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1991: 3amiHa A Ha |

RNA editing of glutamate receptor

subunit GluR-B
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1986 Major transcript of the frameshifted coxll gene from trypanosome
mitochondria contains four nucleotides that are not encoded in the DNA

Rob Benne, Janny Van Den Burg, Just P.J. Brakenhoff, Paul Sloof, Jacques H. Van Boom,
Marijke C. Tromp




MexaHi3m pegaryBaHHA PHK y
KIHeTonnactua,

Uridine insertions create a frameshift in mRNA

=S Sl L Gl eV ET N REEY G v M Coded in genome
AUAUCAAGUUUAGGUAUAAAAGUAGA G A ACCUGGUAGGUGUAAU DNA sequence

’ frameshift

AUAUCAAGUUUAGGUAUAAAAGUAGA UUGUAUACCUGGUAGGUGUAAU  RNA sequence
I S S L G | K V D C l P G R C N Protein sequence

’ ovirtualtext vw».vergito com



MexaHi3m peaaryBaHHA PHK y
KIHeTonnactua,

Eting occurs by cleavage and ligation
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Eantocoma y KiHeTonnactua,
CnpAXKeHa 3 TPAHCNAUIED

I':‘MeMGpaHa




1987: 3amiHa C Ha U

Apolipoprotein B gene
Codon Codon
G N CRRA........... PO

Codon # 2153 |
I

Liver Transcription Intestine
' y
Unedited mRNA Unedited mRHNA
C A A=0Gin
Translation ¢ RNA editing
U AA=5TOP
Y * Translation
Apolipoprotein B-100 Apolipoprotein B-48
4563 amino acids 21532 amino acids
Function: ranspott of Function: absorpticn of
cholesterol in the Elood lippids from the inkestine

triglyceride

apoB-100
(non-exchangeable)

cholesterylester

phospholipid

-
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PegarysaHHa C Ha U

CYTOPLASM

Blanc V, Davidson N O J. Biol. Chem. 2003;278:1395-1398

C-to-U RNA editing of apolipoprotein B. The model for an ~35-nucleotide region of apoB RNA
flanking the edited base (asterisk) is shown. é?

©2003 by American Society for Biochemistry and Molecular Biology j



PepgaryBaHHA PHK

PedazyeaHHs PHK - cnpAMOBaHa 3MiHa
OKpemux HyK/eoTuais y PHK nicas (4u nio uac)
TPaHCKpUMuil

PedazyedHHsa PHK — nOCTTpaHCKpUILiMHA
Mmogmn@dikauia PHK, Aka He € cnaancMHrom, aHi
KernyBaHHAM, aHi N0/liageHUA0BaHHAM, aHI
A€rpaga LLIEHO (xoua € it iHwi BapianT MogndiKavi ©)



CnissigoweHHA miXK IHK | PHK

Regulatory sequence Regulatory sequence
Enhancer
/silencer Promoter 5'UTR Open reading frame /silencer
. ! |
Proximal Core Start Stop
S E———— S 5 R m—m
Transcription Exon Exon

| | .|
Intron Intron

I )T

MRNA  post-transcription

modification Protein coding region .
5'Cap ——— Poly-A tail
Mature I
mRMNA
Translation
Protein

Thomas Shafee [CC BY 4.0]



Tnnun peparysaHHA PHK

Bcmaeku _
Hykneomuodie 3amiHa BudaneHH;.l
Hykneomudis HyKneomuoie
A Hal CHaU
(Ae3amiHyBaHHs (ne3amiHyBaHHs
afieHiHy) | LIUTO3VHY)
G Ha A,
UHna C

Ta iHLLU.




A Physarum polycephalum BcTtaBnse
LUTUOUHMN...




AQeHOo3nHAe3aMIHa3n eBKapIoT
(ADAR)
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Rlbose 5 phosphate Ribose 5 phosphate Ribose 5 phosphate
Adenosine Transition state Inosine
TRENDS in Genetics
dsRBD
Za| ._ ____Deaminase __m= ADAR1 (1226 aa)

w e Deaminase == ADAR2 (701 aa)

R

o e s =’ Deoaminase == ADAR3 (739 aa)
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OcHoBHi miweHi ADAR

Type of RNAediting Examples
(a) Protein-coding pre-mRNAs
GRIAZ2 Q/R-site
\ Exon11 280 nt
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(b) Repetitive elements
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c. microRNA precursors pri-miRNA-99b: seed-sequence modification

. cc AC_C G
5~ GGCAC ACCCGUAGA CGACUUGG G aacCu

3——cueug, CUGGGUGUC%LFCL!:GIACACA%CCGC U

pri-miRNA-133a2: Drosha processing inhibition

. G AC
5'~acua lecucau™an’ac accanauc UG,

3— CGAUGUCGACCA ACUUCCCCUGGUUUAGGUA ACC




ADAR y pi3HUX TBapuH

Tunicata TYHiKaTKA

Chordata

) CephalochordataNaHuertHix
Deuterostomia

Verlebrata NMogwna
Echinodarmala Mopcesaid Txax
HemichordataHaniaxopaoei

Arachnida lxodida Kriwg

Mesostigmata Kniw
Coleoptera  Myx

Coelomata Diptera Myxa
Bilateria
Pancrustaces Paraneoptera Bowa
Branchiopoda HIA
e \Eiigaiomia, -
Crustacea Malacostraca Bowonnae

Decapodiformes Hﬂﬂhﬂp

OctopodiformesBocsmMHir
Crrthogastropoda Criamar

Cephalopoda
Mollusca

Gastropoda Ecgastropeda bnrogeyno

Anellida Polychaela TTanixeta
S E: Cliteliata TT aska

= Acoslomata TpemaTtoga

= MemalodaHematoaa

Actiniaria AHesmoHa

Scleractinia Kopan

Hydra Twapa

Cnidaria

* Placozoa Tpuxonnakc

* Porifera Tybka



NMDA ta AMPA-peuenTtopu
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CTpyKTYypa Ta peaarysaHHA AMPA-
peuenTopiB

GluA2 N




Letters to Nature

Nature 406, 78-81 (6 July 2000) | doi:10.1038/35017558; Received 10 March 2000; Accepted 22 May 2000

Point mutation in an AMPA receptor gene rescues lethality in mice deficient in the RNA-editing enzyme ADAR2

Miyoko Higuchil, Stefan Maasl22, Frank N. SinglelZ2, Jochen Hartnerl, Andrei Rozov?, Nail Burnashev?, Dirk Feldmeyer?, Rolf
Sprengel! & Peter H. Seeburg!
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http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a1
http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a1
http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a2
http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a3
http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a1
http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a2
http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a1
http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a4
http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a4
http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a4
http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a1
http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html#a1

Kaniesun kKaHan K, 1.1

Vin 0 CH,
e i3onenumH

Open
_JE\‘¥ IKT H
nactivated =" =
Closed Time NH,
\! \{ \ (i (" \ \
({4 W ..1’“1".( v ¢ (REEL




RNA Editing Underlies Temperature Adaptation in K* Channels from Polar
Octopuses

Sandra Garrett' and Joshua J.C. Rosenthal™

'Institute of Neurobiology, University of Puerto Rico-Medical Sciences Campus, San Juan 00901, Puerto Rico. *Department of
Biochemistry, University of Puerto Rico—Medical Sciences Campus, San Juan 00936, Puerto Rico.

SCIeNCexpress / www.sciencexpress.org / 5 January 2012 / Page | 26fscience. 1212795
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KinbKicTb canTiB pegaryBaHHA B
eKk3oHax (2015)

115 cautis ADAR

> -
53 caiit ADAR \q
-

- 645 caiitis ADAR

? ' HepBOBIK cnctemi — 60% b6inkis!



KinbKicTb canTiB pegaryBaHHA B
eKk3oHax (2020)

>1000 cauTis ADAR

v -
>100 caitTis ADAR Q

@ >2000 caiitisa ADAR

? ' HepBOBIK cnctemi — 60% b6inkis!



PeparyBaHHA PHK y HepBOBiK cuctemi

Q/R I nyTamatHuia AMPA-peuenTop 3 ioHHUM W HenpoHUKHiCTb KaHany Ang

R/G KaHamom KanbUiro

R/G InyTamaTtHuiA AMPA-peLienTop 3 iOHHUM N TTpuckopeHe BigHOBMEHHA nicna
KaHanom AeceHceTusauii

R/G I nyTamatHuiA AMPA-peuenTop 3 iOHHUM RO30K TTpuckopeHe BiaHOBMEHHA Mnicna
KaHanom AeceHceTum3auii

QR InyTamatHUM KaiHaTHUIA pelienTop 3 — HenpoHWKHicTb KaHany Ans
iOHHUM KaHanom KanbUuiro

Q/RI/V  TnyTamaTHWI KAiHATHWUM peuenTop 3 . . -
) MO30K 3MiHa NPOHUKHOCTI ANS IOHIB

y/C iOHHUM KaHaIom

_I/ Vv TToTeHuUian-3anexHUn KanieBuii KaHan  MO30K YnosinbHeHa iHaKTUBALliS KaHany
. MO30K, . . .
K/E Peuentop FTAMK 3 iOHHUM KaHanom 3MiHa cnopiaHeHocTi Ao TAMK
KULIEYHUK -

I/V, I/M, 3MiHeHe 3B'a3yBaHHA i3

N/S, N/D CepoToHiHoBuiA peLienTop MO30K CEpPOTOHIHOM, 3MiHeHUW TpaHCnopT

N/G I/V peuenTopa
IHcyniHoBUU peuenTop, perynauis pocTt . .

K/RR/G ~ CYNIHOBM P op. Pery pocTY MO3OK, FMif  3MiHFOE 3B'93yBAHHA 3 FrenapuHOM
W mirpauii KniTuH rniomu



https://uk.wikipedia.org/w/index.php?title=%D0%94%D0%B5%D1%81%D0%B5%D0%BD%D1%81%D0%B5%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D1%96%D1%8F&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%93%D0%90%D0%9C%D0%9A
https://uk.wikipedia.org/wiki/%D0%93%D0%90%D0%9C%D0%9A
https://uk.wikipedia.org/w/index.php?title=%D0%A1%D0%B5%D1%80%D0%BE%D1%82%D0%BE%D0%BD%D1%96%D0%BD%D0%BE%D0%B2%D0%B8%D0%B9_%D1%80%D0%B5%D1%86%D0%B5%D0%BF%D1%82%D0%BE%D1%80&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%93%D0%BB%D1%96%D0%BE%D0%BC%D0%B0&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D0%BF%D0%B0%D1%80%D0%B8%D0%BD

PeparyBaHHA PHK y HepBOBiK cuctemi

_K/R KiHe3uHoBuM 6inoK, TpaHCMOPT NO MikpoTpybKax, UMTOKIHe3 BCHOAMU
_Q/R nrokosuaasa, siapizae N-38'a3aHi rnikaHu BiA 6inkis ?
E/G InikonpoTeiH cuctemu Aerpaaalii, NOB'43aHOI 3 5
peTUKYJIlyMOM '
Binok unTockenety, kanbMoayniH-38'a3yroumiA 6inoK, .
R/G . oo Ay ) HEeUpoHu ?
nepenaya cCUrHasny B HelpoHax, HEMPOHHA MNACTUYHICTb
-K/R TTyxnuHHWIA cynpecop, Kapaiomionaris MO30K ?
s/6 Kanbuiii3anexHuii akTMBaTop TPAHCKPUNLIT, HeobXiaHuli ans  HEUPOHU Kopu 5
HOpPManbHOro poCTy U ranyxeHHs AeHAPUTIB Yy HEUPOHAX KOpU FONOBHOO MO3KY ’
E/G Kanbuii3anexHu akTUBaTop ceKpeLii M eK30UUTO3Y LWinbHUX 5
BE3UKyn '
-K/R CyboanHULA aueTUn-TpaHCgepasu FicTOoHIB MO30K ?
I/V HelipoH-cneumnpiuHuin PHK-38"a3yrounii 6inok, -
coL : HEenpoHU ?
N/D AupepeHUiauis HeWpOHIB i CUHANTUYHA NNACTUYHICTD


https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%BA%D1%80%D0%BE%D1%82%D1%80%D1%83%D0%B1%D0%BA%D0%B8
https://uk.wikipedia.org/wiki/%D0%A6%D0%B8%D1%82%D0%BE%D0%BA%D1%96%D0%BD%D0%B5%D0%B7
https://uk.wikipedia.org/w/index.php?title=%D0%93%D0%BB%D1%96%D0%BA%D0%B0%D0%BD%D0%B8&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%A6%D0%B8%D1%82%D0%BE%D1%81%D0%BA%D0%B5%D0%BB%D0%B5%D1%82
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D1%8C%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D1%96%D0%BD
https://uk.wikipedia.org/wiki/%D0%93%D1%96%D1%81%D1%82%D0%BE%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D0%B0%D0%BF%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%BF%D0%BB%D0%B0%D1%81%D1%82%D0%B8%D1%87%D0%BD%D1%96%D1%81%D1%82%D1%8C

Differential levels of RNA editing in Hippocampus

% RNAEditing

Gene. Edit site location

Differential levels of RNA editing in Temporal lobe
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Differential levels of RNA editing in Frontal lobe
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PeparyBaHHAa GlyR

gephyrin

Figure 6: Glycine receptor (GlyR) viewed with 5% subunit (an
alpha) removed.

Schaefermeier, P; Heinze, S (2017). Hippocampal Characteristics and Invariant
Sequence Elements Distribution of GLRA2 and GLRA3 C-to-U Editing. Molecular
Syndromology 8 (2): 85-92. d0i:10.1159/000453300.
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https://uk.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%B8%D0%B9_%D1%96%D0%B4%D0%B5%D0%BD%D1%82%D0%B8%D1%84%D1%96%D0%BA%D0%B0%D1%82%D0%BE%D1%80_%D0%BE%D0%B1'%D1%94%D0%BA%D1%82%D0%B0
https://dx.doi.org/10.1159/000453300

He Tinbkn AMPA-peuenTtop v
CUHaNCI
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