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OnucaHbl XMuMmunyeckme
ceomncTtea PHK

MPHK = 6enok
Pubocombil
[eHeTnYecKni Koa
PHK nonnmepasa

[epBblt CUKBEHC
ObpaTHas
TPaHCKpKMNTa3a
HeKkogupytowme
HYKNeoTuapl B
TpaHCKpUnTe

30 HobeneBcknx npemui...

VV VY

YV VV

Manble PHK B agpe
TpexmepHaa CTPYKTypa
NUHTPOHDI
ANbTEPHATUBHbIN
CMAANUCUHT

Prnbo3mmbl
MobunbHble 3N1eMEHTbI
Cnnancocoma u
CMAANUCUHT

PepaktnposaHue PHK
PHK — wabnoH B
Tenomepase

In vitro ssontoymA

PHK — nHtepmegmnat B
MODOUIbHbIX 31eMEHTAX
PHK KOHTpoAunpyeTt
9KCNpPeccuto reHoB
Hekogupytowasa PHK u
aNUreHeTmnKa
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Knaccudpukauyma

RNA

Coding .
RNA { Non-coding RNA
|
|
Transcription Small

{ rRNA { tRNA { siRNA { miRNA { snRNA {snoRNA




TpaHCKpMNUKMA y ayKapuot

e RNA Pol | =rRNA

*  RNA Pol I = mRNA,
MIiRNA, shoRNA, snRNA

*  RNA Pol Il —tRNA, rRNA,
SnRNA, snoRNA

*  LleHTpbl TPaHCKpUOLUMK

- SCIENCEphOLOLIBRARY

(a)

npoyeccuHe 3'-koHya mPHK
aKkcriopm mMPHK u3 adpa;
3aWUuma om 3K30HYKneas;
UHUUUAUUA mpaHcaauuu

MpoLLeCCUHT: /

KanuposaHue; 3awuma om 3K30HyKnEa3

NonnaaeHnMpoBanne; => rorvunauus mparckpunyuu

CnnavcuHr;
PepaktupoBaHue

SKcriopm u3 a0pa
TpaHcnAayuA

RNA-coding sequence
1

DNA

Promoter Transcription by RNA polymerase II.
Addition of 5" cap when 20-30
nucleotides of pre-mRNA made.
Addition of 3’ poly(A) tail.

Cap Exon Intron Exon Intron Exon Poly(A) tail
| 1 L |
J‘ 1 ‘ I 1 ‘ I ) L 1
AAAAAAA...3

Pre-mRNA 5

5'UTR RNA splicing: 3’UTR
introns removed

Protein-coding sequence
1

mRNA 5 Ol AAAAAAA..3

l Translation

Polypeptide f’“”j 7

ocd

I
Ao’

©2010 Pearson Education, Inc.
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A exons B exons C exons
I i

1. 121 48 1
DSCAM A RERETR A RRRT R N

gene

A8C16

mRNA [[IIN]

[
B24 D2
one out of 38,016 possible splicing patterns

Figure 7-89. Molecular Biology of the Cell, 4th Edition.
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B Hy)XHOM MecCTe U B HY)XHOe BpemA

PHK cuHTe3unpytotca B aape, a nocne
TPaHCNOPTUPYIOTCA B Heobxoammoe
MecCTO

J1o MOMeHTa J0CTaBKM Ha MeCTO
TPaHCNALMNA penpeccnpoBaHa ¢
nomouwbio RNP

Y yenoseka 6onblie 1000 RNPs

CanTbl cBasbiBaHMAa RNPs — 8 3’-UTR

Nature Reviews | Molecular Cell Biology

a Yeast ’
Pol II

Transcription
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CtabunbHoctb PHK

5'UTR: 3'UTR: 408 Ribosomal subunit
e K3n * PHK-6enkosble
B3aUMOAENCTBUSA; .
* WNNNbKKA 5' cap 3’ poly(A) tail
* PHK-6enkosbie " PolylA);
o *  AU-rich element (ARE);
B3aMMOAENCTBUA ,
ORF *  miRNA
. S
' * lIron response element (IRE) AUG
. Ir.1ternal ribosome entry Cytoplasmic
sites (IRES). polyadenylation element
(CPE) Gene 3’ Untranslated
region
N nature
0 3 6 9 12 15 20 30 60 T 1/2 (min.} REVIEWS
WidType | e o | 3s:0s e SErETICa.

CpegHee t/2 MPHK y maekonuTatowmx ~ 8 4acos.

0 3 6 9 1218 20 30 &0
s ’...... |—= 95105

O 3 & 9512 15 20 30 60

wl SERNRee ..

R

PHK c-fos — 15', PHK 6ema-anobura — 17 yacos. «RNA stability: Remember your driver»



Herpagauna PHK

3 uenu gerpagaunm PHK:
1. TOHKMIM KOHTPO/b PaboTbl reHoB
2. YTnnunsauma Henpasu/ibHbIX

3 nytn gerpagaunm PHK:

1. C nomoubto AeageHUAnpoBaHus

MOJIEKYN 2. bes peapeHnnmMposaHuA
3. 3awmuTa OT BMPYCOB, 3. C nomouwbto PHK nHTepdepeHumnmn
PETPOTPAHCNO30HOB
Protein-binding site
O ,. i ,- AAALALLALAAANLAN
Endonuclease
recognition site
Recognition by Recognition by
stabilizer protein endonuclease
=1 ) AAMALMALAAAANAS 52%1_-— AAMALAALAALANNL
Stable mRANA

Y o
/”’9 g —— AAAAAAAAAAABAAL

Exonuclenlytic decay

12
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Hekoaunpytowme PHK

{ Non-coding RNA w

Transcription small
/translation RNAs
RNAs
I

ObecneumBatoT paboty knetkm [tRNA and rRNA].

Ynpasnatot buoreHe3om M akTMBHOCTbIO pubocom [snoRNA]

OTtBeyatoT 3a npoueccuHr PHK n perynaunto TpaHCKPMNUUMOHHbBIX dpakTopoB [SNRNA]
PenpeccupytoT akcnpeccuto reHoB [MiRNA]

Perynaumns paboTbl reHOB, 3awmTa Knetku [siRNA] 1



ENCODE Project (Encyclopedia of DNA elements)

NccnepoBaHbl reHOMbI U
TPaHCKpUNTOMbl 147 TUNOB KNETOK

~80% reHoma yenosekKa
OUOXMMUNYECKN aKTUBHDI

B PHK TpaHcKpmnbupyetca okono 76%
OHK

O6HapyrKkeHbl 8800 «reHOB» MasbIxX
PHK 1 9600 onnHHbIX HEKOAMPYOLWUX
nocnegosatenbHocten PHK.

ObHapyxeHbl MHOrme HoBble PHK,
KOTOpble 334eMCTBOBAHbI B
MeXaHU3Max peryiaumm akTUBHOCTU
reHoBs.

nature

T el EYTT o v
LAST RAYS HARNESSING RETHINK ON

2
OF THESUN FOSSIL POWER RISK DATA
ety Vg | Jom TRy e Why the P4 shomk
s : i ':N' o~ " i m
" A L -



Manble saepHble PHK (snRNA)

JToKanu3oBaHbI B A4pe, CBSA3aHbI C OYHKUUM:

6enkamu (snRNPs). YyacTByoT B npoueccuHre npe-mPHK

CopepaTt 6onblioe Konmyectso “U”, (popmumpytoT cnnamcocomy).
Pasmep 90-300 HyKneoTnaos.

TpaHckpubupytotca PHK pol Il, PHK

PaclennaoT nonunucTtpoHHbie mPHK.
[NlogaepnBatoT LLEe/IOCTHOCTb

pol IIl. Tenomenp.
Ha 5’-KoHuUe TpMeTUANpPOBaHHbIN PerysimpyIoT TpaHCKpUILMIO.
Kan.

(a) Group Il intron (b) U snRNASs in spliceosome

= ‘ Pre-mRNA



Telomerase
v ,U,Be nonynaunm rMCToOHOBbIX reHOB:

. RNA
S eIk KNacTepusoBaHHaAA M gucneprupoBaHHaA.
AN
= 4
:’o' 0 v" 5 rMCTOHOBBIX reHoB B KnacTtepe (6900 H.n.)
pNA 4 v' Knactepbl NOBTOPEHbI B reHOME MHOTOKPaTHO
N\ n TaHgemHo (~35 pas).

| v" OTCYTCTBYIOT MHTPOHbI, Npe-MPHK He
Nucleotide nonnageHnnnpyeTca.

v' Knactep TpaHCcKpubupyeTca KaKk eanHoe
uenoe (obuwan npe-mPHK).

v" U7 snRNA yuacTsyeT B pacLiensieHmm
nonnuncTpoHHom PHK

16



I_M noTes3a P H K'N\ npa SELEX: Systematic evolution of ligands by exponential amplification

Kakne moneKysibl MOrv y4acTBOBaThb B
BO3HUKHOBEHUU KU3HU?

bBenkun: pasHoobpa3me B CTPOEHUN,
KaTanms

JHK: cTabnnbHOCTb U XpaHeHMe
nHPopmaumnm

PHK: PasHoObpa3une B cTpoeHun,
XpaHeHne MHPopmMauum 1 KaTaaus

: u1i
uz . \ E complax
; {j | ﬁ A cmm
%f '@ >
. \
A complex
C complex -/

\ /US.U-fI-'UE‘

_@%
uz
Al >\ _% ( B complex
B 1982 r. y Tetrahymena thermophila 6bin OTKPbLIT UHTPOH, cwome @) ® ’g
V) v v ! -—
CNOCOBHbIN KaTaIM3MPOBaATb CBOM COOCTBEHHbIM activaticn BAU1 complex

CNNANCUHT. FH Stark H, Lithrmann R. 2006, 17
Annu. Rev. Biophys. Biomol. Struct. 35:435-57



Manble agpbiwkosbie PHK (snoRNA)

Arabidopsis Human

BmecTe ¢ HyK/ieazamu NPMHUMAIOT yYacTue B
npoueccuHre pPHK (T donaunHr un
Maccoumaumio ux c rRNP) .

= Intron

= Cluster/Polycistronic
Single/Monocistronic

=UTR

= Unknown

JlokannsosaHbI B permoHe aapbllLKa.

leHbl SNnORNA coaepr<atca B MUHTPOHAXxX
APYrnx reHos

Yeast Plasmodium
B coctas snoRNA BxoaAaT
MoANPUUMPOBAHHbIE KOMMOHEHTDI
HYK/1e0TUA0B: NceBaoypuUanH u 2'-0-
meTunpunbosa.

\snoRNA

18
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PHK uHmepgepeHyus
MwuKpo-PHK (miRNA)

*  MmetoT manbiit pasmep (V22 HyKneoTnaa).

* B reHome HaxoAsaTcA B HeEKoaMpyoLWwmnx nocneaosatenbHoctax AHK (B T.u. B
MHTPOHaX).

* OOHapyKeHbl Y BCEX MHOTOKNETOYHbIX.

* PenpeccupyloT 3KCNPEeccUto reHoB-mulleHen, ceasbiBatotca ¢ 3’-UTR, Kak npaBuao
CBA3blBAHME HeroJIHOoe.

* 1 miRNA ->mPHK, 1 mPHK&Heckonbko miRNA.

wildtype

~— miR-206

Figure 1. Mutation of the let-7 miRNA gene in the
nematode C. elegans results in developmental
' abnormalities that often lead to rupturing of the

Plasterk Cell 124:877, 2006 WOrms. 19



7%
-y D
R Polymera;e.ll Transcription of
DNA I pri-miRNA s
R R -
\ -
Processing
ofpn miRNAs

Pre- mlRNA :”':

. Transport of

pre-miRNA into

the cytoplasm

Logsolath Pre-miRNA

A prei )
: Processing of pre-miRNA
MIRISE = into small RNA duplexes

— \ Delivery of RISC-miRNA
». complex to target mRNA

oy sequence
Mgt HerrrrTITRITI

Mature
, miRNA
ORF ™

5" UTR 3°UTR  sngulifhervee
TMGpppG iiii2itssiastisiissy ) beredneseses o oYV L IEIIIEEE

.. Translation /

and stability
of mRNA

Cytoplasm

AAAA

B whnN e

MexaHn3m obpa3oBaHUA

MiRNA 06pa3yroTca U3 KPYnHbIX NEPBUYHbBIX
TPaHCKPUNTOB, KOTOPblE UMEIOT MHBEPTUPOBAHHbIE
NOBTOPbI, KaK cneacTeue - 601bLIOE KONMYECTBO
LUNWUNIEYHbIX CTPYKTYP.

1-5% Bcex reHOB YyenoBeKa - reHbl MiRNA,
perynnpytoT 4o 30% CTPYKTYPHbIX reHOB

TpaHcKkpunuma ¢ AHK (PHK Pol II)
Pa3pe3aHune ¢epmeHTom Drosha (PHKa3za lll)
AkcnopTtupytoTca ns aapa (Exportin 5)

[JononHutenbHo pa3pesaetca depmeHTom Dicer -
mMiRNA

AsyuenodyeyHan PHK cBasbiBaeTca ¢ RISC (RNA-
induced silencing complex), oaHa 13 uenen
oTcoeauHAeTcA

Komnnekc cea3sbiBaetca ¢ MPHK

20



Wild-Type

Ago2 -/-

Actin

RISC n AGO
ago1’

21



1. WHrmbupoBaHue cBA3M KaNa U
mRNA transcription P—\ A A 40S:
’

2. WHrmnbuposaHue
npucoeanHeHna 60S;
NHrmbupoBaHme anoHraumu;
PaHHAA TepMUHaUMA;

SIRISC 5. KotpaHcnaumoHHasn
“i @ 2o Aerpagaumsa 6enka;

AAA
6. CsA3bliBaHMe B P-Tenbuax;

mRNA cleavage

B W

7. [Oectabunuszauma mPHK,
\ = yaaneHue poly(A);
i ey 8. WHrmbuposaHue TpaHCKpUNumm
~— ~ C MOMOLLLbIO PeMOAEeNMPOBaHMA
mRNA decay storage \ XpOMaTMHa
Bl Translation Cytoplasm

C FHE VOICE OF SATURN @@
High mobility group AT-hook 2 v T |

hsa-miR-763 JUTR

‘ . l - - A . h
. ' ' M .’ .
e ) ' . - v
- v ' ) - '
3 s -
- . ' .

Dog CUUCCAGCCA-CUU-
Rat CUUCCAGCUGLUUU-
Mouse CUUCCAGCUGUUUI-

e ; B . Human CUUCCAGCUG-CUU-
% ] [N RN
.15 Jl *3 .. .GAGGGTCGACC-5"
' ‘ * hsa-miR-763

Conservation

22



A miR-451 =~ 700 bases e TERERRRPD = HECIEECP g R

R o e D R D L D B R
__——___..-w...———

MEL cells E MEL cells

pri-mir-451 dominantly cloned pre-mir-451
B hairpin matum miR-451 hairpin

arm
L0000 133))3)))0)))))) .o )i
[ q -AGUAAUGGUAAUGGUUCUQ

Human
Chimp
Rhesus
Bushbaby
Tree Shrew
Horse

Cat

Blephnnr.

Hela, o/e mir-144/451
144/451 transduced
Hela, o/e mir-144/451

K562 cells
144/451 transduced

induced, 5d
GFP transduced
induced, 5d
GFP transduced
K562 cells

non-induced

Gul.n.n Pig
use [ ; n JUGCUGCUCCCAC

Shrew UCCAAGGCAG UUGCUGCACCCAGAAAAACGUGC

Rat 1 PUUGCUGCUCCCACMAACUADGCC

Opossum ) A UGY { CCCCUCCGCUGAIGUCGGUGCC

Chicken G g g U CAGGAUGCAGCGAG

Zebrafish G Al UCAACAAUCRAUCK 3 mat

Sticklebac

Tetradon

(R RE

-~

miR-144-3p miR-451
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microRNAs for

development Basic biology of microRNAs

microRNAs In
development

microRNAS In

\

microRNAs In
stem cells

microRNAs n cancer
@ Select Biosclences Industry Reseorch
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Manbie nutepdepupytowme PHK (siRNA)

PARENTAL

* BBeAEeHbl reHbl CUHTETa3bl
PO30BOro U GUONETOBOrO
MUrMeHTOB

Transgenote

*  aKTUBHOCTb pepmeHTa He Pocna, 218.11
a CHM»Kanacb. NeHbl CUHTETA3bl
3KcnpeccnpoBanucb Ha bonee
HW3KOM YPOBHE, YeM 10
BBEeJEHMUsA TPaHCreHa.

Transgenote
218.43

* perpagauma mPHK npusoauT K
CHUMEHWUIO aKTUBHOCTU reHa no

Transgenote

MEXaHU3MY 218.56
NOCTTPAHCKPUMLUMOHHOIO
MHIIMbMpoBaHMA

e VIGS Transgenote

218.38

The Plant Cell, Vol. 2, 279-289, Aprit 1990 © 1930 American Saciety of Plant Physiologists

Introduction of a Chimeric Chalcone Synthase Gene into
Petunia Results in Reversible Co-Suppression of
Homologous Genes in trans

25
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sor  Potent and specific genetic interference by double-stranded RNA in Caenorhabditis elegans
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siRNA Drug

siRNA Precursor L

0 S 7 shRNA Precursor

Argonaute 2

1)
2)
3)
4)

CYTOPLASM

Processing
| and Export

3 \ .
" /
\ J )
\ / /1/ shRNA Precursor Expressed
1] from Plasmid or Viral Vector
[1]L
g A /
- '
- [

\RIS‘C \ \“1 ‘

Activation of RNA-Induced | Unwinding

Silencing Complex (RISC) X
! QLL”"-“’"-LLLLLQH

((
N

MNosasnenne apyuenoyeyHon PHK
Pa3pe3aHue Dicer’om

Bbibop guide-strand

AKTnBaumna komnnaekca RISC

o Pwd
R

NUCLEUS & |

Target mRNA

.24 )

Arg

onaute2 Gronts |11

\ 'RISC, A\\ \ \\
| yx“"x \

{ ’ /
@ . 3

Activation of RNA-Induced | Unwinding

Silencing Complex (RISC) X
! LLLLLLLL&LLLL%

NUCLEUS &

]’arget mRBNA

Cleavage of \"\ o/ \.\R
Target mRNA X m
r"(‘\‘\\ 4

M%

Degradat/on of mRNA A

5)
6)
7)

,ue 4%

CeasbiBaHue guide strand n RISC
CBA3biBaHMe KomnneKkca ¢ MPHK

Ago pa3pesaeT MPHK, KoTOpaa ganee
aerpagupyet
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siRNA Bo3HuKatoT n3 asyuenodyeyHoit PHK (dsRNA). Ee uctouHmKu:

1. Mpoaykt PHK-3aBucnmbix PHK-nonnmepas.

2. lByHanpaBaeHHaa TPaHCKPUNLUKUA reHoB (TpaHcKpunuua c obeunx
aHTUNapannenbHbIX Lenemn).

3. TpaHCKpUNUMA PETMOHOB, COAEPHALLUX MHBEPTUPOBAHHbIE
NOBTOPbI.

4. PHK copepr<alime Bupychbl.

5. IcKyccTBeHHble reHeTU4YeCKne KOHCTPYKLUUN.

BbiaenatoT HeckonbKo Knaccos siRNA: nepsuyHble, BTopmuHble, TaSIRNA, NatSiRNA, ra-siRNA.
AnnHa ~ 21-27 HYyKNeoTnaos.

PenpeccupyeT nocnenoBaTe/ibHOCTU, OT KOTOPbIX OHa Npou3olwna (sequence specific manner).

D D N NN

ToYyHO cnapuBaeTcA C MULLIEHbIO —> SHAOHYKJ/IEa3bl PacWennstoT eANHCTBEHHYIO

cneymnduyeckyto mPHK.

AN

ABnAeTCA YaCTblO MMMYHHOIO OTBETA K BUPYCAM M YyXKEepPOAHOMY reHeTUYeCKoMy maTepuany.
Y pacTteHuit npeaoTBpaLlaeT pacnpocTpaHeHe TPaHCNO30HOB.

(PacTteHna numetotr romonormn Dicer’a npoTuB pa3nmyHbIX BUPYCOB.)

28



PHK nHtepdpeperuma B Hayke n megmumHe (ShRNA)

hRNA ShRNA | \

;

@ ES cells with docking sites

GEREIEREDY ) rumce

|

5 o l Blastocyst injection

l Embryo transfer

shRNA shRNA ¢

Double Knockdown MOj

Mpumepbl:

BakuunHa “FANG” ans

npotuBopaKkosoi Tepannun (sShRNA

infect with ﬁ‘ ’;;ij
shRNA library 5
7 \
culture to control cancer drug

allow selection e
@z =

| |
: Tt The—
PCR amplify - =
bar codes 7 %* % .
N\ 7/

idi OO COOOO0O00O0) i
hyfbrldlze to S| enriched by
MICro array OO@OOO0O000) cancer drug

QOO00000000
Mpobnemsi:
* JlocTaBKa.
* OnacHOCTb UCNOb30BaHUA BUPYCHbIX
BEKTOPOB.

npotnue MPHK ¢aktopos TGF 1 n B2)

CEQ508, neyeHne ageHOMaTO3HbIX
NonMnoB (baKTepuanbHbIN BEKTOP,
akcnpeccupytowmn shRNA npotms

6eTa-kaTeHnHa)

OnacHOCTb Ype3mMepPHOM aKTUBHOCTH
Komnnekca RISC
BO3MOKHbIN MMMYHHbIN OTBET

“Off-target” aktuBHOCTb ShRNA .



PenaktnposaHue PHK

l. WHcepuun/oeneumn * [lokazaHo anAa TPHK,
N HYKNeoTnaos PPHK, mMPHK 1

Il. Je3amuHunpoBaHue MUKPOPHK.
a30TUCTOro * HabniogaeTca TONbKO Yy
OCHOBAHWUA: dYKapunoTt

- U * [Npouncxoaut KakK B agpe,

TaK U B LMUTONNA3ME,
MUTOXOHAPUAX U
nnacTuaax.

- A=l



NHcepuna/peneuma U-Hykneotngos y T. Brucei (SRNA)

...AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAUAUGUUUUUAuuuUUUUUUUGUGAUUUAUUUUGGUUGCGuUuU
uGUUAUUAUGUAUGUAUUAUUGUGUAUGAUCUAGGUUAUGUUUUAUUGUGUAUUUUAAUUGUUUAAUGUUGAuUUUUU
GAuuuuuuAuuAuuuuGuUUUG*UUUGAuuUuGUAUUUGUUUGUUGGUUUGUG***UUUGuUuuuuAuuGuUUGUGGUUUA
uGuuGuuUUAAUuuUuAUAUAGUUUAAUUUUGUAUUA*UUGUAUUACUUAUUUG***AAuuuG*UAuuUGuUUGUuUuuGuU
AuuGuuuuuuuAuuGUAUAUUGCAuuuuuAUUUUUGUUUUGUUUUUUAUGUGAUUUUUUUUUGUUUAAUAAUUUGUUA

GUUGGUGAUA****GuuuuAuGGAUGuUUUUUuuuuAUUC**G.... T. brucei ATPase subunit 6 RNA

57 .. .UUAGGGGGAGGAGAGAUAGUUAUUAUAUUGUUGUUGAAAUUUGGUUUGUUAUUGGAGUUAUAG. . . 3’
3’ UUUUUUUUUUUUAUUAAUAGUAUAGUGACAGUUUUAGACUAAGCAAUAGCCUCAAUAUC...5’
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ADAR involved Target gene Molecular pathway Disease References
ADARI ADARI Melanoblast migration? Dyschromatosis symmetrica Miyamura et al., 2003
hereditaria (DSH) Tojo et al., 2006
Liu et al., 2006
ADAR?2 Unknown Cell proliferation, migration Astrocytomas/ glioblastoma Maas et al., 2001
mutiforme (GBM) Paz et al., 2007
Cenci et al., 2008
ADAR?2 GluR-B Cell migration, toumor GBM Ishiuchi et al., 2002
spreading
ADARI Unknown Unknown Lobular breast cancer Shabh et al., 2009
unknown microRNAs Unknown neuroblastoma Schulte et al., 2010
ADAR2 GluR-B AMPA channel Transient forebrain ischemia Peng et al., 2006
ADARI1/ADAR2 Unknown HIV-replication, release, HIV-1 infection Phuphuakrat et al., 2008
infectivity Clerzius et al., 2009
Doria et al., 2009
Doria et al., 2011
ADARI1/ADAR2 Unknown Unknown systemic lupus erythematosus Laxminarayana et al., 2007
(SLE) Orlowski et al., 2008
ADAR?2 GluR-B Motor neuron degeneration Amyotrophic lateral sclerosis Kawahara et al., 2004
(ALS) Kuner et al., 2005
Hideyama et al., 2010
ADAR2 Unknown Regulated exocytosis Diabetes Gan et al., 2006
Yang et al., 2010
ADARI1/ADAR?2 5-HT 9¢-R Abnormal 5-HTs¢-receptor Prader-Willi syndrome (PWS) Morabito et al., 2010
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