Comparative Analysis of RNA structure

Comparative Analysis of RNA structure

The process of extracting structural information about a
type of RNA from the similarities and differences between
different examples of that RNA.

Comparative Analysis of RNA structure

Comparative analysis 1s the way to DETERMINE (not =
predict) RNA secondary structure Y.
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Stages of a comparative analysis

o Initial definition of the Basic woondary structure
o Afew ngueccet
o May e thermocymamk prodiction or pealirg cata
o Amaoutior Seldces

e Refinement of 27 structure & identification of tertiary contacts
o 90 wgeercm
o ottty Sae Dase eeractiors anc Bighesarder covariation
o Amcutiox Smepain

o Tertiary moceling
o WOE SO

o mierliad gudel SnCiee

o Aot pvpel a0 dslances




Initial definition of 2° structure

The problem: For every short string of bases
(sequence), which complementary seguence (if any) is
the correct pairing partner?

Foe every 4 bawe wgamce, there witl be 2 peviect complamert svery 50 bases 20 sveragel

Initial definition of 2° structure
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Initial definition of 2° structure

The solution: Compare more than one homologous
sequence for variation consistent (or inconsistent)
with each possible pairing.
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Covariation at two or more bps of a helix Is considered
good evidence for the presence of that helix
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Initial definition of 2° structure

Comparative evidence for secondary structure is based
on covariation in seguence alignments
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Initial definition of 2° structure
CSA of secondary structure is based on the observation

that secondary {and higher-order) structure is
conserved despite sequence variation

P4 and Pé a bacterid RNase P RNA
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Initial definition of 2° structure

Comparative 2ralysts 12 an iterative process: rewly-sdentifiec
structure allows the allgement to Be refired 50 that new structure
<an be idertified,

Struciure refinement

Alignment refinement

Increasingly cisparate sequences are acded when It dacomes
possible, or when the number of sequences allows, subsets can be
aralyred wparately 10 exarine staxture unigque 10 then

Initial definition of 2° structure

Initial secondary structure
of the E. coli RNase P RNA

Each HELIX is “proven” by
the presence of
covaration in 2 or more

basepairs.

Refinement of 2" & ID of tertiary contacts

As the rumber of sequences fcreases, the basic secondary
structure can be refined to high resolution using statistical methods
10 ddentify and gaantitate segance covariation
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Refinement of 2" & ID of tertiary contacts

Example M{x,y) analysis of a basepair

o Position 234 of bactenal ANaze P against 2l other positions In
the allgnment
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Refinement of 2° & ID of tertiary contacts
Example M{x,y) analysis of a helix
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Refinement of 2° & ID of tertiary contacts
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Refinement of 2" & ID of tertiary contacts

Base triples
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These are icentifiec in the same way 25 secondary basepalirs,
except that all three bases covary with each cther




Refinement of 2" & ID of tertiary contacts
Base triples
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Refinement of 2° & ID of tertiary contacts

This 15 a GNRA:minor
groove docking interaction

Refinement of 2° & ID of tertiary contacts

Bactenal RNase P ANA

e All e 3 basepairs
(consisting of invariant
bawes) in this structure ac?
are wpported by nilee ™
sequerce covaristion W T

e Acditional seconcary e
structure cannot be -
accommodated T j -

Refinement of 2" & ID of tertiary contacts

A high-resolution secondary structure is comparable in

accuracy to a clean primary sequence or a high-
resolution X-ray diffraction tertiary structure.

o Basepairs can be tested individually, with p-values attached

o Highly variable regicns can be stodied in small, closely-related

subgroups

o Only the mos: conserved (Inmvariant) or the most variadie
(idiosyncratic) sequences cannot e examined

e The possiiny of remairing helices can be excludec




Refinement of 2° & ID of tertiary contacts

Comparative analysis is the gold standard for the
determination of RNA secondary structures.

Some RNA secondary structures cetermined by CSAC
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Refinement of 2° & ID of tertiary contacts

Comparative analysis s the gold standard for
determination of RNA secondary structures, but...
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Tertiary modeling

Independent substructures
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Tertiary modeling
Helical stacking

Stacwing 15 & major force In directing the folcing of RNA




Tertiary modeling

Helical stacking
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Helices in pseudoknots usudily stack

Tertiary modeling

Local structure models
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Tertiary modeling

Another GNRA:receptor interaction

Tertiary modeling

Base triples
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Thiz 12 2 comman GNRA-mInor groove tertiary interaction




Tertiary modeling
Phylogenetic minimal core structure
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Tre phylogenetic minimum core contars 3 of the esently) sequence aw
strucTure. CENer elemens gerevaly corerDete (WIportantly of not| to sTabiaty,
o a'r Irvial clovrenls that are toessled m 0ag m they do not mterfere with Lye
rest of She molecule.

Tertiary modeling
Conserved inside, vanable outside

Varabe seguesces and helicm of conerved jeagth are concentrated in the heart
o The ENA. Varlatie seguences and slructores ate peripheral

Tertiary modeling

But just because you know the structure of all the parts
doesnt mean you kKnow the structure of the whole!

Tertiary modeling

The need for constraints

o The numser of peasible foldings of a palymer of ony kength
are astronomical

o Constrants are bits of informaticn that Imi the possibilities,
i thay constrain the medel

o Some constrants
® The seccndory s*ruchure!
* Phylogesetic wiriation
o Tertary ateractions
® Helical stacking dasa
® Distance mezsurements & cresslinks
* Known overall shage
* otc, otc..




Tertiary modeling

Interactive computer modeling : Massire & Westhof
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Censtraint 31 : the detzled secendary structures of type A ond B
RNawe 2 RNAs

Tertiary modeling

Interactive computer modeling : Massire & Westhof
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Censtraints #2 & 3: All xnown tertiary interactions & stacking
partners (nckding some muggested oy the preliminary models, end
scme ressonshle quesses)

Tertiary modeling

Interactive computer modeling : Massire & Westhof

Pleced 2l together to satisfy crosslinking data, bicchemical data,
and sesthetics, and. . Vioka!

Tertiary modeling

Moedels vs crystal structure




Stages of a comparative analysis

o Initial definition of the Basic woondary stracture
o Afew agueccet
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Comparative Analysis of RNA structure




