkci,

RNA

Cellular RNAs:(Varied Roles

]ian Gu, Baylor College of Medicine, Houston, Texas, USA

RNA: tfi hlavni formy zapojené do proteosyntézy, mediatorovd RNA (mRNA), ribozomalni
RNA (rRNA), transferova RNA (tRNA).

Ram Reddy, Baylor College of Medicine, Houston, Texas, USA

In the cell, there are three major types of RNA directly involved in protein synthesis.

miRNA (micro RNA) — mikroRNA, kratké nekddujici jednovldknové retézce RNA. Regulace
genoveé exprese.

snRNA (small nuclear RNA) — mald jaderna RNA, asociovany s proteiny, zapojeni do sestfihu.
snoRNA (small nucleolar RNA) — mala jadérkova RNA, uprava pre-rRNA. Vétsina savcich

snoRNA pochazi z intronovych sekvenci pre-mRNA. Geny obsahujici tyto introny vétsinou
kdduji proteiny zapojené do biosyntézy ribozomd.

scRNA (small cytoplasmic RNA) — mala cytoplazmatickd RNA, obecné jakdkoliv mala RNA Long Non-Coding RNAs And

v cytoplazmé, ktera neni pfimo zapojenda do proteosyntézy.

Sana J.'?, Faltejskova P'?, Svoboda M.'23, Slaby 0.'*

IncRNA (long non-coding RNA) — dlouhé nekddujici RNA, RNA > 200 nukleotidd, regulacni
funkce. Mohou vznikat prepisem intergenovych nebo intronovych sekvenci.

Tab. 1. Hlavni tfidy dlouhych nekédujicich RNA. Upraveno podle [17].

Trida
dlouhé mezigenové

Charakteristika

délka od nékolika stovek aZ po desitky tisic nt;
nekédujici RNA v genomu umistény mezi dvéma geny
dlouhé intronové
nekédujici RNA zervované; tkanova a subbunédna specificita
nekoédujici RNA asocio-
vané s telomerami

100 bp a 9 kb; konzervovany napfi¢ eukaryoty;
syntetizovany z oblasti bohatych na konstitutivni
heterochromatin; polyadenylovany

On the classification of long non-coding RNAs

dlouhé nekédujici regulacni funkce nekodujicich RNA; za urcitych
RNA s dvojitou funkei  okolnosti schopnost kédovat proteiny
Lina Ma,' Vladimir B. Bajic* and Zhang Zhang'* pseudogeny kopie gend, které ztratily schopnost kodovat pro-

teiny; vzniklé retrotranspozici; tkanové specifické

pFepisované vysoce
konzervované oblasti

delii nez 200 bp; absolutné konzervované
mezi ortolognimi oblastmi genom clovéka,
krysy a mysi; umistény v inter- i intragenowvych
oblastech

?7?

v genomu umistény uvnitf intrond; evoluéné kon-

In addition, many other cellular RNAs also play important functions.

Dlouhé nekddujici RNA a jejich vyznam
u nadorovych onemocnéni

ir Relevance in Cancer

Asociace s énim / biologicka funkce
zapojeni v tumorigenezi a nadorovém metastazo-
wvani / requlace genové exprese; imprinting
aberantni exprese u naderovych onemocnéni /

/ mozné zapojeni do posttranskripéniho umléo-
vani genové exprese

moZny vyznam u onemocnéni asociovanych

5 délkou telomer, véetné nadorovych onemoc-
néni / negativni regulator kompenzaéni kapacity
telomer

deregulovany u nadord prsu a vajecniki / regu-
lace genové exprese

deregulovany v priibéhu nadorové iniciace a na-
sledné progrese / regulace genové exprese skrze
funkéni umiceni mikroRNA

aberantni exprese u mnoha nadorowych onemoc-
néni / inhibice protein-kodujicich gend a nékte-
rych nekadujicich RNA



RNA

.:::R N A https://rnacentral.org/

“wENA e’Ensembl provided by a collaborating group of Expe rEpresenting a

%%I(\I&)%(%E( broad range of organisms and RNA types.

The development of RMAcentral is coordinated by European
Bioinformatics Institute @ and is supported by Wellcome . Initial funding

Protein Data Bank in Europe
| : CRS : i
HU‘R‘Q m Genomic Comsered, — was provided by BBSRC .

resources
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- EMBL-EBI :

PomBase
Q Text search Sequence search @ Genome browser

Integrl:ted view Model
. . 3 g s Search by gene, species, ncRNA type, Search for similar sequences - Explore RNAcentral sequences in your
-)n'COdmg - Organlsms =g FIyBase accession, or any other keyword now with facets and 2D diagrams favorite genome locations

sequences
>=d T

y MGY
Secondary structures

“Ctair
RNAcentral contains over 22 million secondary structures displayed using standard layouts, including
SSU and LSU rRNA, and over 2,600 Rfam families. Learn more —

TarBase
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tmRNA
Website

Modomics
a database of RNA m,iiﬁm'ion pathways

LNCipedia

m Lysine riboswitch RNA from Human 188S ribosomal N2 Parcubacteria LOOT RNA Human small Cajal body-
Thermotoga maritima (RNA18SN2-4) specific RNA 13
(SCARNA13)
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RNA — struktura

RNA: primarni, sekundarni a terciarni struktura.
Primarni: linearni sekvence bazi.

Sekundarni: zakladnim prvkem jsou dvouvlaknové useky vzniklé
parovanim bazi (A-U, G-C, G-U).

Terciarni: 3D (prostorové usporadani) molekuly RNA.

.
A
C
5 C
A G
A — U
G —C
A —U
A —U
G —C
AAGAAGUUUAGGAUAUACAGUCCAA UH A
GAGCCUUCAAAGCCCUUAGAAAACA Ahce \U UUGAA
AACAAGUUUAACUUCUGCCA AT LI g
aAGlucc N GAA AACAA
Primarni A —ut
A —U
G - C 7 Ve
A _ & Sekundarni
C—G
C A
U £
NcA

Lukas$ Zidek
Skripta predmétu C9530 Strukturni biochemie

E%

Prvky sekundarni struktury

Terciarni



RNA — struktura

* RNA: mUze se vyskytovat v mnoha rtznych strukturnich usporadanich, coz odrdzi mnozstvi nejriiznéjsich funkci,

které plni.

e Spravna sekundarni a terciarni struktura je klicova pro spravné fungovani RNA.

e Sekundarni struktura —— terciarni struktura —— funkce.

e Sekundarni struktura poskytuje mnoho informaci o funkci.

* Predikce sekundarni struktury RNA je vyznamny bioinformaticky problém.

Smycka

Stopka

Vlasenka se
smyckou
(hairpin loop)

Vydut
(bulge)

®.

Vnitfni smycka
(internal loop)

KFizova struktura
(junction)

N

Pseudouzel
(pseudoknot)

Kissing hairpin

Prvky sekundarni struktury
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s, 18S rRNA, celd
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RNA — struktura

* RNA: mUze se vyskytovat v mnoha rtznych strukturnich usporadanich, coz odrdzi mnozstvi nejriiznéjsich funkci,
které plni.

 Spravna sekundarni a terciarni struktura je klicova pro spravné fungovani RNA. »Dot-bracket notation”

* Sekundarni struktura —— terciarni struktura —— funkce. (CCCCCCaann. )))))))
s Ve . . ’ . //'“
* Sekundarni struktura poskytuje mnoho informaci o funkci. g7 b
.b/'"{z
* Predikce sekundarni struktury RNA je vyznamny bioinformaticky problém. o~
3~
........................ O O S (R G (R (O G (O b"w,.,’
(((eeeeianns O (o (eennn 1)) ) ) e (CCCCea e (e ) o~ *
))))) )))) (CCCCeeavnenn (CCCC. 000 (CCC.ceeeeecd 1)) L))))))) ) .. ))))) et ))))) b’”/?\
......... (CCCa (CCCaaaaa )N ))) o)) ) L ((( (CCCCCCeeeea e ))))))))) e e i ))) /
O G I D A O G G (P 1)) e) ) e e e e )))))) e ((( (O« )))))
1)) e e S T L N T B B 0 I (CCCCC e e ) o
......................... DR R RIS DR D I e T T T T e } Nesparovanabaze
D)) e e )Y eI )) ) e O O G O o (e G (O (P I)I))))) et ) ) ) ) ) e e () Parbé2|
...... O O O O e O O (Y G G S N S ((Ceeeee))) eeec )N ) ) ) oo ( )) 1))) eea)))))
) (CCCCCeeevnnn (CCCeeeenennn )))) e 1)) ) ) ) e e e e e e ((( CCCCCC. o0 ))
))))))))) ) TS (((( I)) ) e e e O O G o O O O O (Y (PR ((
(CCa . a0 (C(Ceeeennn. 1)) ) e (CCCCaenen O ( (o ( (a5 . . 1)) L)) e ))))) (
(L ((Cavnn I OO O P (((eennn. 1)) e ) ) ))) e (CCCa. C0C(C o (10 o EOQ( )
))) ) 1)) ) ))) e (CCCCavnn 1)) ) ) e e e e Ny A ))))) et ))))) ) )))).)
)) e (o e e (o (e e ) ) o)) e eeean Wi L o .Y ... ) - Mus musculus, 18S rRNA,
.......... VDI e O O O ( G I I I 1 R I D 10 10 10 10 10 0 1 0 1 S (O (G (P (o (O (o G O O O G G G h . k, , v ,ZD k
oo COCCe (e OO (e 1))))))))))) e+ 1)) ) ee)) ) ) e ) I e ) ) ) e schematicke znazornenl struktury



RNA — predikce 2D struktury

Predikce sekundarni struktury RNA je vyznamny bioinformaticky problém.
Metody ab initio/ metody komparativni (srovnavaci).

Ab initio — predikce je zalozena na jediné (zkoumané) RNA sekvenci. Vyhledavani nejstabilnéjsi RNA struktury =
struktury s nejnizsi volnou energii. Tvorba par( bazi je energeticky vyhodna, zjednodusené receno hleddme tedy
strukturu s maximalnim moznym poctem paru bazi.

Komparativni metody — vyuzivaji evolucné pribuzné RNA. Pfedpoklad: homologni sekvence RNA maji stejnou 2D
strukturu. Multiple alignment sekvenci RNA, identifikace evolu¢né konzervované sekundarni struktury.
Teoreticky lepsi, problémem je nutnost mit sadu homolognich sekvenci.

a S arv str it " -I'-I-' - . .
Secondary structure prediction b Common secondary structure prediction

CAAAAGUCUGERRCUAAGCCCACUGAUGAGCCGCUGARAUGCEGRCGAAACUU TR GGGCCUGUAGCUCAGAGGAUUAGAGCACGUGGCUACGAACCACGGUGUCGEEGEUUCGARUCCCUCCUCGCCCA
GGEECUATUAGCUCAGUUGGUUAGAGCGCACCCCUGAUARGGGUGAGGUCGOUGAUUCGARUCCCUCCUCGCCCA

GGLGLCEUGGCECAGUGGEA-—AGCGCGCAGGGCUCAUARACCCUGAUGUCCICGGAUCGAAACCGAGCGGCECUA
GCGUUGGUGGUATAGUGGUG-AGCAUAGCUGCCUUCCARGCA-GUUGACCOSGGUICGATICCCGGCCAMCGCA

ACUCCCUUAGUAUARUY - - - ARUAUAACUGACTUCCARUUA - CUAGATU CUGAAT - ARACCCAGARAGAGAGTA
CAAAAGUCUGGGCUAAGCCCACUGAUGAGCCGCUGAAAUGCGGCGAAACUUUUG
CCCCCCC OO0 )y e (e ... )10 ))
G
A GGGCCCGUAGCACAGUGGA  AGAGCACAUGCCUUCCARCCA GAUGUCCOSGGUUCEARUCCAGCCEAGECCA
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Fig. 2 The base pairing matrix showing
all possible base pairs in a sequence of fifty-five
bases from R17 viral RNA®. An upper right
to lower left diagonal line joining base pairs
represents an anti-parallel helical region.
Squares represent loops between helical
regions. A bulge is seen as a wvertical or
horizontal line, The three most stable struc-
tures (I, II, [II) a_lFre indicated here and in
ig. 3,

SaraacCoORrOAOPCOOONCCCERRFANCCRPCOPREPCCRREOOCRPErrrFCCnPOOOCCOOOOC

Ab initio — vylet do historie

UGG CGUUCGUACUUAAAUAUGGAAUUAACUAUUCCAAVUUUUECGCUACGAAMCLECEG
[5] T11T 1T o011 T ] T [3] G ]
ooz © 200 o 0 o0 20 ooz2 ogoo2 2 H 202 G
02 0 200 o o 00 2?0 ooO22 ocooz Z0 2 2 2 |6
2 22 m 2 Lo 2c
o 200 o o oo 20 o022 oooo 20 2 22 |6
i [T N 1 I ] 0 1 ol Olu
i L1 Qorid i 1 1 [+] 1 0 olu
22 2 LI 2iC
L¢] 4] a0 20 oo22 Qoo 20 022 |6
[ O T + e T I | 11 i 1t 4] gl (+] (1]
Pt i1 [ 11 I A
22 2 2le
L1 QOtd il I [ [ olu
aall [ 1 e ol olu
% 41 ST "2 i [ |a
i i
%, i o T i A
£ 11 [ 1 i e S ] I o1t oju
] 1obi T 01 &
1 1 i o ol o
[} 20 002 opop2z 20 2 2022 |6
20 o0Z2 00002 ECII 2 2?22 E
1o L

1 I LIy 1 I A
11 o] I ol ol
I [N o (R ofu
11 P I I A
NN 1 | A
I 2 2 2lc
T, o ol ofu
m i I i A
] o I o Oy
] poatnl ofu
2 R

2 2
% I 1 A
1 I I a
4] [ oju
oLt olu
[ Olu
[ | o
2 2lc
2022 |G
. 2|c
{1dentical to upper triongie] | olu
| A
2|C
22 |G
A
A
c
u
c
C
G

UGGCGUUCGUACUUBAAUAUGGAAUUAACUAUUCCAAUUUUCGCUACGAACULCE

Estimation of Secondary Structure in
Ribonucleic Acids

IGNACIO TINOCO, jun., OLKE C. UHLENBECK &

MARK D. LEVINE

Department of Chemistry, University of California, Berkeley, California 94720
Alberts and Doty!?. By allowing looped out bases and putting

the sequence in register in order to maximize base pairing,
they were able to suggest optimal secondary structures from a
given sequence. When this approach was applied to transfer
RNA sequences, a wide variety of sequences could all be put
into a similar cloverleaf pattern with the anticodon in the
same position, thus demonstrating the interchangeability of
the tRNAS in protein biosynthesis on the ribosome®!. Know-

A simple method for estimating the
secondary structure of an RNA mole-
cule has been proposed on the basis of
the knowledge of its sequence.
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Fig. 2 The base pairing matrix showing
all possible base pairs in a sequence of fifty-five
bases from R17 viral RNA®. An upper right
to lower left diagonal line joining base pairs
represents an anti-parallel helical region.
Squares represent loops between helical
regions. A bulge is seen as a wvertical or
horizontal line. The three most stable struc-
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AG =-3.86 keol 4G =-9.6 keal AG=-4.8 keal

sekvence, idedlné s jednim typem sekundarni struktury
(napf. identifikace vlasenek).

* Vybér energeticky nejlepsi kombinace moznosti pro

M , ROIMDITldLE Tri nejlepsi reseni podle autord. VSimnéte
vetsi molekuly by byl extrémné obtizny.

si kladnych bod( za pary bazi a zapornych

* Jednoducha na provedeni, naro¢na na vyhodnoceni. bodl za smycky a vydute.



RNA — predikce 2D struktury

* Predikce sekundarni struktury RNA je vyznamny bioinformaticky problém.
* Metody ab initio/ metody komparativni (srovndvaci).

* Ab initio — predikce je zaloZena na jediné (zkoumané) RNA sekvenci. Vyhledavani nejstabilnéjsi RNA struktury =
struktury s nejnizsi volnou energii. Tvorba par( bazi je energeticky vyhodna, zjednodusené receno hleddme tedy
strukturu s maximalnim moznym poctem paru bazi.

1094 §'¢- =9V o 9'6-=9V 1094 9'g-= 9V
4+ = |DjoL 8+ = oL E4 = [DjOL

n
0-0-0-N-0-¥-V. H-U§
3 o

RNAfold \WebServer

Lo
1
=
L

Paste or type your sequence here:

UgECEUUCEUSCULESa3UaUEE3aUUSaCUaUUCCEaUULUCECUaCEaacUCCE

71, FI7TiTiY §YT
© )
+
=1
fPf2TTY
>

2l+
L=
-
Vienna RNA \WebServers : 0
V- £+ 1M1
' ﬁ"ﬂ
V- g
- |
v ﬂ'"\,v ¥
. n—" & Ly
Minimum free energy (MFE) structure FAE R -
9- 9 =
9 a+ I[P
The MFE structure of an RNA sequence is the secondary structure that contributes a minimum of free energy. = o= =1
This structure is predicted using a loop-based energy model and the dynamic programming algorithm introduced K W mll
by Zuker et al. [1]. As an RMA secondary structure can be uniguely decomposed into loops and external bases n' . M= _,.-v
the loop-based ensrgy model treats the free energy F(s) of an RNA secondary structure 5 as the sum of the 9 ‘; g- n :p n
contributing free energies £ of the loops L contained in 5. According to the chosen energy parameter set and a \‘J /'v .b\v/v a- J

X

given temperature (defaults to 37 °C) the secondary structure s that minimizes F(s) is computed.

http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi



RNA — predikce 2D struktury

Predikce sekundarni struktury RNA je vyznamny bioinformaticky problém.
Metody ab initio/ metody komparativni (srovnavaci).

Komparativni metody — vyuzivaji evolucné pribuzné RNA. Pfredpoklad: homologni sekvence RNA maji stejnou 2D
strukturu. Multiple alighment sekvenci RNA, identifikace evolucné konzervované sekundarni struktury.
Teoreticky lepsi, problémem je nutnost mit sadu homolognich sekvenci.

Jak identifikovat konzervované sekundarni struktury u skupiny pribuznych RNA?

Napf. vyuziti kovariance. Princip: funkéni motivy RNA jsou strukturné konzervované. Mutace v pozici, ktera tvofri
par bazi, musi byt kompenzovana mutaci v odpovidajici komplementarni pozici.

---AG----CU--- ---UG----CA--- ---UC----GA---
0 = 0 = Y
mutation mutation
G-C G-C C-G
il ol ik

Figure 16.5: Example of covariation of residues among three homologous RNA sequences to maintain

the stability of an existing secondary structure. ESSENTIAL
BIOINFORMATICS,

Jin Xiong, 2006



RNA — predikce 2D struktury

Predikce sekundarni struktury RNA je vyznamny bioinformaticky problém.
Metody ab initio/ metody komparativni (srovnavaci).

Komparativni metody — vyuzivaji evolucné pribuzné RNA. Predpoklad: homologni sekvence RNA maji stejnou 2D
strukturu. Multiple alighment sekvenci RNA, identifikace evolucné konzervované sekundarni struktury.
Teoreticky lepsi, problémem je nutnost mit sadu homolognich sekvenci.

Jak identifikovat konzervované sekundarni struktury u skupiny pfibuznych RNA?

Napf. vyuziti kovariance. Princip: funkéni motivy RNA jsou strukturné konzervované. Mutace v pozici, ktera tvofri
par bazi, musi byt kompenzovana mutaci v odpovidajici komplementarni pozici.

Eiiiiii N R T PIY) ) ea. (00 eeennn
Segl/1-T74 GAGGADD CG CUACG CGEGUGUC UUCGAR 60
Seq2/1-74 U GUOGGOU GC CUGAD NGEAGGOC UUCGAR 60
Seq3ifl-72 C GUGGA-- GC CUCAD OGADGOC JCGAR 58
Seg5/1-72 [ GUGGOG- GI’_" Cugcc -GUUGAC UUI’_"GAU 58
Seqd4/1-E8 C UU———— cCugcc —GUAGAU 54

Seqgl/1-74
Seq2/1-74
Seqg3/1-72
Seqg5/1-72
Seqd4/1-E8




* Predikce sekundarni struktury RNA je vyznamny bioinformaticky problém.

* Metody ab initio/ metody komparativni (srovndvaci).

RNA — predikce 2D struktury

* Komparativni metody — vyuzivaji evolu¢né pribuzné RNA. Predpoklad: homologni sekvence RNA maji stejnou 2D
strukturu. Multiple alighment sekvenci RNA, identifikace evolucné konzervované sekundarni struktury.

Teoreticky lepsi, problémem je nutnost mit sadu homolognich sekvenci.

RNAalifold \WebServer

Paste your alignment(s)

5eql
Seq2
5eq3
5eq5
Seq4

CLUSTAL W T’I*.E;—}—mﬂ’ftiple sequence alignment

GOGCCUGUAGCUCAGAGRALLAGAGCACGUGGLUACGAACCACGOUGUCGGEEEULCGEAR
GAGCUAUUAGCUCAGUUGEUUAGAGCGCACCCCUGAUAAGGEUGAGGUCGCUGAUUCGAA
GECGCCEUGELGCAGUGEA - -AGCGCOCAGGGCUCAUAACCCUGAUGUCCUCGGALCGAL
GCGUUGGEUGEUAUAGUGGUG-AGCAUAGCUGCCUUCCAAGCA-GUUGACCCGEEULCGAL

ACUCCCUUAGUAUAALIL - - - - AAUAUAACUGACUUCCAAUUA-GUAGALILUCUGAALN - AL
® ow % = EES wk C s om o=

Vienna RNA \WebServers

Minimum free energy (MFE) structure

The MFE structure of an RNA sequence is the secondary structure that contributes a minimum of free energy.
This structure is predicted using a loop-based energy model and the dynamic programming algorithm introduced
by Zuker et al. [1]. As an RMA secondary structure can be uniquely decomposed into loops and external bases
the loop-based ensrgy model treats the free energy F(s) of an RNA secondary structure 5 as the sum of the
contributing free energies £ of the loops L contained in 5. According to the chosen energy parameter set and a

given temperature (defaults to 37 °C) the secondary structure s that minimizes F(s) is computed.

http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAalifold.cgi
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CLUSTAL W ™5 Gltiple sequence alignment
Seql GEGCCUGUAGCUCAGAGGAUUAGAGCACGUGGCUACGAACCACGEUGUCGEGGEUUCGAA
cee e aaaCaC ARG A aCaCAGGRCLCAUAACC CbanuGLCCUCBoACanA
, , R , . . v ve SeES GCEUUGEEUGEUALAGUGEUG - AGCAUAGCUGC CUUCCAAGCA -GUUGACCCGGEEUUCGAU
* RNA — nizka chemicka komplexita, sekvence obsahuje pouze Ctyri znaky. seqa ACUCCCUVAGUAVAALL- - - ARUAUAACUGACUUICCABLIUA-GUAGAUUCUG - 44
e Nizka citlivost RNA alignmentu — zhorSena moznost pouziti sekvencni
podobnosti pro odhad biologického vyznamu alignmentu.
* RNA — evolucné konzervovanad struktura (kompenzacni mutace). R-Coffee

Aligns RNA sequences using predicted secondary structures

e Sekvencni identita/podobnost muze b»’/t u RNA §patn§/m ukazatelem I-COFFEE, Version 11.00.d625267 (2016-01-11 15:25:41 - Revision d625267 - Build 507)

edric Notredame

biologické podobnosti a evolu¢né konzervované struktury. e
o 316?44 : 24
« Reseni: zohlednéni sekundarni struktury RNA pfi alignmentu. silee” 41
KEE
D1a744 GGAAAAUUGAU - CAUCGGCAAGAU - AAGUUAUUUACUAAAUAAUAGGAUUUAAL - AACCUGGUGAGUUCGAA

AFB05220  GGAGGAUUAGCUCA- - - GCUGGGA-GAGCAUCUGCCU----- UA-CAAGCAGAGGGUCG- - -GCGGUUCGAG
711880 GCCUUCCUAGCUCA- - - GU-GGUA-GAGCGCACGGCU - - - - - UU-UAACCGUGUGGUCG- - -UGGGUUCGAU
X02172 GCCUUUAUAGC - - -UUAG-UGGUA - AAGCGAUAAACU - - - - - G- AAGAUUUAUU - UACA-- -UGUAGUUCGAU

D10744 GGAAAAUUGAU - CAUCGGCAAGAU - AAGUUAUUUACUAAAUAAUAGGAUUUAAU - AACCUGGUGAGUUCGAA

AF0082280  GGAGGAUUAGCUCA - - -GCUGGGA- GAGCAUCUGCCU - - - - - UA-CAAGCAGAGGGUCG- - - GCGGUUCGAG === = AA —————— = ===

711880 GCCUUCCUAGCUCA - - -GU - GGUA - GAGCGCACGGCU - - - - - UU-UAACCGUGUGGUCG- - - UGGGUUCGAU Meggzg GCGGAUAUAACUUA GG GGUUA GUUGCAGAUU G UGGCUCUGAAAACA CGGGUUCGAA
X02172 GCCUUUAUAGC - - -UUAG - UGGUA - AAGCGAUAAACU - - - - - G - AAGAUUUAUU - UACA- -UGUAGUUCGAU

MG68929 GCGGAUAUAACUUA - - - GG - GGUUAAAGUUGCAGAUL - - - - - - G- UGGCUCUGAAAACA- - - CGGGUUCGAA cons ES = * * * = * ES S

cons * * x o o x x eeeews

D1a744 UCUCACAUULCCG
AF088228  CCCGUCAUCCUCCA
211280 CCCCACGGAAGGCG
X02172 UCUCAUUAAGGGCA
M68929 UCCCGUUAULCGCC

D1e744 UCUCACAUUUUCCG
AFB08220  CCCGUCAUCCUCCA
711880 CCCCACGGAAGGCG
X02172 UCUCAUUAAGGGCA
M658929 UCCCGUUAUUCGCC

cons d *

cons - -

T-COFFEE
SIMPLE MSA

Alignment a predikce sekundarni struktury RNA
jsou velmi Uzce souvisejici problémy.
http://tcoffee.crg.cat/apps/tcoffee/index.html



RNA —alignment

Freiburg RNA Tools

LocARNA - Alignment & Folding

RNA — nizka chemicka komplexita, sekvence obsahuje pouze Ctyfi znaky.

; L. . . ; o .., ., LocARNA is a_tool for multiple alignment of RNA molecules. LocARNA
Nizka citlivost RNA alignmentu — zhorSena moznost pouziti sekvencni requires@nly RNA sequenceSes input and willdand
. . . , ’ . align the input sequences. Specifications of additional constraints or
podobnosti pro odhad biologického vyznamu alignmentu. fixed input structures are possible. LocARNA outputs a multiple

alignment together with a consensus structure. For the folding it
makes use of a very realistic energy model for RNAs as it is by RNAfold

RNA — evoluéné konzervovana struktura (kompenzacni mutace). of the Vienna RNA package (or Zuker's mfold).

Alignment a predikce sekundarni struktury RNA jsou velmi
Uzce souvisejici problémy.

. v v 7 v A4 7 14 o [2107:;4
Fold and align: soubézné reseni obou problému. O a5
%02172
Homologous RNA sequences
....... IRRRRRRRRRRR R
Plan A Plan B Plan C old hesss RCao ¢ 72
Sequence Sankoff sequences 21 1880 G AU G 72
alignment foldalign crystallography/NMR X02172 UGU UUCGjL U . 72
t_coﬁee dyna"gn MFE prediction .......... 0........8 O....
clustalw carnac e I T
il S Homol RNA
- Simultaneous fold omologous . Sy . ;L
|Aligned Sequences| |~; 4 Alignment Secondary Structures Alignment + konsenzualni sekundarni struktura
Fold Structure
alignment : alignment
o slifold ; maforester
ilm ' marna

Aligned Structures
- http://rna.informatik.uni-freiburg.de/LocARNA/Input.jsp




RNA — predikce 3D struktury

Vznik 3D struktury RNA in vivo (folding) mnohdy zahrnuje
interakce s proteiny, ionty kovU, jinou RNA a dalSimi typy
molekul.

RNA muze tvorit mnoho dalsich interakci kromé
kanonického parovani bazi.

Komparativni metody vychazejici z experimentalné ziskanych
struktur (template-based).

Simulace procesu foldingu (template-free):
Sekundarni struktura ——— terciarni struktura (model).

Hybridni metody — kombinace obou pfistupt (de novo
modeling), vyznamné zapojeni experimentalné ziskanych
poznatkd (konformace ze zndmych struktur, fragment
assembly). Nejuspésnéjsi.

Time scale I

2| ¢ '
3| % =)0 3 '~
w A C A J = |
(=] - é\ "\M T =~ -
o ‘ Lra % ) \ M
= - 1{ S LA A
ul ) ¢ & AN
& (\ Sampling of conformational space
w| acording to physical laws
e
2 L
=
- / miliseconds/seconds
millions of years
- ALIGNMENT TEMPLATE MODEL /|
2 =
| i { R
g H - /
O—@ A
g < o Evolution
gl 3—3
— :
l| 2—o
@) <4¢—«
wl o—op . :
5| 9o T |
m e . LR R 7 LA L)
§ X

common ancestor

RNA and protein 3D structure modeling: similarities

and differences

Kristian Rother - Magdalena Rother «
Michal Boniecki - Tomasz Puton «Janusz M. Bujnicki



RNA — predikce 3D struktury

Vznik 3D struktury RNA in vivo (folding) mnohdy zahrnuje
interakce s proteiny, ionty kovu, jinou RNA a dalSimi typy
molekul.

RNA muze tvorit mnoho dalsich interakci kromé
kanonického parovani bazi.

Komparativni metody vychazejici z experimentalné ziskanych
struktur (template-based).

Simulace procesu foldingu (template-free):
Sekundarni struktura ——— terciarni struktura (model).

Hybridni metody — kombinace obou pfistupt (de novo
modeling), vyznamné zapojeni experimentalné ziskanych
poznatkd (konformace ze zndmych struktur, fragment —

assembly). Nejuspésnéjsi.

What is ModeRNA

ModeRMNA is a program for comparative modeling of
RMA 3D structures. It requires a pairwise sequence
alignment and a structural template to generate a 3D
structural model of the target RMNA sequence via either
ool 13NN a fully automated or script-based approaches.
ModeRMA  is capable of handling 115 different
nucleotide meodifications and bridging gaps using
fragments derived from an extensive fragment library.

Apart from that, ModeRNA offers a multitude of functions to examine and modify RNA
structure files. ModeRNA can be integrated into other programs via Python scripting.

Study and construct RNA 3D
Assemblez architectures interactively...

Assemble2 allows you to design your RMA 2D structure interactively and to create and
assemble the corresponding RNA 3D modules directly in UCSF Chimera:

The approach that allows the expert user to
rearrange and recombine multiple template structures has
been particularly widely used in the RNA modeling field,
with methods such as S25/Assemble [68, 69], ERNA-3D
[70], or RNA2D3D [71]. However, similar methods
including the ‘Frankenstein's Monster approach’ [72] and
the “protein lego™ approach [73] have also been applied to
model protein structures (review: [74]).




RNA — ,inverse folding”

RNA: muze se vyskytovat v mnoha rlznych strukturnich usporadanich, coz odrazi mnozstvi nejriznéjsich funkci,
které plni.

RNA desing: ndvrh a syntéza sekvence RNA, ktera se slozi do pozadovaného tvaru a muze vykondvat
pozadovanou funkci.

Cilené dorucovani lé¢iv — RNA aptamery (specificka vazba na receptory bunék).
Ribozymy (katalyticky aktivni molekuly RNA) — Stépeni cilové RNA.
Regulace exprese gend.

Imunoterapie s vyuzitim RNA nanocastic.

GGGAACCUGAUCAUGUAGAUCGAAUG
GACUCUAAAUCCGUUCAGCCGGGUUA
GAUUCCCGGGGUUUCCGCCAUGGCGU Advancement of the Emerging Field of RNA
UCGUACUUAAAUAUGGAAUUAACUAU !)"?‘I"‘?t?Ch_“"'Q_QY | -
UCCAAUUUUCGCUACGAACUCCG aniel Jasinski, Farzin Haque, Daniel W Binzel, and Peixuan Guo™



RNA — ,inverse folding”

RNA: muze se vyskytovat v mnoha rlznych strukturnich usporadanich, coz odrazi mnozstvi nejriznéjsich funkci,
které plni.

RNA desing: ndvrh a syntéza sekvence RNA, ktera se sloZi do pozadovaného tvaru a mUze vykonavat
pozadovanou funkci.

Cilené dorucovani lé¢iv — RNA aptamery (specificka vazba na receptory bunék).

Ribozymy (katalyticky aktivni molekuly RNA) — Stépeni cilové RNA.

¥ eternd

Solve Puzzles, Invent Meadicine,

Regulace exprese gendu.

Imunoterapie s vyuzitim RNA nanocastic. hitps://eternagame.org/home/,

Eterna empowers citizen
scientists to invent medicine
through molecular design.

. F cmememmaman Youplaybsoig s uin s,y
\ e ssa molecules at the heart of every cell.
C%/x} / \ GAUUCCCGGGGUUUCCGCCAUGGCGU
”;f UCGUACUUAAAUAUGGAAUUAACUAU
’([ UCCAAUUUUCGCUACGAACUCCG




RNA — ,inverse folding”

RNA: muze se vyskytovat v mnoha rlznych strukturnich usporadanich, coz odrazi mnozstvi nejriznéjsich funkci,
které plni.

RNA desing: ndvrh a syntéza sekvence RNA, ktera se sloZi do pozadovaného tvaru a mUze vykonavat
pozadovanou funkci.

Cilené dorucovani lé¢iv — RNA aptamery (specificka vazba na receptory bunék).

Ribozymy (katalyticky aktivni molekuly RNA) — Stépeni cilové RNA.

10 Years of Discovery

Reg u Ia ce EXp rese ge N CI . This year we celebrate 10 years of citizen science through Eterna.

Together we've synthesized thousands of player-designed
molecules, published over 20 academic papers tackling
I mu note ra p|e S Vyui|t|,m R NA na noéa' St|c : % / X fundamental RNA design questions, and pioneered the open
% e development of RNA medicines. Over the course of the year we'll be
= e rolling out new features and game mechanics as we continue to
build the future of Eterna.

looking to harness online gamers toward a solution. Their mission?

GACUCUAAAUCCGUUCAGCCGGGUUA To develop mRNA vaccines stable enough to be deployed to 3

7
N T, CAUUCCCGGGGUUUCCGCCAUGGCGU At tein A W2
i COVID-19
» UCGUACUUAAAUAUGGAAUUAACUAU fitienly
UCCAAUUUUCGCUACGAACUCCG

/f OpenVaccine: Eterna takes on COVID-19 ;
s @1
C}- : / GGGAACCUGAUCAUGUAGAUCGAAUG With the onset of the COVID-19 pandemic, the Eterna project is é 3 E b




RNA —

NEMO

1%
Solving th€ RNA inverse folding problemalso known as the RNA
design problem, is critica Fal scientific fields like

bicengineering, yet existing approaches have had limited success. NEMO
combines a different technique, Nested Monte Carlo Search (NMCS), with

domain-specific knowledge to create an algorithm that outperforms all prior

published methods by wide margins and solves 95 of the 100 puzzles listed
in a recently proposed RNA solving difficulty benchmark.

4 54 READ THE PAPER

An unexpectedly effective
: Monte Carlo technique for the
- RNA inverse folding problem

Solve puzzles to design
molecular medicines.

Get feedback from
real experiments at
Stanford's School of
Medicine.

e’remo

. Invent Me

Work together to write
papers for scientific
peer review.

Jinverse folding”

SentRNA

SentRNA is a fully-connected neural network trained using the
eternasolves dataset. The agent first predicts an initial sequence for a target
using the trained network, and then refines that solution if necessary using a
short adaptive walk utilizing a canon of stapda
approach, SentRNA can learn and appl
several complex targets previously unsolvable By

rough this

approach.
o
T < g READ THE PAPER
Bofl go8  Bolf god SentRNA: Improving
B - ot computational RNA design by
0 pfgc incorporating a prior of human
8. ¥ T8, | design strategies

Propose your own
puzzles to advance
research and invent
medicine.



RNA — ,inverse folding”

Article

https://doi.org/10.1038/541467-023-35827-3

TRADITIONAL APPROACH

Community science designed ribosomes

with beneficial phenotypes

Functional design of ribosomes with mutant ribosomal RNA (rRNA) can
expand opportunities for understanding molecular translation, building cells
from the bottom-up, and engineering ribosomes with altered capabilities.
However, such efforts are hampered by cell viability constraints, an enormous
combinatorial sequence space, and limitations on large-scale, 3D design of
RNA structures and functions. To address these challenges, we develop an
integrated community science and experimental screeni

rational design of ribosomes. This approach couple€ Eterna, an online video >
game that crowdsources RNA sequence design to community scientists in the
form of puzzles, with in vitro ribosome synthesis, assembly, and translation in
multiple design-build-test-learn cycles. We apply our framework to discover
mutant rRNA sequences that improve protein synthesis in vitro and cell
growth in vivo, relative to wild type ribosomes, under diverse environmental

conditions. This work provides insights into rRNA sequence-function rela-
tionships and has implications for synthetic biology.

il

ETERNA APPROACH
0n 92 QnQn 9
o Community
scientists
] W (Piayers)

Crowdsourcing

rRNA design
9 Testing

rRNAs

Q. o], 00
Making rRNA
puzzles
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RNA — predikce ncRNA

Metody zalozené na homologii. Musime brat v uvahu
sekvencdni i strukturni homologii. Rychlé, ale malo citlivé.

Metody vyuzivajici typické vlastnosti a parametry RNA.
Vysoka falesna pozitivita.

Metody zalozené na sekvenovani. Izolace a sekvenace vsech
RNA, odstranéni transkriptd kodujicich proteiny a znamych
NcRNA.

Specifické metody pouzivané pro konkrétni rodiny ncRNA.

mMiRNA — velmi kratké (22 nt), malo sekvencné

konzervované. Relativné konzervovana sekundarni struktura.

IncRNA — nizka sekvendéni i strukturni konzervovanost,
mohou podléhat sestfihu.

Query RNA sequence:

5' ... AAAGUAAAAUUCCCGG...3'

o

Compare with RNA
sequences of known classes
deposited in databases

Rfam
IncRNAdb

Identify homologs based on

(i) sequence alignment
(ii) structure alignment

(iii) both sequence and structure alignment

4

(i) RNA class of the query sequence,

Output

that is, class of the homologs of
query RNA

(ii) confidence score, for example, E-value

(a)

Identify features of known ncRNA genes

...AAAGUAAAAUUCCCGG ...

Features

(i) Sequence features (nucleotide composition,
k-mer,...)

(ii) Structure features (hairpin-like structures,
cloverleaf structures, minimum
folding energy, ...)

(iii) Combine sequence and structure features

I

Check if a query RNA sequence (structure)
has distinguishing features

Predict a query RNA based on feature vector
using machine learning algorithms

(b)

Review Article

A Review on Recent Computational Methods for
Predicting Noncoding RNAs



RNA — predikce ncRNA

MetOdy Za|02ené Na h0m0|0gii. MUSime brét \' lflvahu Identify features of known ncRNA genes
v s . / .. s s T RNA extraction RNA sequencing
sekvencdni i strukturni homologii. Rychlé, ale malo citlivé. .. AKAGUAARAUUCCCGE ... I
*«Lv“' @ IL—»‘:‘O __—__—_——
Metody vyuzivajici typické vlastnosti a parametry RNA. . s =

RNA Single-ended or pair-ended reads

Vysoka falesna pozitivita.
’ { I | dn

Align to reference genome RNA assembly

Metody zaloZené na sekvenovani. Izolace a sekvenace vSech

(i) Sequence features (nucleotide composition,

Search for overlaps

RNA, odstranéni transkriptl kédujicich proteiny a znamych k-mer,...) eRmE RS —
i P I“II."I\ 5 | semm—
nc R NA. (ii) Structure features (hairpin-like structures, aTATaTATS H TTE T LG =
cloverleaf structures, minimum S sk r e s e
folding enet'gy,t.. 2 — : |Z‘ : : : 'j = Assembled transcripts
SpECIfICke metody pouzivane pro konkrétni rodlny NCRNA. (iii) Combine sequence and structure features —

mMiRNA — velmi kratké (22 nt), malo sekvencné l' &2

(i) Filter out protein-coding transcripts

konzervované. Relativné konzervovana sekundarni struktura. St e il e e (i) Filter out known ncRNAS

has distinguishing features

(iii) Assess protein-coding potential
Predict a query RNA based on feature vector
using machine learning algorithms

Output

IncRNA — nizka sekvendéni i strukturni konzervovanost,
Novel ncRNAs (e.g., IncRNAs)

mohou podléhat sestfihu.
(b) (c)

Review Article

A Review on Recent Computational Methods for
Predicting Noncoding RNAs



RNA — predikce ncRNA

Metody zalozené na homologii. Musime brat v dvahu
sekvencdni i strukturni homologii. Rychlé, ale malo citlivé.

Metody vyuzivajici typické vlastnosti a parametry RNA.
Vysoka falesna pozitivita.

Metody zalozené na sekvenovani. Izolace a sekvenace vsech
RNA, odstranéni transkriptd kodujicich proteiny a znamych
NcRNA.

Predikce tRNA — nejvétsi ncRNA rodina, vyskyt u vSech
zivych organismU. Charakteristicka sekundarni struktura.

tRNAscan-SE — vyuziti kovarianénich modeld, predikce
sekundarni struktury identifikovanych tRNA a funkce .
(antikodon).

L GtRNAdDb
(\—! : tRNAscan-SE analysis of complete genomes
\_.F‘ -

C ‘s 2 tRNAscan-SE

W Searching for tRNA genes in genomic sequence

(Total length of sequence(shs_ 36534 bp)

Please Wait. ..

Search Completed

Predicted tRNA genes
tRNAs decoding Standard 20 AA

Selenocysteine tRNAs (TCA)

l

Possible suppressor tRNAs (CTA, TTA.TCA) 0

tRNAS with undetermined/unknown isotypes 0

tRNAs with mismatch isotypes
Predicted pseudogenes

Total tRNAs

The genomic tRNA database contains tRNA gene predictions made by

tRNAscan-SE on complete or nearly complete genomes. Unless
otherwise noted, all annotation is automated, and has not been
inspected for agreement with published literature.

Vyhledani homolognich sekvenci v databazi

tRNAs with introns: 1

Ser-CGA: 1

http://lowelab.ucsc.edu/tRNAscan-SE/



Anotace genomu

Running the NCBI Prokaryotic Genome Annotation
Pipeline (PGAP) onwyour own data

U.S. National Library of Medicine
Nationai Center for Biotechnology Information

NCBI Minute: Rurning the NCBI PGAP on Your Own Data

TRNA gene CRISPR

predictions predictions

PGAP is now available as a stand-alone software package. You c nnotate your genomes on your own
machine, local cluster or the Cloud! Get started by watching a short video!

CODING GENES STRUCTURAL ANNOTATION

ORFfinder

NCBI Prokaryotic Genome Annotation Pipeline

The NCBI Prokaryotic Genome Annotation Pipeline (PGAP) is designed to annotate bacterial and archaeal genomes
(chromosomes and plasmids).

Genome annotation is a multi-level process that includes prediction of protein-coding genes, as well as other functional genome
units such as structural RNAs, tRNAs, small RNAs, pseudogenes, control regions, direct and inverted repeats, insertion
sequences, transposons and other mobile elements.

tRNAs

To identify tRNA genes, the input genome sequence is split into ~200nt windows with overlap of ~100nt and passed through tRNAscan-SE.
tRNAscan-SE identifies 99-100% of transfer RNA genes in DNA sequence while giving less than one false positive per 15 gigabases. Itis
currently one of the most powerful tRNA identification tools, and uses different, targeted parameter sets for Archaea and Bacteria. tRNA
predictions below a tRNAscan-SE score of 20 are discarded.

GeneM\:’rksz-t»

with hints

v

Selected ab
initio models

Homology-based

models
including pseudogene, partial
genes, and selenoproteins

https://www.ncbi.nlm.nih.gov/genome/annotation_prok/

i

i

:

1

: o
: Homology-based predictions
:

1

B

:

1

i

i

Structural annotation of coding genes feeds into functional annotation

J



RNA-Seq (,,RNA-sequencing”)

Sekvenovani transkriptomu s vyuzitim modernich
,high-throughput” technologii.

Expresni profilovani, studium alternativniho sestfihu,
identifikace novych typu transkriptt (RNA).

Narocny vicekrokovy proces, nutna dlsledna kontrola
dat.

Bioinformatika: kontrola kvality dat, rekonstrukce
transkriptomu (napf. mapovani na referencni
genom/transkriptom), kvantifikace exprese,
identifikace posttranskripénich modifikaci.

Metatranskriptomika — studium celkové RNA skupiny
organismu ziskané primo z jejich prirozeného
zivotniho prostredi. Identifikace druh(, chovani celé
komunity za konkrétnich zivotnich podminek.

Generate cDNA, fragment,
size select, add linkers

Samples of interest Isolate RNAs

* ] | \ J YJ\MM )8 - =
J ' / l) / /" / / {%M — '. : -.::: - ...'-' . '..' ..-
Condition 1 Condition 2 AN AAAAANAAAIAA . ..' sommar - % =
(e.q. tumor) (e.g. normal) Poly(A) tail . " 1 . . .

Map to genome, transcriptome,

and predicted exon junctions Sequence ends

Imron pre-mRNA

i J,f M Unsequenced RNA RNA reads
} p— e PEEEEEE e W ~

- SEEmEmE S ey SN e SE——
— a me ~J— g TN »
Tl.i'\“fip! N A ez . 8 S - - == -
e Tl L N
Shortreads =—————=—-— — mp TS
= e e [ -
—_— e o= * snesmm—e  e— ]
Short reads Short insert
split by intron

100s of millions of paired reads
l 10s of billions bases of sequence

Downstream analysis

Informatics for RNA Sequencing: A Web
Resource for Analysis on the Cloud

Malachi Griffith'-23*, Jason R. Walker", Nicholas C. Spies’, Benjamin J. Ai gh'2, Obi
L. Griffith">%




RNA-Seq (,,RNA-sequencing)

Sekvenovani transkriptomu s vyuzitim modernich , high-throughput”
technologii.

Expresni profilovani, studium alternativniho sestfihu, identifikace
novych typu transkriptt (RNA).

Narocny vicekrokovy proces, nutnd disledna kontrola dat.

Bioinformatika: kontrola kvality dat, rekonstrukce transkriptomu
(napf. mapovani na referen¢ni genom/transkriptom), kvantifikace
exprese, identifikace posttranskripcnich modifikaci.

Metatranskriptomika — studium celkové RNA skupiny organismd
ziskané primo z jejich pfirozeného zivotniho prostredi. Identifikace
druhd, chovani celé komunity za konkrétnich Zivotnich podminek.

Informatics for RNA Sequencing: A Web
Resource for Analysis on the Cloud

Malachi Griffith"3*, Jason R. Walker', Nicholas C. Spies’, Benjamin J. Ai

L. Griffith'>*=

Pre-processing

Alignment

Transcript assembly
Reference guided

de novo
Reference only %‘& %ln_ks,
v

Abundance estimation

Quality control

Expression analysis
Differential expression Alternative expression

v

Vizualization

=. ' ’, Ohl w * —



Shrnuti xS

OH \J
Tfi hlavni formy RNA (mRNA, rRNA, tRNA) jsou zapojené do proteosyntézy. grrmm ﬁ{

+ mnoho dalSich typua RNA, plnicich rozlicné funkce (¢asto regulacni).

Geny pro rRNA - fylogenetické analyzy.

Predikcni nastroje Casto vyuzivané pro predikce modifikaci a interakci RNA. oo

GAGCCUUCAAAGCCCUUAGAAAACA WAUAGG ’
AACAAGUUUAACUUCUGCCA AL

Cacucc

Primarni/sekundarni/terciarni struktura RNA.
Predikce 2D struktury: ab initio, komparativni metody.
Predikce 3D struktury: template-based, template-free, hybridni metody.

yInverse folding” — design RNA pro specifické ucely.

Zoo Ostrava

Alignment: nutné/vhodné zahrnout strukturni informace.

Existuje transkriptomika a metatranskriptomika ©

...a zahrajte si Eternu!
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Messenger RNA in
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How close are miRINAs from clinical practice?
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and therapeutic market
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On the classification of long non-coding RNAs
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RNA methylation in nuclear pre-mRNA processing

Helena Covelo-Molares | Marek Bartosovic™ | Stepanka Vanacova

rRNA Structure

Arun Malhotra, University of Miami School of Medicine, Miami, Florida, USA

tRNA Structure
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Transfer RNA
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Estimation of Secondary Structure in

Ribonucleic Acids

IGNACIO TINOCO, jun., OLKE C. UHLENBECK &

MARK D. LEVINE

Department of Chemistry, University of California, Berkeley, California 94720

A simple method for estimating the
secondary structure of an RNA mole-
cule has been proposed on the basis of
the knowledge of its sequence,

Alberts and Doty'?. By allowing looped out bases and putting
the sequence in register in order to maximize base pairing,
they were able to suggest optimal secondary structures from a
given sequence. When this approach was applied to transfer
RNA sequences, a wide variety of sequences could all be put
into a similar cloverleaf pattern with the anticodon in the
same position, thus demonstrating the interchangeability of
the tRNAs in protein biosynthesis on the ribosome®!. Know-

Advancement of the Emerging Field of RNA

Nanotechnology

Daniel Jasinski, " Farzin Haque,” Daniel W Binzel, and Peixuan Guo™

RNA and protein 3D structure modeling: similarities

and differences

Kristian Rother - Magdalena Rother +

Michal Boniecki « Tomasz Puton « Janusz M. Bujnicki

Lina Ma,’ Vladimir B. Bajic* and Zhang Zhang'*

Review Article

A Review on Recent Computational Methods for
Predicting Noncoding RNAs



