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1. [XLC®HIC

G IEBLO RS 72 HINE, HIRRD R A F R 2 2O, FIFNE L ORI as o BEE
ZAVICHEIE T DT OICEHETH D, B IRV D FAEWFEOERFIRICREN
%X 91T, BIEBEHRIZEANIC DNA, mRNA, ¥ U 7 EOIEICESND, FEEICEBT
LFRBUGREI D B e 2 VX BB EIRET HDICEETHDH T, ﬁ@%%@%ﬁ%ﬂ’ﬁé
T 5% < ORI EHENCE SN Y TORTEY, IE%MAE &V bl mRNA SR
%éfﬁﬁ%wﬁﬂ@ﬁ Bl EV £ e, L LR LI, mRNA @%ﬁm%éﬂaﬁfb/fp@aﬁau
CE DB FRBGEOEEMERN R LY EH LM ER-oTEY, REE L UIe b 0EER
ﬂ@&ﬁf%é& R %o AT mRNA O 3R MESNHHR Y ASHICEREZ YT, R
U ASHAEN LB REAGEEZ R LE LR AEOKRENCSOWT, Z ZHERMY O 5
TH LN ST FEMERNTT 5,

2. K1) A FHDOEE
BHEAYTIE, BENTIEEBIZXL D S E - pre-mRNA 23 5°F% v » THEEO N, A 7F
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AT, YREEA~DORY AHOIME WD Ty 7 &5, B mRNA & 720 BEob~
W s n 2, EIEB OB FIZHB T 2225, mRNA ORY A SHEITEIZFZ LICR_ AR
D, AU A SHIL mRNA OLZEMESCTRRICEEEZ 525 W5 T E/RENT (Preiss et
al., 1998; Tucker et al., 2001), — 5 T, ZHNETITZ / LU A RARY A EHEOREDEIH
ICHEECH STl :5LthM®£E@%ﬁ$%$’ THRY A SR OB
BIDBIE T TCOREMICEE > Tz, LaL, ZZHEFDMIZ polyadenylation state array
(PASTA), TAIL-seq, poly(A)-tail length profiling by sequencing (PAL-seq) 72 & D, ARVU A $if
ZMHAREIICHER « RIET D FIENEL S, AU A#HE & BE FRBHE OB D Y Iz T
)BT A R LUV TOEmA R SN TV 5 (Beilharz & Preiss, 2007; Subtelny et al.,
2014; Changetal.,2014), & 512, TNHDORY AEHED T 7 LT A R7RENTIZ L > T, mRNA
ERORY A HEODMIEYWHEIC L > TRE RV, KU A HOPERIIEERTK 30

5, WK 82 HEL, T L CHM TR S8 A TH H T LRI AT (Subtelny et al.,
2014), T ZTUE, BERE, WELE, W®ICBT DM EES, AU A SHOKENZ OV TR
5o

2—1. R ASEHLER

mRNA OR Y A SHOEE L L THFRIROHIEHIZ T 5D, mRNA 1L 5SRO F v v 7
&I AE ST DA 1 CTH 5 eukaryotic initiation factor 4E (elF4E) &, RV ASHITHEAET 2%
/X7 G T D Poly(A) binding protein (Pablp) 7% elF4G %1 L CHHANEH T 5 Z Ll L - TE
KHEEZHLD (Tarun & Sachs, 1996), Z OBRIRHEIEIZ LV, FHFEAERIZ—F mRNA 7> 5 fif
HEL72U AR Y —ARH O mRNA @O K2 70— b S < 20, FERERN LT 5
EE 255 (Hongetal,,2017), £72, AL mRNA THREWARY A #HZEFFO L OEEWEIR
PEEFT LN, BISHROHEICHT 5K Y A MEOEEMNR SN (Preiss et al.,
1998), L2LA3H ZNET, Hx OBLEFICBITHIRY ASHE &FRGRIZET 20580
2<%, BT 7V BV ATV EOIFRERIR & 9 fied TREER MR 2 -V CTYTo 4 T
BY, 62267 72U A4 RRMABICOWTITEWHEMAH STV irho Tz, T4,
FEREZ V2R Y A SHE OB 2 RE TEOMNICE Y, AU A#HEL mRNA EO U R
YV — LD FEIZIEDOMBE AR 472 (Beilharz & Preiss, 2007; Lackner et al., 2007), Z® Z & 1%

FEREICHR VT, BVWAR Y A %2 KD mRNA (ZFERZEREVVEARSH 5 Z L 2R LTV 5D,
— T PAL-seq L VR —LT7 a7 74 VU TIZEDLBIND, BETT77 42077
T AT VTR AN H 722 R £ TOMRTEY A $HE & BIFRZRICIEDHHE
MEONDDIZKL, ZOHRDOFEHBIWOME TIZIZOMBEPELRT LI ENRINT
(Subtelny et al., 2014), ZHNHDOZ b, RY A SHIC L D FIERGIFEOFHIEIT H 5 K5 E DRy
REEOHIICB W THIET 2 EZEXA 6N TWD, M TIXZDOX I RTF ) 2T A RigR Y
A BHE EHIRRDFICHET M B RIZITON TR LT, S%OMIT NI N D,
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2—2. R1) AL mRNA DREMHE
mRNA DRV AEHOH HIOEHODOKEIL LTELFEmSiLTWDHD0, "YU A$HE mRNA
DOLEEMEDEDY TH 5,

¢, M7= JIUERIG
CCR4
CAF1
I PARN (WL, 1&M)
v l
ETZAEYIOD MRNA (F7R U A$S
HATH = N TR EE TR AR
B vy 7 (LRis o SN B. TOH MRNA DD
DCP1/DCP2 350 NZBWIRTRU A MHBRES

EXOSOME 1 &=\Txvw THEEDRE,
MRNA DOERAKRD D EEHROHNC
5’3"}k TFHNB.
XRN
1 BEZEMICHITS mRNA DEEOEES

BERAEMIZEBIT 5 mRNA SEREIIASRESNTEY, W7 7= bERICELRY A
HOBRED RO TH Y, BEHEBE THLLEBZX LN TS, AU ASHNIY BRI
mRNA (I TS v~ 7B T D Decapping 1 (DCP1)/DCP2 HAIKIZ L 0 & % v 7Hid
NEY BRI D (Beelman et al., 1996; Xu et al.,, 2006), & D%, mRNA X S KimN 5
Exoribonuclease (XRN) (2 & > T X570y, 3K H EXOSOME (2 X 550552 F %
(X 1, Larimer & Stevens, 1990; Souret et al., 2004; Mitchell et al., 1997; Chekanova et al., 2007),

L7 7 = NACEER I TSR L, BERTEME R A A U OED B KR E <4317 T Asp-Glu-
Asp-Asp (DEDD) & Exonuclease-endonuclease-phosphatase (EEP) D5 722D 7 7 I U —I|T4375H
SND, BERHNC BT 2 FE RN T 7 =M AbBEFR I EEP 7 7 X U —IZ& £41% Carbon catabolite
repressor 4 (Cerdp) ToH Y, DEDD 7 7 X U —IZ& £41 5 Cerd associate factor 1 (Caflp) & FHA.
TEHT 252 LI VERRZ NI EEAIRTH D Cerd-Negative on TATA (Not) EH K% T
LTV D, WL &I Cerdp & Caflp O 7RE 1 7212 T, Poly(A)-specific ribonuclease
(PARN) & K IZN AW T 7 =W ALBESE & FFo, BERE & W FLIE Tl Poly(A) nuclease 2 (Pan2p)
/Pan3p AR LT T = M ALEEHE & L T, CCR4-NOT BHAEMKEHHML TRY A M 4E
17> T\ % (Yamashita et al., 2005),

BERED cord 28 BBETIXAREN 72 mRNA ORY A P EL 2o TBY, 1o O EREHN
F< 725 (Tucker et al., 2001), F£7=, "YU AHITHKEET DX X7 ETH 25 Pablp  CCR4-
NOT EEWRIC L DT 7 = /LG ZET 5 (Tucker et al., 2002), ZiLH D Z &1E, Rk
IZFBWTARY A B2 mRNA OLEICEETHD Z L 2R L TWD, 7 LT A RIRfith
HlX, AU AEHR & FERWOMBEMRRE RHTZ &N TED, vV ADEENME TH S NIH
3T3 ZHW =T TlX, mRNA OAR YU A S & FEWNIZIEOFERN L 472 (Chang et al.,
2014), —4C, BERE, MFLEOE RIS L O A AW TIE, N A SR &R
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- &0 & LB ONT, 59WAEOFEBN R I 72 (Beilharz & Preiss, 2007; Subtelny
et al., 2014; Kappel et al., 2015), Z DEWNERRDEWIZEI SO TH L AIEEMED H 503,
mRNA DRV AHE L I OBRICOWTIL, 5% S ORI NLETH D L EbN S,

3. EMOBT T=ILEBEFR

mRNA DR U AN THRY ARY 2T —BIZX > THINEN D, = DO%MIE RN TH
T T = AREERIC iéf)Aﬁ@%%%ﬁLtmmm\%%% EnbZET, MREs
THBEOFE ZFRRIZ L TWVD EEZ X DN D AEMITREN BT 7 = ks & LT CCR4,
CAF1, HmN@3ﬁ%@%77%Wm%ﬁ%ﬁoo@%@MTT:WM%ﬁ@HhWﬂ%E
RO FLIEIC %mékiéﬂk&ﬁwﬂ 2004 D AtPARN Ofigtr & 1 v iz, A L3> Tl
& DN EREIT MEATND, TZTIERY AHEZHIET 0T 7 = W bEERICE A%
éf,ﬁ%@@%?v:»%ﬁﬁ@@ﬁ%ﬁaﬁLowfmﬁﬁéo

3— 1. CCR4

WPIZFIT D CCRE4 T3 mA XF A F LA RTROP>TND, ¥rA XFXF D CCR4
(AtCCR4) IR, Cerdp OFE R 7 & U CHEEXL7Z (Dupressoiretal., 2001), AtCCR4 (X3 =
ARXFAFTT OOBEBEFNPORDL77 IV —%FKL, #TH AtCCR4a 35 L' AtCCR4b
D3ERE Cerdp & B b S WHEME 2 7R T, ateerda/4b B8 Fabk & O T2 OB ARSI FRAT 0 &
AtCCR4a/4b 3T o 7 U AREHCE b > TWAB Z ENH BN E o 7=, atcerda/4b gﬁ’%ﬁ;ﬁ:ﬁif“
X7 T UDEREROOEDTHLAT I —A0@ENEMLTEY, &5, 7Ig—2A
Bk & 2 — N9 5 Granule-bound starch synthase 1 (GBSS1) mRNA O Y A #HENE < 72
STV, ZDOZED 5, AtCCR4a/4b IZL > TikE 2 GBSSI DRI A#HEIE, 7In—X*
DEOHIEICEETHD Z LN o7 (Suzuki et al., 2015), mRNA 3 fEICREH 5 % < D%
FITHMIILE N T Processing body (P-body) & FEiTAL 2 FERLIK DEHEARZ AR L TV D (Xuetal.,
2006; Iwasaki et al., 2007; Zheng et al., 2008), AtCCR4a/4b ¥ [FIEEIZ P-body (Z/RTEL THY, &
& HE A RYE (bimolecular fluorescence complementation) (2 X 2 #4225, AtCCR4a/4b (%
AtDCP1/2, AtXRN4 &\ o 7-fthdd mRNA 53 fiff%3E & P-body ICRBWTHAEEMNT S Z & 23R
S 472 (Suzukietal., 2015), OsCCR4a 33 O OsCCR4b [T 1 RIZHIT HEERE Cerdp DAHRE R 7
Thbh, ZibbET P-body ICRIET H, S HIZ, OsCCR4a/4b I3 invitro TR Y A 8D 53 iR
IEME% 7~ L7z (Chou et al., 2017), EEP 77 X U —IZEHEN LM T 7 =/ (LEEFHE X, CCR4,
Nocturnin, PDE12, Angel ® 4 SD Y7 7 —F 458 S, AtCCR4a/4b, OsCCR4a/db 13 &
$H1Z CCR4 7 v —7ZJ& 7 % (Dupressoir et al., 2001; Chou et al., 2017), AtHesperin (AtHESP)
IIMHFLEE D Nocturnin D> 2 A X F XA FIZBITHHRER 7 THY, invitro THY A S{EFEY

PRy ETEME DS R S T2 (Delis et al., 2016),

3—2. CAF1
WMICHIT D CAFLIZ v A XFXF, 4R, NUTTZUTROD>TWD, hUHTT
D CAFI1 (CaCAFI) 1ZRIRHE ORYZ K - THRBNFHEE S, CaCAFl ZHEIRBL S E 72

A b~ B IEIRVR EEPIUE A2 R L7z (Lee et al., 2004; Sarowar et al., 2007), 7=, T D
Y. Suzuki et al. —
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BHHAHL b~ N TR ERPIERLE - CToh D Pathogengesis-related gene 1 (PRI) ¥ X T PR6 D
FEBLNME AN LTz (Sarowar et al., 2007), 1A X XFTlX, AtCAF1 X 11 &
DR N7 7 IV —%BM LT\ 5, AtCAFla & AtCAFIb & F 7B OIEGLI
Ko TRBFENEZY, SHICA MV AREBEDOEY AR VE L ORIMEHREITL -
THRANFE SN D (Liang et al., 2009), AtCAFla i% CaCAF1 & [AkEIZ, BRIFEH SE 5
T L TCHMIRITROVIRERIEA 726 L, TOMREIFEBK TS PRI 3 XV PR2 OBIET
%Véfﬁbi‘i%'ﬂﬂ L CWz, £72, AtCAFla/b (L invitro THR Y A $HO /3 iEIEME %27~ L, AtCAFla/b

DIER) mRNA & L TY ¥ AE VBFHEMEIR T Th D Vegetative storage protein 1 (VSPI)
%’X kU R BEE R - CTd D Chitinase B(CHIB), Lipoxygenase2 (LOX2), & 51T AtCAF1b
DR B 72 FER) mRNA & U C Phosphatidyl -inositol 4-kinase (PI4Kg3) M3 [FITE S 17 (Liang et
al.,2009; Walley etal., 2010), ZiL 5D Z &5, CAF1 IXFFED mRNA DR U A S5 OFRH
A LT, WREEREG e EOEMIIA N L RISEIZED > TnbH EEXbND, A RIZBT
% CAF1 OAREw 7 Thb OsCAFIb I L Tk, TOREANT 72V U (ABA) M5
IS THESND Z L, &51T AtXRN4 & O FIEMHT 7> P-body IZJHIET D Z LR E
U7z (Chou et al., 2014),

3 —3. PARN

PARN [3EFE, v a vy a UNRTIZEHFEELRVWBT T = bR TH Y, mIcB T
T mA XF XS Tk  PARN OREBZ ThD APARN DNHEES 72, AtPARN X% O
HERAEA RSN A D 2 20D, ABICKNHEAOURT T =/MULBEETHDI L E XD
(Chiba et al., 2004; Reverdatto etal., 2004), F£7=, AtPARN D222 Bkkix, N4 ABA &
DEEINT 57D D ABA 12X L TREsetE & 72 5 R B %2 7x L 72 (Nishimura et al.,
2005), HLERIEWZ L2, APARN A2 by KU TICRET M7 T = bBEETH D Z &
MREi, KU ARV AT—BEHHRLIZI b2 FU 7 mRNA OFR U A $HE Ol HgAE
D 5L 7257 (Hirayamaetal.,2013), 2D Z b, ZOMREZ T TR, T hav R
V772 EORMB/NREIZBWT O T 7 = /b PNEE 2 EH 2 52 ERRS v,

4. HEKLEES®HIZE S mRNA DR#

BERAMIIRS RSN FEEZRWT 7 = kiEFE D 5 5, CCR4 3 LU CAF1 (X CCR4-
NOT A E VI ERRZ VXV BEBEERERKRL T D, £z, ZhOOBT 7 =tk
FITHER) mRNA 2383 2 72 DI KR RNAFES R A A V2R 720, Z O 72 DER) mRNA
DFBFEIZIE CCR4-NOT AR L, mRNA @ 3°UTR ([ZAFEET D H ALY i iE 2 38k &
% RNA G X v X7 Eie EORER T & OMAEERPLETH D Z &3, %#%%?L*ﬁwﬁ
FECRE NIz, Z 2 TlE CCR4-NOT #HEA R L LAY mRNA Rk M2, = L CHEMIC
T DRG] A KR D,
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4 —1. CCR4-NOT #E&H

CCR4-NOT A& K1E, NOT1 % je 45 &% v /X7 & L T CCR4/CAF1, NOT2/3/5, NOT4, NOT9,
NOTL0/11 72 ERFEET DERRZ VRV EEAGKRTH LD (M2), BERCHFIETIE, EAK
DRGSRV EThHh D NOTI Z#RIKEEDH LEBILORBE 279 Z £ 5, CCR4-NOT #
BERNEMIEHOHEFFICHKNATH D Z & NEiECTE 5 (Collart, 2003; Shirai et al., 2014), F#fE
® CCR4-NOT B A K1T Cerdp/Caflp (XL DT T = WALBUG OHIAE7Z 1 T <, o7 =
=y MZXDEBESLY VRIS ROGIE e &, B5TRBLOE % 7B ORIz - T
W5, i#ERE CCRA&-NOT EA KDY 7 2= N TH 2 Notdp IZE3 2 EFF L U H—ETHDY,
HWRFOUARY =L mRNA ETEIETLHZE (IRT7 VA M ICXviFEIns & 7
B iR ~D B 503 RIE X TUW 5 (Mulder et al., 2007; Dimitrova et al., 2009; Inada & Makino,
2014), BIFR 7 L A MZ mRNA nH DY R Y — A OfREE#5l &l Z4, 2D Z Engl&xd L
D, Notdp IZ X HFHRDEF T T LI ARERRZ VX T EORIEES, 208 &> T
W% mRNA OENEZ %, 72, Not2/3/5 1Z RNA RY A7 —FINOY 7 2=y hTHD
Mediator of RNA polymerase II transcription subunit 17 (Med17p) EAHAAER L, dnEHIHEHIZEE 5
35 (Leeetal., 1998),

CCR4-NOT#EEH

NOT3
NOT10

NOT11

NOT4
NOT2

RNABEY > I\UHE
- TTP + Roquin
- Puf etc.

ZDthDRAEEF
- TNRC6/miRISC

NOT1

I CAF1 NOT9

SREREF CCR4

!

: Raesl PAAAAAAAAAAAA

3’ UTR

mmrRNA @)

BREM L RESNTZRT
T ZILEEERE S K CCR4-NOT
(&, B%HCTHD NOT1L 5> )\U&
(C CCR4/CAF1 4D NOT 5 >//X
DBMNMEE US> IINOBEEHK
THd. 7T ZILEEERTHD
CCR4/CAF1 (a“fi“fiE’J MRNA & 5358
I RNAEE RAA>ZFFIZT,
%EE’JB’E?E’J MRNA D25 (& RNA
%EI .:.’5’/}\0 fdtd)uﬂﬁﬁl?b\
CCR4-NOT &K LMEEFATD
ZEEL>TITONTWLWS,

2 E bk CCR4-NOT #E&#(C X BREIEFZ T UICRE mRNA B DEIES

BN TH CCRANOT EAKD 277 2=y MIEFEEINTEY, A % T 0sCCR4
& OsNOTI1 7% OsCAF1 #Jr UL CHAEH LESKRZEMT 5 Z L3 /RE7 (Chou et al.,
2017), L22L7e3 6, HEM D CCRA-NOT EEKRD KRBT, £ 7T 2=y FDOKRER
W e L 720720, BERE Not2p O A XF A FICBIFAH-E0n 7 THD
AtNOT2a/b I, Dicer-like 1 (DCL1) <> SERRATE (SE) 72 &, miRNA DBV 2 X X7
BH L CHEERT S (Wangetal., 2013), £ 7= AINOT2a/b DFERE KB ZE SRR T ESE D 3 HLAY
oL, 7rE—4 —fEl~? T-DNA O A K O RNAI T L > T ANOT2a/b DFEBMET L
TWAHEMETHIEDREREF AL DIBIEZ 7R L, miRNA #5105 < O&Es 1 OEEF3H)
&5, W 21T CCRA-NOT EEMKITHMIZ I\ T H B TR BRI OIRERIZ )3 5 HE
REAERELTHIEEL VWD EEZBND,

4 — 2. RM mRNA 2
BERECENY) ClI eIl ~ 72 CCRA-NOT HEHRD a2 77 2= MII A T, 1 mRNA O
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Ao (B < FERIA - ME SR S AR EAEH L, BEE) mRNA ORI 2175, 2o &9
72FER) mRNA OFBFkICE < RNA #5H 4% /378 & L T Tristetraprolin (TTP), Pumilio/FBF
(Puf), Mmil, Roquin, Bicaudal C, Smaug 72 F23% 5, I CHRIFI N TWD TTP 1%, AU-
rich elements (AREs) & FEIXA D EH A 58575 Z & T CCR4-NOT #H AR % ) mRNA (2 Y
27 Jb— kK L, Tumor necrosis factor-o. (TNF-a) 72 & DA kB A 0N AJRBIR T ORBL 2 )
9% (Lykke-Andersen & Wagner, 2005; Fabian et al., 2013), B¢REO Puf 7 7 X U —IZ@T 5
Pufdp & MptSp 1%, BEABHERHLZHIEHS 5 HO endonuclease mRNA D3EHL A EIZHIEHT 5,
Puf4p & MptSp 1ZZ N ZH HO mRNA @ 3°’UTR LIZHFEET 5 9-10 R OES 2 3858 L,
HO mRNA O43fRofERINE 217 5 (Hook et al., 2007), £7=, RNA A X X7 E DMz b
R mRNA O 8kl %“ﬁéﬁﬁl%&bfnmmxﬂﬁ¢éhfwé e 7L H 0D
Trinucleotide repeat-containing gene 6 (TNRC6) £ miRNA FF&EMEH A Lo v v Z7HEE K
(miRISC) & CCR4-NOT #HEMKIZHAEMHT 5 Z & T, miRNA ([ZFEAIRYZ2BLS & Ff S EE )
mRNA DR Y A 53R % L5 % (Fabian et al., 2012),

DX D ITEERCEI) TIE CCRA-NOT AR Z I L7 KRR mRNA O fI#EFERE O FEHN2
REICHBMNEIRSTETWND, LALARNE, TTP X TNRC6 72 & DOl EREAEY) Tl
SN TELMERFOL T TIIRFESILTWRY, 20O Z LY ITEM)CEERE &
(X572 D0 E OFER) mRNA GRS 2 RO W REMED & 5, fi#) Tl AtCCR4 X AtCAF1 OFF:
#) mRNA & LT, GBSSI, VSPI, CHIB, LOX2, PI4Ky3 NG MNE RS> TWDHN, ZTHbHD
A B B FAEIR 1S DWW TCIERME CTdH 5 (Suzuki et al., 2015; Liang et al., 2009; Walley et
al.,2010), 5 1% Z 41 5 OFER mRNA O Hl#EERE 2B 5223 2 7212, iz BT 5 CCR4-
NOT EERDEHEMAT LLEN D D,

5. 8bHYIC

AU A HEOMBERN 2 FEFEOMSNS, fx OB T 7 = ALEER OMZEIZ LY, mRNA
DRV A BEOBEEFREHIEICB T HEENCHSONT, D LFOTIED D 0NHIEICHRANEE
SNTE T, BRI, IZB W TN T 7 = bR O R Er VR FE S FEL, S HICHA
DT T = NALBE R OE RN R DR AR T Z L h, BER T L ITRERNRED
mRNA ZFiD L EZX BND, —FH T, 7 7 =/ ALFEHRE OER) mRNA OB IZ OV T,
OB ORFENEAL TV DEERE, THILEICE W T HHINRD R, MY TIIRTEREF 272
W, 7 F = AbEEEOE R EFANTT ) AU A RIZRY ABEEZRET 2 08 TER
X, BT 7 = ALEE SR OFER) mRNA Z MRMICHEE L, S DICITR#kICBE o 2 > ARSI OfiE
A~ 2RRN0ED, £, BWIZBO TR ABEEZN LEZEEEHEZ1TS 2 & 04
FIRBRERPPFA LN E 2T, ZOGBOMEEREERSEDLZLITRDITHS I,

6. BiEF
AKEFEZEE L, BEOMESE2 52 T8>l MBERK, R SREICKS L ET,

Y. Suzuki et al.—7
BSJ-review 8:116 (2017)



MR F I RiAR 8:117 (2017)

7. BIAXHE

Beelman, C.A., Stevens, A., Caponigro, G., LaGrandeur, T.E., Hatfield, L., Fortner, D.M. & Parker,
R. 1996. An essential component of the decapping enzyme required for normal rates of mRNA
turnover. Nature, 15: 642-646.

Beilharz, T.H. & Preiss, T. 2007. Widespread use of poly(A) tail length control to accentuate
expression of the yeast transcriptome. RNA, 13: 982-997.

Chang, H., Lim, J., Ha, M. & Kim, V.N. 2014. TAIL-seq: genome-wide determination of poly(A) tail
length and 3' end modifications. Mol. Cell, 53: 1044-1052.

Chekanova, J.A., Gregory, B.D., Reverdatto, S.V., Chen, H., Kumar, R., Hooker, T., Yazaki, J., Li, P.,
Skiba, N., Peng, Q., Alonso, J., Brukhin, V., Grossniklaus, U., Ecker, J.R. & Belostotsky, D.A.
2007. Genome-wide high-resolution mapping of exosome substrates reveals hidden features in
the Arabidopsis transcriptome. Cell, 131: 1340-1353.

Chiba, Y., Johnson, M.A., Lidder, P., Vogel, J.T., van Erp, H. & Green, P.J. 2004. AtPARN is an
essential poly(A) ribonuclease in Arabidopsis. Gene, 328: 95-102.

Chou, W.L., Huang, L.F., Fang, J.C., Yeh, C.H., Hong, C.Y., Wu, S.J. & Lu, C.A. 2014. Divergence
of the expression and subcellular localization of CCR4-associated factor 1 (CAF1) deadenylase
proteins in Oryza sativa. Plant Mol. Biol., 85: 443-458.

Chou, W.L., Chung, Y.L., Fang, J.C., & Lu, C.A. 2017. Novel interaction between CCR4 and CAF1 in
rice CCR4-NOT deadenylase complex. Plant Mol. Biol., 93: 79-96.

Collart, M. A. 2003. Global control of gene expression in yeast by the Ccr4-Not complex. Gene, 313:
1-16.

Delis, C., Krokida, A., Tomatsidou, A., Tsikou, D., Beta, R.A., Tsioumpekou, M., Moustaka, J.,
Stravodimos, G., Leonidas, D.D., Balatsos, N.A. & Papadopoulou, K.K. 2016. AtHESPERIN: a
novel regulator of circadian rhythms with poly(A)-degrading activity in plants. RNA Biol., 13:
68-82.

Dimitrova, L.N., Kuroha, K., Tatematsu, T. & Inada, T. 2009. Nascent peptide-dependent translation
arrest leads to Not4p-mediated protein degradation by the proteasome. J. Biol. Chem., 284:
10343-10352.

Dupressoir, A., Morel, A.P., Barbot, W., Loireau, M.P., Corbo, L. & Heidmann, T. 2001.
Identification of four families of yCCR4- and Mg2+-dependent endonuclease-related proteins in
higher eukaryotes, and characterization of orthologs of yCCR4 with a conserved leucine-rich
repeat essential for hCAF1/hPOP2 binding. BMC Genomics, 2: 9.

Fabian, M.R., Cieplak, M.K., Frank, F., Morita, M., Green, J., Srikumar, T., Nagar, B., Yamamoto, T.,
Raught, B., Duchaine, T.F. & Sonenberg, N. 2012. miRNA-mediated deadenylation is
orchestrated by GW 182 through two conserved motifs that interact with CCR4-NOT. Nat.
Struct. Mol. Biol., 19: 1211-1217.

Y. Suzuki et al.—8
BSJ-review 8:117 (2017)



MR F I RiAR 8:118 (2017)

Fabian, M.R., Frank, F., Rouya, C., Siddiqui, N., Lai, W.S., Karetnikov, A., Blackshear, P.J., Nagar,
B. & Sonenberg, N. 2013. Structural basis for the recruitment of the human CCR4-NOT
deadenylase complex by tristetraprolin. Nat. Struct. Mol. Biol., 20: 735-739.

Hirayama, T., Matsuura, T., Ushiyama, S., Narusaka, M., Kurihara, Y., Yasuda, M., Ohtani, M., Seki,
M., Demura, T., Nakashita, H., Narusaka, Y. & Hayashi, S. 2013. A poly(A)-specific
ribonuclease directly regulates the poly(A) status of mitochondrial mRNA in Arabidopsis. Nat.
Commun., 4: 2247.

Hong, K.Y., Lee, S.H., Gu, S., Kim, E., An, S., Kwon, J., Lee, J.B. & Jang, S.K. 2017. The bent
conformation of poly(A)-binding protein induced by RNA-binding is required for its
translational activation function. RNA Biol., doi: 10.1080/15476286.2017.1280224. [Epub ahead
of print]

Hook, B.A., Goldstrohm, A.C., Seay, D.J., & Wickens, M. 2007. Two yeast PUF proteins negatively
regulate a single mRNA. J. Biol. Chem., 282: 15430-15438.

Inada, T. & Makino, S. 2014. Novel roles of the multi-functional CCR4-NOT complex in post-
transcriptional regulation. Front Genet., 5: 1-7.

Iwasaki, S., Takeda, A., Motose, H. & Watanabe, Y. 2007. Characterization of Arabidopsis decapping
proteins AtDCP1 and AtDCP2, which are essential for post-embryonic development. FEBS Lett.,
581: 2455-2459.

Kappel, C., Trost, G., Czesnick, H., Ramming, A., Kolbe, B., Vi, S.L., Bispo, C., Becker, J.D., de
Moor, C. & Lenhard, M. 2015. Genome-Wide Analysis of PAPS1-Dependent Polyadenylation
Identifies Novel Roles for Functionally Specialized Poly(A) Polymerases in Arabidopsis
thaliana. PLoS Genet., 25; 11 :e1005474.

Lackner, D.H., Beilharz, T.H., Marguerat, S., Mata, J., Watt, S., Schubert, F., Preiss, T. & Bahler, J.
2007. A network of multiple regulatory layers shapes gene expression in fission yeast. Mol. Cell,
26: 145-155.

Larimer, F.W. & Stevens, A. 1990. Disruption of the gene XRN1, coding for a 5'----3'
exoribonuclease, restricts yeast cell growth. Gene, 95: 85-90.

Lee, S., Kim, S.Y., Chung, E., Joung, Y.H., Pai, H.S., Hur, C.G. & Choi, D. 2004. EST and
microarray analyses of pathogen-responsive genes in hot pepper (Capsicum annuum L.) non-host
resistance against soybean pustule pathogen (Xanthomonas axonopodis pv. glycines). Funct.
Integr. Genomics., 4: 196-205.

Lee, T.I., Wyrick, J.J., Koh, S.S., Jennings, E G., Gadbois, E.L., & Young, R.A. 1998. Interplay of
positive and negative regulators in transcription initiation by RNA polymerase II holoenzyme.
Mol. Cell. Biol., 18: 4455-4462

Liang, W., Li, C., Liu, F., Jiang, H., Li, S., Sun, J., Wu, X. & Li, C. 2009. The Arabidopsis homologs
of CCR4-associated factor 1 show mRNA deadenylation activity and play a role in plant defence
responses. Cell Res. 19: 307-316

Y. Suzuki et al.—9
BSJ-review 8:118 (2017)



MR F I RiAR 8:119 (2017)

Lykke-Andersen, J., & Wagner, E. 2005. Recruitment and activation of mRNA decay enzymes by two
ARE-mediated decay activation domains in the proteins TTP and BRF-1. Genes Dev., 19: 351—
361.

Mitchell, P., Petflaski, E., Chevchenko, A., Mann, M. & Tollervey, D. 1997. The exosome: A
conserved eukaryotic RNA processing complex containing multiple 3° — 5’ exoribonuclease
activities. Cell, 91: 457-466.

Mulder, K.M., Inagaki A., Cameroni E., Mousson F., Winkler G.S., De Virgilio C., Collart M.A. &
Timmers H.T. 2007. Modulation of Ubc4p/UbcSp-mediated stress responses by the RING-
finger-dependent ubiquitin-protein ligase Not4p in Saccharomyces cerevisiae. Genetics., 1: 181-
192.

Nishimura, N., Kitahata, N., Seki, M., Narusaka, Y., Narusaka, M., Kuromori, T., Asami, T.,
Shinozaki, K. & Hirayama, T. 2005. Analysis of ABA hypersensitive germination2 revealed the
pivotal functions of PARN in stress response in Arabidopsis. Plant J., 44: 972-984.

Preiss, T., Muckenthaler, M. & Hentze, M.W. 1998. Poly(A)-tail-promoted translation in yeast:
implications for translational control. RN4, 4: 1321-1331.

Reverdatto, S.V., Dutko, J.A., Chekanova, J.A., Hamilton, D.A. & Belostotsky, D.A. 2004. mRNA
deadenylation by PARN is essential for embryogenesis in higher plants. RNA, 10: 1200-1214.

Sarowar, S., Oh, H.W., Cho, H.S., Baek, K.H., Seong, E.S., Joung, Y.H., Choi, G.J., Lee, S. & Choi,
D. 2007. Capsicum annuum CCR4-associated factor CaCAF1 is necessary for plant development
and defence response. Plant J., 51: 792-802.

Shirai, Y.T., Suzuki, T., Morita, M., Takahashi, A., & Yamamoto, T. 2014. Multifunctional roles of
the mammalian CCR4-NOT complex in physiological phenomena. Front Genet, 5: 1-11.

Souret, F.F., Kastenmayer, J.P. & Green, P.J. 2004. AtXRN4 degrades mRNA in Arabidopsis and its
substrates include selected miRNA targets. Mol. Cell, 15: 173-83.

Subtelny, A.O., Eichhorn, S.W., Chen, G.R., Sive, H. & Bartel, D.P. 2014. Poly(A)-tail profiling
reveals an embryonic switch in translational control. Nature, 508: 66-71.

Suzuki, Y., Arae, T., Green, P.J., Yamaguchi, J., & Chiba, Y. 2015. AtCCR4a and AtCCR4b are
involved in determining the poly(A) length of granule-bound starch synthase 1 transcript and
modulating sucrose and starch metabolism in arabidopsis thaliana. Plant Cell Physiol., 56: 863—
874.

Tarun, S.Z. Jr & Sachs, A.B. 1996. Association of the yeast poly(A) tail binding protein with
translation initiation factor elF-4G. EMBO J., 15: 7168-7177.

Tucker, M., Valencia-Sanchez, M.A., Staples, R.R., Chen, J., Denis, C.L. & Parker, R. 2001. The
transcription factor associated Ccr4 and Cafl proteins are components of the major cytoplasmic
mRNA deadenylase in Saccharomyces cerevisiae. Cell, 104: 377-386.

Tucker, M., Staples, R.R., Valencia-Sanchez, M.A., Muhlrad, D. & Parker, R. 2002. Ccrdp is the
catalytic subunit of a Ccr4p/Pop2p/Notp mRNA deadenylase complex in Saccharomyces

cerevisiae. EMBO J., 21: 1427-36.
Y. Suzuki et al.—10
BSJ-review 8:119 (2017)



MR F I RiAR 8:120 (2017)

Walley, J.W., Kelley, D.R., Nestorova, G., Hirschberg, D.L., & Dehesh, K. 2010. Arabidopsis
deadenylases AtCAF1a and AtCAF1b play overlapping and distinct roles in mediating
environmental stress responses. Plant Physiol., 152: 866—875.

Wang, L., Song, X., Gu, L., Li, X., Cao, S., Chu, C., Cui, X., Chen, X. & Cao, X. 2013. NOT2
Proteins Promote Polymerase II-Dependent Transcription and Interact with Multiple MicroRNA
Biogenesis Factors in Arabidopsis. Plant Cell. 25: 715-727.

Xu, J., Yang, J.Y., Niu, Q.W. & Chua, N.H. 2006. Arabidopsis DCP2, DCP1, and VARICOSE form a
decapping complex required for postembryonic development. Plant Cell. 18: 3386-3398.

Yamashita, A., Chang, T.C., Yamashita, Y., Zhu, W., Zhong, Z., Chen, C.Y. & Shyu, A.B. 2005.
Concerted action of poly(A) nucleases and decapping enzyme in mammalian mRNA turnover.
Nat. Struct. Mol. Biol., 12: 1054-1063.

Zheng, D., Ezzeddine, N., Chen, C.Y., Zhu, W., He, X. & Shyu, A.B. 2008. Deadenylation is
prerequisite for P-body formation and mRNA decay in mammalian cells. J. Cell Biol., 182: 89-
101.

Y. Suzuki et al.—11
BSJ-review 8:120 (2017)



