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The Research Progress of Long Non-coding RNA in Plants

Zhang Fang, Dong Heng, Liu Dandan, Huang Li*, Cao Jiashu
(Laboratory of Cell & Molecular Biology, Institute of Vegetable Science, Zhejiang University, Hangzhou 310058, China)

Abstract Long non-coding RNAs (IncRNAs), widely found in eukaryotes, are tentatively defined as a class

of RNA transcripts, which are greater than 200 nt in length and have extremely low protein-coding ability or without

protein-coding ability. The type and function diversity of IncRNAs make them difficult to be understood. Especially,

the knowledge about IncRNAs in plants is still quite limited. In this review, the types of characterized IncRNAs,

the RNA polymerases involved in IncRNAs transcription, the associated biological functions and the corresponding

molecular mechanisms, as well as the methods and strategies for IncRNAs research were introduced and discussed.
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— MR 3L 4 o4 IE X ncRNA(sense long non-coding
RNA). /& ¥IncRNA(antisense long non-coding RNA).
X[ IncRNA(bidirectional long non-coding RNA).
W IncRNA (intronic long non-coding RNA)F1E [X] H]
IncRNA (intergenic long non-coding RNA)F. 28, H 1,
HE DA ] IneRNA W PR A R B APEIESISRNA, B
lincRNA(large intervening noncoding RNA)>'2, 7£ it
Fefili I, KungZE P IneRNA 196 J5 F1 Dy g 51 A AE
h oy Kt &R ZR, X FL B T I IncRNABEAT
TR A A AR 4y, EALRE MY [ IncRNA (stand-
alone IncRNA). K 4R & X % 5% A (natural antisense
transcripts, NATs). G A & FneRNA, RFEERHL &
USRS BB T s AR L S i RNASE

AT ) IncRNA W B _F 38 BT 36 [ lincRNA, & —
P AT B A G 5 e 41 TR] R X B ST S LA, AN
b5 4 11 g b9 5L ) &0, lineRNATE IncRNA !
T BORI L, Bl e s T R B 16 227 5%
IncRNAH1 5 1740%(6 480%%)/2Z1incRNA, I H A iy
% F 4 5 W] 2 JLPIncDB(http://chualab.rockefeller.
edu/gbrowse2/homepage.html) 4k 2= v 1145 B 73 7h,
LiZEUIE 50 3 K (1) 4 55 PR 4 2E 4T IncRNA 28 € I K
B, 7120 16345 IncRNAH, 28 K73 (93%) 5% % 1H
SETHEE PN Fer

K AR Jx X 5% A(natural antisense transcripts,
NATs);™ A5 - HAH W 1 G B 1 470 1) []— A [i] ik
DRI Jie, 38 ok 5 1F S s A AR IR, A AN I
B PE, 78 i s 5 U BR AL DA ) R IAT, NATs— i i

BT 1 #5545 i X dik(coding sequence, CDS)

pil e A R4 S I A B UM S & 2 3 T =12
o ES. fakiE, EWHILEIEZE R Z HMN)
HH, 70% (1 1E S SR A AT AR, (N AT 21, {H K
I3 IINATs & 5 A A ) 7 DI Re i A 19t AEAEY)
i, H AT R INATs T AN, — A2 55
Y COOLAIR(COLD INDUCED LONG ANTISENSE
INTRAGENIC RNA), & & 1 #8590 T 46 $0 il 3
FLC(FLOWERING LOCUS C)I#13"s, B4 % Fh 8§
07 A, K PEAE400~750 nt ARSI 5y — AN it 4
ST A )RR AR ) e 28 e Y AH K FRInpe5 36(non-
protein coding 536)(#il F 71 2% KIID A : AT1G67930),
%5 R 42 K597 bp, Hi3u 4571 bp 5 A14K [ ) I
AT1G6793011)3 "% &,

M EAS L0905 AT 46, FRATT gl il 2 40 1, 1%

4 7N #% 4-RNA(small nucleolar RNA, snoRNA)AI {3 7)»
RNA(microRNA, miRNA)%F /NRNAH] BL % 5 1 K
T HAT, RS o sl T A A AE
BT R IR, V2 B R PRI B 1 B s ok ()
K SR, e N 1178 1474 UL K 2% R 11139 660
SN TR EARY, WHRB%L, EE T KA &T
ncRNAPY, 3xX 26 K Py % FncRNAM T fig H i A
HOB R, BAN A, P2 KRS T
S ARAE AR () AL 2388 T b BAT AN R 1 R Ak A5 X
W1, ZEREP R (TSR B, FLCIE R (W 56 — AN N 7
RSB — N Bl ] BA e AR 5, B
% — 44 A COLDAIR(COLD ASSISTED INTRONIC
NONCODING RNA)JK N TAEGILRNA, Z 51l
AR .

ERL ) P R B 8k AN fE
IncRNA, Z¢— 4N AR (R ).
1.2 ZEAEAS FIHIHEITI S

FIncRNA K 45 /E HI 18 43 1 BL I, WangZ5hkt
IncRNA%F 4 T LA PUZE, BIME 54> +(signals). 511
53 (decoys). 514> 1 (guides)~ B 4253 ¥ (scaffolds) ..
KT 1% 0 07 VE B B AR R 7 BN AR SO A
IncRNATEHI )73 F AL 7 VR4l T o (EAHE R
&, HLEIncRNA W] g [ I 2 A . A fEIX
By 277 & — AN BL R0

o8 & A B OGR4 oy 1V LA T
(138, #E TR TUR 75 2L, I fAS [\ 2,
BIEAMR . RIS HPIF KT, ¥
RIIIncRNASE T AN R 73 (R 1)

URNEENI

2 1E¥IncRNAE KL R

HAT— A, FLAZ AR h AR = FIRNAR A
A (RNA polymerase), o ZE 5 BEI(Pol DAFE T #44=
o, A1 STrRNA R #455%; Pol HIAEAE TR 5, /b
BOURIELA, WItRNALL K Ss rRNA; 1M K 2 $ 8k A 4w
T3 R PL A2 IneRNA FHAZ i [T Pol T, s = A2 22341,

R4 TP (P IneRN A, 3= 2t Pol T1H% 5% JE i,
AN, FEH ) P R IIRNAZE & i Pol IV
Pol VAl £ fE # 5% JE liincRNA®!, Pol V=42 — 4]
HUEF I IncRNA, 3o n] = B 2 AL s ig, 22 R H
poly(A)E B, EATFERNAS T [IDNA H L AL (RNA-
directed DNA methylation, RADM)H 2 £ U1 iy
Pol IV A BLF= A2 /N FHRNA(siRNA) [ Rij 44014550,
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AR, FERAF TR L RI T — 4 IncRNA ] fE &
HiPol Ik i 5k, o —> 44 4 41811 IncRNA B i
ST R A R B B T i Pol TITE AR M Rt i
SEAF BN, AR X — ARG 7340 i — A 3 AL,
R TG 18, 1 75 25 2 (AL 4

3 HE¥IncRNAS SR FidiE
3.1 IncRNA5 #4725

AL 7 A% 2 A AR B R A AR — A OB ER
A, 2 g, L, FEAE R e
T FE ) — S OB I PR T AR A R FLC, 54
J 2% R S o B FLCW % ik R 3E T 6. FLC
(1) Fe Ak 52 — RN s R B A0 a1 A8 1 1) 1
LN © S UR IS IW, &2/ Wl s B PSP LS -3 R
MIncRNA(COOLAIRFICOLDAIR)L 2 5 T iX — i
o WIHTFTIR, COOLAIRFEFLCHY)— 2 RAR v X
SR, 1ICOLDAIRS: 5% HFLCI 36 — AN & 1, 3L
" COOLAIRI) 32 ik & A2 F A W) W 2k BT, 7RI

AL BE10 d A A3k ) b i 06, 1 COLDAIRTE R AL
ZHTE DR RIE, BTG, Rk ERraign,
1A% W A 2920 disf ik 31 i {E, % W] COOLAIRFI
COLDAIRAEAFAL I FE (WA [RIBY B R 454 1,

MR HE BT 7 AR, COOLAIR X 4y g3l bt Al
2 ity P AR RS B BY DDA 05 B B FLCI 8 i — AN Ak
I R R A0 B, G PR Ry JzE g o LiuiEE i 1o
e SEARARINH] 1, 152 T 24N 5535 I AR ) 5848
1K CstF(Cleavage stimulatory Factor)77HM1CstF64., Tt
TR W], CstF77 R CstF643 i 375 B 3L 3 COOLAIRTY
poly(A)N 5 I 20 £ 0 B S A i, YIBRFLC
T[] A S A TR B s, 20T 5038 REAR PR ol 252 B i) 230,
KU T AEHO T — e 4R B P BT
VR 5 2, 38 3o e 4 1 566 BT 3 114 R S 3k 1
P LA ) 1E e 53, S IncRNA — 3% 3 7775 R 1
ML 7ECOOLAIRMEIFLCI RIS L RE AL IX
AN, P B AR AR 5 IR KT 1R R AR
XA COOLAIR T F 4 7 222

F1 EYPE LI KEEIERIBRNA
Table 1 The discovered IncRNA in plants

R E R R R IncRNAZ R BV D) RE Iy TAERIBLA FAEPLEIM Y2 SFE R
Types related to genome  IncRNA Biological Function Molecular function Archetypes of References
position molecular function
Stand-alone IncRNAs IPS1 Responses to phosphorus  Inhibits the activity of Signals, decoys [26]
(lincRNAs) stress miRNA-399
At4 Responses to phosphorus  Inhibits the activity of Signals, decoys [27-29]
stress miRNA-399
Npc48 Participates in the Regulates the accumulation of  Scaffolds [23,30]
development of a series of miRNAs and AGO1
leaves and flowers in (a member of Argonaute
Arabidopsis protein family)
Natural antisense COOLAIR Regulation of Regulates the epigenetic Signals [22,31]
transcripts (NATs) vernalization process silencing of FLC, a flowering
inhibition factor
Npc536 Responses to biotic and Regulates the translation of Signals [23]
abiotic stress sense transcript
Long intronic ncRNAs COLDAIR Regulation of Recruits polycomb repressive Signals, guides [1,31]
vernalization process complex -PRC2 to FLC locus
to maintain the expression
inhibitory state of FLC
Others TERRA Maintains telomeric Take parts in RNA-mediated Decoys [32]
chromatin by promoting DNA methylation process
telomere methylation
LDMAR Causes the pollen As the precursor of a small Signals [33-35]
abortion of photoperiod- RNA
sensitive genic sterility
rice
Zm401 Functions in maize pollen ~ The exact mechanism is Signals [36-37]
development unclear
Enod40 Take parts in RNA Binds to RBP directly Guides [38-42]

binding proteins (RBP)
relocation process
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FHIRNATPL(RNAD)E A A1 | COLDAIRT) 4
1K 5 [FIFE R IR AR TT 6 ZE 3R, H [F] I A B, 4
JE M T )5, FLCHImRNA & X IFih BTt X % 1)
COLDAIRAMYAEAAL I FE i T FLCIM Rk, 78
AR R 2] T 4R FLCOIBRE Y. W&
T IncRNA-COLDAIR Y % 47 A6 i 7 h FLCH) 3k,
FWIN T IncRNAXT 5 A% A48 3o 75 o 0 A0 5C 25k PR
(R s AP UER R B R

AR, AE XU R T 1K 4> K eDNASL FEJEAT £ 9)
15 2% 20 I 43 31 (1) — 45 K983 ntff)IncRNA——
Npc483%, NpcdSAEAU R I+ AR, 25 . B 4%
HZA T BB kPO H g 3R T R MR B R T H B
F1R) P B AT (b it 5 2 5 40 o 18 B 1) — Al ke g IR
DA R T2 e i AR I R S IR AR K ) e R A, A
PRI AC IS [A] 4 2 & HEIR o e A 3R 7Y Hyse(sucrose
ester)fllagol EAZ AR R AARAEL, SERIAEFH A 45
miRNAZK - FEMmiRNAR I T 2. MAGO12
K7y miRNA H bx 85 VI, {Hnpced8it) it 2235 %}
miRNA KX AGOT ¥ FR 2 #RJC 5% Wi, 0 e n] fig e i
I miRNA LI A FH 7 Aok 2 5 e s i 30

B T e AR AE R ) R B b b A LA,
X 12k R IR 2k DR 3R T R 1 428 9 245 1R R AE R
A, Dk, AT oAl AR P BT, 6 % B
IncRNA B 2, AR Sy o HUAR H HT BT
T2 AR 2, IncRNATE AR AR e 25 F B R H,
{HIE, BR T HLIETE, IncRNAJE 5 768 8 i ig 12
H I 4 45 JL A AR R AR AL oy 4 EE L ) 47
BEIE AT
3.2 IncRNAS#HMEB

Fe K B AR AE P AR B R E AN nl B IR 3
A, W E RN A B HEVEA T SIS V1A K
ik A R EPIE o 2 AR A 9T, R B 5 OK FE OB R
PEHEMEAR T R AR BS8S A MM S F oy — 4K
8 %F 5 IncRNA——LDMAR(long-day-specific male-
fertility-associated RNA). 1%IncRNAK:1 236 nt, tL
0 Rk K H A T KRR AE K 1B &K F P
W, SEAEMAIE R RESSNALL, AE R
[(ILDMARF= £ 7 — A~ \NCH G H il ik 58 48 (single
nucleotide polymorphism, SNP), M S LEAT
F PRI B OKIR BRI, 525 25 9B 2 1) 4
MORE P PEAE T, PR e UM EAR T . X — 45 X
BHOCRBUREYE AN (PG 3R 8 AR IR 1A% A1 4y - 2l ™

AT E IR, AR, 1% R I T A0
G, BIARE AT ian H K e A%

HURTE TR RILT — & et ik i 7
IncRNA——Zm401(Zea mays 401). 1F [n] Fl J i) i5t4%
SWFI R, Zm401REbS A0 R K B S BESE R (W
ZmMADS2. MZm3-3F1ZmCS5%5) ) % ik, {£Zm401
B R SR AR AR T, MZm3-3 1] 2% 3k, 111 ZmMADS2H
ZmCSH TR, FEVNMEFRIZEE KB 7,
I R ETE R o Zm401 10 1 35 R RE 3 1l T K
TR IR A, T ™ R A K BN, 7RI X
RNA 8 R SE R AR T, Zm401 (1) 3238 5 AR,
B S AR 7K J U —FF, XAV A i sl 2 Al
RIEAG MR, Zmd011E Bk KFE.
ANFZ DA KN K B B R AR S, AR
SE IRNA 2% 45 1), {HZm4013 i & LIRNAIE 2 %
JRAE AL AE A AR AE 4 BT

ARSLE EAEZHEEI) T AREEAF W7
FUER RS, RN T — KRB AH
P AR H R AR PR 5 R 0 I IneRNA——
BcMF 11(brassica campestris male fertility gene 11)5%,
BeMF 111 5 318 1 R GRS 2 1 4 11 2 A R A K
WO, (H 5 A BE58S 48 Bl )2 1) kL 4 1 A6 K0 B4
LT B S AR it L T8 I 9D 43 2R () 3R TSUAN R,
BeMFIIR 5|2 i 9k Bl 2 B A R0 TE k0 S 2 4y
T A, B R BLBeME IS | Ak W
HORT RS A0 VR A HERC 74k, (5 T S
B —F A &5 45 5 B2 RS ok R BT 75 B ) A s A A5
TERE ) (A A 5 b Rk ¥ R . (R H AT
AR R B IR R I Ine RN AR AR /b, K AR %5
5E IncRNA W TAERG 2B BT AT o
3.3 IncRNA5i#iERE

R AE A KR B 8 b A AT 25 8 7 v 9 Ml
B, TREPHNa. Shra s — R PR KA
o WEFUAIN, EAS ) 30 5% 38 N2 o IncRNA
Wi T EE A, HoHh, TPSII(tomato phosphate
starvation induced 1)/Mt43E [K 5 Jit & BF 57 Hb 45 K
T 25 10 W 30 W BV IncRNA, 1% 5% 5 1% B3 76 B i 38
FiE S %ik. IPSIUNDUCED BY PHOSPHATE
STARVATIONI ) f: F- 103 i 4 IR, 2 Ja e 4 7
KRS Hh A 1) 1 (R IE BR, 3o 3Rk % 3 R g %
SHEUHEA 8 R,

At4(AtIPS1), K747 nt, S TPSI1/Mt4FE R K
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Ty R, 1 DR e AR AR I A A R IR B A
R PR RS 307 S A A T IR RN 25 e s e I
FEWE 0 R 5 3 R AECY, Atk S BBy A
ZAT NI E AR TR BCBR T, iR ZE R
ER R, F B R B L SR S, A4
FILRelE T BUR B Rk R, 43 Bt Rk
At4FNIPS1 5 [a) ] ik 535 P9 5 7= A2 AH ) 1) ke 5 5%
b, R FELEBEIRE N R —E MR IUAR, 1M
X— DR IC RIS A ] REAEAE T TPSI/Mt4FE R 5K
T T 5 18 3 Hp el

BRTPSII/Mt4 %L R X Jit LA 4, npe536, BV
b P IR TR UL B S e R R AR B s S A O ik R
AT1G6793011) K AR Ji S Itz 53 A A 6F 898 3 A7 g 1Y,
[ S 7o = (1 | 8 o7 7] S I/ TR RS 1 STERE 2 <
PER BA B AEAS [R]85 A B AN A= ) o de 1, SR I
— RINNBNERIEZA, FEERIHE R, npe53611
T-DNAJ A SRR TG B 4 38 20 1 sk a0 e R ) 62
B A= R PR R B A O AR AR K s AR K
FER NG . BT SR EER, npe5365 HE
S s A AT1G679307E MR 1 1) ik 52— 5 () B 56
PEo BRI, fEnpcs363d 3k (PR AR B & npe53658
Ak, AT1G679301)RIA H AT W Rk o Rl
T rpe5 367855 — AN E KRG H O S 10 50 13 5] 52 AE
(short open reading frame, sORF), Ft L&t n] g /&l
b gmts 2 ok R IEAE R . TR, & B2 EEAE N
S sUNAT(trans natural antisense transcript, trans-NAT)
VA2 AT 1G679301) il 1PE Ik A HoAth 7 20, 3 75 23k
— T,
3.4 tEYIncRNAZ S EME Y F 1212

TERRA (telomeric repeat-containing RNA) Hf!
oy for FE A RNA, J& — K K/ E100~9 000 ntZ 8] )
IncRNA, M S Rz X 3504 s 1 oK, tHPol T4, H
fpoly(A)E . TERRAZFRIAA Z FiL, 55l
Je v P A P A . (RS A0 b, iR K, TERRA
IRNAS fB . AT FL 3 b e 5 0 )4
FEAE . HT, PR I R AR AR T iR
HAIRNA, IXLETERRARG s A #—3 3 4 n 12k
SiIRNA, IXHEsiRNA(F 2224 ntfFJsiRNA)E— il i
{2 0t 3 ok 7 52 81 (CCCTAAA) () AN 5 ik L i e
(1) RS A R A bor e €4 57, IXAN IR T RADM
AT AHFRATT H AT IS AS B A EL AR R LS TERR A B
DCL3(Dicer-like 3)M§1E H 1M B fif siRNAY, DL

i /ERADMI 4 i H EE AR H IAGO4E & W) & 1%
W5 TR,

7 8 I R B — AN AL T-65 Gt 44 1) v Rz [X
Ik, % A CsMI10(C. sativus male specific clone 10)[]
IncRNA, fEAR A Lh 25w 3kik, HSF 7Rk H
FOCRIAFEOC. R, &5 W bEAE 5 AH G =
A JE % i RNA(GenBank Accession No: BX827695.
D79216F1BX819089).H. A #H A {1179 bp K ) £ +F [X.
0%, HAXBR ST XA AR A AE S B A% O, 3R
B AR T Re 2 H AR W ia e Nk FE o 5 SRS AT
fiE 23 R ICRNATEE AR KA 2 1 B A 51 D380 HAA T
AE LA K R IX CsMIT 0B A I CsM 10235, Sk M 2 3
TE & W BUE AR H AR L RICY,

MEL G as R A, Wil A5 309 ik
R —HE, A2 Gty LR N ATE FE 420 41 10 it 7 465 449 7).
JE RGOSR AR R 7 MR, RIS
IncRNA I 5 5 (4 4R K Sim G 0 o B 3 4L 1745 0 9
PeiiEe S5 Ab, HED HELEIncRNATE G B I 45 . A2
It 0 7 L2 R ) P 3 A R T ER) A ) A e R e S R A
EARAG R

4 1EYIIncRNA K IZINEERY 5 FHLH

TESY P R B, IncRNAR] DIME A ERAE
GBS0 RS AE P, A nT DL s 43 S e s DR
B s DR R AR AR e P 4l G RS A I AT 1)
FIRTSO G4 m] DL P mRNA ) 16 B 1 85 #2090 1 i
HAmRNAFE T ST, WS H 3o, IncRNATE
TP b A A DRI WL R AR H, K1 Dhhe
LRI 234 AT BUUE 254 LR JLAN 71
4.1 {555 F(signals)

IncRNAH AT HZUF i & B Bk e I8 DL &
M) AN [ AR A, 8 ] Inc RNA TR 3 S 52 21 7 ™
WY . IncRNAM 5k — OR A EA R &
Tk AR R S (1) I ) FIVRE s A 2R rh) L s AR AT ]
ReAE AN G 5o+, dE— Db R R Rk .
LEIncRNATE X Ff /R AR 2 rp AT I 42 Dy g, 1
Al AR A AN s e sk B B = o ARAE X RIS DL T, 3k
ATTER AT LIAX AN R 5 AH S Ine RN A [ 38 1A SR 4 W 18 2
DRl B B € R A o SR 4 b 19— 2451 5~ S 3d 1,
IncRNAAE 4 {5 5 bk 1 25 R A 42 (1 2 1AL 1 ) DA &
RIRHE O R alse, fEIEMAEH B IneRNA TR L
1R Dy R K0 A= 57 At e AR R bR s P
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BEER UL, 1E M AE S 4 1 I IncRNA) T BE
e AE A B S R (R FR R AR, T T R T RE A
DL AR B — X — R R HHA P ) COOLAIRFI
COLDAIR 1% IncRNA i HiL AR 2
4.2 FE5 F(decoys)

H8 5 R 21 18k A 50 1 7R T IneRNA
AN JEAE IE ) R 4880 A2 J 1) 4 TR 1 mT e A
ER o XA AIRNAY L s 10 07 A BEFG 1 2
ZFEALE, Forh i TR — Rt A S T
XA R S IneRNA AT DLGE o 47 52 H A RN A £
4 2K F(RNA binding protein, RBP), (@] SZHLXS H b5
FED R IR 42 o M0 IX SERBPAS B 38 35 s [N 1
AL Y 0 TS A B ) (R 4 R L, ST
WK T TERRATT LLVA Ky 3K

Uk 4h, AE 9 5 T 5 F [IncRNA, 75 1] i §ff
miRNAFIBI] A7, BRI A (5 R 22 miRNA ) £
A A (target mimicry) il & #4542 #ELAE ], H & %4k
FI I IncRNA A PR 4 56 4 1 Y U IRRN A (competing
endogenous RNA, ceRNA)", #H ) H [IPS1. At4
CINDVEPS]i: e

“Ohy B FE DR 48 — 28 0T DL HOAR () miRNAAH
FAEF S A0 miRN AT P [R] A SCAN A 1 P 9058
E G IIRNA . 3X /N AE 2 5 5 HH Franco-Zorrilla%% 1
20074 75 WF 5L IPS 1% miR-39935 1 (1 40 1 /5 FH 1) 42
P IPSIE A — AN B8 MmiR-399H AN X K
923 ntff) I 7, 1% I 7 AEmiR-39911) B VI 5 A7 4
—ANESICER, A IPSTREW BimiR-399H R ] o
B AR BRI 5 2 g5 G, ARLTR] IR SO HEmiR-399)
B o281 IPST3E 1 4 $kmiR-399, TiiAE A e 58
K G 8L PHO2(PHOSPHATE 2, — ANtz %
SE A AN O R A I D) IImRNAZL &, §3PHO?2
mRNAFA R, PHO2JE PRSI, 1y & i 1k (I PHO2 e %
T B 1R P AN S 1) 188 e o KL Phe 1,8 R Pht ;9
(T FAAR, T 2D AR KT Tl P W g 27

At45IPS 1B, b 2 3 i Oy 0 IR g 7 Qi
miR-399. FHPHO2(M A&, T 8UR i & & 142
o BEAR, E I RN TR FESE A, Franco-Zorrilla%52!
E B T3 R4 g O 1 A U 4 o A b e LI

1K, MALRE I FH KRG b 1) %8 e £ 31— Lo m]
A A miRNAf% 126 N U5 P4 8 3 A (1) IncRNA,  H. ¥
43 IncRNA( U1 ath-eTM160-1. ath-eTM166-1. osa-

eTM160-3) L A% 5256 U W] B A7 2440 1) AH . miRNA
R P
4.3 35|55 F(guides)

IncRNAFJ 25 =ik FIBEAUE 515320 1, Bl S
B A% 8 L (RNAZS 5 88 1) B A R AR S H AR LR
(e A, WFFR B, IncRNA T LA LU A H (cis)
1S5 AR T (trans) 457 T R R AL, AR J 2 DASL G
SROREEPol IR Ry N FERNA HAN H AR K77
AR e AR IS PUncRNAZE 4 5| H FRDNA,
& RNA:DNAXUZ g, i RNA:DNA:DNA = i
JiE ERRNA TR E e 0 Tk M A 2 i 2 5 0 77 X
BT FHIneRNAJE 8 ) 5 PR 1 448 B 73 A F5
=R/ NEi HE =Rk 7/ I DN G Bl i S PR e U
XA PSS PR T 428 3 2 M) ] Ine RNAKY € 1)
(8], T AERS 2 P AR SEI o X IneRNATE K 5 Jk
BRI 15 R IR, A7 R G €00 5 P8 5 4 FR AR A AN
EJ % D N R B AT O, T R B G (0 i i 45 1)
R AR A OGP,

NGRIE S A= FCE -5 i NiUR i3 30
Enod4 0", i A7 AE T AR AR A TR A0 RRR T AT L AR
S5 I B AR IR it e o A 23 2R R B2 A i R AR
PRI R IR P R IAY, Enod404F GRMEY b AEH (R
ST, JF HAR AT KRR 2 45 HE RHE P 23 2545
F|u271

FEBEFE A TR L, Enod40ffIRNARBENS HL 1% 5
2 98 ' FIMtRBP1(medicago truncatula RNA binding
protein 1) 1454, fEMtRBP1AZNHAZ 1A% /N 55 (—
T 285 MV A% 45 K60 ) 40 0 SRR 4 B 52 437 v 473 5 L 2
P BAL, Enod4d0WAAIEW 2 5 T S5 4h AN/
R R IR PERNA S 5 82 H——MtSNARP1 (medicago
truncatula small nodulin acidic RNA-binding protein 1)
FIMtSNARP2 1 & 717,

— MM, IncRNAT] LL5 | S 4Lt Azt . Geth
SRS T B I FE 4 SR e I SE R R IR T e £
A SR BT R R A A B R 0 T e
T S 3 3 G £ B A 52 5 D AE A2 A s A B2 AR P,
AUEHE R, IncRNAZE 2 G4 (0 FOIRAS IO KB A 1,
W S et S AT SR R, R SR A By
58 FRRE B LT AR 7™ FERE T, HHiIneRNA
Z 5 g T, CAE I SR FLCEE ] 45
FIHIESE .

PRC2(polycomb repressive complex 2)5x [1E &



5K 075 M KBRS RN AR ST

577

e tg e = F AR 2 2R FTH3K 2767 A i) 5 D8 3%
ik T ASNRNAL, G55 SEI R, fER R,
COLDAIR 5 H¥PRC2E A 44 I IF F:CLF(CURLY
LEAF)FF 454, 7E B 4EPRC2EIFLCI L FE h ke T
T B ROCHEE 2, X R B AR T
FLCHEDS e R e (0, B 46 1, AR 2 5, B RIXZ
R AT AN K R F W BEFLCR 1K ¥ /0T pldm bl
PPIRES, ZHE G, TEMIG R & I R i FLCA B H8ri
jﬁ[SOJO

4.4 BHBZES5 F(scaffolds)

IncRNA R DU —ASrh e &, 21 5
TR AEIX BT R XXV 2 A T AR
53 F- 1) FAR L BONHE 5 A B (R RS S PR RN B 28 PE RS
R s AR S, AR g b, AT R AR AR
Tl G S P B A A, R, 15k
(RUE 35 K W, IncRNA A W] BESEE AL f (4

DRI, A IR 2 285 1L P I 55 DY 2K IneRNA
JE By 1. X ZEIncRNAT g 2 T fE I 5 5 24 1
— K, BIAX K IneRNA A 2 A A 45 k558, M
1M RE % 45 G A R B 1 i B AR LY 737, FLRERE (]
I 45 G 22N 30N Te A, IX A T LA O i s sl )
e 3 IR 200 B T A 2R A A [) ) ) o 2% ) LS, —
HIRATTRR A8 57 1 X Lo 45T 5 ) 42 A S0 4 B A
VA ), A FRATT e v DAIE B MR R o 115
Aoy FE 5 =) E B A AT A

TEFE ), Pol V] L™ A2siRNA K AH K 4 [
(R S0 S A T 5 R DM A2 5K A6 1 G £, S5,
Argonaute¥; [TARGONAUTE4(AGO4) /£RADMi 14
R — AN SN 1, X S6IncRNA R LLRTAGO44H H.
Y 9 HAG S siRNA-AGO4 K &5 W #6328 21 C A 14E 4t
BT IR HBRAT g8l
4.5 /\RNAXEHIE R RIBIIA

WF 9% % B, ¥F ZIncRNA/&siRNA. miRNA%
INRNAZEIS TR . — SS9 R 0], ek,
Pol IV BAF=AEsiRNAAE W) 75 BT R AAS, 1T IK 2L i 44
T LEIncRN A,

TEFEH) T, IncRNAAE K /NRNAAE D)5 BCHTAA )
Ty A T2, BT R KR G U AN G
W45 LLDMAR $5: 2895 ) LM sk B U1 TR R 7
K21 ntff] /PRNA osa-smR5846w/mb4, Py A 52 56 =
IAZ ISR B, 1 236 ntiIRILDMART] RS2 42
SRR, UM ARSI T — 4K 136 ntff)h

i) 4 S A, B 8 TR 21 ot /NRNAPSS | |iid
AN #E, IR 21 ntff)/PRNASE S & ) g B 8, A6
CHIVE AR A A2 1236 nth2136 ntk )X P4
R AR WERAYIEE? J5— 7T, BRI, AL
A PR R A4 A5 17 2R R/ NRINA PR AE ) £ 1A R P 3
AR T RNALE 14 7 4% 0 2 I Dicer/Dicer-like 5k H:
i A% 1R N V) BEEES4687) - osa-smRS5846w/m ) A4 & 1%
WL, A TS U8RI,
T AN PR A4 7= A2 1 R 1R /D RNAGE &5 AT RN AT
T B ) AN A% 0 B ] Argonaute & 5 W 258 B U
AT RE ZNRNAZS B F1EL Dy BEAR S IE SR KD, osa-
smR5846w/mJt: 75 5 Argonaute 2t (115 % &, H #iid
AT AT, AN, AT R, ATE ROR BRS8NI
ANH R AR ES8S IDNA LA KA 22 57, HEMIAE
ANE R, LDMARJA B~ DI T EAL K T 52
SEILAE K H R EAME FRIA N EEPY, B4,
JE 15 /ELDMAR I [F)SNPZE AL 5 HUIDNA H I A 7K
PARAR S E AP N 2

BRI LAAR, 76 T K I — 414 K cDNA S H %
SEAFEIIIT 80245 IncRNAH, R ILH: 145 60% nJ fig &
miRNA [ 74751155,

51 I, —2EIncRNAR] GE[R] I AT 2 /M A AR
IRE R, 4 Gl kA R R IL e 2 A2 Dide
1540, COOLAIRFICOLDAIR [ F 5% (KA I 11 5 5%,
DAL AT () e i A R — AN KR 2R A (A5 5
T, NFEELIEA Z G I TTAC ERE % o TR
) B 2 08 00 561 ) 2 Al i COLDAIR %5 45 PRC2111] 52 H1,
(1), 11 1tk 2 H IneRNA R & 1 4 51 5 73 7 UTERFLC
(1), dEm S EE L. R, VBS54 T HIncRNA,
WHEMEENFES T 5120 FRE RS FI1E
H.

[FI IS, BT 3RATDO FE A R IR ) 3X LeIncRNA
(1) 8 EARPIHLHNE AN T bR )3 4, AU
H T S A B AR 5 —TJ5 1, X IneRNA
AR A TR R B, 6 H 471 AL I 49 o]
REIEAEIEATEG Ak

5 IncRNARITFS RGN A5 3E

H 775 30 40 RS 24 4005, IncRNABIF 5T 1) 3k A
FME— 3 A =20 (1)IncRNA R % 5 ALK 5 1
Wy BT (2) 5 38 55 BT T A3 Ine RNA SR ik 45 S 11
BAF; (3) H ARIncRNA A= ) 2% Ty i F0AE AL 61 T



578

5B, o 3RS A1 8 A (microarray) FIRNA-seq e
e A R AT T RO AR EOR, H AT 4 AL
A~ KB DB IneRNAG Fro X il & 4 17 15
B 1) HERBARIAT DG B A M R
A, P IneRNARIAZE 7 50T+ BT IncRNATH
B IncRNA-mRNAFEKIA /34T UK IncRNA )2
TRETIM o o 30 o By e 43 4 R 1k — 2D Bk I i
FEZ M AEAR, B4% NorthernF[1id . S I8
15 PCR(qQRT-PCR). RNAZEIE A7 4%4Z (fluorescence
in situ hybridization, FISH)%%. X IncRNAF]2EH) 2%
Dhaewtoe, A6 7P, BT RESRAFPEWT ST T
RESR R VERT ST b, ThREIRAG PR 9T £ 20 i
VSUIE S0 = RN VI e X I B GiB v A e 4
siRNA. i F Bt &K JERNA(short hairpin RNA, sShRNA)
SEHAREAT RNAT RSB J34h, KT IncRNA
HE AN EAESST, 5 H A RNA-pulldownSE
5. RNAZE A 8 A 9% U0 (RNA-binding protein
immunoprecipitation, RIP). RNAZ{i{ [ 4% 4 5 77
1% (chromatin isolation by RNA purification, ChIRP).
H b RNA i #1224 22 73 M7 (capture hybridization
analysis of RNA targets, CHART) 1A Ik e 3% L iE
(crosslinking-immunopurification, CLIP)%% /7 7% o
FERIPSUR, H AT CAEM T T B, K
A3 M1 2K o R A7 o 4 R PR 2 IncRNA ) A6 28 A AH
KT FEe FH] 252004 #0 7 Frtilling array 30 4 72
HMIRNA-seq B R, fEHI F i 82t T RCT BT
IncRNA®™, 3T 2K ¢ - 0 F S-NATS A 52 0F 53,
AR R &, O RIEEES . R 5 5%
RNA-seq. qRT-PCR%% & ¥l 7 Il ¥4 7+ 6 000 4%
lincRNA. 37 238X} #& 5 A IE Je SO o BFFEN Bt
BT TR S SOMAE &R IR sl in T AL 5
KRB G BRI 73 Hr, AT 2 5 72 IncRNATE
o S T BOMVR 72 P R Ry 2 DO RED e IXAMIT SIS %
HAETN IR D) 2 55 58 IncRNAF (It T {5 %50 oG
T IncRNARAZ R Ry 3t H B BT 138, ARME B
FE) TR 22 (1 IncRN AR R IR 558, FEAN AT
R, FRARRAKG O AT T IncRNA [ 23447 .

6 BiRSRE

b & 53 P Ktilling array £ AR . RNA-seq% 4%
AP H AT A Jie, AR AR AT 5 AT RT DAOK 2 4 5 031
L SRARET B e 2 73 BT A W), TUA% A K1 4H90% A

AR SN, AEA AT 1%~2% 11 35 DR 4 ] DA g 6
A BAR O ) o s Y TV
RILT K MIncRNA, H K5 1 3 3K 05 ri A 1)
REIE AR IRIE 2, HAFU R, AL s F R RIAN
IncRNA TR 57 AR 22, 1 A7 IR R A 11 Je i B3 2
(Kh e, BT LR B IneRNATELE IR E M. IncRNA
LE W Fl 18] () 45 55 PE FNIneRNA [ 2 35 7K 25 4 brife
AR I R R SO R, AAT PR AN

5 3 W) wk U L, G AR A IneRNA 1) BiF 53 )
SN PR, R AT B4l ik vl ) A T vk
TEKAE SR ISR R T B D A )
IncRNA, W A1IEINcRNAZ S T Y ife. 1Ek K
B e 25 R, (HAT AR AT A 2 2 I IneRNA
WL, e T N A D Re K o T DR
WES— PR Bk, H i 2 IncRNAR)
FHOCHE SR b T ER R B B, EBARAE R ) AT : (1)
IncRNAJEPRLES il =, Bl 7+ DAL AT HoAR D)
PR Ay QFER AL B\ R B FEAE
3 Q)M IneRNAAH S PR 26 L, (4)i& &4
PIncRNA S5 K4 FI D BE TN B 3R A58 0 5 (5) D REIT ST
(1) JEL 6 R RS J 380 3 28 i) 7556 BT Ine RN &
IS TRM IncRNARIAE B 2504, DhRE S5 5T
T AR BEAS -

BEORF L F i) 8, 3 3 KK R AR R ) T e

FWEE A . A B PR ()R B — AR s 4L U
FPHA I EE— SR AHE; Q)i E (s B 2=
W7 VEAE AW IneRNAY R I, 238 R fig Fi
3B 5 (4) AR R A A K R R AN 2L R R
BT HIneRNAHFY J712%

AT LAY R 02, AR SR AEAS [F P A b DL R A e
8 AW 2 1 R P OR IR R IR IneRNAKE A 7 72 1A
HMe ) A W AW AE B AE T, AR S AT
IncRNAF 1k 7t B2 78 AN [F) A il ) 1) 2 08 22 2 43 Mo
DAL, A SRAE ) Ine RN ARSI F H R HE R A= )2
DhREFH 4> T D REHEAT WY, R HEAS B 2K IncRNA,
B JRAEAN A4 27 ok R B rhoke A DL & LS
(153 FHLHIRAE R o

S Z3Hk (References)

1 Yamaguchi A, Abe M. Regulation of reproductive development
by non-coding RNA in Arabidopsis: To flower or not to flower. J



5K

Pk R KB RO RNA 500

579

20

Plant Res 2012; 125(6): 693-704.

Rinn JL, Chang HY. Genome regulation by long noncoding
RNAs. Annu Rev Biochem 2012; 81: 145-66.

Zhu J, Fu HJ, Wu YG, Zheng XF. Function of LncRNAs and
approaches to LncRNA-protein interactions. Sci China Life Sci
2013; 56(10): 876-85.

Kampa D, Cheng J, Kapranov P, Yamanaka M, Brubaker S,
Cawley S, et al. Novel RNAs identified from an indepth analysis
of the transcriptome of human chromosomes 21 and 22. Genome
Res 2004; 14(3): 331-42.

Carninci P, Kasukawa T, Katayama S, Gough J, Frith MC,
Maeda N, et al. The transcriptional landscape of the mammalian
genome. Science 2005; 309(5740): 1559-63.

Bardou F, Merchan F, Ariel F, Crespi M. Dual RNAs in plants.
Biochimie 2011; 93(11): 1950-4.

Huarte M, Guttman M, Feldser D, Garber M, Koziol MJ,
Kenzelmann-Broz D, et al. A large intergenic noncoding RNA
induced by p53 mediates global gene repression in the p53
response. Cell 2010; 142(3): 409-19.

Guttman M, Donaghey J, Carey BW, Garber M, Grenier
JK, Munson G, ef al. LincRNAs act in the circuitry controlling
pluripotency and differentiation. Nature 2011; 477(7364): 295-
300.

Guttman M, Rinn J. Modular regulatory principles of large non-
coding RNAs. Nature 2012; 482(7385): 339-46.

Au PC, Zhu QH, Dennis ES, Wang MB. Long non-coding RNA-
mediated mechanisms independent of the RNAi pathway in
animals and plants. RNA Biol 2011; 8(3): 404-14.

Kim ED, Sung S. Long noncoding RNA: Unveiling hidden layer
of gene regulatory networks. Trends Plant Sci 2012; 17(1): 16.
Ponting CP, Oliver PL, Reik W. Evolution and functions of long
noncoding RNAs. Cell 2009; 136(4): 629-41.

Kung JT, Colognori D, Lee JT. Long noncoding RNAs: Past,
present, and future. Genetics 2013; 193(3): 651-69.

Guttman MI, Amit M, Garber C, French MF, Lin MF, Feldser
D, et al. Chromatin signature reveals over a thousand highly
conserved large non-coding RNAs in mammals. Nature 2009;
458(7235): 223-7.

Cabili MN, Trapnell C, Goff L, Koziol M, Tazon-Vega B,
Regev A, et al. Integrative annotation of human large intergenic
noncoding RNAs reveals global properties and specific
subclasses. Genes Dev 2011; 25(18): 1915-27.

Ulitsky IA, Shkumatava CH, Jan H, Sive, Bartel DP. Conserved
function of lincRNAs in vertebrate embryonic development
despite rapid sequence evolution. Cell 2011; 147(7): 1537-50.

Li Lin, Eichten SR, Shimizu R, Petsch K, Yeh CT, Wu W, et al.
Genome-wide discovery and characterization of maize long non-
coding RNAs. Genome Biol 2014; 15(2): R40.

Erdmann VA, Barciszewski J. Natural antisense transcripts
mediate regulation of gene expression. In: Nucleic Acids
Sequences to Molecular Medicine RNA Technologies 2012; 247-
74.

Katayama SY, Tomaru T, Kasukawa K, Waki K, Nakanishi M.
Antisense transcription in the mammalian transcriptome. Science
2005; 309(5740): 1564-6.

He YB, Vogelstein VE, Velculescu N, Papadopoulos, Kinzler
KW. The antisense transcriptomes of human cells. Science 2008;

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

322(5909): 1855-7.

Faghihi MA, Wahlestedt C. Regulatory roles of natural antisense
transcripts. Nat Rev Mol Cell Biol 2009; 10(9): 637-43.
Swiezewski S, Liu F, Magusin A, Dean C. Cold-induced silencing
by long antisense transcripts of an Arabidopsis Polycomb target.
Nature 2009; 462(7274): 799-802.

Ben Amor B, Wirth S, Merchan F, Laporte P, d’Aubenton-Carafa
Y, Hirsch J, et al. Novel long non-protein coding RNAs involved
in Arabidopsis differentiation and stress responses. Genome Res
2009; 19(1): 57-69.

Louro R, El-Jundi T, Nakaya HI, Reis EM, Verjovski-Almeida
S. Conserved tissue expression signatures of intronic noncoding
RNAs transcribed from human and mouse loci. Genomics 2008;
92(1): 18-25.

Wang KC, Chang HY. Molecular mechanisms of long noncoding
RNAs. Mol Cell 2011; 43(6): 904-14.

Franco-Zorrilla JM, Valli A, Todesco M, Mateos I, Puga
MI, Rubio-Somoza I, et al. Target mimicry provides a new
mechanism for regulation of microRNA activity. Nat Genet 2007;
39(8): 1033-7.

Burleigh SH, Harrison MJ. The down-regulation of M4-like
genes by phosphate fertilization occurs systemically and involves
phosphate translocation to the shoots. Plant Physiol 1999; 119(1):
241-8.

Shin H, Shin HS, Chen R, Harrison MJ. Loss of A#4 function
impacts phosphate distribution between the roots and the shoots
during phosphate starvation. Plant J 2006; 45(5): 712-26.

Martin AC, del Pozo JC, Iglesias J, Rubio V, Solano R, de
La Pefia A, et al. Influence of cytokinins on the expression of
phosphate starvation responsive genes in Arabidopsis. Plant
J2000; 24(5): 559-67.

Hirsch J, Lefort V, Vankersschaver M, Boualem A, Lucas A,
Thermes C, et al. Characterization of 43 non-protein-coding
mRNA genes in Arabidopsis, including the MIR162a-derived
transcripts. Plant Physiol 2006; 140(4): 1192-204.

Heo JB, Sung S. Vernalization-mediated epigenetic silencing by
a long intronic noncoding RNA. Science 2011; 331(6013): 76-9.
Vrbsky J, Akimcheva S, Watson JM, Turner TL, Daxinger
L, Vyskot B, et al. siRNA-mediated methylation of Arabidopsis
telomeres. PLoS Genet 2010; 6(6): €¢1000986.

Ding J, Lu Q, Ouyang Y, Mao H, Zhang P, Yao J, et al. A long
noncoding RNA regulates photoperiod-sensitive male sterility,
an essential component of hybrid rice. Proc Natl Acad Sci USA
2012; 109(7): 2654-9.

Zhou H, Liu Q, Li J, Jiang D, Zhou L, Wu P, et al. Photoperiod-
and thermo-sensitive genic male sterility in rice are caused by a
point mutation in a novel noncoding RNA that produces a small
RNA. Cell Res 2012; 22(4): 649-60.

Zhu D, Deng X. A non-coding RNA locus mediates environment-
conditioned male sterility in rice. Cell Res 2012; 22(5): 791-2.
Dai XY, Yu JJ, Ma JX, Ao GM, Zhao Q. Overexpression of
Zm401, an mRNA-like RNA, has distinct effects on pollen
development in maize. Plant Growth Regulation 2007; 52(3):
229-39.

Ma J, Yan B, Qu Y ,Qin F, Yang Y, Hao X, et al. Zm401, a short-
open reading-frame mRNA or non-coding RNA, is essential for
tapetum and microspore development and can regulate the floret



580

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

formation in maize. J Cell Biochem 2008; 105(1): 136-46.
Girard G, Roussis A, Gultyaev AP, Pleij CWA, Spaink HP.
Structural motifs in the RNA encoded by the early nodulation
gene enod40 of soybean. Nucleic Acids Res 2003; 31(17): 5003-
15.

Campalans A, Kondorosi A, Crespi M. Enod40, a short
open reading frame-containing mRNA, induces cytoplasmic
localization of a nuclear RNA binding protein in Medicago
truncatula. Plant Cell 2004; 16(4): 1047-59.

Yang WC, Katinakis P, Hendriks P, Smolders A, de Vries F,
Spee J, et al. Characterization of GmENOD40, a gene showing
novel patterns of cell-specific expression during soybean nodule
development. Plant J 1993; 3(4): 573-85.

Crespi MD, Jurkevitch E, Poiret M, d’Aubenton-Carafa Y,
Petrovics G, Kondorosi E, ef al. enod40, a gene expressed during
nodule organogenesis, codes for a non-translatable RNA involved
in plant growth. EMBO J 1994; 13(21): 5099-112.

Kouchi H, Takane K, So RB, Ladha JK, Reddy PM. Rice
ENODA40: Isolation and expression analysis in rice and transgenic
soybean root nodules. Plant J 1999; 18(2): 121-9.

Ganten D, Ruckpaul K. Encyclopedic reference of genomics
and proteomics in molecular medicine. Springer Verlag Press,
2006, 1701-2.

Xin M, Wang Y, Yao Y, Song N, Hu Z, Qin D, ef al. Identification
and characterization of wheat long non-protein coding RNAs
responsive to powdery mildew infection and heat stress by using
microarray analysis and SBS sequencing. BMC Plant Biol 2011;
11: 61.

Wierzbicki AT. The role of long non-coding RNA in transcri-
ptional gene silencing. Curr Opin Plant Biol 2012; 15(5): 517-22.
Wierzbicki AT, Haag JR, Pikaard CS. Noncoding transcription
by RNA polymerase Pol IVb/Pol V mediates transcriptional
silencing of overlapping and adjacent genes. Cell 2008; 135(4):
635-48.

Wierzbicki AT, Ream TS, Haag JR, Pikaard CS. RNA polymerase
V transcription guides ARGONAUTE4 to chromatin. Nat Genet
2009; 41(5): 630-4.

Tran RK, Zilberman D, de Bustos C, Ditt RF, Henikoff JG,
Lindroth AM, et al. Chromatin and siRNA pathways cooperate
to maintain DNA methylation of small transposable elements in
Arabidopsis. Genome Biol 2005; 6(11): R90.

Daxinger L, Kanno T, Bucher E, van der Winden J, Naumann U,
Matzke AJM, et al. A stepwise pathway for biogenesis of 24-nt
secondary siRNAs and spreading of DNA methylation. EMBO J
2009; 28(1): 48-57.

Onodera Y, Haag JR, Ream T, Costa Nunes P, Pontes O, Pikaard
CS. Plant nuclear RNA polymerase IV mediates siRNA and DNA
methylation-dependent heterochromatin formation. Cell 2005;
120(5): 613-22.

Wau J, Okada T, Fukushima T, Tsudzuki T, Sugiura M, Yukawa
Y. A novel hypoxic stress-responsive long non-coding RNA
transcribed by RNA polymerase III in Arabidopsis. RNA Biol
2012; 9(3): 302-13.

Ietswaart R, Wu Z, Dean C. Flowering time control: Another
window to the connection between antisense RNA and chromatin.
Trends Genet 2012; 29(9): 445-53.

Liu FQ, Marquardt S, Lister C, Swiezewski S, Dean C. Targeted

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

3’ processing of antisense transcripts triggers Arabidopsis
FLC chromatin silencing. Science 2010; 327(5961): 94-7.

Song JH, Cao JS, Wang CG. BcMF11, a novel non-coding
RNA gene from Brassica campestris, is required for pollen
development and male fertility. Plant Cell Rep 2013; 32(1): 21-
30.

Shi Y, Zhao S, Yao J. Premature tapetum degeneration: A major
cause of abortive pollen development in photoperiod sensitive genic
male sterility in rice. J Integr Plant Biol 2009; 51(8): 774-81.
Azzalin CM, Reichenbach P, Khoriauli L, Giulotto E, Lingner J.
Telomeric repeat containing RNA and RNA surveillance factors at
mammalian chromosome ends. Science 2007; 318(5851): 798-801.
Schoeftner S, Blasco MA. Developmentally regulated transcri-
ption of mammalian telomeres by DNA-dependent RNA
polymerase II. Nat Cell Biol 2008; 10(2): 228-36.

Cho JK, Koo DH, Nam YW, Han CT, Lim HT, Bang JW, et al.
Isolation and characterization of cDNA clones expressed under
male sex expression conditions in a monoecious cucumber palnt
(Cucumis sativus L. cv. Winter Long). Euphytica 2005; 146(3):
271-81.

Tsai MC, Manor O, Wan Y, Mosammaparast N, Wang JK, Lan
F, et al. Long noncoding RNA as modular scaffold of histone
modification complexes. Science 2010; 329(5992): 689-93.
Hung T, Wang YL, Lin MF, Koegel AK, Kotake Y, Grant GD, et
al. Extensive and coordinated transcription of noncoding RNAs
within cell-cycle promoters. Nat Genet 2011; 43(7): 621-9.

Yap KL, Li SD, Mufioz-Cabello AM, Raguz S, Zeng L, Mujtaba
S, et al. Molecular interplay of the noncoding RNA ANRIL
and methylated histone H3 lysine 27 by polycomb CBX7 in
transcriptional silencing of /INK4a. Mol Cell 2010; 38(5): 662-74.
Kino T, Hurt DE, Ichijo T, Nader N, Chrousos GP. Noncoding
RNA gas5 is a growth arrest-and starvation- associated repressor
of the glucocorticoid receptor. Sci Signal 2010; 3(107): ra8.
Jolly C, Lakhotia SC. Human sat III and Drosophila hsro
transcripts: A common paradigm for regulation of nuclear RNA
processing in stressed cells. Nucleic Acids Res 2006; 34(19):
5508-14.

Gong C, Maquat LE. IncRNAs transactivate Staufenl-mediated
mRNA decay by duplexing with 3" UTRs via Alu elements.
Nature 2011; 470(7333): 284-8.

Faghihi MA, Modarresi F, Khalil AM, Wood DE, Sahagan BG,
Morgan TE, et al. Expression of a noncoding RNA is elevated in
Alzheimer's disease and drives rapid feed-forward regulation of
beta-secretase. Nat Med 2008; 14(7): 723-30.

Guenther MG, Levine SS, Boyer LA, Jaenisch R, Young RA.
A chromatin landmark and transcription initiation at most
promoters in human cells. Cell 2007; 130(1): 77-88.

Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A ceRNA
hypothesis: the Rosetta Stone of a hidden RNA language? Cell
2011; 146(3): 353-8.

Wu HJ, Wang ZM, Wang M, Wang XJ. Widespread long
noncoding RNAs as endogenous target mimics for MicroRNAs
in plants. Plant Physiol 2013; 161(4): 1875-84.

Hung T, Chang HY. Long noncoding RNA in genome regulation:
prospects and mechanisms. RNA Biol 2010; 7(5): 582-5.
Bonasio R, Tu S, Reinberg D. Molecular signals of epigenetic
states. Science 2010; 330(6004): 612-6.



5K

ok R KB RO RNA B 500

581

71

72

73

74

75

76

77

78

79

80

81

Compaan B, Yang WC, Bisseling T, Franssen H. Enod40
expression in the pericycle precedes cortical cell division in
Rhizobium-legume interaction and the highly conserved internal
region of the gene does not encode a pep tide. Plant Soil 2001;
230(1): 1-8.

Gultyaev AP, Roussis A. Identification of conserved secondary
structures and expansion segments in enod40 RNAs reveals new
enod40 homologues in plants. Nucleic Acids Res 2007; 35(9):
3144-52.

Laporte P, Satiat-Jeunemaitre B, Velasco I, Csorba T, van de
Velde W, Campalans A, ef al. A novel RNA-binding peptide
regulates the establishment of the Medicago truncatula-
Sinorhizobium meliloti nitrogen-fixing symbiosis. Plant J 2010,
62(1): 24-38.

Ho L, Crabtree GR. Chromatin remodelling during development.
Nature 2010; 463(7280): 474-84.

Pfluger J, Wagner D. Histone modifications and dynamic
regulation of genome accessibility in plants. Curr Opin Plant Biol
2007; 10(6): 645-52.

Koziol MJ, Rinn JL. RNA traffic control of chromatin complexes.
Curr Opin Genet Dev 2010; 20(2): 142-8.

Nagano T, Fraser P. Emerging similarities in epigenetic gene
silencing by long noncoding RNAs. Mamm Genome 2009;
20(9/10): 557-62.

Rinn JL, Kertesz M, Wang JK ,Squazzo SL, Xu X, Brugmann
SA, et al. Functional demarcation of active and silent chromatin
domains in human HOX loci by noncoding RNAs. Cell 2007,
129(7): 1311-23.

Zhu Q, Wang M. Molecular functions of long non-coding RNAs
in plants. Genes (Basel) 2012; 3(1): 176-90.

Yun H, Hyun Y, Kang MJ, Noh YS, Noh B, Choi Y, et al.
Identification of regulators required for the reactivation
of FLOWERING LOCUS C during Arabidopsis reproduction.
Planta 2011; 234(6): 1237-50.

Spitale RC, Tsai MC, Chang HY. RNA templating the epigenome:
Long noncoding RNAs as molecular scaffolds. Epigenetics 2011;
6(5): 539-43.

82

83

84

85

86

87

88

89

90

91

92

Good MC, Zalatan JG, Lim WA. Scaffold proteins: Hubs for
controlling the flow of cellular information. Science 2011;
332(6030): 680-6.

Kim YJ, Zheng B, Yu Y, Won SY, Mo B, Chen X. The role
of Mediator in small and long noncoding RNA production in
Arabidopsis thaliana. EMBO J 2011; 30(5): 814-22.

Lee TF, Gurazada SG, Zhai J, Li S, Simon SA, Matzke MA, et
al. RNA polymerase V-dependent small RNAs in Arabidopsis
originate from small, intergenic loci including most SINE
repeats. Epigenetics 2012; 7(7): 781-95.

Zheng Q, Rowley MJ, Béhmdorfer G, Sandhu D, Gregory
BD, Wierzbicki AT. RNA polymerase V targets transcriptional
silencing components to promoters of protein-coding genes.
Plant J 2013; 73(2): 179-89.

Ender C, Krek A, Friedlander MR, Beitzinger M, Weinmann L,
Chen W, et al. A human snoRNA with microRNA like functions.
Mol Cell 2008; 32(4): 519-28.

Taft RJ, Glazov EA, Lassmann T, Hayashizaki Y, Carninci P,
Mattick JS. Small RNAs derived from snoRNAs. RNA 2009;
15(7): 1233-40.

Boerner S, McGinnis KM. Computational identification and
functional predictions of long noncoding RNA in Zea mays.
PLoS One 2012; 7(8): ¢43047.

Jin J, Liu J, Wang H, Wong L, Chua NH. PLncDB: Plant long
non-coding RNA database. Bioinformatics 2013; 29(8): 1068-71.
Wang H, Chung PJ, Liu J, Jang IC, Kean MJ, Xu J, et al.
Genome-wide identification of long noncoding natural antisense
transcripts and their responses to light in Arabidopsis. Genome
Res 2014; 24(3): 444-53.

Wilhelm BT, Marguerat S, Watt S, Schubert F, Wood V,
Goodhead I, et al. Dynamic repertoire of a eukaryotic trans-
criptome surveyed at single-nucleotide resolution. Nature 2008;
453(7199): 1239-43.

Birney E, Stamatoyannopoulos JA, Dutta A, Guigo R, Gingeras
TR, Margulies EH, et al. Identification and analysis of functional
elements in 1% of the human genome by the ENCODE pilot
project. Nature 2007; 447(7146): 799-816.





