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OOWH reH — oaAuH PEPMEHT
ITtocbeH KeHo, mbiwm (1903) )

2 o

agouti solid color
(AA or Aa) (aa)
Cuénot, L., L’Hérédité ce la pigmentation chez les souris. (5¢ Note.) In:
Archives de Zoologie expérimentale et générale. p. I—XIII.

Verf. setzt seine Kreuzungsversuche mit Madusen fort. Die einzelnen
Kreuzungen, ein gelbes Mannchen mit roten Augen und albinotisches Weibchen

A% Novhmbre 1031
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buan n Tatym, Henpocnopa (1941)

GENETIC CONTROL OF BIOCHEMICAL REACTIONS IN
: NEUROSPORA*

By G. W. BeapLe anp E. L. TatuM

Brovocicar DEPARTMENT, STANFORD UNIVERSITY

R Communicated October 8, 1941
George Wells Edward Lawrie ¢ - .e . :

Beadle Tatum From the standpoint of physiological genetics the development and
(1903 - 1989) (1909 - 1975) functioning of an organism consist essentially of an integrated system of

chemical reactions controlled in some manner by genes. It is entirely




LET'S PLAY GENOME LOTTO
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« OT127,462 no 153,478 reHoB y 4yenoseka (CSH 2001)
o 22,333 — BO3MOXHO. HO HMKTO HEe 3HaeT TOYHO
(6buonHdopmaTuk Steven Salzberg, oktadpes 2010)
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http://www.cbcb.umd.edu/~salzberg/
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Central Dogma

of molecular biology
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AnbTePHATUBHbIN CMNAUCUHT

« 1977 — ageHoBupyChbI
« 1981 — kanbUUTOHUH
e 1981 — aHTUTENA

2000 — "pekopacmen” cnnancudra - Dscam, go 38,016 BapmaHToB
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http://en.wikipedia.org/wiki/Dscam

MexaHun3m cniancuHra
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PedakmupoeaHue PHK — HanpaBneHHOe U3MeHEeHne
OTAeNbHbIX HyKneoTuaoB B PHK nocne TpaHckpunuum

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




Tunel pegaktupoBaHmna PHK

Bcmasku
HyKTeomudo8 3ameHa Heneuuu
HyKreomudos HYKI1eomuoos

A Hal CHaU
(Oe3aMuHMpoBaHme (Ae3aMuHupoBaHue
ageHuHa) LMUTO3MHA)




MexaHun3m pegaktupoBaHua PHK y
KWHeTonmnacTua

Uridine insertions create a rameshift in mRNA

S ISEL Gl KBV FEN N jiSsva G M Coded in genome
AUAUCAAGUUUAGGUAUAAAAGUAGA G A ACCUGGUAGGUGUAAU DNA sequence

frameshift

| AUAUCAAGUUUAGGUAUAAAAGUAGA UUGUAUACCUGGUAGGUGUAAU  RNA sequence
IS By L G|l KV D C § P G R € N Protein sequence

Svirtuattext www.€rgito.com

Coxlll mRNA has extensive editing by both insertion and deletion of uridine

U Svirtualtext v.n.v..vergito com |




MexaHn3m pegaktupoBaHua PHK y

Genome

Pre-edited RNA A5

Pre-edited RNA ~A4ACLOGACACARAAGAAS

Guide RNA

mRNA

Guide RNA

MRNA

...........

KMWHETOIMJ1aCTtnA

Guide mRNA pairs with pre-edited mRNA to provide a template for editing

‘ Transcription

A G G C A e

‘ Painng with guide RNA
AG GC.L

VAUUUUAAAUAUAAUAGA AAAULG AAGU

‘ Insertion of undines

SAGALAMUUALGUUGUC L

S A UUUAAAL AUAAUAGA AAAUUG AAGU

‘ Release of mMRNA

WUUUVAUGUUGUCH

artualtest vawrw ‘f?rtf_}lf(‘, com




MexaHn3m pegaktupoBaHua PHK y
KWHeTonmnacTua

Editing occurs by cleavage and ligation

d=

Endonuclease

5 3'

L)

Terminal
uridyltransferase
(TUTase)

n O U 3'
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MexaHn3m pegakTmpoBaHUA
CHaU

Apolipoprotein B gene

Codon # 2153

Liver Transcription Intestine

Unedited mRHA

Translaktion

Apolipoprotein B-100
4563 amino acids
Funchion: ransport of

cholesterol in the Blood

Linedited mBHA

C A A=0GIn
¢ RNA editing

U AA=5TOP
* Translation

Apolipoprotein B-48
2152 amino acids

Function: absomticn of
ligpicds frorm the inbestine




C-to-U RNA editing of apolipoprotein B. The model for an ~35-nucleotideregion of apoB RNA
flanking the edited base (asterisk) is shown.
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Blanc V , Davidson N O J. Biol. Chem. 2003;278:1395-1398
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AQeHo3nHae3amMnHasbl 3yKapuoT
(ADAR)

H,O
NH2 g
Rnbose 5 phosphate Ribose 5 phosphate Ribose 5 phosphate
Adenosine Transition state Inosine

TRENDS in Genetics

dsRBD

| Z o 73 [ {_ J={ =" Deaminase == ADAR1 (1226 aa)

e e s’ Deaminase. ™= ADAR2 (701 aa)

o m{ jue{ sm Doaminase ™= ADARS3 (739 aa)

TRENDS in Genetics




OcHoBHble muwieHn ADAR

Type of RNAediting

Examples

(a) Protein-coding pre-mRNAs

GRIAZ2 Q/R-site

\ Exon11 280 nt

oY

(.o()’o?(:(}’:?,lﬂ bht:

Fritieviiuinits e R S
3

(b) Repetitive elements

huNARF recoding and creation of
splice-site

\

hu lin28 3'UTR

Exond pe— | []12) C——

=AluSc=——+ 50 nt

c. microRNA precursors

pri-miRNA-99b: seed-sequence modification
- cC AC__C C
¥ ~~GGCAC ACCCGUAGA CGACUUG G G GGG
33— U
cwsusc cueeeusuc%l?c%elng&%ccec

pri-miRNA-133a2: Drosha processing inhibition

, AC
5'— aous lecucauar aa accaraucs UG,
3— CGAUUCGACCA , U CCUGGUUUAG,  ©

ACCTC 8348
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AMPA-rnytTamaTtHbIN peuenTop

RNA editing of glutamate receptor
subunit GluR-B

GluR-B >88.9% R in brain




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 Higuchit, Stefan Maas’22, Frank N. Singlel2, Jochen Hartnerl, Andrei Rozov#, Nail Burnashev?, Dirk
Feldmeyer?, Rolf Sprengel! & Peter H. Seeburg!

—e— ADAR2""/GluR-B"f (n=69)
S8 —a— ADAR2"/GIuR-B*F (n=41)
—e— ADAR2™"" /GIuR-B*"* (n=107)

Survival of ADAR2™~ mice (%)

0 5 i0 15 20 25 30 35 40
Postnatal day

dsRBD
v 2 e 7 e Deaminase.__ == ADAR1 (1226 aa)
s

R
o | Doaminase_ == ADAR3 (739 aa)

TRENDS in Genetics



http://www.nature.com/nature/journal/v406/n6791/full/406078a0.html
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Leukemia




Alu noBTOpPLI

60 MnH neTt Hasag NosABUIIMCb B reHOME NpUMaToB

Okono 300 nap ocHoBaHWUM
10,7% reHoma 4yenoBeka

70-80% romonormm —kOHCepBaTMBHOCTbL BbILLE, YEM Y OPYTNX
MIeKonuTaroLmnX




1 3ameHa Ha
TpaHCKpUNT

3 3aMeHbl Ha
TpaHCKpUNT

5 3ameH Ha
TpaHCKpUNT
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o 00451
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# 0,030
2 0.0251
# 0.020
£ 0.015
W 0.010
= 0.0051

AP | I | 1|

ac

(Anal>

ag at ca of ct ga gc gt

Mismatch type

Cral

ta tc g

O Humam

&g at ca cg ct ga gc at ta tc g
Mismatch type
ag at ca cg ot ga gc gt i3 s tg

Mismatch type

B Mouse O Rat O Chicken B Fly

TRENDS In Genafics




Ponb B aBonounun?




[ NnaBHbIM PepakTop:

Perynupyet cnnavcuHr 6esnka Moanduunpyet doyHKunto 6ernka

Bopetcsa ¢ Bupycamu

YHn4TOXaeT HeHyxHyto PHK

TkaHecneundnyeckm U3MeHseT akcrnpeccuto benka

Ynpasnsaet PHK-uHtepdepeHumnen

BnunseT Ha anureHeTMYeckyo aganTtaLuio 1 3BOMIOLNIO




Y Pepaktopa HET HUYEro
CBATOrO

Koa OHK He rapaHTupyeT aMMHOKUCNOTHYIO NocrneaoBaTeribHOCTL Denka:
NETAT paMKM CHUTbIBAHUSA, NOSABIAKOTCA CTOM-KOAOHbI, 3aMEHSAOTCSA OOHU
aMUHOKUCIIOTbl Ha Apyrue.

TPHK goctaBnsieT He Te aMMHOKUCHOTbI NPY TPaHCNALUM

CnnancnHr 6enkoB NPOMUCXoOaUT Kak Nonano — HoOBble CalTbl CrakcuHra
BO3HUWKAIOT, CTapble ncyesaroT

"MycopHas OHK" ocobeHHO akTMBHO ucnonb3yetcs Pegaktopom ans paboThl
NPOABUHYTbIX 3BONMOLMOHHO BUOOB (YENOBEK U NpUMaThbl) 1 OpraHoB (MO3r u
TUMYC)

A Bcé 3T0 cnaXeHHo paboTaeT B opraHu3smMe, a HapylleHune Bcex 3TuUxX
npoueccoB npusoant kK BOJIbLWM HenpuatHocTam!!!!




NnTepatypa

Molecular diversity through RNA editing: a balancing act
Sanaz Farajollahi and Stefan Maas
Trends in Genetics Vol.26 No.5 (2010)

RNA editing: a driving force for adaptive evolution? Willemijn M. Gommans, Sean P.
Mullen, Stefan Maas
Bioessays. 2009 October ; 31(10): 1137-1145.

|s abundant A-to-1 RNA editing primate-specific?

Eli Eisenberg, Sergey Nemzer, Yaron Kinar, Rotem Sorek, Gideon Rechavi and
Erez Y. Levanon

TRENDS in Genetics Vol.21 No.2 (2005)




HAOEKOCb BCEM BbINO
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Remember the “good old days” when the central dogma ruled and nucleic acids were largely looked at as giant unalterable cellular
blueprints? The more we learn about DNA and RNA, the more this doctrine looks like a quaint convention of a simpler time. Indeed,
molecular biology today recognizes not only that RNA information can flow to DNA (reverse transcription), and that eukaryotic genes are
usually in pieces in the DNA and must be spliced to make mature (and useful) RNA, but also that RNA itself can be altered in several
nonsplicing mechanisms collectively referred to as editing. RNA editing is a phenomenon whose occurrence is now recognized to take
place in most eukaryotic organisms. It varies from insertion of bases at specific places in mMRNAs (mostly in simple eukaryotes) to
chemical modification of bases in most other eukaryotes. The latter process most commonly involves conversion of adenosine to inosine
by action of adenosine deaminase. At the A-to-I RNA Editing website, you'll find everything you need to know about this latter process and
gain insights into its significance for the cells that perform it.




