H g 4l K22 4R Journal of South China Agricultural University 2022, 43(6): 36-47 DOIL: 10.7671/j.issn.1001-411X.202208054

B IE, TROMERS, T, &5 R AR RIS B I SRR B IOPT A RERE [J]. R ARR AR, 2022, 43(6): 36-47.
LI Gousi, ZHANG Yaling, MA Kun, et al. Advances in protein modifications for fertility regulation and reproductive development in plants[J]. Journal of
South China Agricultural University, 2022, 43(6): 36-47.

fﬁmmmm

R
IR

\./"\-/‘M’\-/‘G

ERZIPAEEYEESEEA FIMRIER

AMEY KERY, T W HERY, BERXY
(1 Sy Rk K A At 5 B/ T 300 Rk A ) T RARP 54 A B %aﬁ ERBE, A M 510642,
2 PR REAF ERHR T RELBRE, & 7 M 510642)

HE: YA NS EEAEAMUESEMENTEAE B, BEED AT R BOR 8 24 RTEY
AR E 5 T IRENLH R AR B AN EERENE, MRRIEYRZEMNEZETRK. EEREHEE
ZHEEERELT R TRSE5EMERK TSR JTFER, HYE RN F K5 T M
WHTCHUAS 1 BB R, (R R SR 5 R A BB MR 12K B IR D RERME o Dt ASCia 45 1 BERRAL. 2
A SUMO fL AN S 4055 2 i il 1 E R RUAE AR B PR R = AL R B B BRI 22 1R, AN 5 SRR 7L
RYESH L

SEHEIR): Y. B AR E B OB BERR AL 12 F 1K SUMO b BEEEAL
FE 5SS Q943 RRPRESED: A XERS: 1001-411X(2022)06-0036-12

Advances in protein modifications for fertility regulation
and reproductive development in plants

LI Gousi'?, ZHANG Yaling"?, MA Kun’, XIE Yongyao'?, CHEN Letian"’
(1 College of Life Sciences, South China Agricultural University/State Key Laboratory for Conservation and
Utilization of Subtropical Agro-Bioresources, Guangzhou 510642, China; 2 Guangdong
Laboratory for Lingnan Modern Agriculture, Guangzhou 510642, China)

Abstract: Plant fertility regulation and reproductive development are not only essential for plant reproduction,
but also the genetic basis of hybrid crop breeding. Post-translational protein modifications are the important
regulation mechanism of different activities during plant development. In recent years, the molecular networks
of fertility regulation and reproductive development in plants have been greatly advanced. However, very few
reviews focus on how post-translational protein modifications involve in the plant fertility control. In this review,
we summarize the function of phosphorylation, ubiquitination, SUMOylation and glycosylation on male fertility
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stage, respectively; Right: Proteins under phosphorylation (P), ubiquitination (Ubi), SUMOylation (SUMO) and glycosylation (Glyc) during pollen
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Fig. 1 Protein modifications during pollen development
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Table 1 Enzymes for protein phosphorylation during pollen development

Yol EHSEAR i AR (SELp EE BTN
Species Protein name Enzyme type Functional stage Reference
T ER/ERL1/2, BAM1/2, RPK2, K321k 41 i 214 [17,20-24,28-30]
Arabidopsis CIK, EMS1, SERK1/2 Receptor-like kinase Cell differentiation
thaliana MPK3/6 e 73 R A 2 1 il g e [17-18]
Mitogen-activated kinase Cell differentiation
CDKA;1 2 Hfo B A B AR s M AU L [38-39]
Cyclin-dependent kinase Meiosis
ATM YL PRI R R T3 2] [41]
Serine/threonine kinase Meiosis
PPX1, PP2A IR TEL R [40,44-45]
Phosphatase Meiosis
SGC KA Pty MMETRE B [52]
Receptor-like kinase Microspore development
U ERL, MSP1 FRAR il ] [19,33-34]
Oryza Receptor-like kinase Cell differentiation
sativa ATM, BRK1 22 IR Iy R IR RG] [42-43]
Serine/threonine kinase Meiosis
TMS10/10L, LecRKS5 ELUNT {5} N R H [47-51]
Receptor-like kinase Microspore development
itkia SERK1 K32 i) A ! [36]
Gossypium Receptor-like kinase Cell differentiation
hirsutum — CK 1 i A BRI MMETRE W [46]

Tyrosine kinase

Microspore development

TR TR . U FT SKP1 RA% 5 1 2598 800 34
B YR G R B 2, AL 70 B MAZAE RS B
S, FoR SCF & AR AR AU 2L AN,
SCF F il it A [E i F-Box & [ X%HF 2 IR #E4T
2 A T LA [F] DR, Wi7KHE F-Box HH
MOF F1 ZYGO1 [A] B 1 4% sty $or o B8 AN [) Y5 G 2
Sy, MOF if K 4% DSB & 5 IhhE, RAAE mof
HIAERT B, zygol WIMEMERC 7[RI E P, £k
F-Box H 1 ACOZ1 N2 G0 J5i i 4 0 75 B 1, R
AR Gt R A FE AT A0 26 B T Sk NAB R B, sk o
T BCRA [R5 g% AR e % 52 BH, DSB JE Mg EA %2
SO, 5 EOMERERC T IRCE Y. SR, X L AR BRI
2B IR A B

APC/C [FIFf 2 H 2N E AR E A0, =M
YIRE 0 2L FEHNZ R B3 SRRz . T
APC/C W % & H APCS8 LA K% 1 4 B X 1
CDC20.1 Bk B 2= 5 9 8053 2 e (o 4k 43 25 FAE K
B IS E & APC/C iz = AU)R
Yz —, APC/C i ik [ fift i 5 U 1 48 i ol 0 2 A
HPE N CDKs [R)3E P, DT 428 i 98 8k 7 R E 72
[ B APC/C A& & X 25 3| 40 ffu J& &5 5 M
CDKs 40, i hn, $00RG IF (1) 4H i i BA 2
1 OSDI1 #l TAM VjRgi k2 T B R &

1k, N RE S g0 A O g R 2
TDM1 RN 2 T BB 7 24T01E B 261k, 41
Z k4533, OSD1 il 456 APC/C I H LA
Hl 5 & I, TAM-CDKA; 1 38 it #% 82 1L
TDM1 ] J5 & % APC/C BIBGHEAE >, thah,
APC/C iBEIE L 4% PANS1 & AR ENEE A 4>
5 NS PR R RS S PR A SYNT/RECS, fRIIE
A 2405 1 T R pd oy 251

HEI10 & A 2 # RING 45 f ik i —Ffhiz &
E3 HH, 1ZE A5 2 ZMM & A AR L E
A2 ek £ o 5 R G €0 A4 B 2H < i, ORI ST HELLO
RAR J5 Yt AR B 2 KT AN Y BB T B0, AR
ifil, HEI10 F) B ARz A A S AR R AL
AEATERE, AR —2.

H R R B 1 SUMO A &4 1 4% )8 A 7 24
FEHE SMC5/6 E& A DIREF K . SMC5/6 & H
R AR e AR S Y7 i 75 1 o — 2R B Gk,
7£ DNA 5185 . 2% DNA &I /1. 4EFr 40
IEH 7 RS R P R EAER YT, SUMO E3 HE 1
MMS21/NSE2/HPY2 5 SMCS5 & A HAE, &
SMC5/6 MM E A Z —. TR TF MMS21 2784k
TRy ST Je AR LR A0 B e i R, 2 AR
B M S HE R R B K R AR AR, 5] R MERERT T
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(RIARS, 115 BE PR e g7k S0
2.2 FEAZENRF SUMO (LigH B REHEE

%P -a=pok

Y5 HiJZ PCD IR AR RIEAC R IEH K & 1L
B, 1O FE B2 BB 1z RGBS
I+ PUB4 F/KF& PUB73 ¥ 4at5 U-box 2 & E3 i#
BB, KA pubd U Z 1 E R KB AR, T
pub73 [H5HZ P2 AT H IR EAL, LLE 2 R
BISEAEMIIEER G RETIE, K pubs (NE
PEREEMRIR IR ST N E 7, fEKFET, 5 — Xz
% E3 % #8¥ HUB1 Al HUB2 M S 40 %E 1 H2B 1Y
Bz RN, iz Rm B E L RN UDTI.
CPI. C4 % Nl RN RIALERFREEMIEE K E
FRERRT . AL, gt 240 B i £ F-Box & 7K
T ADF Jk K B o e R 2 5 B B 2 5 S

W, R ADF BIE R SERR AN 2, (HIX R EH
Z RN AR SCF Al Re S5 T 9B Z M 1EH BT

TEACK KB G, Bf /N2 2 IRA 4
5, AR 3 AN R BAEN . 161X
— i fEd, E T FBL17 5 SKP1 4 & i
SCF & &1k, 72 Z AL A 40 i & 3R dn | & (A, et
AR R A S 2 A 22 3770, B T R IR
3, BUFE I MM S21 %8 5 [X 7 DPa # 47
SUMO 1k 1& 14, FHLAS E2Fa/DPa # s [K 1 & & 1K i)
TE RS MZ N, f5#H S5 T 400 Wi
A 225y G FET,

73— SUMO E3 #4208 S1Z1 A1 S1Z2 #4ikiE
5K AR KB AL 2 IF R A0 5, 1 005 JF X
SUMO 147 A SPF1 A1 SPF2 #:iAATE SIZ1 H T
W RIETNRE, XA E A IR R S5 REH T
B 70 X BURIE AR 3o SUMO AL Sk gk B i 1) 4>
R IE AR R B R .

RS EHR R E TS EAZRZEM SUMO
TAB R ) 55 A AL B 45 91 T 3% 2.
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Table 2 Enzymes for protein ubiquitination and SUMOylation during pollen development

(LGBt Yy E{=E i [sE it 1 I 38 SR
Modification type Species Protein name Enzyme type Functional stage Reference
Zxl fRTF APC8 APC/ICIZ mESELMALNER R [60]
Ubiquitination Arabidopsis Component of APC/C Meiosis

thaliana ubiquitin E3 ligase
HEI10 RINGZ K E3 & Hc e iG] [65]
RING ubiquitin E3 ligase Meiosis
PUB4 U-boxiZ RE3 LN METREH [71]
U-box ubiquitin E3 ligase Microspore development
FBL17 F-Box3K MR B A [75-76]
F-Box protein Microspore development
IKFG MOF, F-Box& A kA G [56-57]
Oryza sativa ZYGO1 F-Box protein Meiosis
ADF F-BoxH MITRE [74]
F-Box protein Microspore development
PUB73 U-boxiZ R E3 &M MR E [72]
U-box ubiquitin E3 ligase Microspore development
HUB1/2 Z FE3EH: MMET R EH [73]
Ubiquitin E3 ligase Microspore development
EFS ACOZ1 F-Box# i L] (58]
Zea mays F-Box protein Meiosis
SUMOfL PLETT MMS21 SUMO E3i# % AL 2L [68-69]
SUMOylation A. thaliana SUMO E3 ligase Meiosis
SPF1/2 2:SUMO1LTE NF R E B [82-83]
SUMO proteinase Microspore development
IKFG SIZ1/2 SUMO E3i#E 1§ NETRE [79-81]
O. sativa SUMO E3 ligase Microspore development
ESS MMS21 SUMO E33%: i e Gl [70]
Z. mays SUMO E3 ligase Meiosis
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LI A BE SRR L, S B A S
By B A% B T R E Y DR . KT
MTRI % i 20 i i A ) OR B R 2 E )
N AL AL 1 BB 5E 715 - B 2% 1 4 5 i 48 6
JE RN IR KB UY . B R Ak A HE A
(Arabinogalactan-proteins, AGPs) /& & & i Z R it
e FERE AL, WEIU KL AGPs fE9KHLZ L /M
T BRSNS AL KRR, SRR R R
A2 5kh KGR, HarcfA 21 AGPs #
G R B, H B 500 B it G .
i, S IF AGP i SE [ FLA3 1T HFRIE I AL
MNEER B R ETAEY; H3E Brassica campestris
AGP Ziti 2k K MFS FITTERBIR T 1808 BE IR &
B, FEACK LT BTN, KRS AGP 4 9 2k ]
FLAI R J5 5 R/MAEFI/IN T HMBE 70, Sl AE
WA E™; KRG — A AGP 4wt &K DEAPI &%
DiRe = A2 Mk d L, 045 90 2 1T 18 R
16 Ky AN BE SR [ L 5 K SLI TR, 2 — B HF AR
DEAPI flgdid 5 2 MfRAL K BEMKEH
D6PKL3(D6 protein kinase-like 3) HAE, & 518
W OR AL T & U0 2 R R R
(Galactosyltransferases, GALTs) F# /5 AGPs )
LB EAAE M, 5 GALTs FFEZS 5 = EY)
WA R E . B, GALTs 4t 5 K ZmMs 8-
KNS4/UPEXT DIRETER 537 51 62 TR AN UL e I ek
AFHP, KNS4/UPEX] FZi@ i A/ F /744
HREET AGPs 1] f—1,3—FFUNEHE G G, 4ERENT

HMEE T IRIR S5 44, MR R AEAD 18 R B thah,
KNS4/UPEX1 K7 J5 23 5 B0 43 42 K o 42 38 F
ik, ST B o Ak BE SR A BRI BUEE A F &
MIAEH B T 2] —E R E ™,
3.2 ERBEWAREMEHRAEER

TEAER KB R 2297 2 A B,
558 OB A A 1 1 22 PR (A A R AR U AH G
FIfEAL S, 10 UDP—FE A MR 1L B . N—Z B & 3L
B PE—1-P SR IE LB . 25 R B R -6 R
T e ik i # g, A2 4EFF A0 R B PR IR L 7 AT
TR R AR LB AR R R BB
BURIEFREEERCY, Bar, MEATENKE
Ji B0 D) ee i 78 2 EEAE SR T R R ROE o ]
Z Ik ts 3L Rl RGPI A1 RGP2 1 RAFK . AGP6/
AGPI1 X AR RN 225 70 e
MAE . # GPL A e 1 s E 10 2 A A4 = s
Jii %3z B 1 LTPGs ZhRg Rt & 2k J5, 1ok Je ik
W, ABFE A B8R T R I WY 4 4, R AE
M R G FE H B ) T, [ A2 B GP 4 g 18 1
H) R &R E EE A36 A1 A39 78 BUEAE K T i K
FERIK, ZHE B YRR 2 3 B8R K A PCD
MAE ., e RIAMMEE S LRXs 25
A rE s i ) o — KB E A, B35
o 5 41 BE S SR U T MO P AR B R AR R, CRAE
T REATER B IE TR

DL BB AR B, 2 50k KB iSRRI E R &
WA IR B A Z R, R % 7 At %
M RILAGE T 2 5100 K & &AL
WA R AL (% 3), IX Ll AT RERIA 42 T £
AR E HIHE RS I R .

R3 EMABIETSSEAREEEIHRELE

Table 3 Enzymes for protein glycosylation during pollen development

Yol =B N AR ((SELp S5 3k
Species Protein name Enzyme type Functional stage Reference
PN B KNS4 IR AL IMET R E [92-93]
Arabidopsis Galactosyltransferase Microspore development
thallanda GINAUTIR  N-ZBE AR 1P IR A (L AN TR [95]
N-Acetylglucosamine-1-P Uridylyltransferase Microspore development
GFATI BBl Sb-o-WERR B A A R Bl METREW [96]
Glutamine:fructose-6-phosphate amidotransferase ~ Microspore development
uUsP UDP-HE B BR L TE ARH [94]
UDP-sugar-pyrophosphorylase Unknown
BN Ms8 PR PR R ARH [91]
Zea mays Galactosyltransferase Unknown




6 W]

PR, & AR RS AR T R Ut e 43

4 BEEERE

REHRTBESA T REBEMREE AT ER
FECIFRE T REM I, (HiX A E 5 H i B ARE
ML Z DR BT 70 140 18 425 30 i DA J% %38 B2 2 ) 1) ELAR
RAZG NS A R — D By T SCHHE M 4
W A B, T B R R E A S
HEAF L FEHMB RN S S T EDEE
RE PR, H R A 300 R
B e B S A A E Y, G TR E S
AR B A O R EB R U 4% X 4% 1T e LLRATT AR
IS Ao BbAh, (E B E QB 5 0 A, Bef®
= SRR 8 R B AR AR 24 /168 v sz BIRE IS
iR mES, At PR TR RIS % .
i 4n, 5 JE o ZIH K FEAE 25 AT IR L B B A
Mg, KI 3203 N 2 BB A A2, X288 A
Z5 DNA B 5. H s, B 5 35 R,
FgI% W Nicotiana tabacum- £ K555 ABERIL
MR HT R, BALER T A KB B BB IR
it Hh g st K REE " K
T4 AR T JE Rz R V2 2= A B 1 4H 7 A 9T B
HERMGW 916 Mz R EA A 710 2
REREWHFIKYEA, BEHE 7 4~ RENEH
KEBMHIEA"S, X REHIEH K E S
B 8 s A7 AR B S A2 1, AT X e B 2
BB S KRB R E USSR, A
FEAR I 73 24040 RES = 5 /N7 2 R S
BRI A0k 51 Sk U 5, AT (A5 T 7T i =
BRI

F— 7T, e KB ISR R — 8 e R —
518 BRATAT W I 2 M B B A I P (R B SR A .
% 40, 7€ A6 25 40 M oAb i 72 Al B AR
RLKs 5 FMG, e Ah 52 44 55 1) 480 H 52 300 B4k
et I 5 BCARAE 5 40 FAHE . 4, 5
1 R R A A2 1 B 35 B vz 25 B3 S 4l I
B fige, g AR BRI 1 SYNT/RECS, % FI7E
IE o 2 FE IR B IR AL, B T i AR AR TR
fife, Rk Qe AR IR B 7 1Y, Xz & B3 R
APC/C i i 3 fif 4 i J5 3 25 5 715 CDKs 2R H i
B 1 35 1, T CDKs X RE i 1 i BR 1 42 1 X
APC/C #AT 55, vz R ALF SUMO L&
o e DA 7R R AR R RS BUEM, B
X 2 PE AR LEAC KD KB R 0 = oy 24T f
REFEBEER, HEfz g 2055 R
A B TR BRIE o

Zib, REARTEANEEESHOaq
22 KIWTE, (HE AB N 2 REEE T HAE R
FEAER R B A RE (0 22 RPE AN B 2 P o A% TR ) AT
TS I 5 7 20 VR 5 P 1) [R]— B AR A AE
& 2 MBI, A R RR S A2 e AT 46 e R P S i 2
FI DI RE R 58 BEPE AN 1A 1] RO AH AR s 2) PR A2
Wi FR) 2R Gk 25 8 Tk Z i AU BOR T B 3) A
BUifFAEE D a SRR, Eaeirzshad i
SHEMAEKKE ZRE R RAFERE AR RZ .
ARSI A 5 ) AR BRI 45
vk —#, VA KEAMRIDREE A LU E A
B R AU I A 2L A Rt — DR B %
Foft RS AR AN AR M AL A BOR B AN B %R, JF H
a2 [ B FRATTNS B LB MR R 218 & BAAI
REFFEEY RANRN, X180 & B A oS3k R ) 20 1A
FEALHIFI 42 00 4 1) bR AN T 5 35
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