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Critical roles of autophagy and enzymatic ROS production in the regulation of
tapetal programmed cell death in rice
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We comprehensively analyzed the effect of autophagy disruption on gene
expression profile during the tapetal PCD in rice anther development using high-throughput RNA
sequencing. Expression of thousands of genes, including specific transcription factors and several
proteases required for tapetal degradation, fluctuated synchronously at specific stages during
tapetal PCD progression in the wild type anthers, while this fluctuation showed significant delay in

the autophagy-deficient mutant Osatg/-1. The state of ROS accumulation was apparently changed and
suppressed in the ROS mutant during anther development. The numbers of autophagosome-like structures
were reduced in the tapetum of ROS mutant at stage 10 compared to that of control plants. These
results suggest that redox signals contribute to anther development as well as promoting pollen
maturation, and may be involved in the regulation of tapetal autophagy in rice.

(ROS)



¥ X C—19,. F—19—1, 2—19 (58

1. WHEBHARZS IO 5=

(1) A= 77P—iF, BREAEMPEBRIIAHEZ TODMRANO RS - U 31 7 b
T 5, WHIERIRRERTIX, A R OMEMRRAIC B ~DREMARHRL TH 245D 7 ~— Milllg
BT DA — N7 7 V=2 LTCIRERH, XL ) o (GA) R, 7'v 7T AHiaSE (PCD) 7
BICHHABRZ LR L, = Ml TA— b7 7 D= X 0 R SN D ENTR A, A DAL
B ~DIFEF ORI & L THRES 2 AIREMED VRIZ S LT,

(2) A, WELEN O AR TR B T AR FEROMAT > DIEERE SR (ROS) ApkIER O 1 FET
& % NADPH A% o & —F (Nox) &4 L7z ROS ZERS, A — F 7 7 U —FE I M2 59 % 7T
BEMEAVURIB SN TV D, LL, Y7 FILKRFE LTOROS DERIIAWRE DN EL . R
ER S ThHDHRboh Z oI ELFd— 77 O—FHEORGRMEIIRBIEOHEE ChH -7, R T,
Rboh %41 L 7-AEMAESEFRIZE1T 5 ROS AERKAY, HEMI DO A b L AJ@IGCF A « S BHlENIz 30
T, BELRZREEZ RT3, £o00REFARH L HLOD, X 2— Mg TO—iar 72 ROS
FROBZERN AR, TOAFAERE, £ LTI ARFE LToRGENME, PCD 4 & R
HEEED, FREARHATH -7,

(3) HWHOIHEOEEFEHEEIL., SEICEMBIIC T 7T A ENTZHWIR AT = A LT
HU | FETONE, WEEERICEEL TS, FRC, BB FEIEL, REERED HIEF I
SINTWD, BEOBIBFIEN D [TERHEITHE D A RE D Z ~— Nlifia s fi#i, bHLH Y
#55.[K7- EAT1 (ETERNAL TAPETUM 1) &M & 3 BHEG % v b U —27 ORFEAHIE & ZUsfE > 7
07 7 —YRAHOFHE] NEETHDLZ ENALNIENTWS, LNLAERSL, BBExRy
U — X5 F— b7 7 D—HIEOFREMSC, ROS AR Dy T EHE - HIEMAE, STV Ry s
AT FMIE DA — 7 7 O— O FTREEZ & O TREFITh - 72,

2. WHEOHB
WOBRNBIZTFAET 52— M, BEOREST R/ BReEol-a#%E %, PODICL D HA
SRR X0 IERICE T 2 EEARREZH - TR Y | ZOHIEEOfIAIT, BWICB T 5k
EHIENERET 5,

ABFIEIL, #REB L OTER ~OREBMGHTH 5. ¥ ~2— Ml PCD \IRIZIH 1T 54—
F7 7 O—FEOEEMICEH L, EfaRE - ROS TR A2 LIZRZEA— b7 7 U —Hil#
g OB 2D PCD EATBRRIZBIT B, V Ry 7 A7 bt — 7 7 O—#iE0 LY
BE - -BEHZPAONNCTAZELEZHETLOTH S,

3. WDk

(1) FXRX—=FHRIZBTDAA— 77 O —A A= TIZOWTIR, ¥ — MFHRE RN A4 —
k7 7 O — AL TR A %R (PA50 7 1 E— & —: :GFP-ATG8a, EAT1 71 <E—& —::GFP-
ATG8a) ZFIH L. bHLH RURBK - EAT1 ZEH4K (eatl) . Rboh ZRIK, A — F7 7 U —EHK
(Osatg7-1) DA — k7 7 ¥ —Ehi8 & MGk,

(2) Z— Ml Z G D T-FMMEITI T D ROS 4 A =T 712 TiE, NBT Yz FIA L,
EAT1 25844k (eat 1) . Rboh ZERM, A — b7 7 U —AER{K (Osate7-1) O ROS BHE A ML,

(3) RNAseq Ik BHEHE Xy hU—2 77 7 A4 MZHONTIE, EEOLRELZFIFL, L Ky
JALT TN, A= T 7 V=Y AT LAORFIERIEICE T DGR Y U — 7 ~DF LI
OUNT, BRI IRRLE,

(4)  Rboh # > /X7 B ® ROS AERIEMEIZ DUV TIE, HEK293 M 2 FV 7= BT BLRIC L 0 BFE,
HCRBNEESND Y VEREEFRIZ L D Rboh ¥ 7 B D U U EEIEHIZOWTIE, VN
U Uk Mass fEHTIEIC X 0 BRGE,

4. WFFERRR

(1)  JEEPHRFRERIRICBT 54 R F 2= MllaD 4 — k7 7 ¥ — D22 [E R EE 2 AL
TAHEOIZ, Z2— MR T 25— % —FATI OFIET T, A— 77 P—a{b~—H—T
H D GFP-ATGS ZIEH T 5 X4 X— MR A — b 7 7 V—A kA 22 A EH L=, GFP A%
ISR I B W TR RIS SN, RIC, A — 87 7 O — IR O R 22 R B A it 5 72
WIT, 3D BT IWAER AT o7z, CFP ey 7 iz nu 7 4 VAFRENKONE TR S, #
N— MR Ry MROFT— T 7 2V — L/ F— F 7 7 PGS RN B SN
(K1 £2), RIEAT — T ORI G . A— b7 7 =13 OFE) — i D & ~<—
M SR CEIMICHEEIND Z 2R LTz, A— b7 7 U—EBIK (Osatg7-1) TIX, B
e Ry MEGEDIRTRBIEINL L EBIC(M 1 £A), #— MiilaoD PCD Hl#IZBES 5455



[KF EAT1 DZEBAK (eat]) B LN Rboh ZZEIKTIL, A— b7 7 V—BEICEENIR I, &
L, R A FORIGBICRE 2T EBRARBHIATEN 2 EH T2 2 & T, BWA 2 OFFE
DL B, TOWBIZBITAA— 7 7V —0OBEEMZHONITE D LHFIND,

201

e
©n
1

Punctate signals of
GFP-ATGE per unit area
2

(%]
1

0_
Stage 9 10 9 10

WT Osatg7-1

B 1: () A RO Z~— MR T 54— 7 7 P—0ZEMERE, ) Z~— Mgz
DA=F Ty V—FEL A= Ty VEREKICB T D Ry ML 7T AR

(2) BERAEBOIEMBEAT —VHEOHIBITIBEFRET 0 774V v 7 E2FEHL, &
EREICEBIT D%y MU —27 ZAbOFEANE & B R BRI OWGEE 1T~ 72, Osatg7-1 O
— 7 T2 XD RNAseq fjftfT. £ L CHEED A I A T x~T 4 7 AT FEEZ AW T,
A FEBE T OB 2 BN LIFRER, A— b7 7 U=V AT A0, Z~4— MlRD
7'a 7T AHIRESE (PCD) HIENC B - 255 R FREDREL, R#@fx v hv—2, LRy 7 AV
FOEBPBCEE L TS Z ERHA LN -T2 (X 2),

IZ . Rboh ZRAKIG DI FEA T —FD RNAseq T—F 2 HWT, BB T w7740 7
ZFE i LT, BRNTORE R, ABCG B kT o AR —F — A G0 T 446 (8O RBLEEE T FEE
SHfz, ABCG B kT v AR —H —%, EMEE~D AR B AR L= UliklZB 5 LT Y, Rboh 48
FAROIERFER B OFRIC, ABCG Y k5 o AR — & —5 O3B F A O W REME A R S Tz,

KIFEIZ LD A X EBEIIRBITHV Ry I AV TN EA— T 7V — EXy NU—7
DFERETRBENEDNI] S NS 72 o 7o, ARERIL, #bsA 1 O IEDOH 1= 72 A A O 721 ¢
72 FERMICA— b7 7 DI X B EH OB N EWE ORI L ~DTE A AR S

D
A TPz b AP38
15 18
ki e A minor CHO .o Ascoae , Glutathions Light
2
12 . Reactio!
3 - & man [ Starch
% - F L F -
a N
z O e
;'05 g - Sucrose T
§ u m
H H O LE ® opP
5 = . ey
: L]
H . » )
S03 _
& -
L3 o | | = Fermartxtion Tetrapyrrole
- e
z - s -
0 gz m Em O 4
B ] S‘(E-E oo ] SL:E o1 maEm $ n ™ Mito. Electron Transpert
age ge
B E TCA = Carbonic anhydrases
EAT1 AP25
-m e EE Amino Acids = . . ™ ] 0 NO;
. o (P |® |0 (T ||e 5] NH,
a . .
§ ga - orpones =l o ¢ mmfee]e . S0,
g 2 ) u ® | Ol m | c-1
g g o .. - Metab
= = = om —
= L] .
E % o e * fle |l® . - Nucleo-
: s pmm g TR -
g [ | b . [ ]
g oy potpoide. g
8 Phenolics. L]
g =
2 e
£ Tw
z

8 9 10E 1oL " B 9 10E 100 il
Stage Stage

X 2: (f2) #~— Nlifao 7 v 25 NaSE (PCD) il BE 4 A G R T RED B ~D 4 — K
77 U—RBEOFE, () mapman FEATIZ L DRy VT =T ~DA— T 7 U —KRBPOFE

(3)  EAT1 Z#{K (eatl) . Rboh ZEAKIZHH L, #FREWRERL L O ~— MifuNIZIIT 5 ROS
e A NBT Yefa 8|2 K 0 b EEMFATIC K D MRGE Lo, MRITORER, 4 R EARA T — VRO ¥
~— M C ROS BHEED A BN B SNz, £, FLEAEHICBWTIE, 2> b —/LRIZlE
RT, W\ EREE LA BEILEE S 72, Rboh ZBEAKD X ~— NEREELIFT D ¥ ~— NEEEK A 7
—JTOROS BHEEZMRAE L7-AE 5. 2o b — LRk & BT ROS BREMNMET LT =, AAFZED



5. ROS FMB LWL Ry 7 AT T F LA R OFGHEEE L BB T 5 AlRe Mk R S vz,

(4) EREEFRFZEO—BE LT, ~L v FRFE ROS ARKEESE Rboh # X7 E DY Rk
I B A L RRFIE 2 F2hi LT, BFIE7 L — 7 NEH LTV DR S R 7 BIZHNW T,
FIVN Y lRAE, Mass IEHTIC X W . Rboh @V U ER{LAREEZ AT o -4 5. R % X7 BN
U R KEEE & U TCHERET D & L BT, Rboh # U XU BIZBITD U UELERNE AN & 2T 7 o
7=,

—J7 . HEK293 a4 v 7= Rboh # > /7 B D ROS AERIEHEIZ- 2V TiX, Rboh # /%7 &
DOFBLPRD THY < | TEHERIENKNEE TH > 72, NRKEO/LSEZ 2 FUoRE{bT 52 & T, K
JEENTDOZ 237 EIBUTSGE S-S, ROS ARG I SN o T, B D50
MRMETH D,



5 5 0 5

Sera Yuri Hanamata Shigeru Sakamoto Shingo Ono Seijiro Kaneko Kentaro Mitsui Yuudai 9
Koyano Tomoko Fujita Naoko Sasou Ai Masumura Takehiro Saji Hikaru Nonomura Ken-Ichi
Mitsuda Nobutaka Mitsui Toshiaki Kurusu Takamitsu Kuchitsu Kazuyuki
Essential roles of autophagy in metabolic regulation in endosperm development during rice seed 2019
maturation
Scientific Reports e18544
DOl
10.1038/s41598-019-54361-1
Hanamata Shigeru Sawada Jumpei Ono Seijiro Ogawa Kazunori Fukunaga Togo Nonomura Ken- 11
Ichi Kimura Seisuke Kurusu Takamitsu Kuchitsu Kazuyuki
Impact of Autophagy on Gene Expression and Tapetal Programmed Cell Death During Pollen 2020
Development in Rice
Frontiers in Plant Science el72
DOl
10.3389/fpls.2020.00172
9
2018
29 35
DOl
10.24480/bsj-review.9a5.00131
Hanamata S., Sawada J., Toh B., Ono S., Ogawa K., Fukunaga T., Nonomura KI., Kurusu T., 36
Kuchitsu K.
Monitoring autophagy in rice tapetal cells during pollen maturation 2019
Plant Biotechnology 99 105

DOl
10.5511/plantbiotechnology.19.0417a




Hanamata Shigeru Kurusu Takamitsu Kuchitsu Kazuyuki 21

Cell Cycle-Dependence of Autophagic Activity and Inhibition of Autophagosome Formation at M 2020
Phase in Tobacco BY-2 Cells

International Journal of Molecular Sciences 9166 9166

DOl
10.3390/i jms21239166

4 1 1
ROS
61
2020
ROS
36 ( )
2018
36 ( )

2018




Kurusu T., Sawada J., Fukunaga T., Hanamata S., Ono S., Ogawa K., Kaya H., Toki S., Nonomura K.I, Kuchitsu K.

Critical roles of autophagy and ROS in the regulation of tapetal programmed cell death in rice

Japan-Finland seminar 2018

2018

(NONOMURA Ken-ichi)

(KIMURA Seisuke)

(KUCHITSU Kazuyuki)




