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MR IEREREYMF M RER

BRI, FA4IE, B

ARV R 2 A di B2 2 B, T AL A8 R A B 401 R B s &, T B £RE 071000

FEEE: AR IR D AABRRNAFAZAB IR R G 208, HMAZAB RO R R & L8 1AT, AT AR @22~/ 5 5 R Rl #)
B . R T ARG LT BN B T Z 0 AR S, X R AR R A T A A e ey &

BHFIE, AARIN A ALY IE L B B A R AR AL 77 XL —.
B0 A K& F A2, A AR ST A8IR AL A AR I g Th Bk

RI R85 A0 A R
KRR RN AR IR R G

ZBEAR (ribosome) & B 2 1. FEAN R A1)
Y M 28, LR FI A N R A% B AL AR R
(PR 55 1 o A% 40 1 A B A4 2 e 40 A% B 1A
RNA (rRNA)FI79~81FA% fili 4t (1 (TR FRR 2 )14
BT — M RN A ZH (1 Ik 5 7 # i ATlmRNA
FRAD Dy RERT T AR A R BN B AR, REE S
FIYERFRNAK R FIME R o HORER 2 1B 70 RN,
i FIREAMMUSE TIRNAIN L. 18, #%
W AR 55 20 25 iz i B, G 7R 0 35 45 f () R e
PE KRR S &R0 B0 1R R T R A LA A RO 8T A ik
3 &5 e A S R R PEAE L, H 28T Re K
FHERZBEAR S A 4% D i (Barakat2$2001; Komili
£2007). FEYIRE 5 R A M S 22 R R 4 i
HRRAESZ )32 Kk . B A, MYIRE AT 5T —
77 TH A2 i Bh 41 25 1 50 F BOW AR R B AT il
BT, 55— 7 R R A A, EBRE
R AR I R A o0 B, B AT e RER 1 I AE 4 2
Dhfe. A3 DA R P40 B 77 A R AT 1 R 9 A
RNE, LR TREQEEYIEF AT L K
FHIR A2 FRAE B R LT BRI A FLEE

1 PRI PR R R B B4Rk

H HTZh Y th R & 1 iy 44 7T BLIX 73 K/ IE
He, AR SCHAZ R R B 1 /N 2 (ribosomal protein
small subunit). “KF.3&(ribosomal protein large subunit)
FIAZ BEA W B2 1L 2 A (ribosomal phosphoproteins)
3 HISn. LnflPnskoR. FAZEYH, BEEHIR
HEAH TN, MR AR P37 132K, Group I3t
358, 54T/ 4l e [FYE; Group ITA32F, 54l
1 [F1J5; Group TILFR 127 Jy B AZ 41 i 4547 (Wilson

B b, HMZAEIRE G T AL T Y4 i
AL LRE T W S AZAEIRE G S 5 69D K F Aorh

FiCate 2012). =55 EAZED LG —NESMT KT
FERZ R B E1L28e, SN8OFN; MM IEATEZ 1 4
RE AR, BIAZHERSUX IR M5 A P3, N8 1F
(BarakatZ52001; Komili%$2007). fLE§FFRE H4>
TEA1E3.4 (L31)~44.7 (L4) kDald], HrPO., P1.
P2, P3RISI2NMMEEE 1, 5 a5 (p]) 4.0~5.8; L
BRI A, pI£ES.1 (S27)~12.8 (S30F1L39) 2.
. TERZRER B A2 R T, REFZE#H 5RNA
SE BT REIR TR /NS, 4% 5rRNALZE A1)
53 R VIR GG TR A “RBEGEAHIR
SiemaEJUH . ANFEMRE E 8 FEYRPE
0~5% 8], (HAN R R R FRE E, F—MHR
96% (L41)~35% (L28), “F$4°566%, &~ | REH
R 1 P AR < P4 (Carroll 2013).

RN BIRER 5 F ks AU R I I 3R 0K 7
Fl|bric(expressed sequence tag, EST)FIDNA 51| i
& 75 (GenBank) H )[Rl YJEcDNA 41, #EA] GEFIR
g 0 EE KA 2494, P 101 g A 32 /N K.
FEEH, 14848 KV L 85 1, IX s B fp
REAMImIDIEE A IE—A . FsZ X2 EY T
REE [ X 51T oAt B A% A= W 1) e S 35 R AE, B A
R A LG T XAEAE, BN REE E K5 1) %
FOBE N2~TAS, 2 N3~44 . KRR 18] 7 5
[F— 1 N65%~100% (Carroll 2013; Hummel %5
2015).
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R A B F Z I RE & HSrRNALS & 14 Bz bl
o MTAEE— M, #HAFEREOGNK
R — SR, MAERE A BE5 I, MR = 20
— MR E A A [F 4 )5 () & (Savada M Bonham-
Smith 2014), K xfF 2 FE K Kk A FR & H,
LR IE I A A e S5 A% 0 A ) A= ) O A B ) B,
—HEPREESOENE S 85 M MIFHT 2
FhFBLUBEEE B0 U] K S A 0T TG 20 A 55 M2
FKCPHEFL T REE A KR 3R IA(Glavalisco%52005;
Chang%:2005; CarrollZ£2008; PiquesZ52009; Turkina
£52011; Hummel&52012), it — TA) B A 1 -
JR 1 56 T % R (liquid chromatograph mass spectrom-
eter, LC-MS®)[{IHF 78 48 52 H AL FERACKI7E I 1165
MNEH, #5770 RE H EF %R (Hummel
2015),

2 METTREBRIERRIRIAFHIE

T, REE ATER (4 K2 2% . AR
LRI FFESTHHE 1K 43 #r, 222D 77% MR EE 1 £ K A
Re A I 21 1) 7K 202, 7% 1925 (R (224 ) 3% A A il
HEST, #A A2 3E K (ZorcafllZorca 2011). RER
25 DR ) e s SR IB AT 32 AN RS, oA Gk 2
FIEAIE R KRN, & RIAREEY A EZR . H
NI R R IA 0 3 2 5t GENEVESTIGATOR
(https://genevestigator.com) 73 #T FIN 55 7 R its B 4,
RIMAEAF B R BB B, FLANRER E % oK A
A RKHZ 5, o DUE 5 AR K, &
A2 F-300, iz e (K AT LAIE 290 000, 1% 2300
G2 % . S5ZMIE, REF SGREAET HkoK P
e e B K22 5 A 4445, 7R S0 [A] LA (8] A
B % [ AR FEAK (R B R 4% Ak, AR AR
RN, BRI RIS KA 2 R, 4 Hm ik
FRE A KR AP, type IR AL R 2 (8] R I8
AKPARAEL, type TISRIER I Rk 073 AR b [A) 0k A R 22
F, XM OR 25 TN N AT RE A R DR T AL
THRIThRE . MBI RE B R A p R D
25 BN SRR IR AN S —— A S IR B R R Y A
KIS, BB ) AW e SRR AR AR AL, T A
IR S A H A AL AR . (HAATAR I, fEREL
R E RN, 42 BRE AR 3K A AR Bl
BB, DECA W3 T B, 2R

NIX LR W] BELERR IR 25 N B R AR AN 1)
It (SavadafliBonham-Smith 2014).

S ACE B AR PR IE T REE H 5%
Z[B) e Sg (R ARALEE, HDA eI DR B — D ORI 3R
ISE IG5 A — R, DR R AR [ 2R R 0 7 3 T 2
DB AN REE B7R8 TRE A I mRNATEH
PR B A PR T HLE], —Fhe S FREE W)
BT DAL EEE, e R FEE FHASEE R
RE A mRNAA E AHL IR E 2, e (55
IR FEVLRANI K S S EUEY R K ZAE R, 225
EERE I mRNA PRI BE L [RI BRI, T FR X 25 5
D) SO PR A (0 B [R) 130 7, SRPARER H I mRNA
B BE L B [5) 1 75 (KawaguchiZ$2004; Branco-
Price252005; NicolaiZ£2006); % — 04 k2, WifE
ARl 5 B A R B AR SR B, IR PR E B
P1. P2AMIP2BE H KA %57, (xR 5 H
mRNAKFARAAA IR, BnAS A R & H Al GEAF1E
FHAF B R . Z IV 7RSS, P11,
P2AFIP3 & [ B BR AL K P AE SR A AR R N & F
[%(Szick-MirandafliBailey-Serres 2001), ‘& 7<%l
JE BT TREAF G2 R EEL ., 245
I FE 2 B, RER BT A% AR 1 4 R AN D g 1)
AEZENE N, REAMBEEBINEA Z
Ry i, WHEEL TR M 2. NR I LBt
o 2R BRI R El = 5 AL DL
JeNR B il 28 R 1) — H SR AAE FH &%, X S8B IR Jo
T 29N F R H (Carroll452008; 2013), —
5E T B R B AT e 52, BB LI il 1 AR T
HR TR B AR S5 B 5 R AN R B A ]
Refl HBA T HAR A RN A 7 ) Dhg, WiS6AIL29
A BIAS [F B R A T A 6 A I b S BN [F] 1) 5
B, Bor T H NS 5 1 D fg(Turkina%§2011)

RE H 5 rRNA R FEAZ A o 2R BL AR B AR 1),
Bt UL & /D AEAZ AT AN [RIR B B9 4H 53 B A2 — 5
). SavadafllBonham-Smith (2014)F] FH %¢ 6,5 )¢
EAREEERFR 175D R R KT A RE A
BRIV 40 B o 7 o At AT] A IR B A E 4 i S A A% A
FHEEARMMA R, REAHEAUEZEMER
SENLBHENAZAT . L TaK i B S R A L 7aA
MIL7aBHBLELH T Hh A 235 AR R, TML15A/BYE
HAZ W B G REE fefmr. BR T R AIAZ 5, REA
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3R] S AT 38 200 2 T B o v B 4T A, TX
I 7 B R A AT RE RS LR SRR Th BE -

3 REERGREEFERABEEFRIE

TR B SR FFAETE B T AL RS AR X
5 HAh EAZ AV — A BRI, A R A
(RS BTt o ) FH R B A R0 B B 0 o X Jm) HL YK
DA B R €0 38 0 5T 3% 43 AR 55 23 A 400 R T AL B AR
RINAS[F] (I 80SAZ WE M4 IR AL AN IR AH ], A
2125%MRE AR EA B AT EE BT
(Chang#§2005). %45 R B BoR T YR
F BUVERFAE, BDZEAS [R5 B 1A 24 () A BB A,
HREAMAHABIFA T —. I KEHE
HSE 11 1 20 M s, WA 1 ST AZ R A B AR AR
Yy 2 I R S M, IR S 2 ] DA
HLAE 20 it 7K ~F-(BarakatZ£2001; Giavalisco2$2005;
SavadafliBonham-Smith 2014),

18 AR A v S M ) R DR JE B R R R
FIREH ZA T BAFE AR EEA R Z IR &
ATE . GnA AR R AT SR A 7 TR — 2 B 1)
ANTE], T8 R AN R B R 20 A B A% BE AR 8 ok 2|
10742 2 (Hummel%£2012); Ak, I SEEIA
MW e AL, MEHIEEIBI B0, IX e 1) 5
G5B R IR FF AL U MR AR ) B PR R EE )
R ) EAH R AN BE 2, (H2, "I LUE & M2 it —
Al YRR I R B . AR YIAZBE AR 1R X
— H EHRHE, W ARG E MY A KR B AL
7R BEEMED ALK, ZREARTRE H 1R
T3 A TR 240 RN 2 23 PR G208 e AR AR AL B B AE AN ]
P AT R R 22 e, X R AN T A R A
NRRZHEAR BA BRI D Re, BIAS[F] 0 40 25 7Y
ey B ANE AL S5 T 2 A A I mRNAZS
GBI b, 6 T4 R I mRNA K R FE
Fo B 7R (KomiliZ#2007), A4 R ik A8
TR B R e R RN BT T R AL AR A R
RO, XN Dy [ 2 R e 6 1 S A T AR b
(PR8I N 48 it 2 —, WA KA 3 AR L
(Giavalisco%42005; KomiliZ#2007; Hummel452012).,

4 FEITREERTHFAIR
FERLF I, RE A RALR I T 45 R o

K REARFI R PR FEAE AR K B AR 22 07 Tk B4
Fo CREXETBIRIN R, K I LR [ HhAH
(1) FEAG A 2 L H AR BL IR i B SR B, it IR i B et
TR E AR, AL R I R R Y, 5%
AR T TR e 2 o AT ST IX B ER RN
TR E AR BRI 73 B0, — R ) &
S PR I8 R A TRR B R R 1R AE B AN S 1l B
|, ZRAFIRE AMTE L T RSB Thie
(Byrne%$2009). (AR Hi5 AR AR A H AN e 56 42 X
7y R 2 LABE AL AR, 0 JE5E 48 IR
EYENRTH Y S 5 R G IBERME TH 3.
41 RERE5FRAE

RIS 5K & MRE A ZS16
FISSA. S16 (FeH)ir 4 FNSSRI6)FHE KIS A 1) 5%
AR A G BEE, KRG KB ZEIEI O IE T
N R B 21k (TsugekiZ%1996) . S5HE: K 5% i fE
PRI 2N, SSATE S L b e 3R
ik, SSBIE ML A A TE 2 3Rk . SR It
#DNA (transfer DNA, T-DNA)Jfi A\.S5A 3 K] ) 5%
R R ALE B, WA KNS, L
H 2R H LR P (Wedjers552001)

PR FE TR fiG & B FRAR AR BEAT =8 2 i 12,
RILFHATA ZREHFE R, RA12S6. S11. L2,
L8, L23. LI9FILA0Z G 51, XL T EUM AR EL
TR R R R RKIEh R ISR &G AR . 5
S161FEAF AR TRFBL, 1K L8 T AR (1) HE R & B 4B
27 7 A 5 R I AR AR I, (R Bk Y
W5 R B LR ™ (R, WS T BRIE IR
B S, WRIG KB T Re i BB A b . )
— PR ARRE 2 BRE W 2 BT 0 < & I BAPT e X R 2B
IR IE AR AR BB AR, 2 5 R AR O VR G R 2 el R f
A H PR A% AR R = A 2 B 1) (Tzafrir%62004;
Meinke%52008),

KTFREAZSHEMR TR E MR N RS
5 L2TaZK R DI RE AT o L27a28 T5A 3/ A,
L27aA. L27aBML27aC, A L27aAVEA W] 5.1
SEAR, IR AR . L27aBRIL27aC i FE {7
5, BIN146 N EIER AR, HA 2N
[F] o X AR IR A i Rk, HL27aC
KIERAFEL27aB21% . WFRGRER, F—, I
BR B X L27atE 1 &2 BUKK . L27aCH
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L27aBI )R HRE S| L K B Gk, 187 IR1G
L27aC 5 R -5 Kpl2 7ac-1d7E AR KFEE F &
WA B 1, RSO TR DR AR B R A A
Ihiie, BCE B AT R R L27aBIE N D RETLAR 1)
FERITE SR = L27aClo i BRE ATAFAE M A7-35; pl27ac-
1d/+ AR 2 B, RRAFAi AR AR Y
6] T 295 B BRI L2 7aBEE R ) 98 A8 th A 2
A, (B MESS I REIA AN UL27aCHA SR
X SR 5t KA s T L2 7a R 1R A Ak D 1 ) B
WA R, 1% E > SRR E RN, =
BIEM K, BF 0I5 K ILL27alf) K TG 6 78 o 144
AR TR # e TR T AR E, KE %
RML27aF &2 . XLt FHIER T L27aCHI
L27aBEINRETUAR I, FINHER T L27a T IEEk A &
) 7 7 A RO A4 1) 52 4 0 B A 5% &R B R HE
HEREMIRE. H, L27aRAZR B ERTIEAR
BTN R E e ERBARL, R EERIE
JVR B0 TV R 3 45 () IS R A B, M BF AR R
KB EOIE I, rpl27ac- 1dMERE TR R &
N BRI ER TR, I B I Ji i A 25 T o
SHEALRIREWANIER, R84 R ER, &K
AR R IR RG 250 A H U R STMAICUC?2
A RIE, WMBRERFILIERRIE, A K Kiskm P
FPINIFRIEW R AR, RUFEF BN
FEAE RS RS T I S R R AT . A A
PRI TR T L2725 I (1 T 25 2 B 2 1R AH 5K
4 (Szakonyif1Byrne 2011a, b; ZsogonZ52014).

B R IL18aB A& R IR it A2 T T 119
rpl18aB AL AA 1) B3 I i 240 i 43 SR T77 [m) AN DU,
HAERCRIAE R, I G P A KRR iE
W2 BT Wehbrpll SaBFEAE A () R EAE R 7T LA
IE R, AR 384 77 B35 PR (Yan%52016) . X
LTRSS TREAERB R TR IERH, o5
SR G A A R A AL P 1 IR AL 15 LA
42 RERS5MRNLZEEIE

7R B 46 H 22T o AR 2 S N, 3
RE A AR () 7500 T (40 3 ) A0 00 T
Gz ) AR PE A5 R o BRI R B A 3N AN X R
My, E-m AR FR R B R RS BRI O . 5
A - T A0 P e S 356 DR 20 1) (0 6 N7 5 e A ELAR
FA W52 T 600 400 B 1 2 A i 3 S DR RE T I 00 B

Mo T REE TRZACEN, Wik RN
T+ /PRNA (miRNA). 26SH FIlgAR . Fxn ik
DR T BRAG 15 (1% 25 73 0 % €0 44 B 990 A OG 3 (R 45, 4
BT BRI 4 . B RO AR A W T IIER
[FIYR 45 F 3 2 BR 1 B (Arabidopsis class 111 home-
odomain-leucine zipper, HD-Zip I111)%5 ¥ [ 5% 55 [X]
TPHB. PHV. REVAE, fEITHIZRIEIF HIEImHiA
BT, IXEEIEDI #3242 T miR 165 /1miR 166
T 76 12 [X 35052 2 FR ), KANADIKE PR 78320 il #6325,
X e R e 0 /5 HAR BB . X3 s R 1
68 3B S P 00 80 o D) 2 M DR AE 25 B IR SR X 3k
(Emery%52003; Prigge%$2005; Tsukaya 2013).

Van LijsebettensZ5(1994) K8 T — R EG T+ 22
- (point first leaves 1, pfI1)RRA84K, HT-DNA
PrR2E e BEIZFE A, KINAESIS. SISFKIGEA I A,
pfIIHST8AL G BRI . ST18AFECITE IR 73
R EmRIE, HpAl iR E FH% A B B2 40,
B E LR NG 535881855 1 R 53 45
o 1M TR R IS T STEA RS IF 52 2403 55 5 R IA
5, R TZBER 25 7 RN B 2 OB (Van
Lijsebettens%:1994), 1to%(2000)3K75 | — Wk 4% pi
N FIISI3FEE R, Spll )RR —2L,
Hetw % Aplf2. AT RBLZRBMA 2 HR, 4
Fo SR B AR . AR DL A . W
AT AR — AN > TR 2 g R, 2
TN RAGAR A I B T4 A o R BT B, (H AR B
AR 32 3 R R IR (110552000) . SI3F A
2N, TEAZREAR A7 T 45 & 7 IZRNA (tRNA)I)
FAL(Wangd82013). plf21f) R M 5 — i 3¢ [K] 1
SPLIK /K- I8 FATAR AL . SPLIE PR 50k =&
miR 156148 H bk AR IAEpA2R AN SPL3
Al RESZ BIRZ M, BIST3 0] ARl i miRN AR 1% 8 5
SPLIF &K Z 5 Kk & i #£(1to552000).

AS1 (asymmetric leaves1)& & A Myb&h 1)1
() SR DR, o P M- T Jl 2 S R R 4% I 285 1 2 40
o MEWEEIFH, as] FEARRMT I R AR
Tl 55 BB R, 3t — D5 R as 13RAF R BN ) =ik
RURAZAR, AEM |y (T Bl 3 7 /N iy
Yo B RAZFER 40l d 44 N PGYI (piggybackl).
PGY2 FIPGY3, KL 5 e fi R = A3 K 73 531
NLI0a. LOFILSHEER . ix =/NRAE 3 ) Sl
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KA G TR S 181 FEAF R R AR, B -FL 32
JE I T A A, A S HE iR B . AS1/AS20] 41
filmiR165/166E %, MTfife EPHB. PHV., REV4E
e AT, Mas 1M pgy XU AR 7 8 i i 30 Sl 1
REV R IA 1Y 58, 1578 5l T 11 KANADIEE R 3 5 1,
E7RL10a, LOFILSIE Y 5HD-Zip III-KANADI#
2 B AR ELAE F R 2 ma 1) % B (Pinon%$2008)
ae5 (asymmetric leaves1/2 enhancer5)fllae6 1~ 58
WREA F R, AR KRS BRI,
IR 2 B E 30l ) A A 200 L X s K o ) s i
TE 1 AR i T P VA 4 2EL R B 350, B0 IH 4D 30 - 32 By
REWEIR, 56— %56 4 B T I8 Je ik ik ok &
WL R . B e 25 R R IRAESFIAEG6 ) 7)) 9w
TL28AFILSA, 1fi 54t Ai 1R — K % IL24BFIL5B
1 Thy g 5 2 AR 1A 2 30 H AR UL F Bl s R AL
L28AW @ M43 REV . KANADIVL J A=K Em
LR FARF3/455 5 IR (1 2 05 SR i 42 b ) K & 1)
(Yao%52008). W55k R IML28ARILSALE TG 128
YUP AR R IE, RARRM BRI LR S5
TZHEMEYREERE, Wie a2k, fMEHE
H= A 5 AR FF A5 (Yao22008) . H4b, stv (L245k
R RABAR)VMI4d 5150 AR A I Mk EE
LM R B R A, %R AR R T 45 R B R
L24FARF37E A — ML e, fEstvH ARF3/5P4
AN DR B PR R T PRI T (Nishimura®52005) .
RE AR B KW 70 ST RE AR HL
HIHEAT T Wb . Bk, JELERE [ AT AR E I
miRNAEZR P RS, Wi iR rISI13v] fE
P miR1565EARSPLI A S 5 T (1K B (Ito%5
2000). L — TR SRR AL 1 A I HEE, %
Bt LM H pri-miR 1 72bfif 4Rk 5 2L A, ESE 7 STV
(RPL24)EB 5y 7€ AL E 40 M A%, 456 fEmiIRNAW] UG
%) (primary miRNA transcripts, pri-miRNAs) 5"
P 2258, @ i HEpri-miRNAs 5 Hhn T &
EWES A SN T miRNAR AV A (LiZE2017) .
HR, FELERER A B AZ SRR LE T I I
A %) g 57 AR T 3 O B R R KT IR T .
—LER AR [ RAR I R AR AR RE 5] R R I AR K F A
R P AP o 17 A A2 AR S PR B (VD R, IR O A A
A 1) — SER R 1 4H A8 38 3 A 5 AL IR A TBOR AR
KHRE TP 07 HI(Rosadof52012) . 7 3 Bk

RIE AL —ARFsImRNA 55| S ¢4 117
TE 8 _E VT B2 HE (upstream open reading frame,
uORF), S5 (IR (118 i uORFH 3 1 15 AL i 4
T ARFsIEH A&, WA 7 rEE K
B A (Ya0252008; Rosado5:2012); 4k, REE 1
Bt SRR . S 5HEE K E ik
HS6Z R, c1057986 ) LI BEAR A% (1) % e PR AR
PR, 2k RIS T Tt Fy, S8 IR,
BIFFE A SO IR IR A0 1 71 2 41 B 349 5 v — AN %
BODIR, 1% 5 R AU R ) S AU R AL b A A
V& RO R VR R, E R R A2 S6 IR AL 5] K
TIEFVERIFEMRNAs (Morimoto%$2002), H. it
— I FEAE 5L 1 SO C AR i [X 48k R =¥ ¥) Ser240
Bk 1) 1ol IR Ak 72 52 TOR WL 1 428 1) (Dobrenel 5
2016).

H R R 70N A2 FH 40 L 64 5 RO 4 i A K Pt i T 42,
EoFHURI M AE R . W IR, —AN e i
1 20 L B DR 2R ) SR AR AT A Al A e 43 B A B A
XM IR RAMELE G N . GIAN3 AN 3L
T, HLINREE R RAR R an3H st A T AMELGR G
fiE. Fujikura®$(2009) & I 7 34K & A X FhAME 1
RAMKoli2 oli5Holi7, FA R E R D 2 Fa e
(1. SR, PN olif )X, A f 25 itk — 5 D,
FME RIS . AL, AN3 g RIARBIRE
an3 nullFREARPCEL, A 0 B R Hh s/ H 2
BEFERIME . HE—2, olis 5an3 IR K H W
SRR AN, B AME 2 DLilm SRR ) O Uk
fili&% o OLI29wA5—ANop2 [F5 /741 2 5 % H i A
WA W, OLI5S S OLI7 %y 5l 9wt L5 51k 1 A A 225 4]
L5AFILSB, 582 51 K AME A5 7T G852 AN3
RVRZE B A4 A 23 A2 F 00 EE 1 4% (Fujikura$2009) .
43 REAE5IRNAE

R [k 2 AR 5] 2 (1) A8 BLGRBHE A A 2 B
—I. WHT TR IS13R AR K12, B T I
SRS, AR B Z RIS LIOKEA3
ANE B, 43 BIEL10A. L1I0BRIL10C, FH 4y gl
ITTESARA R AL R4, KINL10s )3 B
EZHR . RS B KA AR Rk, 1
AR ARAE R B . MR R EX . A
B A A1 R A B KO R S, I R AATTAE
XA R EEERH . RAEME LI, LI0BH:
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2R 1) FEAAAATT A AR ) AR K Tl 2 2 B A Y ) 9 %
(Ferreyra?52010); MAML23aA )B4 583 1T Bk 2>
FEARBAEKR®E, FEGEA KRB R EE
&5 2% 1 (Degenhardtf1Bonham-Smith 2008) .

MR RS & AR A AT 2AR R H U mRNA ..
JEAT 248 o, L16HImRNATE PRIH 8 5 1) 41 21
R, BHEZ IR A S 55 4 20 2L 0L S AR Jit
o AR BT S AU R T AR IR o
GUSHE R R EoR, L1I6ATERR I A FnfE 24 Hh 3=
15, MAHAKZRAH G, GUSIRIRAEMIAR R AL 2L
L16B5 70 AN AR 5C, T L16 A e 3 40 ks
F M, XA R R AE SR AR R R B AR
RIS RE R RS T X L 2P A K I RE H
i B 1 (Williams fSussex 1995).

44 RERSMENZ

LIOK KR T Z 5T IR K T LR, i8F
BOATESE BRI BARATZ 5 T P00 BRR 4 Ak
JiE B R [ B . L1025 6T ORI, 242408
FHO0S I 1 B A 1, NI 2 It FEtRNA S 1t
VAR, B TR PR R . fERERE, L1024
AEAE BT LA, T3S 0LFE TR L 10 % 7 3 e 58 B AL
WFEILIORAR R . B 7 HAER B A (O, I&FH
B SN A0 DRE, B a0 N K BIL 105 W4 4 8
N Tl R e A 5

W I L 10 AZ bl 4 40 1) D e AR BILAE Ho i
I3 SNz H 4 I (Carvalho52008) . 5 XA Sl 35 4%
% F2 # F (nuclear shuttle protein, NSP)#H H.AF H i1
1% (NSP-interacting kinase, NIK) /& — i 52 {4\ ik,
WANSPHR S Hix. DANIKOAEIH, F FH B RERL
FASWITTIETR T — 5 2 A0 EAE ) g )
TR A, HIL10A; L1I0AT)BEBR K AR S nik 1 3
RURHARL, 356 XU A= 95 B3 R % B N0 . LA TR
BRI L0 I B A4 it 2 BT T NIK LA § 11
L10MIAZ B #7 € 07, nik] L1004 §E 382 i 21 40
o DRIBRTT DA 52, L10A & #NIK i R 5 55T
B 7% 0| 20 P A R N2 7 IR G DT g 1) (Carvalho
£52008; Rocha%$2008). Pkl ZE 1L (Gossypium
arboreum) M A HL18 (GaRPLIS)WZ 5 |
YU AEH, fEM AL T GaRPLI8I R IAIER 1S PT
PERRAE A b LU X BEAR 5% KN A6 K B AT B B 25 5
JERG, T A0 R T R 0 1% 5 DR ) A R R A ok L

A= TR ) B Re HEPUI 1R I B s o A AL SRR AL
i 57~ GaRPL1SE U o A H E ZZSAFH RS
S L% (Gong%52017)

L10 AN [F] B 0 52 3148 7 (U V-B) 4 5 1
JE B ARIFRIER X, HALI0AAZUV-BRE T,
LI0BYE =38 EUV-B N4 N, MiLI0CHHE S L
W o FIHLI0M P EAT I S B L TTIE 45 R R,
R R SRS AR — S E A e A,
HbBaEZEAD, —H4A0EARAHELN. &
HIL10%E H & B A& EM T AT, A &N
BN ZEE A E AL S B R RN, X5
WX FLI0MIRT 745 ARV & o FIFH GFPHR 25
DRIAS L 10 =/ B 53 (1) 5E AL, R IL3ANL10 3 ZEHFA
STE 20 PR A T A A TR A A% R, T 4 PR A2
UV-BREHT 5, IXL10BYEMZ N AR E, LIOAFIL10C
BB A4k, UEBIL 105 % (1 ARIB AR AT LLTE B
BN AR S 2% N, AHENAZ 1 J7 AT REA A
W FULIE T T L10S M % 2% & & s, F
FH T-DN A N\ & [R]1) D BE R 2 S AR A 7 A s,
rpl10A4EG FRAZAR L BAE ), 1 AL 10A X 47 (1)
A E MR AU, rpl] 0428 B ARLEUV-BE& A4 T #
BERARN, rpll 0B & REI A EH A K, H
ANEFC . LIOCHHN, Toil 2R FIAIE 2 PR R
IR B FARAR, H Al A ARE A A v LRI 2
WA — RUEAFE RIS, TEATA RS, LIOK
RAL PR RIS = HB %A LA, BHL10K &+,
J 74 2 18] A AMEAE FH (Ferreyra$2010) .

L105L4 0L R % Wik 45 & 8 IRACK 1 454 3t
[ 5 T #85 FARBHE A A 45/ R B il
o ACLSE—Fh#kG i & R, FAORS i A A BT 0
a3 A GO $E IR, B LR B R AR O 4 A A e
LR AEARTRANIET o aclSRIL T 2 AR R 6 45
F, JF H B . SR DK R acl5THR A
A TG B R e T — RIS 5% BRI
A, 735 5eSAC51, SAC52, SACS56MSACS3. %[
SACS 19t — P i L R 7 4b, HR3A 7 4w ig
L10A. L4FIRACKI . GUSHR 15 FE KK &,
GUSWEME Eacl5HHig/b, B k1 SAC512 5
T HFE RIS, fEsac52-d. sac53-dflsac56-d
sk, s TLI0A, LARIRACKIXSACS 1§
PR RYE, JF TR E it SAC5T mRNA L1
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UORF U7 1)l AT 1] >R 523 1) (K akehi$2015) o

2 Hh G 25 3% EADNA 45453, STDNAT 5
Wi 2 (R 3B A5 S27 S jik o« S R e 8 R 3h (methy
methane sulfate, MMS) & —FIDNAZE &, —EWKE
TomEMHEYEKER FEOET . S2TXE
B3N, H A T-DNAJE ANS274%E R 1 Th g s 2k
RAGRars27AM B E A KRB G AR . 4
JEAN100 mg-L' flMMSH}, 554 L0 g 77 5 A 4
b, (Hars27 AW 52 3 7™ 5 1 H0HH], (7R L
HILRIR Y, R . X AR R ars 2745
MMS IR B, BRI BT A 2 (1) &) 1 RIS EMMS
AR E AR X TR, ars27A1EGR
Z MMSFIAEE H B & E A e 26 4 R
WHERM ., ars2745 45— A BB RHE L EA
RETEUV AL HE J5 103 M B A i 3 7= . BF A A e
IR UVIBES S, S6HMactin(fyi 5 K73 5 b 5]
JR R H140%F110%~20%, 117 FEAR A4 H 43 531 72 74% il
40%. IXULLLE R IIS2TALE IEH 448 T T HEA 2
WA R T 1, (ERLEUVAR L 5 X 2 BR T g
1 E MRNAZ LA . S27A 5| AL IHITE W if 261
TSR E PINLHNEANTE 28, HADRE AR 1A
ROGEHEIEATERE . S2TAH — MR 4%
A a s, Rk, Z8E Qs A — MK T
¥ B B T BE (Revenkova®$1999) .

P3EAEMMEEZEAREDZ —. Kang®%
(2016) MR #A Ak 3 1 FUL g T BT 15 7R 4 H O i A
fa 52 @170 T & (high molecular weight, HMW)E &
VIR, R ILAP3BAE AR 5 J5 £ € AR B FEEHMW
HE&YH . AtP3B mRNA K /K15 & i s 5
B R#E 2. B RNAT ¥ R AtP3BR & 7
V7K, R AT v Tk P 3 RO AR e P 8 R UK, T
AtP3 B3 3255 38 07 R A %8 A o I R 3 D i
. A EL N EAAPIBE AR E A
THEABAIRNAEE G . %45 50 BoR, AtP3BA] LA
TRI 2 M 4 52 iR AV IR P 18 (KangZ52016)

5 REB{EANNIERN 2T

JERZRE R 1 T R A M R S A RF X
Tk, AR A RARBEAT 3k A ) A7 R 57 I R A2
AL TR LLEE 0T R 5 A L N B R — R
I RERE A IR A SME R g, X2

HYIRE HEE RN Z BIAI R @Rz —, Rkt
T DR AT 117 55 DR I A 7T g 2 3B D e Ak (neofunc-
tionalization)” (HoriguchiZ$2012). L5 7+ +HRE H
A XM )68 1) SLI BUOR A 2, BRI 4 )8
L10AZ 5 i) Bt X0 A 75 1) 42 B D) e (Carvalho 55
2008; Rocha%:2008)FIP3BII 4 T+ 15 T ik (Kang
£52016), UL L24% 5 5 5hmiRNAsTE 1 D g (Li
552017). BEIUL, B D REACh-F- AN 2 0 I i M Ak i
2 AR B LA 5 DUR 2= BEOK B 75 1 6 8 L AN
[F] IR AL R FEUN L R R A, Witk K R fG .

. R R E S, BRSKEEEFREER
R IR, X LERET ATy 2 DAL BB 1) 2 RS 73
KRR WIEERP . 1EBOX PRSI REZ 2 2L
Bl A )V Th e Ak, (subfunctionalization)” Bl & K] °F-
fi7(gene balance hypothesis)’k it £ (HoriguchiZ
2012). MEIhRetb 248 R KR T 2 B B A RS
T2 MEIER, XSRS AR E
FHIE Y, RIREE 1 35 PR 50 R A (] i 573 DT 2H i3 AN [
240 0 ) A% R A T 3 48 T & E A A D)
AEo WISSHIMAS A, BARRIEERLNEZN
o7, AHE —MEZR . R T 1) 7 AR H 2k Rk
15, T 2 — N E 3 AR S it 1) 4 B v 3R 1 (Wed -
jersZE2001); WANLITFER —NET . ZEAIHR
e DL AR E AR S ERIA, T —
AMEMRB PR R E B4 245 FIE R h 2k 2 B
file L23aZK RSN, EITIRE BN E R,
L23aAFE R FFJRNAT-#E(RNA interference, RNAi)fE
PR ™ B I R B R, TL23aBigb G i
e i 1 % A AR fh 25 (Degenhardt flBonham-Smith
2008); AR B0 o — N R TR T REE E
R AAEAE WA B, AR U 32 5K ik BRI AR 2 fir LR
B 22 /D J2 R D — EARA T B 1 ek A 2 B i
RIS 6 e R 771 2 1) 9 2> 2 52 i) 1) 5 AR HLAE 1)
KA B B AR, AT 2 FRAR AR .
BRI Z 5 R E MS6KIG 2/ i R S645
S6B, SO(KF AR K rps6a. rps6bFI X FRAZKRP-
S6A4/rps6a. RPS6B/rps6b#iF I LK 2218 Hot
FHEE B AR AR R, H AN S6HE R T
RERIURIN . AT EAH B . A AT i 25 SR S+
VIR 5 DR IR e, RIS 6 e H (1) — N ik
e A BRI A, e 4R 0 E ) RIE KPR
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21t 30 98 7 2 1R 72 ) (Creff552010) . H AT TE 2 (1)
3k N AL G2 M SRR AT ) 2 AR R A
AR TR F B R AL P BE

6 FESRE

R i s 2 —, H AT E
R RIEIE AN TG IR N o i R 3R A% 7 2 A
P, WAEDNARG AR Bk, e
JETKP B KT R 3 A KT LS mRN AR fig
RS A RIEAEIR KR Ekse 7Y+
YL, B H A EEE R 7R T
T R 245 CE A0 MRE AR
B RAZAR SR AL T 3% SRR I R TR AR H AR B
P B AR, (BRI PLERAT A3 380 Bk, A2
RHIWT TE3E Won A LR AR 2 LRI IR % 22 AR
ez SHEMERKEN, ERK S THHEA
FHAN BT S (Hummel 552015) . BF FER & H A2 fif
BT AZE AR B 254 5 D RE A AT 32, T XA R 2R AL
a5 AR B T BB AN SEE B B ORI R L,
BT VR 5 SR Ui R e A B A (K DR, AT
B AR KRS . RS A AR R AR
TRERT Z 3N B W) 22 40

22k (References)

Barakat A, Szick-Miranda K, Chang IF, et al (2001). The or-
ganization of cytoplasmic ribosomal protein genes in the
Arabidopsis genome. Plant Physiol, 127 (2): 398415

Branco-Price C, Kawaguchi R, Ferreira RB, et al (2005). Ge-
nome-wide analysis of transcript abundance and transla-
tion in Arabidopsis seedlings subjected to oxygen depri-
vation. Ann Bot, 96 (4): 647-660

Byrne ME (2009). A role for the ribosome in development.
Trends Plant Sci, 14 (9): 512-519

Carroll AJ (2013). The Arabidopsis cytosolic ribosomal pro-
teome: from form to function. Front Plant Sci, 4: 32

Carroll AJ, Heazlewood JL, Ito J, et al (2008). Analysis of the
Arabidopsis cytosolic ribosome proteome provides de-
tailed insights into its components and their post-transla-
tional modification. Mol Cell Proteomics, 7 (2): 347-369

Carvalho CM, Santos AA, Pires SR, et al (2008). Regulated
nuclear trafficking of rpL10A mediated by NIK1 rep-
resents a defense strategy of plant cells against virus.
PLoS Pathog, 4: €¢1000247

Chang IF, Szick-Miranda K, Pan S, et al (2005). Proteomic
characterization of evolutionarily conserved and variable
proteins of Arabidopsis cytosolic ribosomes. Plant Physi-

ol, 137 (3): 848-862

Creff A, Sormani R, Desnos T (2010). The two Arabidopsis
RPS6 genes, encoding for cytoplasmic ribosomal proteins
S6, are functionally equivalent. Plant Mol Biol, 73 (4-5):
533-546

Degenhardt RF, Bonham-Smith PC (2008). Arabidopsis ribo-
somal proteins RPL23aA and RPL23aB are differentially
targeted to the nucleolus and are disparately required for
normal development. Plant Physiol, 147 (1): 128-142

Dobrenel T, Mancera-Martinez E, Forzani C, et al (2016). The
Arabidopsis TOR kinase specifically regulates the expres-
sion of nuclear genes coding for plastidic ribosomal pro-
teins and the phosphorylation of the cytosolic ribosomal
protein S6. Front Plant Sci, 7: 1611

Emery JF, Floyd SK, Alvarez J, et al (2003). Radial patterning
of Arabidopsis shoots by class III HD-ZIP and KANADI
genes. Curr Biol, 13 (20): 1768-1774

Ferreyra MLF, Pezza A, Biarc J, et al (2010). Plant L10 ribo-
somal proteins have different roles during development
and translation under ultraviolet-B stress. Plant Physiol,
153 (4): 1878-1894

Fujikura U, Horiguchi G, Ponce MR, et al (2009). Coordina-
tion of cell proliferation and cell expansion mediated by
ribosome-related processes in the leaves of Arabidopsis
thaliana. Plant J, 59 (3): 499-508

Giavalisco P, Wilson D, Kreitler T, et al (2005). High hetero-
geneity within the ribosomal proteins of the Arabidopsis
thaliana 80S ribosome. Plant Mol Biol, 57 (4): 577-591

Gong Q, Yang Z, Wang X, et al (2017). Salicylic acid-related
cotton (Gossypium arboreum) ribosomal protein GaR-
PL18 contributes to resistance to Verticillium dahliae.
BMC Plant Biol, 17: 59

Horiguchi G, Van Lijsebettens M, Candela H, et al (2012). Ri-
bosomes and translation in plant developmental control.
Plant Sci, 191-192: 24-34

Hummel M, Cordewener JHG, de Groot JCM, et al (2012).
Dynamic protein composition of Arabidopsis thaliana
cytosolic ribosomes in response to sucrose feeding as re-
vealed by label free MS® proteomics. Proteomics, 12 (7):
1024-1038

Hummel M, Dobrenel T, Cordewener J, et al (2015). Proteom-
ic LC-Msanalysis of Arabidopsis cytosolic ribosomes:
identification of ribosomal protein paralogs and re-anno-
tation of the ribosomal protein genes. J Proteomics, 128:
436-449

Ito T, Kim GT, Shinozaki K (2000). Disruption of an Arabi-
dopsis cytoplasmic ribosomal protein S13-homologous
gene by transposon-mediated mutagenesis causes aber-
rant growth and development. Plant J, 22 (3): 257-264

Kakehi JI, Kawano E, Yoshimoto K, et al (2015). Mutations
in ribosomal proteins, RPL4 and RACKI1, suppress the
phenotype of a thermospermine-deficient mutant of Ara-




T HE ISR UL TR M B 1 A A D RE R Uik P 211

bidopsis thaliana. PLoS ONE, 10: e0117309

Kang CH, Lee YM, Park JH, et al (2016). Ribosomal P3 pro-
tein AtP3B of Arabidopsis acts as both protein and RNA
chaperone to increase tolerance of heat and cold stresses.
Plant Cell Environ, 39 (7): 1631-1642

Kawaguchi R, Girke T, Bray EA, et al (2004). Differential
mRNA translation contributes to gene regulation under
non-stress and dehydration stress conditions in Arabidop-
sis thaliana. Plant J, 38 (5): 823-839

Komili S, Farny NG, Roth FP, et al (2007). Functional spec-
ificity among ribosomal proteins regulates gene expres-
sion. Cell, 131 (3): 557-571

Li S, Liu K, Zhang S, et al (2017). STV1, a ribosomal protein,
binds primary microRNA transcripts to promote their
interaction with the processing complex in Arabidopsis.
Proc Natl Acad Sci USA, 114 (6): 1424-1429

Meinke D, Muralla R, Sweeney C, et al (2008). Identifying
essential genes in Arabidopsis thaliana. Trends Plant Sci,
13 (9): 483-491

Morimoto T, Suzuki Y, Yamaguchi I (2002). Effects of partial
suppression of ribosomal protein S6 on organ formation
in Arabidopsis thaliana. Biosci Biotechnol Biochem, 66
(11): 24372443

Nicolai M, Roncato MA, Canoy AS, et al (2006). Large-scale
analysis of mRNA translation states during sucrose star-
vation in Arabidopsis cells identifies cell proliferation
and chromatin structure as targets of translational control.
Plant Physiol, 141 (2): 663-673

Nishimura T, Wada T, Yamamoto KT, et al (2005). The Arabi-
dopsis STV1 protein, responsible for translation reinitia-
tion, is required for auxin-mediated gynoecium pattern-
ing. Plant Cell, 17 (11): 2940-2953

Pinon V, Etchells JP, Rossignol P, et al (2008). Three PIGGY-
BACK genes that specifically influence leaf patterning
encode ribosomal proteins. Development, 135 (7): 1315—
1324

Piques M, Schulze WX, Hohne M, et al (2009). Ribosome
and transcript copy numbers, polysome occupancy and
enzyme dynamics in Arabidopsis. Mol Syst Biol, 5: 314

Prigge MJ, Otsuga D, Alonso JM, et al (2005). Class III
homeodomain-leucine zipper gene family members have
overlapping, antagonistic, and distinct roles in Arabidop-
sis development. Plant Cell, 17 (1): 61-76

Revenkova E, Masson J, Koncz C, et al (1999). Involvement
of Arabidopsis thaliana ribosomal protein S27 in mRNA
degradation triggered by genotoxic stress. EMBO J, 18
(2): 490-499

Rocha CS, Santos AA, Machado JPB, et al (2008). The ribo-
somal protein L10/QM-like protein is a component of
the NIK-mediated antiviral signaling. Virology, 380 (2):
165-169

Rosado A, Li R, van de Ven W, et al (2012). Arabidopsis ribo-

somal proteins control developmental programs through
translational regulation of auxin response factors. Proc
Natl Acad Sci USA, 109 (48): 19537-19544

Savada RP, Bonham-Smith PC (2014). Differential transcript
accumulation and subcellular localization of Arabidopsis
ribosomal proteins. Plant Sci, 223: 134-145

Szakonyi D, Byrne ME (2011a). Ribosomal protein L27a is
required for growth and patterning in Arabidopsis thali-
ana. Plant J, 65 (2): 269281

Szakonyi D, Byrne ME (2011b). Involvement of ribosomal
protein RPL27a in meristem activity and organ develop-
ment. Plant Signal Behav, 6 (5): 712-714

Szick-Miranda K, Bailey-Serres J (2001). Regulated heteroge-
neity in 12-kDa P-protein phosphorylation and composi-
tion of ribosomes in maize (Zea mays L.). J Biol Chem,
276 (14): 10921-10928

Tsugeki R, Kochieva EZ, Fedoroff NV (1996). A transposon
insertion in the Arabidopsis SSR16 gene causes an em-
bryo-defective lethal mutation. Plant J, 10 (3): 479—489

Tsukaya H (2013). Leaf Development. Arabidopsis Book, 11:
e0163

Turkina MV, Arstrand HK, Vener AV (2011). Differential
phosphorylation of ribosomal proteins in Arabidopsis
thaliana plants during day and night. PLoS ONE, 6 (12):
€29307

Tzafrir I, Pena-Muralla R, Dickerman A, et al (2004). Iden-
tification of genes required for embryo development in
Arabidopsis. Plant Physiol, 135 (3): 1206-1220

Van Lijsebettens M, Vanderhaeghen R, De Block M, et al
(1994). An S18 ribosomal protein gene copy at the Arabi-
dopsis PFL locus affects plant development by its specif-
ic expression in meristems. EMBO J, 13 (14): 3378-3388

Wang J, Lan P, Gao H, et al (2013). Expression changes of ri-
bosomal proteins in phosphate- and iron-deficient Arabi-
dopsis roots predict stress-specific alterations in ribosome
composition. BMC Genomics, 14: 783

Weijers D, Franke-van Dijk M, Vencken RJ, et al (2001).
An Arabidopsis minute-like phenotype caused by a
semi-dominant mutation in a RIBOSOMAL PROTEIN S5
gene. Development, 128 (21): 42894299

Williams ME, Sussex IM (1995). Developmental regulation
of ribosomal protein L16 genes in Arabidopsis thaliana,
Plant J, 8 (1): 65-76

Wilson DN, Cate JHD (2012). The structure and function of
the eukaryotic ribosome. Cold Spring Harb Perspect Biol,
4 (5): a011536

Yan H, Chen D, Wang Y, et al (2016). Ribosomal protein
L18aB is required for both male gametophyte function
and embryo development in Arabidopsis. Sci Rep, 6:
31195

Yao Y, Ling Q, Wang H, et al (2008). Ribosomal proteins
promote leaf adaxial identity. Development, 135 (7):




212 T A P )

1325-1334 Zsogon A, Szakonyi D, Shi X, et al (2014). Ribosomal protein

Zorca SM, Zorca CE (2011). The legacy of a founding father RPL27a promotes female gametophyte development in
of modern cell biology: George Emil Palade (1912-2008). a dose-dependent manner. Plant Physiol, 165 (3): 1133—
Yale J Biol Med, 84 (2): 113-116 1143

Research progress of ribosomal protein function in Arabidopsis thaliana
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Abstract: Arabidopsis thaliana genome encodes 81 different types of ribosomal proteins. Each ribosomal pro-
tein is encoded by two to seven expressed genes paralogs, forming a family, which could contribute to ribosome
high heterogeneity in plant. The heterogeneity of plant ribosome is an important characteristic of plant ribosome
distinguished from other eukaryotes, and regarded as attributable to the sessile nature of plants and adaptable
under changing environments. Ribosomal proteins are involved in plant growth and developmental process, and
some of the paralogs might evolve extraribosomal functions. This paper summarizes the research progress of ri-
bosomal protein function of involving development and response to stress in A. thaliana.
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