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Regulatory Roles of Noncoding RNA in Plant
Development and Adaptabilities

CHEN Long, NIU Ming-gong
(Department of Life Sciences Zhoukou Normal University, Zhoukou 466000 China)

Abstract: The noncoding RNA molecules, which are transcripted from DNA s but not translated
into proteins, play versatile important physiological roles in organisms. The paper discussed the
updated researches on noncoding RNA regulatory functions in plant growth and development,
and adaptation to abiotic surrounding stressors, as well as regulatory pathways.

Key words: Noncoding RNA; Regulatory role; Plant development; Environmental adaptability

RN A (noncoding RNA, ncRNA )

, ncRNA .
RN A (small nucle-

RN A s
, RNA (small ar RNA, snRNA ). RN A (small cytoplasmic
RNA, sRNA) . ncRNA RN A, scRNA ). RNA (small nucleolar
, RN A, snoRNA ). RNA (small ribosomal
) , RNA RN A, sTRNA) ncRN A :
RNA , mRNA, tRNA 21 ~25nt RNA (microRNA, miRNA ),
rRNA. ncRNA , 100 ~200nt RNA (small RNA, sRNA)
tRN A mRNA 1000 nt
ncRNA, ncRNA., :
, ncRNA RN A (guide RNA, gRNA ),
", ) ncRNA RNA Gsignal recognition par-
, ticle RNA, SRP RNA ),
2, RN A (telomerase RNA ), tRNA
1 necRNA rRNA P— RNA (RNaseP
RN A, pRNA) P,
ncRN A , mRNA RNA (mRNA— like RNA ). -
:2006-11-12
(1962-), s s



2007 5 4 #)

RNA (transfermessenger RNA, tmRNA).
mRNA RNA (small interfering
RNA, siRNA). H

Piwi RN A (piwi-interacting
RNA, piRNA).

, ncRN A
RNA .mRNA

Deng

. ncRNA
, ncRNA
) . E. coli
184nt  6S RNA " ;
. RN A .
. E.coli  RNaseP RNA
377nt,  RNaseP s tRNA
rRNA 5 . ,
(snRNP),
rRNA

snRNA
mRNA
2—0—

. snoRNA
tRNA
. ncRN A
. RNA
mRNA ,
mRNA . . Mattick'®  E. coli
ncRNA,  80nt E.coli RyhB sRNA,
87nt E.coli Dsra sSRNA RNA
mRNA ,

siRNA

mRNA
) mRNA
. tmRNA,
) tRNA ,
, tmRNA
I, SRP

mRN A
mRN A
9 neRNA
. RNA
ncRNA

b

,ncRNA
[29

2 ncRNA

miRN A ,
miRN A
2 miRNAs

s . (A.
thaliana)agol , dcll , henl , hyll — hst )
miRN A ,

. miRN A
, mRNA mRNA,
HE L miRNA
mRNA  2/3 )
miRNA
[12, 13] . dCl]
henl , hyll  hst ,
miRNA . agol
, miRN A .
miRN A s
miRNA . agol
miRNA mRNA ,
DCLI RNA
e miR 165166  HD
—7Z1P 1II PHB, PHV  REV,
phb-d, phv-d rev-d miR165/
166 . s phbd  phv-d
miRN A U318 miR172
APETALA2 ,
AP2, TOElI, TOE2, TOE3
GLOSSYIS SR . miR172
APETLA2 APETLA2
9 (1] °
miRNA
, miRN A . 358—
MIR164 NAC cucl,
CUC2 NACIL miR164a  miR164b

[20]
’ o

355—MIR166g

. jwa
miRNA TCP mRNA
, ., TCP4mRNA
. 355~ MIR319 .
. jaw—D
MIR319a , .
miR319¢( 24 TCP
) 5 TCP 2
’ ’ (23 o
mRNA .
miRNA mRNA 2



R AR A

) miRNA

miRNA

b

»  miR159 MYB33

;3 miR160 ARF16

[ 2324

b

ncRNA ,

b

miR172
TOE2)
eat— D

MIR172b  miR172

APETAL A2
miR172

mRNA s

(2728 miR172

3 ncRNA

[29]

NA
ABA

miRNA 102

miR393
,  miR319¢

NA

miR399

(ubiquitin-conjugating enzyme, UBC)

mRNA
miRNA

APETALA2

[31]

3 7 MA01

~ ~

[ 29

(TOEI

[17]

toel—D .
TOEI

glossyl5 (gll5) ,

glls

APETALA2

sRNA, ncRNA

ABA
[30]
(ATP
APS1 mR-

» UBC

[32]

, miR398
(Cu—SOD),
B . miR408
miRNA 530
Borsani ' sRNA
siRNAs, nat-siRNAs,
. nat-siRNAs
s dcl2 24nt
siRNA PSCDH— PSCDH
. P5CDH )
NaCl PSCDH (NaCl)
» SRO5mRNA 24nt nat-siRNA
natsiRN A . PSCODH
natsiRNAs )
ncRNA miRN A
N miRN A ,
e miRN A

mosaic virus)

(red clover necrotic

(Agrobacterium tume-

faciens) R )
sRNAs
. siRN A
miRNA , miRN A
siRNA . miRNA siRNA
139, 40]
4 ncRNA
, s miRNA
. . miRN A
miRNA ,
miR171 SCL s
b [42] o
(ARF) miR167 miR160



2007 5 4 #)

4, miR160
ARF10, ARF16, ARF17
[43]
ncRNA
, miRNA miR-
NAs . DCL1 AGO1 miRN A 2
. miRNA , dell
agol . miR162
DCLI, miR168 AGOIl . DCLI
miR162 miR162 DCLI s
DCLI/miR162 .
miR168 AGOI mRN A s
miR168  AGOI 4, , AGOI
MIR168 miRNA
AGOl /miR168 e
5
ncRNA s
[4% RNA 2 B
ncRNA,
. , ncRNA ,
ncRNA s
ncRNA , ,
ncRNAs
, ncRN A
(4ol s ncRN A
. ncRNA
ncRNA )

[ Storz G. An expanding universe of noncoding RNAs
[ J] . Science, 2002, 296: 1260— 1263.

[2]  Mallory A C; Vaucheret H. Functions of microRNAs
and related small RN As in plantq J] . Nature Genetics,
2006, 38: 31—36.

[3 Liu CN, Bai B Y, Skogerb G, et al. Noncode: an inte-
grated knowledge database of non-coding RNAs[ J] .
Nucleic Acids Res, 2005 33(13); 112—115.

[4 Deng W, Zhu XP, Skogerb G, et al. Organization of the

o 8 o

[ 6]

[7]

[9]

[10

[11]

[12

[ 13

[14]

[15

[19

[ 17

[1§

[19

Caenorhabditis elegans small non-coding transcrip-

tome Genomic features biogenesis, and expression| J] .
Genome Research 2006, 16(1): 20— 29.
(M].2 . . .

2002 157— 173.

Mattick J S. The unctional genomics of noncoding

RNA[ J] . Science, 2005, 309: 1527— 1528.

Lau N C, Lim L P,
class of tiny RNAs with probable regulatory roles in
caenorhabditis elegans[ J]. Science, 2001, 294; 858 —
862.
Gillet R, Felden B. Emerging views on tmRNA-media-

Weinstein E, et al. An abundant

ted protein tagging and ribosome rescue[ J]. Mol Mi-
crobiol; 2001, 42. 879— 885.
, , . micro RN A
[Jhn. ,» 2006 42
(3):581— 588.
Reihart B J, Weinsein E G, Rhoades M W, et al. Mi-
croRN As in plants[ J] . Genes Dev, 2002, 16; 1616 —
1626.
Bartel B, Bartel D P. MicroRNAs: at the root of plant
development[ J] . Plant Physiology, 2003 132 709 —
17.
Bartel D P. MicroRN As; genomics biogenesis, mecha-
nism, and function J]. Cell 2004, 116:281— 297.
Rhoades M W, Reinhart B}, Lim L P, ef al. Prediction
of plant microRNA targets[ J]. Cell, 2002, 110(4).
513—520.
Baumberger N, Baulcombe D C. Arabidopsis argo-
nautel is an RNA slicer that selectively recruits mi-
croRN As and short interfering RNAs[ J] . Proc Natl
Acad Sci USA, 2005, 102; 11928— 11933.
Hawker N P, Bowman J L. Roles for cdass Ill HD—
Zip and kanadi genes in Arabidopsis root development
[ J] . Plant Physiol, 2004, 135:2261— 2270.
Prigge M J Otsuga D, Alonso J M, et al. Class IIl ho-
meodomain-leucine zipper gene family members have
overlapping, antagonistic and distinct roles in Arabi-
dopsis development J] . The Plant Cell 2005 17:61—
76.
Aukerman M J, Sakai H. Regulation of flow ering time
and floral organ identity by a microRNA and its AP-
ETALA2— like target genes| J| . Plant Cell, 2003 15:
2730— 2741.
Papp I, Mette M F, Aufsatz W, ef al. Evidence for nu-
clear processing of plant microRNA and short inter-
fering RN A precursors| J| . Plant Physiol 2003, 132;
1382— 1390.
Chen X M, Liu J, Cheng Y L; ef al. HEN1 functions
pleiotropically in Arabidopsis development and actsin
C function in the flowe] J| . Development, 2002, 129:



R AR A

[ 20]

[ 21]

[ 22

[ 23]

[24]

[ 25]

[ 26]

[27]

[ 28]

[ 29]

[ 30]

[ 31]

[ 32

[ 33]

1085— 1094.

Laufs P, Peaucelle A, Morrin H, et al. MicroRNA
regulation of the CUC genes is required for boundary
size control in Arabidopsis meristems| J|. Develop-
ment, 2004, 131: 4311—4322.

Palatnik ] F, Allen E; Wu X L, et al. Control of leaf
morphogenesis by microRNAs[ J] . Nature, 2003 425
(6955): 257— 263.

Baker C G, Sieber P, Wellmer F, etal. The early extra
petals] mutant uncovers a role for microRNA
miR164c in regulating petal number in Arabidopsis
[J]. Curr Bio, 2005, 15(4):303— 315.

Millar A A, Gubler F. The Arabidopsis GAMYB—
like genes, M YB33 and MYB65 are microRNA —
regulated genes that redundantly facilitate anther de-
velopment[ J] . Plant Cell 2005, 17: 705— 721.

M allory AC Bartel DP, Bartel B. MicroRN A— direct-
ed regulation of Arabidopsis AUXIN RESPONSE
FACTORIL7 is essential or proper development and
modulates expression of early auxin response genes
[ ] . Plant Cell, 2005 17: 1360— 1375.

Chuck G, Hake S. Regulation of developmental transi-
tiong J] . Current O pinion in Plant Biology, 2005, 8: 67
—170.

Da X Y, Yul J; Zhao Q, et al. Nomrcoding RNA for
ZMA401, a pollerrspecific gene of Zea mays|[ J] . Acta
Botanica Sinica, 2004 46(4): 497— 504.

Lauter N, Kampani A, Carlson S, ef al. microRNA
172 down regulates glossy 15 to promote vegetative
phase change in maize[ J]. Proc Natl Acad Sci USA,
2005 102(29):9412—9417.

Chen X. A microRNA as a translational repressor of
APETAL A2 in Arabidopsis flower development[ J] .
Science, 2004, 303: 2022— 2025.

Zhu J K. Salt and drought stress signal transduction
in plants[ J] . Annu Rev PlantBiol 2002, 53. 247 —
273.

Sunkar R, Zhu J K. Novel and stress-regulated mi-
croRNAs and other small RNAs from Arabidopsis
[ ] . Plant Cell 2004 16:2001—2019.

Jones-Rhoades M W, Bartel D P. Computational iden-
tification of plant miRNAs and their targets, including
a stress-induced miRNA[ J] . Mol Cell, 2004, 14; 787—
799.

Fujii H, Chiou T J, Lin S L etal. A miRNA involved
in phosphate starvation response in Arabidopsis| J] .
Curr Biok 2005, 15:2038—2043.

Lu S F Sun Y H, Shi R, et al. Novel and mechanical

stress- responsive microRNAs in populus trichocarpa

that are absent from Arabidopsis|J]. Plant Cell,

[ 34

[ 35]

[39

[37

[38

[39

[40

[ 41]

[ 42]

[43

[44

[45]

[ 46

2005, 17: 2186—2203.
Borsani O, Zhu J, Verslues P E ef al. Endogenous
siRN As derived from a pair of natural cis-antisense
transcripts regulate salt tolerance in Arabidopsis J| .
Cell 2005 123: 1279— 1291.
Chellappan P, Vanitharani R, Fauquet C M. Micro
RN A-binding viral protein interferes with Arabidop-
sis developmen{ J] . Proc Natl Acad Sci USA, 2005
102(29): 10381— 10386.
Llave C. MicroRN As: more than a role in plant devel-
opmen( J] . Molecular Plant Pathology, 2004, 5(4).
361— 366.
Takeda A, T sukuda M, Mizumoto H, ef al. A plant
RNA virus suppresses RNA silencing through viral
RNA replication] J] . EMBO J, 2005 24:3147— 3157.
Dunoyer P, Himber C, Voinnet O. Induction suppres-
sion and requirement of RNA silencing pathways in
virulent A grobacterium tumefaciens infections| J].
Nat Genet, 2006 38:258— 263.
Chapman E }J Prokhnevsky A I Gopinath K, et al.
Viral RNA silencing suppressors inhibit the micro
RN A pathway at an intermediate step{ J] . Genes Dev,
2004, 18; 1179— 1186.
Dunoyer P, Lecellier C H, Parizotto E A, ef al. Pro-
bing the microRN A and small interfering RNA path-
ways with virus-encoded suppressors of RNA silen-
cing J| . Plant Cell, 2004, 16; 1235— 1250.
Jones Rhoades M W, Bartel D P, Bartel B. Micro
RNAs and their regulatory roles in plants[ J| . Annu
Rev Plant Biol, 2006 57: 19— 53.
Emery J F, Floyd S K, Alvarez } etal. Radial pattern-
ing of Arabidopsis shoots by class III HD— ZIP and
KANADI geneq J| . Curr Biol 2003, 13: 1768— 1774.
Wang J W, Wang L J) Mao Y B eral.Control of root
cap formation by micro RN A— targeted auxin response
factors in Arabidopsis[ J]. The Plant Cell, 2005, 17
(5): 2204— 2216.
Vazquez F, Gasciolli V, C€t€ P, et al. The nuclear
dsRN A binding protein HYL1 is required for microRNA
accumulation and plant development, but not postt-
ranscriptional transgene silencing [ J] . Curr Biol
2004 14:346— 351.
Xie Z, Kasschau K D, Carrington J C. Negative feed-
back regulation of Dicer— Likel in Arabidopsis by mi-
croRNA-guided mRNA[ J] . Curr Biol 2003, 13; 784—
789.
LuG, TejS S, Luo S } et al. Elucidation of the small
RNA component of the transcriptome| J] . Science,
2005, 309: 1567— 1569.



