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Roles of PPR Proteins in Plant Growth and Development
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Abstract: PPR proteins are one of the largest protein families in terrestrial plants, both on category and volume.
The main functions of PPRs were involved in post-transcriptional modifications and editing of specific
single-stranded RNAs in the nucleus and organelles via their localization in various organelles. PPRs play
important roles in series events of plant growth and development. Mutants of most PPR protein-encoding genes
exhibit abnormal developmental phenotypes, such as embryonic lethality, developmental retardation, and greening
delays. The recent research advances of PPRs in classification, localization, RNA modification mechanisms and
their functions on regulating growth and development of plants were summarized, and the studies on functional
area and participating regulatory network of PPR in plants was prospected.
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dependent protein kinases, CDPK)E1£43 & (I K Al
a8 S R i E AR R, AhE A oA i A 2
HREHEYAE KK E R R0, bGP AR
RIE, VFZHNE A WA E A .

it PPR 1 1 12E A 2 2000 AR Il P BoR
WeAliE Han 4 i, BRI E AP S TPR P4
FIFRACL, 8 = MR IR E S5 M o 44
PPR (pentatricopeptide repeat)l™l, H §ij iIHF 71% B]
PPR i K EAFAE T R A, AE40L B ST A1 A
(Oryza sativa)Jk K| 24 H 35 A 8 i 400 A i i 112230,
7t £ K (Zea mays). JHi=k(Brassica napus) 1% fifi
(Lycopersicon esculentum) 5 8 47 H th #H 4k Hi i T
PPR FKJGEIIAFLER16], PPR 1E N— e X\ E I T
FE I RNA B Ja e, iy Ak
HHRIER PR, EEYPUEEREY KR E
RS T AR BB AR I8, RSO T A R A
Y1 PPR B A3 5. AL RNA BIHIHLE] S Hox
YA R E PR TLHR, FR0HEY) PPR RHE
ThREX I 2 5 I W 25 R 7 EAT T ..

1 PPR & H R A 73 RAE AL

1.1 43K

PPREE A — M & 2~27 4N £ Bk 58 55 110 45 Ay 358
TG 31~ 36 R AL TR Tk 2 . R B HL IR
PEFTCNPPRIV 2 7> 45 ¥4 FFE 47 43 2, M4 3 25 Y
PPREZE A] 70 AN KR 1) . 4 4 [FJPPREE
JF B ER G ST (1 35N R R ST i, PO PAE Y
(F1: B). fEULEEA b SCE M A 362 SE R ik
FELIETRY, DLR S A 31N R SE R VR (1) SR ARy (191,
¥y i PR 4 A I PPR AR (A FR P 5% (20,
WK FE T HIWSLA (white stripe leaf 4)5t)@ Tix —
TSR R R P R PR Y | LSS AL AN SAR Y AL
BHF I APLSTE K (K1 C), Wil JFGRS1E

1 (growing slowly 1), Z:5RNA g% FRE A1) K
F 1522, PR BRI o 45 M I AN [F], IE T XS PLS
WK E— %5 . PPRE AN EE I FHE &
TE A Fa 5E 1 R e - 5% £ - a2 e 25 14 (201 (1] 1: A)
] DA — 04 B Y U MR e 454, S5 AH G
KAHAE: [N PPRICRENS 45 & 7E EERNA L, Xt
SR R ) SR A R AT B4 e G 8, 3E T 2 R AELAD 1)
AR H P24, 3R ST H M TLLEE [ (mitochondrial
translation factorl) ] LA B 4% £k ki /& NADH it & il 7
FE R 3 AR 125, MORF9ZK [ (multiple organellar
RNA editing factor 9)5PLS2KPPR (4 3L [H]/E FH{E
RNAZw 48 i FE rfr,  wl DLEE iR RNAZw 45 1) 2 2 126,
CLB19 (chloroplast biogenesis 19)5MORF24H H.AE
., FLFEIgERNA, clbl9%8 A8 A £ fdi 1 4 e it 7
WAREERE, HUNEKRRE 2SS ERRE,

1.2 zEfr

KZHPPRIE A & i B A & A5 5 7 5128,
ZHPPRER [ 5 152 7 4H I PN 1 2o A B -S4
I, il Eg 3T OTP43 2 H (organelle transcript pro-
cessing 43) B FELeRifR |, S ENADIER N & T
[ 840291, OTP70 (organelle transcript processing 70)
W) 58 AL AR Sk RO, A5/ EPPR AR (A7 1EXUE ff
i, /KFEOsPGLLEE H(pale green leafl)[m]if &
PLAEM SRR RN 2R 1B, T 48l FE TFPNMLER (4 U]
[T 58 A7 T 40 BA% S e ik B2,

2 PPREAZEMEMAERKKE Shhia
S SL AT

21 PPREAATHEAMHTHRE

WREH, PPREAEMFRELETAAE
BRAEEH . #U8 7T GRP23%E A (glutamine-rich
protein 23) §4fi A J% & RAA KA1, HIU 22—

A [ [N [
‘ (23541
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Fig. 1 PPR proteins motif structure (A) and two subfamilies (B, C)?2
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FIFRHREIE, YN ERGRP23 2% IR IR & B 22 FHI3,
K ZHIgrp23 5 A2 R Wi 52 FH & 2B 7E 16 40 F 2R T
JRRS HAZ A1, I H A 19%41 i /3 M5 . GRP23F
BLE R AR & B I 30k H.GRP23 58 i 76 4R () 41 i
o, ATLLERNAR GBI AR BAER, 59
N RFA IR A OGB4, R A RLER [ TR AR R AR AT
DK AR, (ERNEFRARENNYRL, ZIEREY)
KBRS, w5 K Y], DEK2 (defective kernel
2) MIDEK104E A 7E oK b 73 73 9 B PPR K i Hh ) 1
AR, HHDEK2E B S 5 R AR AT
BYFZ0S], 1 DEK 1O A2 38 3xk 4 5 2 Hr 7 i 3 A AT
5 K2 2R 1) T RELSET . dek2 Flldek 1O R AL A4
BIRE = A IR IR B ANAs S /NI A BB 43 iz 135361,
HT T ST B, dek37 28745 A T K o IR LA 2 1)
KEAHZEM, J&RiESZDEK37 2 A (defective
kernel 37) 7] LA Wi 8 R H 25 — 2R N & - B B 4%
FERMFIIERE REET, BRLL LR, EMPL
(empty pericarp 11)FIEMP163E KR35 4 S 3
kM T RE SR, EMPLI6&E A EE S 5 &kiik
NAD2 N & T4/ 8542, EMP115 AN 2 BYHNAD1
I &7, TR R RSB FREA
R, EEERE R REE, X R IAPPRE
R A TE R R 2 8 I R ke B
EH .

2.2 PPR BEHZ 5 FHABEESTHEEKE
MR EEA B 2T AT S EEY
—FEARIG, RINEHARB L 1O IGCE RS
IR, FER TR AR AN A B i fE e, RF
F:[H (fertility restorer) A Ay — R MK E EF A,
MR IEKFETTRFA. RFIAF] RFIBIEPNF MK
2 EER B 4mtdPPRER (A4, Jf H., X34 K 4
T2 1 DAZR AR B AR, I8 I B )R B AL R
PHAS £ k7 R ORF79 % [ (open reading frame 79)f) 2
B IR R K FE G B 3L, 7KRE A RFO8IE [A] b\
WA A E A E , FEBSRFI8IE K170 Kb
PPR7623E K 4B 1 MPPREXIE K, PPR762%5 Sk
HRTISH ALK FEMIFR /A B MAR, (4550 %A
$19.39%0441 , HEMIRFI8 L P 7E Pk &2 7K Fe 20 e o it A
B GRTEPPRIG2ER NS Y, WL T ERF98
B IR B X IR LA B R i 3R Rl 2 5 R e ek
IKFEHRTOBKE Y (IHEVEA B AR, R T HIAPPR
HAM LR RHEEAE R E HEIKE, KR HAh

PPRE A A ML DA, WRF6. PPR592 Al
PPR676%5145-471, it Ak, BRI 1AM R AL
AN EANLAE LR R T RPN AR 11 7] DAYK &2 B S B AS
A » REnZE[H (fertility restorer nap) 4l MPPREE 114,
I8 3 6 FR A (Gossypium  spp.) HEAT 4 K 4H. 40 B %
W], e 2 FPLSW R PPR AR 1 5 M i kM AS
B AR AL,

2.3 PPR EHS 5REMHZERTER. HHRRKEM
WAL

2.3.1 M-SR TR

A 1) B E 2 AT 6 S & )
AR IR . H RO T SR AR () TR L )
{ISRAL T LI PR A . SRR A M LR T
IPPREK I, & A THE AR [T e b 35 AN Pl Bl
Sk B /E B, PPR X% 1 1) THA8 25 [ (thylakoid
assembly 8)7E BY 44 1R A i L Ak S i 22 LR 1) 25 —
KNG TFHRUAT DR, FoKtha8Z A8k, 2T
MR E O A R ZA, HRAEE A 5 S
o Frgi e Bk s a0, K KPPR4S 5 44K
RPS12 (ribosomal protein s12)FIARNAWN & T-11)
B, MRz R S AR TGE R R R,
FECE KL AL BB RS SFOTP51
(organelle transcript processing 51)Z 5 JifAYCF33&
[Xl(hypothetical chloroplast open reading frame 3) N
T2 BT 25, OTPSIRAS Y RGN RSt
W 2H 2%, RIAW ST i 7, R 4052,
I FFECB245 H (early chloroplast development 2)r]
PLZw%E i ARACCDZE X (acetyl coA carboxylase subunit
D) F1NDHF % [A] (nicotinamide adenine dinucleotide
dehydrogenase subunit F) %54, ECB2IL FIR A 2>
G AR I B AR B MR, R R ACCD AN
NDHFJ [A] 1) 28 R0 52 B500 , HARARAAR I A6
THF A BRI GEIR 2R R A0S, T2 G I U e I
W B S i AR AR, R BILAN 8 AL T SRR H 2w bt
PPREE 1 fWTG 13 [Kl (white to green 1), FibiZIk K]
SRR KT, FRASH RSk, JeE
TER AR IE R 34T, MR AR ZZHE]; KE
WTG 12k [R] ) a2 U] A5 SR AR A4 Pk 52 T 5 R A1 0541,
ECD1 (early chloroplast development 1)Z#fi%14™ & fir
Tk ERPPREH, HMRECD1& SEIMIGEE
AN IE R FIRAG & BB, FHRNAIF AR fFECD1A:
ZEIE Y, 2lE 1 IR AE R R RS IR,
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X E ISR M AR R BRI RGR B LR 5
[, IANECD L — ] PAG #HRPS 143 R S AR (%
SR DA i iR RO R B E . BRUL L
PPREEH4F, /KFEPPREPL, I FH7FSOTS (suppressor of
thylakoid formation 5)7], SOT1 (suppressor of thyla-
koid formation 1)F8IAIPDML1 (pigment deficient mutant
1) 2 5 IH- SRR IR T A R 42 A G R I R IA
232 Z5MKE

PPRES A /E IR M SR T A, a5
Wl iR G - EREM A KK B IR PPREE N i
R B REATSERRIER . R IFOTP70Z — 4>
ERMPPREH, #RKZEHS{ERPOCIERH (RNA
polymerase beta’ chain 1)# KA B 240, I 2%
B, BAEEKRKEAR, REATITE NZ/NE,
IKFEWSLAEE RIFE I F K B 40, 52 SR AR 1 A=
B wslAZAR AR BBl k8, e R G ELL
SRR, H I R/ NE R AE KA 32 2 W 21
2 1200, 3 R ST PPR596 42 — /NP % FIPPR 2% 11,
A LG R R A, ppr596 R A8 i Ay AR 7Y
(R BTG B S X, HAE KR Y ppro96 R AL
PRI BN, SRARRAEAR LI A R NE 25 3
ARG, ppr5965S AR {4 RN B A= AR AR /N TG HH 2
5, (HpprS96 RAGIRI: B A5 Hl, S AKIE
ROV PPREE AN S 1 7 (R KNS S RSO 5%
W5 LR — 2R R BT 11PPRs
BERELEMEE E25 7T — 83 2/MNER =15
T, NI SRR UL B I I By ) 3 2 AR
2.3.3 TR AK

WRAENEY R E RN E, BEAMTHRIT,
B TTRISCRE i 7K 73 RO T o i emLas, A
HAHr . AR A B, PPRE
H BRI R SME AR AR . T
SLO3%H A E ML |, 25 5NADH it S5 7.k
TomISEE N & 2 BT 82 Rz B R EBUEYIAE
R B, MR ES. RIKERE AT
EYaFl o Elh, fhEIRZER, SLO3iE 51
YK RE SEBEERAAR, TR EHL
EYEVE B, FE, SR I SLOAE B K&
NADAZE [ (1) g FINAD2 N 2 F LI BY 2, slo4Ze78
AR B FE A B A Y S0 25 A, SRR () B A
H 05, LRSI SLGL A 5 M 2 b A& RNA 1) 2 4 1
HYIRE, SEAETIFLL, slglRBAMRERE, &
Iy ARG HAAR >, XTABA. NaCIFIH Gz

SR, HUEE R 2T S aa e,

g% L Rrid, PPRER AT LIS BY 42 A 4 5 AH ¢
BRI, Fomix s B bR ThRE, Mis
AR A KR B &R A K (82)

2.4 PPR B HZ 5HEYW N 8 & M

M AT R 2 2 B0VF 2 100 55 R R
AR (IR F 3R WA PPREE (12 5 Wi B2 38 S5 . (1) Ty
AEM1367-701, 1) g JF HHWSLEK [ (white stripe leaf) 72
HRPL2JE [ (ribosomal protein L2) #5% A B H 3%
(P RIS, SR SO 3 52 87 5 wisl 9 AR A 4 6T B A 7R
XTLTERR . SRATRE ST &R, w DARR SR 2 i A
AL, WEIFPPRI6S 5 FIHEESE . MVEERFI
SEAL R B, ppro6 oA Ay £h o It 78 IR AN A Ak B
AU, SOARLEE [l (suppressor of the ABAR
overexpressor 1)1 1A i 2 R I X it 74 R s 1
Uk, FIHRIANAER, 3B SOARLIE BRI TE i V& 12
G R fOREERTA, D AR,
FIASOARL ] LA S AH MR AT T 5+ ¥ A ER I 52
218 32 FH O LR BRI K 4% (Populus
lasiocarpa) [ 4= 2 [ 41 A 4% 21 1544 5 38 A5 2¢ (1)
PPREE[H, ¥ AbBHIN, KM #PPRoIE A i) 04 & 3%
;s #hAbFERS, PPR5. PPR277HIPPR574(13KIA
KPR B SRFTER HER AL B, PPR28JE A1)
FIEKF R BRI, XK B PPREE K Kk GE 1
AP A KR B I FEAN [ (A 38 s s 7l

3 PPR £ [ MAE FHHLH

PPREENEN—RKRAMEHFE TS HERME
IR, EERIER SRR RIRNABIG R /R
RST8], H AT 7SR B, PPREHEITRNAMIE
ML EE Sy LA R 3R AL, B — R R AU NPPRET iR
MIEATEHPRRNA L, FHAFRNASNIIEE 6T,
81 LT RS [ BN 3347 AR 05781, B8 Rk
B HPPRYF 7 R RNAZ 48 1 I A FH o 40 55
FH O G DR - R R RO Y, R e 1 M s e 2 A2 o,
PRIV B 52 ) R WA E A0 R g, S B R
WIF 1, QT BB PR A A s B 28 1A i 2355,
5 = MR AU HDNAY G M ETARNAS A & 1)
WNET, T BT VIR G PHE A B ZARNA . BYH%
HFEH, —MPPREE A4 & 7ERNA L, TEBIRNAIE
W BT A ZE AL, RIPTEPEX I, A BIRNA
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chloroplastid/ nulcear-encoded
mitochondria factor-PPR
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Fig. 2 Regulation of plant growth and development by PPR proteins

BT HEAL ), PPRER Fad i xh H A3 PR e s A
BEAT A, s B T SR D AR s 1, BT iR
EEMNAE KK FIT,

4 FEHH

-2 PR R 2R R R R U A IR A R B T
i BE AR 3 i, JF HRES BN A1 R B A
T, WY AR, H AT CRIE R K25 PPR
(4B EiI ik ivam i it)i T w2 2% L ES 4 i P I N E G
PERKETRIEIEAE 7% 7. UIERLZE
ICEEEGREN PPR AR AR 7028 5E 7 AR AE
THELHUVER AT B T~ AN A BUET R PPR 2, FLAN
BUE DI RE X 45k A SCEEHIR T PPR L AT LA 4
NEAS RS 5 S DR AR SRAHEAT B T AT N L, JF HLBAE
Fp5 NS 5 R A A K E AN P aE S N (R
1). (HILEARRIREE R 2R AR IS A FR i — 2P )
WI. PPR EHEHTHMAE KK B RGN 2

PERIZURE R ? PPR R AE RIEA R TReRS, H
GERRA R AEENAE? PPR AR (A2 WA RS S 1R 51 945
A1E RNA B2 GRS HRE, TPR & H B2
ik 5EAE G fRet. BIREU M
2 (A EAE FH 68 23 DA 5081, PPR B
[FZER S TPR 8 I IS5 A AR DI, Lo o 2 75 41
FAEABI BRI NG 2. T4, UMEM R RZ
ETE PPR 254 RS RNA |, X5 PPR 3:[FE
MME A TR D S FIXE R A e A 5T
BE—BWE . BEAh, 2T PPR HITHRERTE 78 H T 215
R ZTH, g H RO AR 7= 52 B ol A 6 5%
/b . PPR & 1] LAVK R AEPHEEAS B MR I 6
BT T, SEEYRI R BR800, Ll
A e, 2T LR A C PPR 2 A B R E AL
FIAPUS SR, B E R PRI . 2
fRPLIX A ] B, T BB IR AT PPR KR A
fg, b b IR Y PPR R AE DhAE X I UL K B 5
5 1M
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Table 1 Some of pentatricopeptide repeat proteins involved in plant growth and development regulation
EHE| K Ligg RALRLI 22 iR
Protein Source Function Mutant phenotype Reference
GRP23  Arabidopsis fiffii )k B %Kik, 5 RNA G A EAEH BT, IR E 2, HZEEIRBIE Cell division [33,34]
thaliana Expression in embryo development stage, interaction abnormal, embryonic development blocked, even embryo lethal
with RNA polymerase Il
DEKZ  Zeamays  spfifkitatAByH: AR E AL, BRAL [35]
Splicing mitochondrial transcripts Endosperm undeveloped, grains not full
DEK10  Z. mays SRR LR IR AR AR E A4, BRI [36]
Editing mitochondrial transcripts Endosperm undeveloped, grains not full
DEK37  Z.mays LRIk NAD2 (158 — A& T HBIE: Splicing MR E A4, AR [37]
mitochondrial NAD2 intron type I Endosperm undeveloped, grains hollow
EMP11  Z. mays RRifR NAD2 A& F 4 BB H: FFREAR, A8 [39]
Splicing mitochondrial NAD2 intron 4 Seed undeveloped, grains hollow
EMP16  Z. mays BYELR R fA NADL 179 &5 T FFREAR, A8 [38]
Splicing mitochondrial NAD1 intron Seed undeveloped, grains hollow
RF4 Oryza B PIFIFE MR ZE R ORF79 RNA NS HEE A B B PR AS 524 Fertility restoration of [41]
sativa Splicing and degradation mitochondrial ORF79 RNA cytoplasmic male sterility incomplete
RFn Brassica  JpMy e FIZREE & #IL High expressioninpollen At AN & & MWK E AR 584 Fertility restoration of [14]
napus tubs and tapetum cytoplasmic male sterility incomplete
THA8  Zeamays  ByEnf4tik KN EF YNEREAEAMERZH, AR EAS, HaBk [50]
Splicing chloroplastid intron type 11 Thylakoid proteins and pigments of seedlings damaged,
chloroplastid undeveloped, leaf color shallow
WTG1  Arabidopsis & MORF8 Al MORF9 3k [l 4w#8 /i 4 PETL-5 #l AR EADEETER 28, ISR aL, ks [54]
thaliana NDHG-50 [#% 3% 4 Edition plastid PETL-5 and il Chloroplast development and photosynthesis of seedlings
NDHG-50 transcripts with MORF8 and MORF9 damaged, hinder early greening and growth
ECD1 A thaliana Zmifn4¢fk RPS14 EEFA, W RMAEEA T ILA, R EASIER, HEYEAERZE  [55]
TjRE Edition chloroplastid RPS14 transcripts, regulating Cotyledons of seedlings whitened, leaf morphology normal, but
functions of early development proteins the early photosynthesis blocked
SOT5  A.thaliana 15 EMP2279 JL[FIXTH-4tfk RPL2 A1 TRNK W&F 4R R B AE®; RS (571
47 894% Splicing chloroplastid RPL2 and TRNK Chloroplast development of seedlings imperfected, plant short
introns with EMP2279
OsPPR6  Oryza SRR S A B BRI 44 Splicing and editing HBRAEFAIER, Ak, H£2=83E Thylakoid [56]
sativa chloroplastid transcripts membrane abnormal, seedling albinism and died
SLO3  Arabidopsis NADH-7 Y& FI08I#;, S5 i@ Splicing KA, WK, g, fhZiE% Development  [63,65]
thaliana NADH-7 intron, relation with signaling pathway defect with short roots, curly leaves, slow bolting
SLO4 A thaliana  #m4E NAD4 FIB7H: NAD2 P& T MBS, MR R BIF [64]
Edition NAD4, splicing NAD2 intron Root short, plant development affected
SOARL A thaliana  Jiiy4 R (5 il % VAR IR B AR N T RIA AR TR [72,73]

Abscisic acid signaling pathway

PtrPPR28 Populus OB J R 2 e L 25 O SR AR

lasiocarpa  Edition organelle transcripts under stress
PPR96  Arabidopsis 4k S B

thaliana Response to oxidative stress
OsPPR  Oryza TERE R 52 N U R 2 v ik
676 sativa High expression in tapetum of pollen tube

at specific stage

YRS f4 NDHD-878 4k kifAk CCMFC-543 (1]
53¢ Editing chloroplastid NDHD-878 and
mitochondrial CCMFC-543 transcript

OsPGL1 O. sativa

SRR I FRIAREART TR W BRI 2 I3
Up-expression plants insensitive to abscisic acid, down-

expression plants sensitive to abscisic acid, over-expression

plants tolerance to drought, cold and salt increased
FRATR F b ¥ E A RR 4%,  PrPPR28 Rik/K-F LA [70]
Expression of PtrPPR28 up-regulated in wild poplars treated

with methyl jasmonate

XL VARSI R R AN BRI R R A [71]
A4 Insensitive to salt, abscisic acid and oxidative stress,
regulating plant environment and oxidative respiration

KEZNE, hER, WA, AR AN [47]
Development slow, bolting late, leaves small, grains less and

unfull

HEREE GRS, Mk, BMRARELER [31]
KB Function of photosynthetic system complex abnormal,
leaves yellow, and plants undeveloped
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