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THE COOPERATION OF TDR & EAT1 IN
REGULATING THE POLLEN EXINE DEVELOPMENT
OF RICE

ABSTRACT

Pollen wall is a specific structure covered pollens. It helps pollens to keep the
reproductive activity and also plays important role during pollen-stigma recognition.
Now nearly twenty genes including transcription factors, enzymes, transfer proteins
have been reported to involve in the sporopollenin formation and transport. But how
these transcription factors cooperate together to regulate the metabolism and transport
of lipid precursors during pollen wall development is still unclear. Our lab has isolated
two bHLH transcription factors-TAPETUM DEGENERATION RETARDATION
(TDR) and ETERNAL TAPETUM 1 (EATL1), which are specifically expressed in rice
anthers and contribute to sporopollenin formation and tapetum degradation
respectively. EAT1 acts down-stream of TDR and can interact with TDR. We
implemented electron microscope analysis and found the ubisch bodies and pollen
exine of eatl were abnormal. Transcriptome analysis revealed a total of 1192 genes
were differentially expressed between wild-type and eatl anthers, including a large set
of genes predicted to be related to lipid metabolism and transport. Dual-luciferase
reporter assay carried in tobacco leaves shown that TDR and EAT1 can separately or
cooperatively regulate LTPL64, LTPL68/OsC6 and other down-stream genes which
are involved in pollen exine morphogenesis. The phenotypic analysis of
LTPL64-RNAI lines exhibited its ubisch bodies are abnormal and baculum of pollen
exine is missing, which are similar to that of eatl. This study preliminarily
demonstrates the EAT1 and TDR can form different dimer patterns to more
meticulously regulates LTPL64, LTPL68/0OsC6 and other lipid metabolic genes to
affect pollen wall development and it is of significant importance in the basic research
area to better understand the molecular mechanisms of pollen exine development.

Key words: Rice, Pollen Exine Development, TDR, EAT1, Gene Regulation
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1.1 5|8

AP T IZAFAE TR T, B A 5 B B A Rt -2 — 2 R 25 A i) 2% T
e RS e FL = B AN, I B ORBEE S 2 (5 AR e AR 22 it % 7 AT B AR
IfE . AR KA 80 4F L, A28 B MR MR ALV EPD IR SRR B i, JCHAE T0K
KA e SAE HEUREY) EIUS T BRI S A M . TRETEAS & 2 2L
R Rz —, PP IL A 5 ke 2 2o A, AR LR
B BIRAAT T, AR XS T AR 55 R AR PSR BB 4 i AR I - MEVEAN B 32
FOETREYIE L SO AN RE IE W R & LG MREMIE 28 SfE i K B IR R IR 2, Horp,
FER BE PR T SRR 7 2 H I RV EAN B I E BRI KRR I =2 — A1
Mg, ARk g A AR A BRI KRS AR TR B IR ST U R AN & LR
WIRTED X 7K 1R 2 S AN 7 4 3 B

TERAE AT REY I /NET, BOAREYEA B 50 1 200 R o TRV IR AL
WH SN BN, Hh— AN E IR, A A TN B A SR A A R
ARG T o S IREVIITER 2 AR o NATTRRIEAE R TR K/ W LA H RS54
XIPRYE . TERDBE R AE A AL R ISR R 1R, W] LORH ek S e BRI, 2R 18K
2RI, BATRE SR8 Rk AR ORR O B s 5 0 Il BB O BRI 5 AR B U AR
s A RO ERIE - TR AEAR T 7R TEFE S, AT DL, sORAR IR
FEFRIETNL, fERReEn] BE . MY . 2. TTRES. TemRii MR AR, 22
WARK . BUNUAER BEAAN 6 um fiA7, T ABEAE 6K AR AT 90—100 pmte 16432 A
AWIRAL, WA ALATER B EARHEA X3, FER i1 A I A0k B AEAE i A AL o W9 FL3%
HAMBERIELBY, 38 0 S AL T A FLIE S I BATVAEAL, R A A LA
I EHIB AL R WA AL AT AERR I, /I T BRSO T BRI o A6 Fam i b (0 9%, AR
VoLi- R

1.2 TEMENSHSEMINENR T

TR BE R ELEAC R AN LA 2 2 S5 MR R 4 M BE , =5 2 ol g SR o 4 R IR Ry R R 22
BRI R 27 4 2 L R e, AR AR fe e . BT HAR e BRI, TER BE
FE/NL T (R 0 7 SR P e 2 R A e 2 ), (IE R A A 18 T B R 5 T RE AR K 2
YRR LR R ARG I, SRS (LA RV R AN SRR . Bk 4b, 16
FBER SR FE S 50K IRR B AR 2 B AR 5 8,

1.2.1 Ae¥yEER 21

TEATY BE (10 225 1) 38 L — M AR AEL VD A R 4 L B 5 2 o BRRAE R BE TR S AEAN R b 2 T B A
—EES, BHEMWERN—E, @E A H AN EE (Intine) MEE (Exine) A& E (Tryphine)
SRR N, AR PR B EREE IR ANEESNE (Sexine) ATARNETIH 1)
HNEBENJZE (Nexine). AMEEANZHIHCIRE (Baculum) FITHEZ (Tectum) #Jk (B 1-1). 4t
BE P2 AR AE SNEE T U A . T ARy S RE RS e PR . T AR AR A, PRI FRATT
XF AT ARIREN 2 270 o H FT ORIk JMEE 1) 2 4y 2 S B 2 A M & RO 23 W ) Fk
o EMEL M EERZRILBIIRAEY . By 2B TR R 2 Y, 8 i

1T 497
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NI soanor Juo Toxe Unwessr AKTE EATT i TOR 5 SIBTEMINE % BT A2
FE/NEF R T B BE 2 PR ZE ) o FERBE N BE IR S AN T B, E AT 4E R &
FURMR IR RS 1R oM BNl 5B 2 — BIRRE, TSR, E MR D2 hs
E5 L BRIEER N B A Sk R R b e s P,

Tectum .
Baculum }SE}(IHE Exine
Nexine 1 . |
MNexine
MNexine 2}
Intine

B 1-1. FERBE g i
Fig 1-1 Scheme of pollen wall
Intine: PYEE Exine: AME
Sexine: 4MEESMZ  Nexine: #MENJZE  Baculum: FHRZE  Tectum: Ei/Z

1. 2.2 1M ANEERTE O A2

2004 4, Scott F1 Blackmore % NARYEACKD FMEELEA RN BAR &K 15 OL, HANSL T
TERETE R AN BE Y R B Rl 10, B f R,

(1) JPFIRFEE 2 /N APEESTRR S — 2, RPIAEAMREIIRRAR , [R5 & R 46
TN RO, FEDRE o 2 B, IR BT 4 3G 2, 2 DU e 1, DU oAt J2 JE 1)
G L 32 . SRR Calss™Y . GLUCAN SYNTHASE-LIKE 1 1 12 (GSL1 #1 GSL12)
2P K K FE e (1) GSLEM A ZE /N Tk B i B b 5 5 IR SR BE (R T o R, LA (k1 R 30
IR A R B, e AT A R B S,

(2) WHIRFREEI G, WIEANEETF IR R B, WIAEAMEE 13ty ZRER YR AL, 1 ok
BER BRG] FHU VU . DEXL {E N—/ME L85 745 & R A NS 511440 T
ROt R, HRASR A A BE B IR, FEM AR B S L Rk ANER S R SR A,
LK BE b PIFRIR G5 M TT G RE AL o AR G5 WA 75 030 T B2 52 F Ry 22 AT o 436 FL B8 22 5] . NO EXINE
FORMATION 1 (NEF1). RUPTURED POLLEN GRAIN 1 (RPG1). NO PRIMEXINE AND
PLASMA MEMBRANE UNDULATION (NPU) #l1 Exine Formation Defect (EFD) #{i\ NTEL
B3 SRR GE M R B i Fe 51,

(3) WIAEAMEES B B e 30, BRI 46 2% 35 UG TE R 28 [ 1AM EE Y 2 1 (Nexine 1),
JE R SR B A /N T R B-1,3-7 BB B (B-1,3-glucanases) &M (A6 FELEGTT . THSEFIK
Fariz i #8190, Ik A BRI SRR 2 A WA R BB N, 2 EAMEE R 2
(Nexine 2) JFEE Ak

(4) TEAEM MR R B 52 ilia, PN ST 2, mKRMER. EAREITGIE
FTEEANEERZRR, BB B RNEMEZE. SWMEREREREH e A 2R EH, =
ECERIFERUM (CER) %[ (f3#5 CER1?Y CER3/FLP1YHI =4 CER2-LIKE £[H?) )
J% Long-Chain Acyl-CoA Synthetases (LACS) 1 Fl 423145 1k 5| S AR 14 5 il 2 35 U I3

FEAER AN S R rh, BT B AN E R 2 5 R4E R AN SRR, B AT e 5
PRI DR 2R B D RE 3R, AR 21 AR AN AN R IE T -

1.3 FHERRRHSETHEXERSSEMINELT

B T /NMET B S RIKIE D R Z SR AMERTE BGOSR, 53— D OUEIEA S EE RE 15 1
HI RN OGN 2R 2 AN . 2REZE (tapetum) JEITFAEREYITE T3 & ) NI A0 A2
FER TR AL TIHEA R AN, FFE/ T (B 1-2). SRERE A HESRP 5 A
SEH T AR RSB ) R T AL A R 1 Y.

(1) GRHE)Z 4B Y IR A 5 1A 1E H AR fk 3R IR W R I TR 2% . ff R B2
LRI S By MRS S5 R RS ST AR A8 TR 0k 3R KR B3 Bl R s
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NI s Ja0 Tong Ui KT EATY 1 TOR S 51BIRIEMINER 2 B LT
JEUNHE . SRH Z AN o Ry AR, X EEHT AR R AE IR A EE IR AR, BT AE R
AMEEISE TR g 2 P 5 R SR ARIT A S R B R e TR R FE IEH TR S M AN BERE TR IEH R B
BRI, RV ERaIERE R, DIRIRA BN, NG RCEHEE A JF66,
B I A FRACEE . RS R MBI & R 55 2 PR AL FVE R, RN M .
LeRifR, AR SR A BLME, [RIRNIEFEE ATP. NADPH Z5/NrF 115 5. 1 H Al
FENEEIF . KRG R e E R O & e 7 K EIEE 515 sHB A . MALE
STERILITY2 (MS2) Uf1 DEFECTIVE POLLEN WALL (DPW) P53 BIIZERI R TF Ak ARG T 5
5 3] G 7 2 14 38 S5 5 R HE o T KR FH ) CYP704B2 P81 CYP703A3145 L [R] [ T B il ok th 2
AR R A R, T B[RRI E SRS I ot BRE AL AR 2 30 ST e e A,
fatty-acyl-CoA synthetase (ACOS5) B2 polyketide synthase (PKSA 1 PKSB)E #1 tetraketide
reductase (TKPR1 Fl TKPR2) B il CYP704B &2 51 1] LAZE A 5T I P9 T A Feky 25 AR X 25
S A R A R Z A i R,

(2) JEEY I 0 IE 00 38 S 2 0k N BE IE W T2 s B 2R B . fEZ B EREW

ATP-Binding Cassette (ABC). Lipid Transfer Protein (LTP) #1 Multidrug And Toxic Efflux

( MATE ) 5 W 3 R # A 9 2 5 B %) Jig 28 w4 40 5t 1038 ok 2 B . kR b i
OSABCG15/PDALRBRIH7E 1L B 71 v 1) [ Y53 X AtABC G269 “012 b 38| i K Al 44 o AN 28
IR 35 . AtABCGY FI AtABCG31 7E UL g TF 48 EE 2 4l i 2 s i s w2 i 1, Tl
7 Magnesium Transporters (AtMGT4. AtMGT5 Al AtMGT9) %545z R Ayl G
AN T R B B A A,

Rk, 2808 Z 40 N RERART AN FE iE AH O ZE R W IE R IA 5 75, X T1ER MEEI IEH K&

BRBEREENEH, HE—Dmiekrn g k.

1.4 KFESEMAEEE TDRE FATI IR ER

1.4.1 TDR A#95E 2400 PCD FIAEM AP BE R B

TDR (Tapetum Degeneration Retardation) #ifi%—/> bHLH (basic Helix-Loop-Helix) #%
SRR, HRABRF BERABRMAEHZ R E R, BEARIER T, ZHENRTS K
I, TERAMNEERITE 25 SN EE T B2 B, A RIEM R B AN IEH SEGEEMEEAE .
TDR TEE ZAEM & BRSO EENER, R 82 L R 75t
T- (Program Cell Death, PCD) WJIEW#ERF 1 [FRS, fEfehm ks, Hilid B
OsC6. CYP104B2. CYP703A3 & FiifkiAl, FENGIEM A ANTER S EETE it #2 vkl 4 B
e,

1.4.2 EAT1 YEJN TDR T4 45 B E 41 i PCD

FATRIAR TAE C &0 3 % 5w B — MK R A B 28454 Eternal Tapetum 1 (EAT1),
Niu Ningning %57& 2013 4 i BAHAE N TDR F#H— basic Helix-Loop-Helix 4% 3% K+
I E R R AR R E Al OsAP25 F1 OsAP37 [HI36ik S 15 B /KRG 98 s 2 4 Mo (R A Fe PR pE T
(PCD), FHEEMI/KTEIER /NATHIR B iEBUKBEEA T, EATL KB T2 5908 240
FEFFPESET A, TTREIE B e A e

&
w
=i
pi=
IS
©
p=l
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Filament

B 1-2 KB YEHWE (B E Suwabe et al., 20081°)

Fig 1-2. Scheme of a cross-section of a rice anther containing immature microspores
E: %% (Epidermis) En: 4= PJEE (Endothecium)
ML: a2 (Middle Layer) T: Z#iZ (Tapetum) M: /T (Microspore)

1.5 RREMAFHIBER. REMENX

TE/KFG eatl AR, FRATRILZIEF L 2 FEAEM IME R E T8 FRZHD .
B RAARSE SEE TR L AR R BN, @ A R IA R T, AR %5
TARTE LR B I RE T, AR Z R G R R IA = I TR o A B 5 TH-7E /i A
FHIFERE b, St Bl g SR L A Y. YA s, EMER
SRR TB, SRIRTHGE 2 H o bHLH 5% R+ EATL A1 TDR ‘&A1& Wife] 5t DL S AH
HAEH, @i IR B A BERF R (Lipid Transfer Proteins, LTPs) Z5fg 28/ A1z
SUAE I DR R s ARk BE T B I1), TTRE—20 T i AE R AN e B I 2 . AW 98 AR K FE
AEFER B > FHLEI I iR A T LR R, S ORKAE B A AN P B A T 5 e (R AR R A

#
EaN
p=i
S
S
(o]
p=il



X EXArE

SHANGHAI JIAO TONG UNIVERSITY

JK#E EAT1 1 TOR S 5iFE T MINER & B 1332

BEF SIWAM

2.1 LUt
WA KRS KR MR 9522

RASAOKFG: ARG 5 tdr, eatl JRUE TS0 /K TR A A, A ©Co W& ER G
4388 sl
JHELEF A4 7. Nicotiana benthamiana

2.2 &tk

KW #F 5 (Escherichia coli) DH5a Fl1 BL21. 4% #F 1% ( Agrobacterium tumefaciens) GV1301
A EH105 32K H TS E R AF

2.3 FRRiE ik

Dual-Luciferase reporter assay #¢f& pGreenll-0000 Jy3#r i [E 370K *7 fiy fi 8 - 2
pGreenll-0800 A7k A= %47 B s v BE# & pMD18-T. pEasy-Blunt Al RNAI /& pTCK303
RV T AL = R AT

2.4 ERAFSRS

GXL DNA A

TaKaRa A 7]

TaKaRa A 7

rTag DNA K&

2X Taq PCR master mix

DBI-Bioscience 2

DNA 7> FfEhrdE (2K/2Kplus)
beYiIspit

TaKaRa A &)
BIOWEST A ]

Thermo A 7

T4 DNA B

R E= g, Sl
ATNERR g, S
FlAE - g, a2l
SN g, o2l
SSES) g, S
BEL 1] 2 PN 7] iy New England Biolabs /A 7]
RN & Omega 2\ ]
S sk R & TaKaRa 7
iz RIS 71 & Omega A 7

Trizol reagent

Invitrogen /A ]

Roche A &)

JEAL 2858 RNA SR EH PR IC A7 &

Dual-Luciferase reporter assay Kit Promega /A )
SYBR Green £ 52 & PCR & 711 Bio-Rad /A 7
B R ELY) Oxoid 24 ]
i R Oxoid A #]
FE A TAY TR A
I ity ETAEY TR A

b

p=i
H

p=t
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ar g

el

LB T A&

ETAYTREAT
Nk 2 A 1 T AY TR A
TR AT A TR A
GIkaL ETAYTREAT
JULEE R TAYTREAT
H&R T A TR A
N T AY TR A
SRR i ETAEYTREAT
JHER ETAYTREAT
B A T AY TR A
RARIR T A TR A
IR ETAYTREAT
Wah& ETAYTREAT
TR T AYI TR A
1 Z4 T AYI TR A
IRl B ETAYTREAT
i R TAYTREAT
BRIR T AYI TR A
hig T AYI TR A
A BE R TAYTREAT
&R T AYI TR A
Y T AYI TR A
Phytagel BIOWEST
KNO, ETAEYTREA
NH4NO; ETAY TR
CaCl, 2H,0 A TREA A
NaCl ETAEMTREA
MgSO4 -7H20 EEIEE#%I%%/AE
KH,PO, ETAYTEA
MI’]SO4 4H20 EEIEE#%I%%/AE
ZnSO4 -7H20 EEIEE#%I%%/AE
H3BO; ETAEYTREA
Kl ETAYTEA
Na,MoO, 2H,0 A TR A A
CuS0O, 5H,0 ETAEY TR
CoCl, 6H,0 ETAEY TR
6-BA R T TR A
NAA R A TR ]
Na,-EDTA ETAYTREA
FeSO, 7H,0 BT A TIRNF

b

p=i
H

p=t
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Tris ETAEYTIEAFR
DNA 5 kg, Fe
S iy, S
N DT 5 Gene Tech Biotechnology /A ]

b

b=l
H

=
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B=E XWHE

3.1 7k eDNA CTAB I2EUE

ZO7T v IREE T Murray et al. 1980873 b A&k .

(D BGERKRBEM A (BT T 2ml BEO08EF, IANZRaER, BT md ek B
% 5 min;

(2) BEES, I 650 ul 1.5X CTAB, #&k¥%, JREIETIN 65T 7K¥ 20 min, 4 5 min Hi
Bl—x;

(3) BB 650 pl &4, #&%, 13000 rpm, 10 min;

(4) B EFFER 1.5ml 08T, IMASGERREE, B, -20C, 1h;

(5) 13000 rpm, 10 min, & Lif;

(6) A 1 ml 70% 2 FEHEEDTIE RS 1K

(7) BT, BN 50 pl ddH,O WM, -20C 1347

3.2 BAEEAAR N (PCR)

Frfg 51, VEW SR S-1.
(1) GXL DNA E & PCR Je Ak 25 e b A

% 3-1 GXL DNA 48§ PCR Pk £
Table 3-1 The PCR Reaction System of GXL DNA Polymerase

A % &
5X GXL buffer 10 wl
2.5mM dNTP 4 ul
Primer F (10 mM) 15u
Primer R (10 mM) 1.5 ul
50% H i 25ul CHM R B GC &)
GXL DNA & 1pl
1R DNA 100 ng
ddH;0 FM 2 50 ul

% 3-2 GXL DNA X4 PCR KRB
Table 3-2 The PCR Program of GXL DNA Polymerase

IR I I} 8] (EEZR
AR 14 98T 2 min
A5k 98T 10
Bk 55~65C 20s 35X
4 ff 68C 1 kb/min
L HE AR 68T 7 min
B 4<C 5 min

(2) 2X Taq PCR master mix PCR [z v fhk £ 55 fz b A«

% 3-3 2X Taq PCR master mix PCR R BA&k &
Table 3-3 The PCR Reaction System of 2X Taq PCR master mix

FE8 Ul 49T
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vl i &
2X Taq PCR master mix 10 ul
Primer F (10 mM) 05ul
Primer R (10 mM) 0.5 ul
Btk DNA 100 pg
ddH,0 A AE 20 pl

% 3-4 2X Tag PCR master mix PCR N4
Table 3-4 The PCR Program of 2X Tag PCR master mix

IR I I} [H] TEIEL
A 94T 5 min
Ak 94 10s
Bk 55~65<C 20's 35X
JiEAH 72T 1 kb/min
Sl SR 72<C 7 min
A 4C 5 min

(3) rTag DNA &1 PCR e itk % 5 e i %A

% 3-5 rTaqg DNA &1 PCR KBtk %
Table 3-5 The PCR Reaction System of rTag DNA Polymerase

%l fEHE
10X Taq buffer 2 ul
2.5mM dNTP 2ul

Primer F (10 mM) 0.5ul
Primer R (10 mM) 0.5ul
rTaqg DNA E &1 0.4 ul
BiFR DNA 100 pg
ddH,0 A A2 20 pl

# 3-6 rTaq DNA ¥ &8 PCR RM&MH
Table 3-6 The PCR Program of rTag DNA Polymerase

IR 1 I} (] TEIEL
AR 1 94T 5 min
A 94T 10s
Bk 55~65<C 20s 35X
SR 72<C 1 kb/min
Sk SEAH 72<T 7 min
B 4<C 5 min

3.3 JKFE4HZARNA Trizol $2ELE

Trizol ¥£%: T Verwoerd et al., 19891813 Ain A& 24 .
Fr A i 26 i ] DEPC-ddH,0 &, 55004 2544 RNase free!
(1 BPUEEAKF/NET 2ml B0, AN ZRANER, R, BRI 5 min;
(2) JmA 800 pl Trizol, #&i%:
(3) M 200 pl 505, RIZAR RS
(4) 4<T &0, 12000 rpm, 5 min;
(5) ¥ FiEHA 1L.5ml BOEH, AR R NEE, E5, -20CT & 1h;
(6) XN RNA [ElickE, 2.0, 12000 rpm, 1min, FFIETR;
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(7) JMA 700 pl 70%Z.fE, 4<T &L, 12000 rpm, 1min, FFIEMR;
(8) 4T &0», 12000 rpm, 2 min;
(9) MM 30 ul DEPC-ddH,0 ¥ihit, -80C {##F.

3.4 SYBR Green SERTEE KR53 PCR (qRT-PCR)

SEes: W, TaKaRa PrimeScript™ RT reagent Kit with gDNA Eraser #:/E T/l
(1) EHBRFEEKZH DNA S

R 37 RFEFEBRIEFEH DNA KRR
Table 3-7 The System of Genomic DNA Elimination Reaction

i fi &
5X gDNA Eraser Buffer 4 ul
gDNA Eraser 2ul
Total RNA 3 g
RNase Free dH,0 A2 20 ul
42<C 2 min

(2) JeHes [ :
R 3-8 REFRMAAR

Table 3-8 The System of Reverse-transcription Reaction

5%l i &

A (D IR 20 pl
PrimeScript RT Enzyme Mix | 2ul
RT Primer Mix 2 ul
5X PrimeScript Buffer 2 (for Real Time) 8 ul
RNase Free dH,0 8 ul

37C 12 min

85 5s

SEI %€ B PCR S NAR 2 5 e W 2% A«
LL OsActin fE A2, I 514, VEILHE SRR S-1.

% 3-9 SYBR Green E& PCR Rk &
Table 3-9 The Reaction System of SYBR Green qRT-PCR

i &

2X iQ SYBR Green Supermix 10 ul
Primer F (10 mM) 0.5ul
Primer R (10 mM) 0.5 ul

FEAR cDNA 1l

ddH,0 8 ul

% 3-10 SYBR Green €& PCR R B %
Table 3-10 The Program of SYBR Green gRT-PCR

EZ BE I [ {EBZR
TiAR P 95<C 5 min
A 95T 10
Bk 60C 155 45X
4 72 20s
95<C 10s
Vil 2 65C 5s
95<C 0.5<C/s

%10 T $£ 49 1T
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3.5 #FiFtE

PRSP, VEWRER S-1.

(D RIEEARERERH R B, EPE ST o, Wity 188519

(2) EHBIHAT PCR ¥, HEAHEIK, [FSCHRIZH (R EICE B OMEGA
E.Z.N.A Gel Extraction Kit #/E 4T );

(3) K [alhe Fr BEERE %5 pEasy-blunt o % 244,

(4) EREF KT DHS50 852 25 40 i Py 34k

(5) BV PCR %5, & 1 B WRE fhak 7 5

(6) HEHGI 1L 6FE S Bk

(7) X H 8RR B AT B«

* 3-11 BEYIRPER
Table 3-11 The System of Digestion Reaction

L% 15 Fi
10X CutSmart Buffer 5ul
PRI N 1) 1-HF 1ul
BRI 4 N 1) 2-HF 1ul
H (s B R B 2 ug/43 ul

ddH,0 b JE 50 pl
37T 4h

(8) XFERAARM B B AT e el (R Bl R 4% % OMEGA E.Z.N.A Gel Extraction Kit
BEEF AT );
(9) T4 EHERHAS F B

R 3-12 T4 EHERE R AR
Table 3-11 The System of T4 Ligase Reaction
%l fit
10X T4 Ligase Buffer 2 ul
ESRIN 20 ng
A E 100~200 ng
T4 Ligase 1w
ddH,0 A2 20 ul
22<C 1h

(10D EH VIR IFT R DH5a B2 A e i 4L
(11) WE¥% PCR %55E, M IR0 BHRRE fhik iy ;
(12) FEECIN Fr IERAAE TR o

3.6 BURIEEN
J7 33 BHET Sambrook et al., 200119 7 vE I RS VB L, K2 I OMEGAE.Z.N.A
Plasmid mini Kit | #:1/EF .
(1) BEBUA e B 5 6 N4 R LB 85775 Es 9%, 37T, 220 rpm, 16 h;
(2) M 2ml BOEEOUEER MR, 13000 rpm, 1min, =ib;
(3) f#fH 250 pl & RNase ] Solution | 252 B £
(4) fn\ 250 pl Solution 11, ERfRIME K, #E 2 min;
(5) JMA 350 pl Solution 1, A 515k B 2 H 3 A EZURITEE;
(6) &0, 13000 rpm, 10 min, =Ej;
(7) ¥ _EiE% N\ % HiBind miniprep Column | §1, B0y, 15000 rpm, 1 min, Zif;
(8) FEHLJEM, N 500 wl Buffer HB Bk 5004, &5.0», 10000 rpm, 1 min, Zi&;
(O FHEPEW, IO 700 pl W AF H 2. FE R 1 Washing Buffer Jei 2504, 2.0, 10000
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rpm, 1min, =iE;
(10) FEHPEW, B0, 13000 rpm, 2 min, =i,
(1) R B O AR AHTH 1.5 ml B0, N 50 pl ddH,0, L, 13000 rpm, 2 min,
RGN

3.7 IKFEBELRUEF S

PRSP, VW S-1.

(1 MEHETiAL 3

a. BHTMr 5

b. K TR TAE 70%—75% Z B F1I230 1 min;

C. BHEFMFAE 33% KA T Chn—ikntiE 80) K 15 min, 812K

d. EH/KPE 10 K, KA T K5

e. WEAF T E NBD2 (24D ¥KJE 2mg/L) B3 T, 26T KikE7% 8-10 K

f. Y O HSER A LI, VIR AR AL, R 2 — AT NBD2
Brardk, B3R 10 K.

(2)FEEL EHAL05 & #F B 518 V&, 75 100 ml JiR A8 & 1) YEB £ 77 L B 55974 16
h, 200rpm, 28<C, % ODG600 4 0.6-0.8;

(3) 3000 rpm 5> 10 min, 7E AAM-AS (AS ¥ 200 uM) AR FREE P E ETRE
% OD600 A 0.6-0.8;

() F OB IR IAEL B B+ 5 min, BETIEE 525

(5) MBI AN, 755K J0 B WK 4R TR

(6) 7£ NBD2-AS (AS RN 100 uM) £5FRFEPIRGER L 2 5k TG R J84R, et
AR AR TH, 26T WEHEF% 3 K

(7)) EFEEAHN NBD2 B 3#36 P b, Biardh s in N1 8 = 50 pg/ml, K53
71 400 pg/ml, 26T HEEFE 12 K ;

(8) P Nt () NBD2 K5 7364k b, 577 th e i Nl 57 50 pg/ml, $5327T 400
ug/ml, 26T HEREFE 12 K, TEIXANEFEIA] LAG DB @i s

(O PG RAET B 753 (Pre-MS) AR |, 26T K559 6-8 K;

CLOE AR AL A REF7 5 MS-H £5 7723 _E, Il 85 K 25 pg/ml, F7:327T 200 pg/ml
26T (24 /NEPEHED KigR, MEZEHIL (K 15 KD, SCRUE BT NHEE ) MS-H 15 3%
FOPME, AR 25 pg/ml, T EIAE 10 RN

(1)) BRI NEHARFRIE MSNH L, i SR

(12) MR G, EHBANERE.

3.8 FAMBEFEMRERHIERE

(D MREHEE: FAA Bl E e e s, 2 /ML E;

(2) MEMK: 70%, 80%, 95%, 100% ZEEHEEBi/K, 4% 5 min-2 h;

(3) Il Ft T4

(4 FHiG: B SRR E TG L, IR EE TR E;
(5) Ffibm 4

(6) HHHEBMEL .

3.9 B TREMREHERFIERE

3.9.1 FrEHE %
A8 2.5%)% [ R L A T E B AR, SR E B T 4T ENTHENRIK L
SURLE
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3.9.2 FEMHIME

(1) Pl s 4025 % B e HiE R 2 ml0.1M PB 22 Pl 3 Ik, HIRE T
PERIRE 30-45 min;

(2) #HiE&E 0.8% kIR, WilMEl, B FRKRBEREY, wiEELdR;

(3) W /N SE RN R, iR T 0 2 ml 0.1M PB 22 i iEE sk 3-4 IR,
R E TREIRIRG 15 min;

(4) ¥ LA R T4 R LRl 3E TR I /K : 20% ZL18%, 20-30 min; 40% ./, 20-30
min; 60%Z. 1%, 20-30 min; 70%Z. [, 20-30min; 90% Z. &, 20-30min; 100%Z. /%, 2-3 UK,
£k 15min; 100% 2.8, 10min;

(5) #Himl [EKOEE: HERE (22D ) sk, FERIRY 10 min;

(6) ¥ 1ml [/KZE: HEFEK (DY dmmsad e, KRS 10 min;

(7 #Himl [EKOEE: AR (12)) Emsad skl #RIRS 10 min;

(8) i 1 ml ZiR KL, BOIAM KL, FERYRY 10 min, #HHE 3 IX;

(9) B g 2 9, FRARIKEIRS 2 h;

(10) BINZEmAE 3 3, PRIRMGHEIRY 2 h;

(1) JBN&imt s 5 W, FRIRIKERD 2 h;

(12) Wi 0.5 ml #4Jli, B INZiR g 0.5 ml, R PRIGEIRZ ISR

(13) FFd& 1h, ek 0.5 ml, #IR(EHIR 8 h;

(14) #HiE SN RRBOIAM R, H IR IR s

(15) #iEEAWRRAOIA R, IRKEIRY 8 h;

(16) BB I M B P T, BT 37T HAI 5h-12h, 45T M4 2h, 65T
Ht4E 48 h.

3. 10JRALZX3Z

3.10. 1 TEYFRBIR [ 2 . B3R A

3.10.1.1 HEYIMEH [ e A

BEI R R R B RNase 15 5%, BT IG5 S B & RIBRACKED . bedh. 25
FZGA)15 7 180T Mt 5 /LA . AT Z818/K 75 H DEPC AbHE. Bt [ 5E FbA ek ik g
ROTREVIRR 2 R E . UIEERASZRIE € . DM G E AR LRI e, TR E Tk EiEk.

(1) {2 5 F I 1 e A1 e

(2) #%M8 0.85% Nacl. 50% . /i#/0.85% Nacl. 70%Z.[5/0.85% Nacl )i /i 7k 30
min. 5h. 5h, &J5& T 85%M%/0.85% Nacl i 7 ;

(3) %% 95%. 100%. 100% LRI, AKIRFEVK K 5 h;

(4) 100% 2.1, =, 2 h; 50%Z /502K, i, 1 h; 100% _HZ%, =&,
1h (Z%); 50% - HZE/50% i, 58T L

(5) FFREFIK 100% 470 (58T, MR #E G = A= <L s

(6) IHiEEL, M EEHAN 4T IKFE T %A .

3.10.1.2 VI AIJEFr:

(L) B3 BaaME/NER (BE—MMED YEPEEOSTHER, KA .
T R s HUE i e, CEA B & Bl 25 B 2mm 1A s R T .

(2) Yl DIRBIRRERN 7-10 um. 7EAEFHBE T FH RS AO0ET W 220t 45, o By

(3) BH: ¥ DEPC AT ZR 1B/ INTE SR A 2 B AR MWEIE b, Bl v
THEEVE T H E NI (420 AT s ek 2 R 10K, F—ikB Sk dUR B R fElg b,
IR JG IWOK AR 2 2 Ak . BT 42 B EFeid .

(4) HUFE 7 RAE— RN T4

3.10. 2 RNA ¥REF I 5 2 b id

3.10.2.1 GEPE LA :

WA T7 ZRW0E s T 51 20% B s i Bt Ty 44 .

3.10.2.2 RNA & HIFRIC:

%13 7 $£ 49 1T
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(1 drid xRtk % (kit from Roche):

& 3-13 RNA et irid RN AR R
Table 3-13 The Label Reaction System of RNA Probe

%l =

BiHR DNA 2 ug
Transcription buffer 2ul
Nucleotides (UTP and dig-UTP mix) 2 ul
RNASIN (RNase inhibitor) 1 pl
RNA polymerase 2ul

DEPC-H,0 M E 20 pl

37T, 2h;

(2) A 75 ul X MS. 2 ul 100 mg/ml 1] tRNA A1 1 ul DNA f§, 37<C, 10 min 105
SR 3

(3) A 100 pul 3.8M ) NH4AC A1 600 pl FA K 2./, -20C, &8, UUERE

(4) BL», 4T, 13000-15000 rpm, 10 min, 3 i

(5) F 200 pl FivA ) 70% 2. £/0.15M NaCl #3 iie ;

(6) By, 4T, 13000 rppm, 10 min, # 3%, EAETIE,

(7) YUEESET 50 ul TE (pH7.6) 1, -20T &A% (I 0.5 ul RNase #il57)).

3.10.2.3 RNA FREF A «

(1) HL 0.5 ul FIHREFAT 1-10 ng X RNA S, HAREE T

(2) HumE22 il 1IR30

(3) Hbg=E22 il 2 #2 30 min;

(4) =Gl 1 e

(5) HbgE=EL2 iR 4 #2 30 min;

(6) Him=FL2 il 1 ek, BEIK 15 min;

(7) M= G2 5 st

(8) M EL2 Pk 6 .t 10 min LR K £(5 S &,

3.10. 3 JRALZAE

IS R A RE S RNase V54, AT ettt EE. V. Y&
Zj~)355 180T Ht 5 /T LA E . BT ZET/K 7 F DEPC b3, #akAIES .04 75 RNase free.

3.10.3.1 ZHZTAb

(1) 3% L FIRFFHEAT Bl b 38 . — FF2E, 10 min; —F2E, 10 min; 100%ZE%, 1 min;
100% 1%, 30s; 95%ZFF, 30s; 85%Z M, 30s; 50% L, 30s; 30%LF, 30s; 0.85%
NaCl, 2min; PBS, 2min; #&EAMER, 10min; HZE, 2min; PBS, 2min; £EH
fi&, 10 min; PBS, 2 min; PBS, 2 min; ZJ&AF, 10 min; PBS, 2 min; 0.85% NaCl, 2min;

(2) %18 30% L1, 50%. 1%, 85%Z.1%, 95%Z.K%, 100%ZEE, 100% £ F i i
K, B30 7,

3.10.3.2 2%

(D) RFGRAFRAZZMTR, B, BETERT;

(2) B FINRFEK B A 2l #R%F. 2 pl H0L 4 pl 55 7 H B

(3) WHREH KT LIRS YAE 80T i 2 min, Z.0, FEUK EAHD,

(@) BEHRENREAW (8 u/5k) HHAZ%MW (32 ul/ik) BE, K&y, &, BETER
s

(5) B friEsEl, TSR bR

(6) RF—ikERILF N 38~40 pl ISR RIRE I, A AR EE I (a3 ae T3 1k,
T A A

() ¥ 4 SRR AT, fT &, A 50ml K, 48— B 0Re, RyA g
FHE, HmEEE, AR ESH;

(8) 1£ 50T /Kt 4 I 7K s
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3.10.3.3 ik

(D B HIE T NE I E T e+, 50T /K%, 30 min;

(2) e PESE R 50°C K, 1h30min, #=HE—X;

(3) fdiFH NTE ¥, £ 37T Kisdphie®ivk, 4k 5 min;

(4) #HFHEIBN RNA B A %, 37<C /K 30 min;

(5) i NTE ¥, =R MAVEHIR, &R 5 min;

(6) MMM, 50T K%, 1h;

(7) i 1X SSC, = imM ¥k 2 min;

(8) f# [ PBS, #i& ¥k 5 min;

3.10.3.4 Puikyets

(1) FE=HEPRIR L% I8 R AR AT Y, M B 22 v 1, 5 ming s 22 ik 2,
1h; M@ EZEr 3, 30 ming HLE 22k 4, 1 h 30 min;

(2) bR SE P 3 pPelUIR, FHIK 20 min;

(3) 43 A i s v o G 2 AR w5 2 G2V 5 Rk 5 miin;

(4) fINHb = = 2R 6

(5 KETng, &, BEEEASMO 36 NTEE K, &R 12 NN S a5,
DL S VR

(6) % NP ILRE N, YEiys: ZBIMK. 7T0%LEE. 95%ZE. 100% L FE .
95% 2. T0%ZL B, Z&18/K, &4 5s:

(D WEFEEF.

3. MNEBRERIE

FREFIRIE T, A A EHE 4<C 3T

(1) FR FEMENZAE 37 ml & 1% 1) EBL W, HhE =4S 10 min;

(2) A 2M &R LR EZE 0.125M, b/, 4RS84 E %S 5 min;

(3) H 40 ml KFep A} 3-4 i 5

(4) BRIy, BMRRR R

(5) WERIATERMT, WA B LT B AR

(6) 7E 50 ml EH N 30 ml EB1 274140 (i, EBL FPAE HEE);

(7) 4 )2 miracloth & JEZH 23— 50 ml B

(8) 4<T, 2880g &> 20 min;

(9 #% Ly, A 1mlEB2 HEPUEHFEFEE —/ N 1.5 ml B0

(10) 4<T, 120009 &-C» 10 min;

(11 &% B3, f#H 300 ul EB3 BRI

(12) NS\ —E A 300 ul EB3 &

(13) 4T, 16000g &5.0» 1 /N,

(14) % 13, {1 300 Wl NLB EHEJUE, IWHE, FMESLKWET, R 10 pl SR E 28
iR/l B

(15) A BACTEAEW, §TH DNA 2 0.5-2 kb ) DNA B

(16) 4T, 16000g 5> 5 min JUHEREF

(17) 8 B3EE— AN . 8 10 pl VAR U8 75 208U SR

(18) 4335200 pl 3] 2 ANEFE, 4 100 pl;

(19) HFEH0 900 pl ChIP #fE, ¥ SDS WEAZ N 0.1%;

(20) FFAMEESLIN 4-40 pl BTYIEERS DNA /R A SRflahisk (i RRT, 400k 3 K,
SRJG EET ChIP #ikii), 4T, BREREN 1/,

(21) 4T, 160009 &> 2 min;

(22) &I 28 1iG, 7333/ EP B,

(23) fin 4 pl PRI 2 &b, 5 —E1E BT I

(24) 4T AW, HEBER;
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(2551 4-40 pl BYYI RS DNA T E A BRIEFERR(SRSEH ChIP FMoBS G- Ab 3D, 4C
BRSEEN 1 /NS, WOER ST s

(26) 4<T, 160009 &C» 2 min, HLPLIE, BRK 1 ml PelRLEs05E 10 min. PEBLRINT
W ARERVEBOR 1 k. Wb Peii 1 k. LiCI BEMOR 1 k. TE S 2 1k, a2 TE
G2

(27) /i 250 pl B (B Mt Sl BIVTE Bk,  DLRRORI R4S & 2 &4

(28) &%), 65T /K 15 min, B4R,

(29) /pvks BIEHREHE, EEBEKER, 5IF 2 R

(30) 11120 pl 5SM NaCl, 65 i &L

(31) /i 10 pl 0.5M EDTA, 20 ul 1M Tris-HCI, pH6.5 il 1.5 ul 14 mg/ml {25 A B K,
65C i E 1 /M5

(324K IZ A i $2 DNA, 7E4 novagen pellet paint 72 7E 150 T ZEEUTIE DNA,
70% BB TTE s

(33) F 40-50 pl TE Z&hif (5% 10 pg/ml RNase A) ¥5fi# DNA;

(34) 7£ 25 pl PCRAKZH, FEAIN 0.5 plo B (AR AL T S B T HI R -

3. 12BERR PR SL TG

3.12.1 DIG #rid EMSA %t
(1) {FAHEEFRICH ANTP, DL 9522 JE[KIZ] DNA SRS 34 B 1 B, R R
dNTP 34 5% 4+ 1 B
(2) HY 2-3 pl HL¥K, Al 2% 2 75 IR s
(3) 7£20 pl & Z&F, B 2 pl 4M LiCl, 60 pl 100% FRAKIT/K ZEE, -80CT, 2 /N
PL L
(4) 13000g, 15 min, 4<T, /MNOEE LiE;
(5) 100 pl FH¥ ] 70% L5 — i 5
(6) 13000g, 15 min, 4C,/M0>3 Fid;
(7)) FIEUTHE, F 20 Wl THEKER, -20T 717
3.12.2 HREF REUE I
(1) B 1ul DIG-#Ric =4, 10 fi5khEMiRE, B % 10-5;
(2) BUsE lom A7 e e, HMURETHIE b, B 10 5B MR~ 1l FRich S
(3) HIFEWT;
(4 e B T, A 5 ml DIG-buffer 1 12342 ;
(5) #7: DIG-buffer 1, BT 5 ml DIG-buffer 2 &1 30 min, #%%#%;
(6) 42 DIG-buffer 2, 1 5 ml DIG-buffer 1 {H3k;
(7) BT 5 ml DIG-buffer 1 + 1ul DIG-FifA& 4 30 min;
(8) #%E FREW, FH 5ml DIG-buffer 1 ¥k 2 ¥k, ¢k 15 min;
(9) F4 5 ml DIG-buffer 5 f ik ;
(10) F 5 ml DIG-buffer 6 &% 10min CHEHE 4% 5 05 B ok e g IS a]) o
3.12.3 R BH T S5
(1) iR 3ml, 37T ikEHIEE OD £ 0.6-0.9;
(2) A IPTG LK 0.5mM, 755 3 /N
(3) HWEERRMAS 1.5ml B0, B0 20 2, 13000 rpm, 80T IR-AFTTIEHE S
(4) FFPLEys £-80T, BHM 1 ml TE (pH8.0) HE;
(5) JK[H-80C, ¥ %E-80<T;
(6) 13000 rpm =0 1 min, 3 i
(7) 1ml TE Yeyiie—i, 2 1iE;
(8) [FYTIEH N 100ul Buffer A, E%, &¥FUTIE, EUK & 30 min;
(9) fnA 4 f54EFR K Buffer B, 78401827, UK ECE 30 min;
(10) 4<T, 13000 rpm &> 10 min, b3 T 456 v s
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(11) JnA 10 ul Reaction Buffer. 8 ul &5 FIFEHGHE AN 2 pl DIG-HR%, =ILBE 20 4-4h
AT G RN, SR )5 3.5%01) PAGE % .

3124 HiE5 R M

(1) M AL, FME AR - B A - AR - JE e - Y8 AR- 1 B 2R- IEAR I U TS, AE
AT JZHTHEFRE 400mA I 1 /N

(2) HWIkTEE, BERET —FFFIf, 65T MARHLT;

(3) 1% 3.12.2 5% CREF RBUE IR il &5 515 00

3. 13EET /R

1218 3.3 1775 OKIEA41Z RNA Trizol $25G%) $FRHUE AR eatl RAZA/KAEHE 9 1]
FEE 10 JATEZE 0 RNA. FEEES R HT77ES 0 Xu et al., 20100%, {5 B35 B0 H oy
Affymetrix A& H, ORI H Gene Tech Biotechnology A F] 5E%, O B FIUREE AN
Guit4i Affymetrix A FFRAERTTEIAT . IrE R IST =AM B E DURIE SR 50 45 51
MEEWIEARIFE L EFERIEEBWART 245, B log2 > 1 HZEFE Ao B ik
Al

3. 14K REIR F LI

%713 T Hellens et al., 2005 33 A& S . B AR T8 I 31490, ¥ DL I SR 3 S-1.
ff Al pGreenll-0000 F1 pGreenll-0800 # & & 4t , A1 7 # & T 35s
pro::EAT1-pGreenll-0000 . 35s pro::TDR-pGreenll-0000 . 35s pro::eGFP-pGreenli-0000 .
0s04g48210  pro::LUC-pGreenll-0800 . LTPL64 pro::LUC-pGreenll-0800 #1 OsC6
pro::LUC-pGreenll-0800 7SNk fA. I 54HBIURL p19-pSoup 34 NRHFF B GV3101 H1, LA
N2 35s:REN i 5tfd, i fEMHEL BRI ik LUC SRHfi€ EAT1 I TDR XX =AML
(R T R (eGFP 1E RN XTI,
(D BERMFEHRER T 15 ml YEB ik, 28C, 18h, 220 rpm 159%;
(2) BEOUEERE R, 3000 rpm, 10 min;
(3) ffiF MS-2% R 77 2L B A %2 OD600=0.6, F-ZE1ZHI A MES £ 10 mM,
AS % 200 uM, =FEEE 3 h;
(4) VEHRTHIE 1:4 EEBE A& pGreenll-0800 # A H A& A pGreenll-0000 #; {4k
BRI R, XTI P S AR
(5) VESAKARE RIFHHE R, 55068557 48 h
(6) fFH 1.5 ml B0 RBUE PR/ Fr, R R
(7) A& FFShF B 885 - F BERE, N\ 100 ml Passitive Lysis Buffer, 2k 2R B J1IK
(8) 10000 rpm E540» 555
(9) HU B35 10 Wl 2HH 1.5 ml E.08 H, A 40 ul Bt & 41 Luciferase buffer, 2
10 KRIE ST
(10) M5 LUC 35
(11 FHIN 40 ul it & 47 /) Stop&Glo buffer, #2310 KIRA];
(12) 5%E REN & TEEE .

~
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FME XWERSL

2012 4F, FA75E58 % Niu Ningning S84k IE 1 —MEKRESRES 2 400 s 7 8 1) bHLH
ekt 3 K1 Eternal Tapetum 1 (EAT1). %3 [ RAMA S T 8L 25 9k B Z 41 B A2 7 S0 T
(PCD) #EiR, /METRE R #E—5 ChIP Fl EMSA SZI&EH] EATL Al UM B B
RAZIRHE AN OsAP25 1 OsAP37 %% sk AT FZNA 1 S0ES = 4H M A2 Fr v pE Tl iR, I
LA K FEAER /N T (KR 7 3 UK RV E AN B 1 RS 10 23 R R T EATL 3 548
HiZ PCD SRR oL, EIFEA MK EATL &t B e i rThat. JUHAZ L
#rh, DR AN REXU S AT SEESE R T EATL F1 TDR( Tapetum Degeneration Retardation)
FAEMEAEM, [F TDR £ C4HHE T 2 5Em M4 R S, (2 EATL £ EHS L
Ky ANEE R TE OB ANE 28, DR, AHIE 50 B B d i 45 & R AL 2% Al IRAE 2 o FAE 2
AV AEYNE B EREOR T, SRR 92 O bHLH %% % A+ EAT1 Il TDR &
AT e B D R AR ELAE P, G0 Y 42 i i da i 1 23R DR 50 (Lipid Transfer Proteins, LTPs)
S RRSARU RIS S A DT R R S i fe i BE T B, AN E— 28 T f ek SR R 1

4.1 eat! RTIFEEMINELBRE

AT I T i EATL fE/KREIE 2 Rk Bt R P I ThREAIVE A, F-ATTX) eatl SRAFAR/NL¥
REITFE (Stage 8-Stage 133D [{IELGFIEM AT T T NS 52

411 JEEVIFRAE eatl RABKLHERHEIRER

IEH KFEAEZ AR E QXS N7 R E 2 oCE 2, LUl A S A, & A
RESR R ST e IR R K B TR E Y G @& e (TEM) 2k
IR E/NETRER 10 1 (Stage 100, EFARIAE 259555 )2 40 i N B T35 P2 o A e
Sy, T eatl FRAMARIGE ZAIBN L T RESEEHE TR (RENERYIFD R
WA (B 4-1 A BFIE); [AI 25 10 B, B A R TE 26 1 % Bl J= 40 g A0 A 2 4 o 5 %5 4
A%, TMfE eatl FRARIAAF, ZEESEMMAIHZU 2 B T mEEE T REERR (H
4-1C F1 D). IR R WA B FE ) 77 FJREL, B~ EATL N8 12 5 H 2L R
H A REE R CEIEH

4.1.2 eatl RAEL RAAKRE 7H

5 QRS 7 I 8 JE A B () —FhRRR 5 i OKTBI kB Z 8 T il M 2D, H
TR ZA A B E TR R (CUIEZR. B2, MBS ks 25 8 32) iz /i1
K, WSS R G EFEP, ST eatl TGRS E DL A 45 H 2 41 i Al o
JEUI 2 TR 2 B T RS- ) S AR, A MEH A s 7 25t (SEM) FE i 7 8
B (TEM) XFHFA- AN eatl RAZRM S [RARHEAT T M4, FfiHEE (SEM) 458
N, ENITRES 10 #1 (Stage 100, HFFAERIIEZG N EE IS RIRIEF K, B KA
K HEAHEMIRE K, IR L2 NEE FHEDIES, 1 eatl RAAN S KIAKE
T, G IRAEEEH TR, A RSN BN (B 4-1H R/ D, 3EZSHE8 (TEM)
TR FIFERY, eatl RAMAR S IRIAEETE, MAEEAEMKTTTE, A eatl ALK
RARTER B E RS EH /N TEAR (K 41F MG XML KN, EATL Ak
e FHEUKFE Y RIEFIAKE 75

4.1.3 eatl AR AIEE K B - H

AR A EE B ARSI AR, T eatl RADIRR) L KA ZRES 2 5 LS BR824
FAREI BB A %, DRI IRATTE SR T AR R eatl SRARIRIIAEN BESE MY . JHIL
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JKFE EAT1 F0 TR £ 5Bz TEMINERN R B i 12
FiEsE (SEM) FRATRIAE S 7> 24051 (Stage 8), BFARUNEFRE IEH . 1, 1M
eatl AR/ M HEBLIRRE (B 4-1 N A1 OD. N T HHE— 2B W EKFE /ML T SNBESE 1,
BAVAT T B s (TEMD 81, SRERENMETFREME 12 1 (Stage 12), B4
R A6 FBE T LU I b4y N AMBE N 2 (Nexine) H2IRE (Baculum) A7 E (Tectum),
MAE eatl ARG, f7T4MEEN ZFE 5 E 2 B FEIRZ 8 MR AR L, P EERMIX
ORIR D HE R (B 4-10. Ko LFATM),

ZEA LA LRI AT, FRATHEN EATL FH 2k v] 5 2 ik s B 284 i 1) 1E AR AL iz,
T RE MR AER BE T R A NEF IR E -

El4-1 eatl RAREHE T RUERE ST
Fig 4-1 The phenotype analysis of eatl by electron microscope

(A) A1 (B) BFARURN eatl RAM/INME TR B2 10 HIZHE TEM K.

(C) A1 (D) HFARIA eatl RAK/N TR EH 10 MYHES TZEEH TEM JBUKKE.
JESEVIFAE SRS 4 A E ALz R R (HEF.

(E) eatl FRAM/NET K E 5 10 HIZES =401 a7 5 7 H AR TEM ORI

(F) A (G) HpA R eatl RABM/NMET K EEH 10 15 KA TEM BOKKE. 5HARE K
EETTTEAE, eatl AR L KA LEFTE .

(H) A1 (D B ARUR eatl RAZfA/INMET R H 55 10 WIZELE A RIS KA SEM K.

(1) A (K) HFAERIA eatl RASMR/NMET R B H 12 HIHEHEE TEM &,

(L) A1 (M) B AR eat] RARMA/NMET K G2 12 HI4ERMEE TEM JBCK K

(ND 1 (O) BFAETUAN eatl AR/ TR B 5 13 HIRALER SEM .

T: ?fi%}% Ub: EJ EEMS Ba: E‘E%E Te: %%E Ex: T{’:*ﬁﬁl‘%
Eepl =2 um (A-B). 500 nm (C-I; L-M). 1 pum (J-K). 10 um (N-O)

(A) and (B) The TEM analysis of tapetal cells of wild-type and eat1 at stage 10.

(C) and (D) The magnified TEM image of junction between tapetum and middle layer of
wild-type and eatl at stage 10. Lipid compounds abnormal accumulate (marked by white
arrowheads) between tapetum and middle layer.

(E> The magnified TEM image of irregular accumulation of lipid compounds in eatl tapetal cell

%19 T £ 49 1T
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locule at stage 10.

(F) and (G) The magnified TEM image of ubisch bodies of wild-type and eatl at stage 10. The
eatl ubisch bodies are round-shaped, in contrast to the quadrate ubisch bodies in wild-type.

(H> and (1) The SEM analysis of the inner surface of tapetum of wild-type and eatl, showing
ubisch bodies, at stage 10.

(J) and (K) The TEM analysis of pollen wall of wild-type and eatl at stage 12.

(L) and (M) The magnified TEM image of pollen exine of wild-type and eatl at stage 12.

(N) and (O) The SEM analysis of wild-type and eatl mature pollen at stage 13.

T: Tapetum Ub: Ubisch body Ba: Baculum Te: Tectum EXx: Exine
Bars =2 umin (A-B) ,500 nmin (C-I;L-M) , 1 pymin (J-K) and 10 pmin (N-O)

4.2 eat] ZFEFRA ST E R EATI 2MaAE KRB X EERIA

i T EATL & —A bHLH KHS R 7, A 7004 EATL J& 18 i 50 5l LU i
FERIFIFRIE, T2 RE 2R 0 16 1E 5 AR AL s i 2, R A mfe R AMVREI R E , AT
JE I A FH I RES B 5 7, AE e ALK B EE A AT eatd SRAR AT AR AL SR DN R IA 25 5
KT EATL 1EA4625 Kk & AR SR T BOd A2 A 1 70T

s S a5 SRR, 7E58 9 WAIEE 10 W, eatl S7RARIEZG HH 43l 197 ANF1 450 4
HERFIETW, HbhE 34 ANEFFNAZEEX AR F 7255 9 WA 10 ¥, »ilf
277 NF1 474 A FERFRIE LR, o 162 AN FEF RN AZLESS 9 WIAIZE 10 A (& 4-2 A).
S 1192 MEREG TR L B RA A, S EE LK 4-2 C.

RNT I T IR R A R B R T e, BRATTN R R AR AR B REAT T GO

(Gene Ontology) IhfEIAEHr, ZEHREM: £ FHKEREFE 15%MERES 53] 7 Gk
BRI E B s a, HA RRSAREAR IR 9%, AERILIEER Y 3%, PAAJE
TR & R FE R 5 3% (B 4-2B).

A B

Up regulated in eat! 20%  15% 1% S% 0% o 12 3 4

Frequency Enrichment fold

anther in stage 9 9%, - Lipid metabolic process I 164
(277 genes)

Up-regulated in eat!
anther in stage 10
(474 genes)

3% | Lipid transport | 1 340
3% Fatty acid biosyntheic I 2.34
13% Regulation of transcription | 1128

1% [ Secretion I 2.65

3 [ Pollen dev | FEH
16% | ] ion of tr: ription Iy 155
Down regulated in eat! Down regulated in eat! % NN Cell death |=————Fx1
anther in stage 9 anther in stage 10 3o g Lipid transport E— 0%

(197 genes) (450 genes)
Down-regulated at S9 Up-regulated at S9
350
302
i 300 Binstage9 MInstage 10
2
250
g
z 200 181
g
§ 150 123
100 76
38
50 37 35 . =3 =
0 1 N L1 L R
<4 ¢4-3) 3:-2) -2-1) 12) 23 G4 >4

Fold Change (Log2)

Bl4-2 B4R Seatl RA A SE P S 10SIEL B R A 01T

Fig 4-2 Transcriptome analysis of wild-type and eatl anthers at stage 9 and stage 10

(A) BFAERIA eatl JALIASS 9 IANES 10 AL 245 56 5 40 LA
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(B) eatl RAZIRE 9 HAMIZS 10 WITEZ)H 73 34K GO (Gene Ontology) Zhfig 74T

(C) eatl RATIAES 9 JUFNEE 10 MIAEZG h L R F0E BN AR —— R PR 2 & 20 A 8 o

(A) Comparison between eatl and wild-type transcriptome data from anthers at stage 9 and stage
10.

(B) Functional classification analysis by GO (Gene Ontology) analysis of some genes in eatl
anthers at stage 9 and stage 10.

(C) Ahistogram of genes numbers with elevated or reduced expression levels in eatl anthers at
stage 9 and stage 10.

[FI, AT HE— 7xee REEE R 5 EATL 2 a2 ARk &, BATHE—2@idk
. #F ik i A It % ¥ & ( Rice Genome Annotation  Project
http://rice.plantbiology.msu.edu/index.shtml) 4 613 AN T 1 3 K] 44 {35 (R i 2 RIS A AT 77
I3HT, GERFIFIXECIL AT LU A NN (B 4-3A), HrREE 4 #% 138 AN e 25 R IA
5 EATL o, e/ MUK ERHAREZ h Rk (K 4-3B), XLLFEKIFI EATL 2
[AAFEAE L AL RIA G R, HEMEATTAT B2 32 EATL BN .

A

Cluster 1 (61 genes) T Cluster 2 (118 genes)

vvvvv jid
]' i

it

Cluster 3 (100 genes) fiea Cluster 4 (138 genes)

|

(SoU98 §CT) ¥ I3ISN[)D)

Cluster § (101 genes) = Cluster 6 (95 genes)

Bl4-3 eatl RAZASEIFAMZE LOMITEL b T AR B Z R IAAR A T
Fig 4-3 The spatial-temporal expression analysis of down-regulated genes in eatl anthers at
stage 9 and stage 10
(A) eatl RAMREE 9 HIFNEE 10 WIFEZY b 5 Rl4L IR N 23 I QAT 70 36
(B) eatl RALIAHE 9 WAL 10 HfE2i 5 EATL BAT RMARAR A T R 5L R #4 &

(A) Gene classification based on the spatial-temporal expression pattern among down-regulated
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genes in eatl anthers at stage 9 and stage 10.

(B) The heat map of down-regulated genes which have similar expression pattern with EAT1 in
eatl anthers at stage 9 and stage 10.

T _LARTEMAISEM HEBE 73 M 3R B fEeatl AR R, TEM AMRE | 5 IR B I B 2
X PR SE R 1 5 Ba S AT s s Al o5 . Rl 45 Aeatl #4540 A Hd Ay 25 R IA B
T R, BATE RO R AR G SACUR R R AT T 0 2. 70 845 R B /Rix Be L [
o AL S YRS 2N REEIE2E (Lipid transport), G185 IE2EHEE 5 A (Lipid Transfer
Protein, LTP) FIABC#:izE Gt (ATP-Binding Cassette transport protein G subfamily,
ABCG) H3&; #5288 FACHZE (Lipid metabolism), 414 GDSLAEN;EE (GDSL Lipase)
AR AES (Lipoxygenase); 2 —JAMERAUENZE (Acyl metabolism); 25 VU A LR
P4503% (Cytochrome P450, CYP450s). iX P4 KIEHE K 7E S B 240 i A 3L [ 2 5 BIA R iR 26
MR EIA RS B, FiafEd s (E4-4).

[Repe—— Soememmn
Lipid transport
LOC_0s10g40430 |

LOC_ 0511902330
0G-0s07¢30040 | (LTPLB4)
(CsCB) 4 1 LTPs i

o

i
[ |
] S,
I

] LOC_ 0511902360 S 1
i LOCZ0s08940770 AN ‘
i LOC_0s03¢47370 | [ TPLg F="="
i ]
]

I

1

]

]

1

]

]

A Y

e ——— |

LOC_0s01¢82080

Ubisch Bodies
LOC_0s03g50060 i 1
|

LOC_0s12902320
o e :
0C_0s10g3

0C_0s10g38100 |(LTPL15T) ABCGs
LOCZ0s08¢27210
LOC_0sD4g38840
L.OC_0509(20660 | ] ’ :
LOGC 0s03g 17380 ARCGS Lipidl droplet Sporopollenip Precursors Ul
LOC_0sD8g51480

ABCGs

|
i 1
$9 S10 d

By & :
Lipid meggbggasggmo 10.16-di[2+:l C16-Glycerol Vo VLC Ketone

LOC_0sD4g56240 *‘GJ t
sje ] Il k

LOC_0s01g43140
LOGC_0s05920973
10,16-diCH VLC 1° VLC2®
C16-CoA Alcohal Alcohol

LOC_0s03g25010
LOC_0s02957110
% C16/C18-CoA) VLC Acyl-CoAl VLC
LOC_0s12937280 )
Loc osoBgaeaso |Lipexye %
L.OC_0sD3g05780
06 0<0Ag00AEN

Loc_0s02g01140 | GDEL

Alkanes
LOC_0sD3g49380 | enase l
000508910010

L

Endoplasmic Reticulum

CYP430s FAE: Fatty Acid Elongase ;
LOC_0s12¢02640

LOC_0s03g14400 VLG Very-Long-Chain (>C22);
(a]

S Cor oy
Lo Omgu 4360 KCS: Keto-acyl-CoA Synthase

LOC_0s0603030 GDSL-lipases: Gly-Asp-Ser-Leu family of
LOC_ 008930640 ]

LOC 0,91310040 3.0 3.0 esterases/acylhydrolases;

LOCT0s02928810

$9 510

[
LOC_0sD2g08820 | T § [
OC_0sDEg4304 Lipases %

LOC_0sD6g34070 4%
0C_0s03g19870 Y
LOC_0sD1g45080 [y
LOC_0sD2g01980
LOC_0sD3g22670
o e e e
= GDSL Fatty acid Acids
From Plastid
59 S10
Acyl Metab olism
LOC_0s000 10650
Loc Ososgtlegou}Kcss
LOC_ 0512013030
LOC0s07 942420
0C_0s03912030
LOC-0¢11ga7000 K CSs
0C_0s12904090
LOC_ 0506907000
0C_ 0505903430
0C_0s01965830

i
I 59 510

Bl4-4 eatl RAMRSEIMMEE 10HITELT h IERACH . BB HRE BB Fr 2t
Fig 4-4 The microarray analysis of lipid metabolic and transfer genes in eatl anthers at stage
9 and stage 10
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4.3 LTPLO4 B e XY REME 5 S IRIAFM/KIEEMINELR B

MR B 5 3 20 SE RO 1 0 45 SR FTEATLARI R iFE R e R IE T 45 8, H 45 & Niu
NingningZ4R3i [fIChIP-PCR. qRT-PCRFIEMSAZEHREES, SR ATTAT LAHENI S 2R RLZ AR
RILR ] R/ NEAT LR RSN 2 5 1ek SN BETE A K B it 72

9T R AT EATL R UE R R 3 T MR E AT T REAFAE M AR 2= T Re . FRATTIE HL
LOC_0s03g25010. LOC_0s03g19670. LOC_0s07g39640 (LTPL64). LOC_Osl1g32650Fl
LOC_0s129139301F My fiii K, FIFHRNATHL (RNA interference) [1)77 V2 FEAIGIX LeHE A (1)
Tk K, DAAZE AL % RS AH SRS . RNATZSAS AR i 10 25 R a6 4-1 7w«

R4-1 RNAIRZ iR Rk 2 H
Table 4-1 The Candidate Genes for RNAi Mutant Construction
=35 Az VilE R S10 (log, FC)
LOC_0s03g25010 Lipase GDSL-like lipase/acylhydrolase, putative -4.47389
LOC_0s03g19670 Lipase GDSL-like lipase/acylhydrolase, putative, 322086
expressed
LOC_0s11g32650 Chalcone synthase, putative, expressed -4.80495
LOC _0s07g39640 LTP  LTPL64-Protease inhibitor/seed storage/LTP 5.84564
family protein precursor, expressed
LOC_0s12g13930 KAR  3-oxoacyl-reductase, chloroplast precursor, 4.09276

putative, expressed

N T ARIERNAT-HUAE A AOE e, JRATTIE I % 38 32 (X (O cDNAX I HE AT 5 51 o0 i, 38
BT e e X B E N RNATPLEERR 21, 43 il K FERNATEAR IF 4% N95228F AL i (RNAI
BIRRVE LB 5% EIS-1) .

T Tt K PO SR AN B R (R A AT I S AT A B, AR T A 2 R I RNAAT R AR
EER, #5rLTPLE64-RNAIE RIIELA KB ML, k& EREC. Bk, 0145
HXTLTPL64-RNAI T AR A (1) 45 ANk R AT 155 (R 1Y %5 5 A0 BE 9 40 35011 3R B 5% LA I Rk A
X

MR HEpTCK303-LTPL64-RNAIF AL ) (K4-5 A), FATET T BHMER R 4 %€ 51 ¥ UBI-F,
I [A) 4 FH RNATFR AR A4 2 51 #10s07939640-FXt FIT A 114K LTPLE4-RNAI IS AR A4 J 3 A1 Ak 3k AT
TR S, SRR Y g R DL SRR S I N P AR (EI4-5 BY. A TR AT
BT IRNAFEAR 2 75 IE 5 TAE, AT B/ INE 7 & B SO SE 108K /INME (48
RAELTEN, T AT A IR, SN, BB RNAFEXTLTPL64) A
17 3E BEPCRIM T . 45 AL /R LTPL6ATE I A FHPERE bR /N K & SR OIAFN A 105/ NMEH i R ik
EHHW T (E4-50C).

FATHEE 7 R B IR 529 (LTPL64 RNAI-9) /AR (58I, U/r4k
BT CESHAMCHD . /M5 CGEOWD. /METH I CGEL108D. NETIERT CGE1LH.
128 FHRGHGH (BE13HD B/NEFEZAT T2 RAIMEE . JEAI A, 7 B
BORNIZE B LT BB S b TAE .
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A Start(0) End(3803)

Marker  Line-1 Line-2 Line-3 Line-4 Line-5 Line-6 Line-7 Line-8 Line9 Line-10 Line-11 NC
2000 ===

1000 s
TS() S—

S00 s

C 12
u LTPL64-RNAi (Stage 9) = LTPL64-RNAi (Stage 10)
1 . e
208
- ;
L
206 LLed
g | I |
W
e 04 » - ot 1
, . sm e HE il -
Line-1 Line-3 Line-4 Line-5 Line-7 Line-8 Line-9 Line-11

El4-5 LTPL64-RNAIRAR R K A 4 2 HRT-PCRE £
Fig 4-5 The results of genotyping and gRT-PCR of LTPL64-RNA. lines
(A) LTPL64-RNAI-pTCK303#k AL 14 5 3E R A % e Wit
(B) LTPL64-RNAIZRAL AL [ R4 g 45
(C) LTPL64-RNAITRAA/INMET K B 5B EE 10ILTPLE4RIE /KTt € HPCR4S
(A) The vector map of LTPL64-RNAIi-pTCK303 and genotyping design.
(B) The genotyping results of LTPL64-RNAI lines.
(C) The reduced transcript level of LTPL64 in LTPL64-RNAi lines by gRT-PCR at stage 9 and
stage 10.

MR X ELEFAET . eatl RAGAFILTPL64 RNAI-ORAAK KA 25 AT AR B, LTPL6AIY)
Bk ST E KA IR B, HRA R R Heatl RA KRR AT, A% 55/ (K4-6 A).
MAC g2 R B IR L4 i eatl AR ARAE Ky H G VEM AR 22, TILTPL64 RNAI-97 4% {4
TR BRI A MR (K4-6 A). BFAERIIE 2GRN 2428 45 RN BoR, 72T
REBH CGEORAIFIZE108]), LTPLOATESLEE AN T HpRe i tERak, MifEAl I CIRET
FAZ IR IR, RARSNY RES (K4-6 B), X 5ALFIA R FE P LTPL6AT I 2%
RIS AT) 5

SR AR AE S T B, FRATALTPLE4 RNAI-9TR AR I /M F1 45 F
JZHHT T D RN, AR B SE R ERLTPL64 RNAI-O AR /M 7 H B
NETHH I TEE (K4-6 C. DL EAIF) & AT . F S RAERE BB
S, AR B RLTPL64 RNAI-OTRAZAR I S [RARA e TP A= AL, RS AR (El4-6 G
HIHD, HET A 45 5L 5 A0 48 (1) S /R LTPL64 RNAI-9 AR 1A (1) 12 [k 2 B, 11 BF A2 7 1) 12
R (E4-6 1710, @I B ER, FRATXTLTPL64 RNAI-9ZRAR M/ INET 1Lk 4 EE I
1T 7 ABONEL , FoA 1 7 1 ILAE TR R I AE AR ZBE R, AR 2t IR 1 Rk (1146 KFILD,
X Fleatl J AR R AR FLARL (Fl4-6 LANE4-1IMD . T L9k EZ N H B T /> 2 HE 289
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eatl | LTPL64

1 RAN;-9 B e T 4‘%
L) € 62
Antisense 'C}/ \

{
—@ x""*"?g{é @ g@ﬁ

Bl4-6 LTPL64 RNAI-9BRABIAREIHT
Fig 4-6 The phenotype analysis of LTPL64 RNAI-9

(A) BFAERD (). eatlRAMA () MILIPL64 RNAI-9 () HIFEZ () Mk mligess
BOOR) xFEE. HAR=1mm ($£25). 200 um (FE#)

(B) LTPLGATER 4= B/l 1 & S9N 25 103048 26 Th (R JE AT 24 2 20 Mo B A9 =50 pm.

(C) 1 (D) BAERIRILTPL64 RNAT-YINET- R B 56 13H A AEA SEMIE . L4 /X=100 pm.

(E)FICP) 7 A= U FNLTPL64 RNAI-9/MET- /& B 55 L3H B e A SEMIEUR I o A7) )]=10 pum.

(G) 1 (H) BFARYFILTPL64 RNAI-9/NMET K B 513 EI 2 M K1 & [RIASEME . Lh {7l
JR=2.5 um.

(D A1 (3 AR LTPL64 RNAI-9 /NMEF K B H 12 B Kk TEM JIOKE. 58AMSG
[RIR 2 A, LTPL64 RNAI-9 5 [CIRE . HFlR=1 um.

(K> A (L) B4 BYMILTPL64 RNAI-O/NMET K B S 12HE M BETEME] . EUAR=0.5 pm.

(M) F1 (ND BFAERUFILTPL64 RNAI-9/MMET K B S 101458 Z 4 TEME] . HufF )R=2 pm.
T: Z4E5)Z Ub: ZIKIE Ba: fIRE Te: HBi5)Z Ex: {elpsheE
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(A) The anthers (up) and I,-Kl-stained pollen grains (down) comparison among wild-type (left),
eatl (middle) and LTP64 RANI-9 line (right). Bars = 1 mm (anther) and 200 um (pollen grains).

(B) The in situ hybridization analysis of LTPL64 in wide type anthers at stage 9 and 10. Bars =
50 pm.

(C) and (D) The SEM analysis of wild-type and Z7PL64 kNA7—9 mature pollen at stage 13. Bars
=100 pm.

(E)and (F) The magnified SEM analysis of wild-type and Z7PL64 RNA7—9 mature pollen at stage
13. Bars = 10 pum.

(G) and (H) The SEM analysis of the inner surface of tapetum of wild-type and Z7PL64 RNA7 -9,
showing ubisch bodies, at stage 13. Bars = 2.5 pum.

(1) and (J) The magnified TEM image of ubisch bodies of wild-type and L7PL64 RNAZ -9 at stage
12. The L7PL64 KNAi-9 ubisch bodies are round-shaped, in contrast to the quadrate ubisch bodies
in wild-type. Bars = 1 pm.

(K) and (L) The TEM analysis of pollen wall of wild-type and Z7PL64 FNA7-9at stage 12. Bars
= 0.5 pm.

(M)and(N) The TEM analysis of tapetal cells of wild-type and Z7PL64 FNA7-9 at stage 10. Bars
=2 um.

T: Tapetum Ub: Ubisch body Ba: Baculum Te: Tectum Ex: Exine

XKLL IR JJHEN] T LTPL6AYE AtEI IR R iz s A 5Kk (Lipid Transfer Protein,
LTP) — 51, ZEATLEEE, @ aiiiciin 2 5KRES IRISFITEm I ER G, I
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Fig 4-7 The microarray and GO analysis comparison between eatl and tdr anthers
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(A) The comparison between eatl and tdr microarray.
(B> The comparison of GO analysis results among down-regulated genes in eatl and tdr
microarray.
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Fig 4-8 The microarray comparison between genes involved in lipid metabolism, lipid
transfer and cell death of eatl and tdr anthers at stage 10
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Fig 4-9 LOC_0Os04948210, LTPL64 and LTPL68/OsC6 promoters are co-regulated by EAT1
and TDR.
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Fig 4-10 The regulation analysis among T1P2, TDR and EAT1
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(D) TIP2. TDR Fll EAT1 = MIAH LR R .
(A) The expression pattern analysis of TIP2, TDR and EAT1.
(B) The gRT-PCR analysis of TIP2, TDR and EAT1 in wild-type anther from stage 6 to stage 10.
(C) The expression change of TIP2, TDR and EAT1 in tip2, tdr and eatl mutant respectively.
(D) The regulation model among TIP2, TDR and EAT1.
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Fig 4-11 A proposed scheme showing the central role of TIP2, TDR and EAT1 in tapetum
and pollen exine development

EAT1 /£05 TDR 1 TIP2 i) R EMZ W1 TIP2/TDR A — RAKHIE 3% . TDR/TDR [FJJ5 —
FAR. EATUEATL [ —JAM TDRIEAT F9 — SAR3E ik 1A 2 28 B J2 40 B T A D IR
(OsAP25, OsAP37 Fll OsCPL)FIIEAARU \ Heiz LA S AN [RAR Y AL A 4 MEE AR A RSO AH DG Ik
[Rl(CYPs/704b2/703A, WBCs, GDSL lipases, Chalcone synthase, KCSs 11 LTPLs/68/64)Z 51tk
HMEERH .

EAT1 acts downstream of TDR and TIP2 and is activated by TIP2/TDR heterodimer in the
nucleus. TDR/TDR homodimer, EAT1/EAT1 homodimer and TDR/EAT1 heterodimer act as key
transcriptional regulators that modulate the expression of genes associated with tapetum cell death
(OsAP25, OsAP37 and OsCP1); lipid metabolism and transport, ubisch bodies formation, pollen
exine morphogenesis (CYPs/704b2/703A, WBCs, GDSL lipases, Chalcone synthase, KCSs and
LTPLs/68/64) during pollen exine development in rice.
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Supplemental table 1 Primer sequence

Primer Name Sequence(5'-- 3") Purpose
EAT1 cDNA-F AACTGCAGATGATTGTTGGGGCTGGTTA Dual-LUC
EAT1 cDNA-R GGACTAGTTTAGTTGAATATGTCGAGGGC Dual-LUC
OsC6 pro-F AACTGCAGTAAAACCAACCACCTATAGTGTCAT Dual-LUC
OsC6 pro-R GGACTAGTTCTAGCTAAATGTGGATTAGAGCT Dual-LUC
04948210 pro-F  GGGGTACC TTTGCTGGGGATCATGGCGTGT Dual-LUC
04948210 pro-R  CATGCCATGGCTGCACGCGTGTAATAT Dual-LUC
07939640 pro-F CCCAAGCTTCATGGGCAGCCGCTCGTTCC Dual-LUC
07939640 pro-R CATGCCATGGGATCTTCTCTGCATTGTGCG Dual-LUC
0s07¢39640s-F TAATACGACTCACTATAGGGCACACGTGGGTCATC i ity

TCCTTG
0s07g39640s-R  TGGCACTGTTTCCGTGTAGC in situ
0s07g39640a-F CACACGTGGGTCATCTCCTTG in situ
0s07¢39640a-R TAATACGACTCACTATAGGGTGGCACTGTTTCCGT ity
GTAGC

0s03g19670-F CGGGGTACCACTAGTACGATTTCATCAACAACTAC RNAI
0s03g19670-R GCGGGATCCGAGCTCAGAACACGTACTTGGACCTG RNAiI
0s03g25010-F CGGGGTACCACTAGTATGGCTTCTTCTAGGTCGT RNAI
0s03g25010-R GCGGGATCCGAGCTCTCGCCAGGTGACCACCA RNAI
0s07g39640-F CGGGGTACCACTAGTTTGCCGGAGAGCAAGAAATG RNAI
0s07g39640-R GCGGGATCCGAGCTCGTGGCACTGTTTCCGTGTAG  RNAI
0s11932650-F CGGGGTACCACTAGTAAGGAGAAGTTCAAGAGGAT RNAiI
0s11g32650-R GCGGGATCCGAGCTCCACCGTGCCGCCGGCGAA RNAI
0s12913930-F CGGGGTACCACTAGTTGAAGAAGTGTGCAGAGAGA RNAI
0s129g13930-R GCGGGATCCGAGCTCTTCACATTGATGTTTCTGCT RNAI
UBI-F ATGCCGTGCACTTGTTTGTC Genotyping
0s07g39640-F ACGTGGGTCATCTCCTTGCT Genotyping
06923360-RT-F CGTCGTAATGCCTCCATCCA gRT-PCR
06923360-RT-R  GGTGTGTTCTGATCCCCTCG gRT-PCR
029g08010-RT-F  TGGCTACTGAACCACCAACA gRT-PCR
029g08010-RT-R  AAACACCTGACAAAGCACAA gRT-PCR
07939640-RT-F  ACGTGGGTCATCTCCTTGCT gRT-PCR
07939640-RT-R  GGCTGCTCCTTCCATTTCTTG gRT-PCR
OsActin-F CCTTCAACACCCCTGCTATG gRT-PCR
OsActin-R CAATGCCAGGGAACATAGTG gRT-PCR
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Supplemental table 2 List of differential expressed genes related to lipid
metabolism in eatl anthers.

Fold change (Log2)

Gene ID Stage 9 Stage 10 Annotation
Acyl metabolism
LOC_0s09g19650 -1.24 -0.55 3-ketoacyl-CoA synthase precursor
LOC_0s03g12030 0.16 1.11 3-ketoacyl-CoA synthase
LOC_0s11g37900 0.64 1.39 3-ketoacyl-CoA synthase
LOC_0s05g49900 0.72 -1.14 3-ketoacyl-CoA synthase
LOC_0s129g13930 0.6 -4.09 3-oxoacyl-reductase
LOC_0s07g42420 -1.05 -1 3-oxoacyl-synthase
LOC_0s03g05780 -0.41 -1.61 4-coumarate--CoA ligase-like 7
LOC_0s12g04990 0.19 1.29 Acyl-CoA synthetase protein
LOC_0s05g07090 0.73 1.04 Acyl-coenzyme A dehydrogenase
LOC_0s05g03480 0.83 1.31 Acyl-coenzyme A dehydrogenase
LOC_0s08g09950 -1.36 -2.34 Acyl-desaturase
LOC_0s08g10010 -0.88 -1.24 Acyl-desaturase
LOC_0s01g65830 2.58 2.14 Acyl-desaturase
Lipid metabolism
LOC_0s03g07140 -1 -2.07 Fatty acyl carrier protein reductase
LOC_0s04g56240 -1.09 -0.7 Lipase
LOC_0s01g43140 -0.99 -1.34 Lipase
LOC_0s05g29974 0.26 -1.31 Lipase
LOC_0s12g37260 0.96 2.55 Lipoxygenase
LOC_0s08g39850 0.41 1.39 Lipoxygenase
LOC_0s03g49380 141 15 Lipoxygenase
LOC_0s03g52860 1.88 2.25 Lipoxygenase
LOC_0s03g25010 -4.47 GDSL - like lipase/acylhydrolase
LOC_0s02g57110 -1.21 -0.76 GDSL - like lipase/acylhydrolase
LOC_0s02g01140 -1.09 -0.36 GDSL - like lipase/acylhydrolase
LOC_0s02g09620 -1.05 -0.77 GDSL - like lipase/acylhydrolase
LOC_0s06g43044 -0.93 -2.72 GDSL - like lipase/acylhydrolase
LOC_0s06g34070 -0.37 -2.59 GDSL - like lipase/acylhydrolase
LOC_0s03g19670 0.23 -3.22 GDSL - like lipase/acylhydrolase
LOC_0s01g46080 0.25 -1.68 GDSL - like lipase/acylhydrolase
LOC_0s12g17570 0.81 2 GDSL - like lipase/acylhydrolase
LOC_0s08g45150 1.39 0.3 GDSL - like lipase/acylhydrolase
LOC_0s02g01980 1.45 -0.14 GDSL - like lipase/acylhydrolase
LOC_0s06g06520 1.7 0.77 GDSL - like lipase/acylhydrolase
LOC_0s06g50950 2.72 3.22 GDSL - like lipase/acylhydrolase
LOC_0s03g22670 -1.36 Triacylglycerol Lipase
Lipid transport
LOC_0s11g24070 1.36 3.27 LTPL10 - LTP family protein precursor
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LOC_0s01g62980
LOC_0s03g50960
LOC_0s12902320
LOC_0s10g40430
LOC_0s10g40530
LOC_0s06g49190
LOC_0s10g36070
LOC_0s10g36100
LOC_0s11g02330
LOC_0s08g27210
LOC_0s07g39640
LOC_0Os11g37280
LOC_0s11g02369
LOC_0s04g38840
LOC_0s06g49770
LOC_0s03g47370
LOC_0s09g29660
LOC_0s03g17350
LOC_0s06g51460

LOC_0s02g09200
LOC_0s12¢02640
LOC_0s03g04660
LOC_0s06g03930
LOC_0s06g30640
LOC_0s03g14400
LOC_0s04g48210
LOC_0s01g10040
LOC_0s02¢26810

0.52
111
0.56
-1.6
-1.31
1.76
0.44
1.71
-1.11
131

1.17
-14
1.21
-1.07

0.2
0.11
1.18

2.46
-0.11
0.59

0.55
-0.42
0.27
1.25
2.15

1.03
241
151
-0.65
-0.08
2.12
1.06
3.36
-0.12
0.35
-5.85
-4.96

0.54
-0.36
-1.12
1.9
2.12
0.52

LTPL101 - LTP family protein precursor
LTPL118 - LTP family protein precursor
LTPL12 - LTP family protein precursor
LTPL139 - LTP family protein precursor
LTPL146 - LTP family protein precursor
LTPL154 - LTP family protein precursor
LTPL155 - LTP family protein precursor
LTPL157 - LTP family protein precursor
LTPL22 - LTP family protein precursor
LTPL3 - LTP family protein precursor
LTPL64 - LTP family protein precursor
LTPL68 - LTP family protein precursor
LTPLY7 - LTP family protein precursor
LTPL81 - LTP family protein precursor
LTPL86 - LTP family protein precursor
LTPL95 - LTP family protein precursor
White-brown complex homolog protein
White-brown complex homolog protein
White-brown complex homolog protein

Cytochrome P450

2.72
-1.54
2.54
1.55
2.25
1.16
-8.61
2.07
3.28

Cytochrome P450 71D10
Cytochrome P450 72A1
Cytochrome P450 86A1
Cytochrome P450 86A1
Cytochrome P450
Cytochrome P450
Cytochrome P450
Cytochrome P450
Cytochrome P450
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Supplemental table 3 Coding sequences of related genes
Gene ID Coding sequence(5'-- 3)

EAT1 ATGATTGTTGGGGCTGGTTACTTTGAGGATTCCCACGATCAAAGT
CTCATGGCAGGATCTTTGATCCATGACTCAAATCAAGCTCCTGCA
AGCAGTGAAAACACAAGCATTGATTTGCAGAAATTCAAAGTGC
ACCCGTACTCAACAGAAGCTCTCTCGAATACGGCCAATCTAGCT
GAAGCTGCAAGAGCAATTAACCACCTTCAACATCAACTAGAAAT
TGATTTGGAGCAAGAGGTTCCCCCAGTAGAAACTGCAAACTGG
GATCCAGCTATCTGCACTATACCAGATCATATCATCAACCATCAGT
TTAGCGAAGATCCACAAAACATATTGGTGGAGCAACAGATCCAG
CAGTATGATTCTGCACTTTATCCAAATGGTGTTTACACACCTGCA
CCAGATCTCCTTAATCTTATGCAGTGCACAATGGCTCCAGCATTC
CCGGCAACGACATCCGTATTCGGTGACACAACACTGAATGGTAC
TAACTATTTGGATCTTAACGGTGAACTTACAGGAGTAGCAGCGG
TTCCAGACAGTGGGAGTGGGTTGATGTTTGCTAGTGATTCAGCT
CTCCAGTTAGGGTACCATGGTACTCAATCTCATCTAATAAAGGAT
ATCTGCCACTCGTTGCCCCAAAATTATGGGTTGTTTCCCAGTGAG
GACGAACGAGATGTGATTATTGGTGTTGGAAGTGGAGATCTTTT
TCAGGAGATAGATGACAGGCAGTTTGATAGTGTACTTGAATGCA
GGAGAGGGAAGGGTGAGTTCGGAAAGGGCAAGGGAAAAGCTA
ATTTTGCAACTGAGAGAGAGAGGCGGGAGCAGCTAAATGTGAA
GTTCAGGACCCTAAGAATGCTCTTCCCAAATCCTACCAAGAATG
ACAGGGCCTCAATAGTAGGTGATGCCATTGAGTATATAGATGAGC
TCAATCGAACAGTGAAGGAGCTGAAGATCCTGGTGGAACAGAA
GAGGCATGGAAATAACAGGAGAAAGGTGTTAAAGTTGGATCAA
GAGGCAGCCGCTGATGGCGAGAGCTCATCGATGAGGCCAGTGA
GGGATGATCAAGACAATCAGCTCCATGGAGCCATAAGGAGCTCA
TGGGTTCAGAGGAGGTCAAAGGAATGCCACGTTGATGTCCGCAT
AGTGGACGATGAAGTAAACATCAAGCTCACTGAAAAGAAGAAG
GCCAACTCTCTGCTTCATGCAGCAAAGGTTCTAGATGAGTTCCA
GCTCGAGCTTATCCATGTAGTGGGTGGGATTATAGGTGATCACCA
TATATTCATGTTCAACACTAAGGTATCAGAAGGTTCGGCGGTTTA
TGCATGTGCAGTGGCAAAGAAGCTCCTTCAAGCAGTGGACGTG
CAACACCAGGCCCTCGACATATTCAACTAA

TDR ATGGGAAGAGGAGACCACCTGCTGATGAAGAACAGCAATGCTG
CTGCAGCTGCAGCTGCTGTCAATGGAGGTGGCACCAGTTTGGAT
GCTGCATTGAGGCCTCTAGTTGGTTCAGATGGCTGGGATTACTGC
ATCTACTGGAGGCTCTCTCCTGATCAGAGGTTCTTGGAGATGAC
AGGATTCTGCTGCAGCAGTGAGCTTGAAGCACAGGTCTCAGCA
CTGCTGGACCTGCCTTCTTCAATCCCACTGGACTCCTCCTCCATA
GGGATGCATGCGCAGGCATTGCTGTCGAACCAGCCGATCTGGCA
GAGCAGCAGTGAGGAGGAGGAGGCTGATGGCGGCGGTGGCGC
CAAGACGCGGCTGCTGGTCCCCGTCGCCGGCGGCCTCGTCGAG
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CTCTTCGCGTCGAGATATATGGCGGAGGAGCAGCAGATGGCGGA
GCTTGTCATGGCGCAGTGCGGCGGCGGCGGCGCCGGGGACGAC
GGTGGGGGGCAGGCGTGGCCGCCGCCGGAGACGCCCAGCTTCC
AGTGGGACGGAGGCGCCGACGCGCAGAGGCTGATGTACGGCGG
CTCGTCGCTGAACCTGTTCGACGCCGCCGCCGCCGACGACGACC
CGTTCTTGGGTGGTGGTGGTGGTGACGCCGTGGGCGACGAGGC
GGCGGCGGCGGGCGCGTGGCCGTACGCGGGGATGGCGGTGAGC
GAGCCGTCGGTGGCGGTGGCGCAGGAGCAGATGCAGCACGCGG
CGGGCGGCGGCGTGGCGGAGTCCGGGTCGGAGGGGAGGAAGC
TGCATGGCGGTGACCCGGAGGACGACGGCGACGGCGAGGGGCG
CTCCGGCGGCGCCAAGAGGCAGCAGTGCAAGAACCTCGAGGCG
GAGAGGAAGCGGAGGAAGAAGCTCAATGGCCACCTCTACAAGC
TCCGCTCGCTCGTCCCAAACATCACCAAGATGGATCGCGCGTCG
ATTCTTGGAGACGCGATCGACTACATCGTGGGGTTGCAGAAGCA
GGTGAAGGAGCTGCAGGACGAGCTGGAAGACAACCATGTCCAC
CATAAGCCGCCCGACGTGCTCATCGACCACCCGCCGCCGGCGAG
CCTCGTCGGGCTCGACAACGACGACGCCTCGCCGCCCAACAGC
CACCAACAGCAGCCGCCGCTCGCCGTTTCCGGCAGCAGCAGCA
GGAGGAGTAACAAGGACCCAGCAATGACCGACGACAAGGTCGG
CGGCGGCGGCGGCGGTGGGCACCGGATGGAGCCGCAGCTGGAG
GTGCGTCAGGTGCAGGGGAACGAGCTGTTCGTCCAGGTGCTCT
GGGAGCACAAGCCCGGCGGGTTCGTCCGCCTCATGGACGCCAT
GAACGCGCTCGGCCTCGAGGTCATCAACGTCAACGTCACCACCT
ACAAGACCCTCGTCCTCAACGTCTTCCGCGTCATGGTGAGGGAC
AGCGAGGTGGCGGTGCAGGCGGACAGGGTGAGGGACTCGCTGC
TGGAGGTGACGCGGGAGACGTACCCCGGCGTGTGGCCGTCGCC
GCAGGAGGAGGACGACGCCAAGTTCGACGGCGGCGACGGCGG
GCAGGCTGCGGCGGCGGCGGCGGCGGCCGGTGGAGAGCACTAC
CACGACGAAGTCGGCGGCGGATACCATCAGCACCTGCATTACCT
CGCGTTTGATTGA

LOC_0s12g13930 ATGGCCTCCGCCGCATACTACGCCGGGCTCGTCGCCGGCACGCC
ACCTCCGCCGTGTCGCCCTGGCCGGCTCCGGCGGTGTCAGCCGC
CGGCCAATAACCTCGTCTCATCAGGTAGAAGAAGCCATCAAGCA
ATTAGGGTCACCAATGGAGTGAACATGGATGGCCGGGCAAAGCT
TGCAGCCCCAGTTGCAGTGGTCACTGGAGCATCTAGAGGGATTG
GAAGAGCCATCGCTGTGGCTCTTGGCAAAGCAGGGTGCAAGGT
GATTGTGAACTATGCCAAGTCAGGTATGGAAGCTGAAGAAGTGT
GCAGAGAGATTGAGGAGTCCGGGGGCACCGCGATCACCTTCTCT
GCTGACGTCTCCATCGAAGCCGAGGTCGAATCCATGATGAGAGC
CGCAATTGACACTTGGGGAACACTAGACGTGCTGGTGAACAATG
CAGGGATCACAAGAGACGCACTGCTGATGCGGATGAAGCGGAC
ACAGTGGCAGGAGGTCGTCGACGTCAACCTCACCGGCGTCTAC
CTCTGCGCTCAGGCTGCGGCGGGGGTGATGATGATGAAGAAGA
AGGGAAGGATCATCAACATCACCTCGGTTTCCGGGATCATCGGC
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AACATTGGGCAGGCCAACTACTGCGCTGCCAAGGCCGGGGTGA
TCGGTCTGACCAAAGCCATGGCCAGGGAGTACGGCAGCAGAAA
CATCAATGTGAACGCCGTTGCTCCTGGCTGGGTGACCTCCAACA
TGACCGCAAAACTAGGCGACAATGTCGAACAGAAGGCTCTCGA
GACGATACCGTTAGGACGGTTTGGCAAACCAGAAGAGATAGCC
GGTCTGGTGGAGTTCCTGGCCGTCCATCCTGCTGCAAGCTACAT
CACTGGGCAGGTGCTGCCGGTTGATGGTGGCCTGTCAATTTGA

LOC_0s119g32650 ATGGCGGCGGCGGTGACGGTGGAGGAGGTGAGGAGGGCGCAG
AGGGCGGAGGGGCCGGCGACGGTGCTGGCGATCGGGACGGCG
ACGCCGGCGAACTGCGTGTACCAGGCCGACTACCCGGACTACTA
CTTCAGGATCACCAAGAGCGAGCACATGGTCGAGCTCAAGGAG
AAGTTCAAGAGGATGTGTGACAAGTCGCAGATCAGGAAGAGGT
ACATGCACCTGACGGAGGAGATCCTGCAGGAGAACCCCAACAT
GTGCGCGTACATGGCGCCGTCGCTGGACGCGCGGCAGGACATC
GTCGTCGTCGAGGTCCCCAAGCTGGGGAAGGCGGCGGCGCAGA
AGGCGATCAAGGAGTGGGGGCAGCCGCGCTCCCGCATCACCCA
CCTCGTCTTCTGCACCACCTCCGGCGTCGACATGCCCGGCGCCG
ACTACCAGCTCGCCAAGATGCTCGGCCTGAGGCCCAACGTGAA
CCGCCTCATGATGTACCAGCAGGGGTGCTTCGCCGGCGGCACGG
TGCTCCGCGTCGCCAAGGACCTCGCCGAGAACAACCGCGGCGCL
GCGCGTCCTCGCCGTGTGCTCCGAGATCACGGCGGTGACGTTCC
GGGGGCCCTCCGAGTCCCACCTCGACTCCATGGTCGGGCAGGC
GCTGTTCGGCGACGGCGCGGCGGCGGTGATCGTCGGCTCCGAC
CCCGACGAGGCCGTCGAGCGGCCGCTGTTCCAGATGGTGTCGG
CGAGCCAGACCATCCTCCCGGACAGCGAGGGCGCCATCGACGG
CCACCTGAGGGAGGTCGGGCTGACGTTCCACCTGCTCAAGGAC
GTGCCGGGGCTCATCTCGAAGAACATCGAGCGCGCGCTGGGCG
ACGCGTTCACACCGCTGGGGATCTCGGACTGGAACTCCATCTTC
TGGGTGGCGCACCCCGGAGGTCCGGCGATCCTGGACCAGGTGG
AGGCGAAGGTTGGGCTGGACAAGGAGAGGATGAGGGCGACGC
GCCACGTGCTGTCCGAGTACGGCAACATGTCGAGCGCCTGCGTG
CTCTTCATCCTCGACGAGATGCGCAAGCGCTCCGCCGAGGACGG
CCACGCCACCACCGGCGAGGGCATGGACTGGGGCGTCCTCTTC
GGCTTCGGCCCCGGCCTCACCGTTGAGACCGTCGTCCTCCACAG
CGTCCCCATCACCGCCGGCGCCGCCGCCTGA

LOC_0s03g25010 ATGGCTTCTTCTAGGTCGTCCATCTCCCTCTCCTCGCCGACGATG
ATTCCTGTACTATTTCTTCTCTGCGCGCACTCCGCCACCGCCGCT
GCCAACTCCGGTGGTGGTGGTCACCTGGCGACCGGCGCCGGLG
GTGACGACGGCTTCAGCTGCTTCACGCGCATGTTCAGCTTCGGC
GACTCCATCACCGACACGGGTAACTCCGCGACGATCAGCCCCA
ACGCTTCTTTCAACAGACTCCCCTACGGCGAGACCTTCTTCGGC
CGCCCCACCGGCCGCTACAGCGACGGCAGGCTCATCGTCGACT
TCCTAGCGGAGCTGGGGCTGCCGTTCTTGACGCCGTTCCTCCGC
GGGCGGGAGACGGTGGCGGCGGAGGACTTCCGGCATGGGGCG
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LOC_0s03g19670

LOC_0s07g39640
(LTPL64)

AACTTCGCGGTGGGTGGAGCGACGGCGCTGAGGCGGGAGTTCT
TCGAGGAGATGGGGCTTGACCTCACCAACATACCGCCATACTC
GCTGGACGTGCAGGTGGAATGGTTCAAGAGCGTGCTCCACTCG
CTTGCCTCCGCAGACAAAGAACGCAAGAAAATCATGTCTAAAT
CAATTTTTATAATGGGGGAGATTGGAGGAAACGACTACAATCA
GCCTTTCTTCCAAAACCAATCCTTCATCAATGAGATCAAGCCAT
TGGTACCAAAAGTTATATCGAAGATTGAGAACGCTATCAAGGT
CCTAATCGACCTAGGAGCCAAGACGATTATTGTTCCAGGAAATT
TTCCTATAGGGTGTGTTCCAGGTTATCTCGGGATATTTCCAAAC
AAGTTAAGTCCTAAAGACTACGATGTGTTTGGCTGCATAAAGTG
GTTGAATGACTTCTCCAAGTACCACAACCATGCGCTCAAGCGCA
TGATGCATCGGATCCCTCACGATCCTACAATCACCATACTCTAC
GTCGACTACTACAATACCGCTTTAGAGATCACCCGTCACCCTGC
CATACATGGGTTCAAGAGGGAGACTGTGTTTGTGGCATGCTAC
AAGGGTGGCAACTCGTAG
ATGGTGTTGATTCGTCTTACTATGCTGATCTTTATCGCCATCCTC
CTTGCCGGCCGCACATGCGTACTTGTTGTTGCCGGCGGTGGAAT
GCCGGCAACCTTCGTGTTCGGTGACTCGCTCGTCGACGCCGGCA
ACAACAACTATCTCGTCTCCCTGTCCAAGGCAAACTACCCACCA
AACGGCATCGACTTCGACGGACACCAGCCCACCGGCCGGTACA
CCAACGGCCGCACCATCGTGGATATACTAGGGCAGGAAATGTC
GGGAGGATTTGTGCCGCCCTACCTGGCGCCGGAGACCGLCCGGCL
GACGTCCTGCTTAAGGGCGTCAACTACGCGTCCGGCGGCGGAG
GCATTCTGAACCAAACCGGGAGCATCTTCGGTGGGCGCATCAA
TCTGGACGCCCAGATCGACAACTACGCCAACAACCGGCACGAG
CTGATCAAGCGGCACGGGGAGTTGGAGGCGGTGACCCTGCTCC
GTGGCGCGCTCTTCTCGGTCACGATGGGATCCAACGATTTCATC
AACAACTACCTCACCCCAATCTTCGGCGTGCCGGAGCGCGCCGT
GACGCCACCGGAGGTCTTCGTCGACGCCCTCATATCCAAATACC
GGGAGCAGCTCATAAGGCTGTACCTGCTGGACGCCCGTAAGAT
CGTGGTGGCGAACGTTGGGCCGATCGGGTGCATCCCGTACCTG
AGGGACACGACGCCGACGGTCGGAACGGCGTGCGCCGAGTTCC
CTAACCAGCTTGCCCGCAACTTCAACCGCAAGCTGCGCGGCCTG
GTGGACGAGCTGAGCGCCAACCTCACCGGCTCCCGCTTCCTCTA
CGCCGACGTCTACCGCGTCTTCTCCGACATCATCGCCAACTACA
AGTCGCACGGGTTCGAGGTGGCGGACTCGGCGTGCTGCTACGT
GAGCGGGAGGTTCGGCGGGTTGCTGCCGTGCGGGCCGACGTCG
CAGTACTGCGCGGACAGGTCCAAGTACGTGTTCTGGGACCCGT
ACCACCCAAGCGACGCCGCGAACGCGCTCATCGCCCGCCGGAT
CATCGACGGCGAGCCGGCGGACATCTTCCCGATCAACGTGCGC
CAGCTGATCACGAGCTGA
ATGGCGCGGCACACGTGGGTCATCTCCTTGCTCCTCACCTCCGC
CGTGGCTGGTGCGTCGCGGCAGCCGCCCGCGACCGCAAGCCAA
GGACCGACATGGACCGGCCTTGCCGGAGAGCAAGAAATGGAA
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GGAGCAGCCACCGCTTCATCCGCAGCGCCGGTGGCTTCGCTGTT
CCCCGGCCTCCCGCCATTGCCGCCGCTGCCAGLCGLCTCCCCGCTC
TGCCGCCGCTTCCACCGCTGCCCGCCTTACCGCCGCTGCCACCG
TTGCCGCCATTGCCGCCGCTCCCTTCACCCGGGACGACGACGAC
GCGGCCGCGGCCACCATCGCCACCGCCGACGGAGTGCCTGACG
TCGCTCGTGGAGCTGCTGCCGTGCGTCGACTACCTCACCAACGA
CGCCACCGCGCCGCCGGGCGCCTGCTGCGACGGATTCAGGTCG
CTCGTTGGCAGCGCGCTCATCTGCCTCTGCCACGGCATCAATGG
CGACATGAGCAGGATGATCTCCAGGCCCATCGATCCGGTCCGC
ATGGTGCTCCTTCCCGCCATGTGCAGCACCATGCTGCCGCCGCA
GTCGCTTTTCATATGCTACACGGAAACAGTGCCACCATTGGTGC
CATAG
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Supplemental fig 1 RNAI targets of related genes
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Supplemental table 4 Promoter sequences of related genes

Gene ID

Coding sequence(5'-- 3)

LOC_0Os11g37280 CAGTAAAACCAACCACCTATAGTGTCATAGGACCTAATTTAGTCC

(0sC6)

AGTTTCGTAAGTTGGGGTTAGGATTTTAGTATTGTGTGTAGGGAT
ATGATATTTAAACTTGATGGAAAGATGAGGAACCTTAAGTATACT
TATTACGATTATCAACGATGAGTCGGCCCTTGGATTAGGTGTTCTA
ITTTTTGGTTTTTGTGTTGAGAATAATATGGTTGGGTTTTCACGTT
GGACACATCTGGGCTTTGAGGTTAAGGTTGCAATTTCGAGTAGG
AAGTTGAAGCATTTTCTGAGTTGAAAAGTCAAGTTTGCAATTTT
GAGTAGAAACGCGAATCATTTGATTCATTTCCGAGTTGAAAAGT
TGAGATTGACAATCTCAAAGTTCAAAGTGAATTCTTTTTTTTACA
CAGTTCAAAGTGAATTTTGGTTAAAACCCTCAGGTTGTATTTGGA
TAATGGGAAATATGTGGTGGAATTGGGATTGGGAAATGAACGAA
GGGTTAGGATTAAATGGAAGAAGGAGAATAAATGGTTAAAATTT
AAAGATGTCTTTTAGTGGGTGGGAAATGATTTCCCTTTCCCATTA
GCCAAACGGGGCCTCAGTATATTTTCAATTAACAGAAGTTTAATA
CTTAATAATTTAAATGACAGTTCAATATTTTAGCCATGACACATGG

ATCACTGAATAGGTACACCCATACCAGCCACCTTTCTATTGTCTTT
GCACTTGGATTGAAAAGTGGTCACAAGGGTTAAAACCCTGAATC
ATTCGGAAATGTTTTTGCCACACAAATGAGTTCCAAATACACTG
AGTGACACTACGGGTCAGTCACTAAAATTTCTGAAATGTTGTTA
CCTACTCGTCTCTTTGTCCAAAAATAAACCAAACTCGTACGGTGT
GAATATATCTTCAATGTTACCTACACTGTACAAGGTTAGCTTATTT
TGTAACGGAGGGAACATACATCTTTCGATAACATTATAATTGTTG
TGCCGCCTTGGTTCAGTTCAAATTTCTTTTTACAAAATTCCGCTT
GCATCTTTGTCCCGGCGCGGCAAAAAAAAAATCCACAATAAAGG
TATCATATAAAAACAATGATGGCAGTTAATCAGTTTAGGTTGGTC
ACTATCTTAATAGATGCAAATTAAGTTGGGTTGTAGCGAAACCAA
CGAACGGCATTTGTTTTGTGCTCCCACGATACAATCCCTTAAATC
AGCACACACGCACAATGCATGCACCACATTTTAGATCGATTTCGT
AGAGAATATTTCGATCACATAGCCACAATTAATCTACATTCTAGA
AGCTCCAACAAACTTATTTAATTAGTTCCTGCAAATTAACATTTA
CAAATATCTCAAACTGAAGAAATAACTTTAATTGCAATGCCGGCA
GCCAACCCGGCGTGTATGCTTCCATTTGTTCGATGTAAAGTGCTG
TTTATCCATAGGAAGAGATGTAATATTAATAACTACTCCATCCGTT
TCTAAATATTTGACGTCATTGACTTTTTTTAAATATGTTTGAATGT
TCGTCTTATTTAAAAAAATTTAAGTAATTATTAATTATTTTTCTATC
ATTTGATTTATTGTTAAATATACTTATATGTATACATATAGTTTTACA
TATTTCACAAAAGTTTTTGAATATGACGAAAGGTTAAACATGTGC
TAAAAAGTCAATGGTATCAAATATTTAGAAACGGAGGGAGTATG
TTTGTTGAAAATGTTTTACCTTCTCTCAATCTTAATAAATTTGGTC
AGGGCAGGCACAGAAAAAAAAAAACAGGAAGACATAACAGCA
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AAACAAAAACAGTGGAAATTAAGCATTGCTAATTACAAACTTTT
CTGATCATTCACACCATTTTCATGTTTGATCCAGCTCAAACTTCA
CTACAACAGCTTAGAACACTCTTAGCTAGCAAAAGTCCTAATCA
CAGCCATTATAAATAGACACAAGCAATTAGCCTCATCTACACACA
CTCCCATCACTCCAATTAACCAAAGCTAATTAAGCTAGCTCAAGC
TCTAATCCACATTTAGCTAGA

LOC_0s04g48210 TTTGCTGGGGATCATGGCGTGTGTATCGCTCCGACGCATGCTGCG
TTCATGCGGGAGCCCTTTCCGTTTTCTTAGGGAGTGCGTGCGCTT
TGCGTGTTTCCGATCGTGGGATGGCGCGGTCTACTCGGGAGGCA
TGGCGAAGTGGCGGGAGGGTAGGAACGCATGGCGGCAACTTCG
GTCGTGGGATGACGTGATCCAGTAGAGAGTTGTGGACATGTAAT
TTGCTATTTAAAGTTTCCTAATGCAACTAAAAACGCTGCAAGTTT
TTTCGCAGCACAAACATCATCTTCTCGCTCGCTCTGTTTTGATCG
GTATTTCGTCGAACACCTGCGGGAGTTCGCCAACAGTACCTGAC
CACGCTACGCGGGTGATCCTTCCGGCCTCCGCAATCAGCAGACG
AGCGAAGCAGCAGCTCGTCCATGCGGATTGGGGGGCGGAGAGA
CGCCGGGTTTGCCTTCCCAGTTGTGCCACGGAAACCCGGAGAG
AGCAAAGGATTTCGTAGGCCGTGTGACGATGGGCATTGTGCGGA
TTTTGGGAAGCCGAAATCTCTGTAGATGGGCCAGAATCTTAAGA
TCTAACGGGAAGGATCAGGCCGGCCCATCCTAGTAGCAGCAGCC
ATCGAACATTCGATCCACCAACAACGACAGGCTGAGCAACCACT
AGTTTTTCACAACCTTTACGTTGATGGCTTCACCAAACCACGGT
CAAAGCCGTGACCCCCCCCCCTCTACTCCTTACATACCGATCGTC
CTACAGCCAAATGTGCTTTGCTTTCGACGACGGCACATGTAGATC
AACAGAAGCAGATACTGCCACTAGCGCATATTACACGCGTGCAG

LOC_0s07g39640 CATGGGCAGCCGCTCGTTCCGTGCCGCGTGCAAATCCCGTGCCG
TTGCCCTGATGACGGGTCGGCCCCACAAGATTACTTGGCGGGTT
GGACCATGTCAAAGTGCCACGCCAGCGAAACTGCGTTCTAAAA
CAGTTAAGGAAGACAAATTACACCGGTTTTAATAGATTAGGAG
CCAAGGTATCCGGTATTACGGTTTAGTGATAGGAATCAAATTAG
AGTCAAAGTGAACTTGCATAGCAATGTGTGGGCTGCTAGGCAG
ATCGGGCACAGACAGAACACTGCCCAAGAAATGTTCTAACGAA
TTTCAGGCAACACGTGCGAAACAAACCATGATTCTAAGTAGCTT
ATGAAAGTATGGCTTGTCTTCTAAAAGTACAGTTTCTCTAAAAA
CTTCCTACATCAGCATCCATTAGATAAAACTTTTTCCAAATTAC
TTGTCAGGGAATGTATCCTATGCACACAAGTTCTTATCTATAAT
CTATCCAACCATCCAGTTAGAACACACCCTAATAATCCATAGTA
CTCGAGAGTTTGAGACTATGAGGTACTACTGAGTTTGTCGGTTC
AGAGATTCTGGTACCCCAAGGCTTAATCTTCTGGCGTAACAATG
TGAAGGATAAACAAGTGGGTGATTTTGTGATGCATTCTGTATTC
AGAAGAGACCATGCCAAGTGCCAAGAACGTGAAGCTACCAACT
AAGTCCCAGGAATGTTCCGTCACAACAAGTGAGTATAAAAGTC
ACTTCGGTTAAGATCAAGCATGGCGACCAAGAGCATGATCCCG
AAGCCAAGAGAGTAGAACGGGATTAAATTCACCTTTTACGGTC
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THE COOPERATION OF TDR & EAT1 IN
REGULATING THE POLLEN EXINE DEVELOPMENT
OF RICE

As the population grows, the global demand for food will dramatically increase. Rice is one
of the world's three major staple food and feeds more than one third of the whole population. How
to increase the grain yield of rice is becoming an urgent problem. Despite the Genetic
Modification (GM) technology, the traditional hybrid method is still playing a critical role. The
research on the mechanisms of male sterile in rice is an important topic. A better knowledge of the
mechanisms will lead to better cultivation of fine varieties of rice. In order to understand how
pollen exine develops in rice, we used microarray, SEM, TEM, dual-luciferase reporter assay,
RNAI and other biochemical and genetic metheds to explore the roles of ETERNAL TAPETUM 1
(EAT1) and TAPETUM DEGENERATION RETARDATION (TDR) in tapetum and pollen exine
development.

Tapetum is the inner cell layer of the anther and is close to microspores. Its appropriate
differentiation, development, metabolism and nutrient transport as well as programmed cell death
(PCD) play key roles in the development of microspores, especially in the pollen exine
morphogenesis. Previous studies have shown that the pollen exine development is regulated by the
cooperation between tapetum and microspores. Microspores first form a primexine template on
the surface, which determines the deposition and assemly pattern of pollen exine procursors.
Tapetal cells then release these procursors (sporopollenin, tryphines, etc.) and necessary nutrients
required for pollen development through polar transportation or PCD™ ®* ® However, the
molecular mechanism underlying pollen exine formation is still unclear.

Our lab has isolated a male sterile mutant-eatl, from a rice mutant population that were
generated by ®°Co y-ray treatment of an O. sativa ssp japonica cultivar, 95221%1. EAT1, an
important bHLH transcription factor, is essential to the development of tapetum and microspores.
Its malfunction will cause a delayed programmed cell death in tapetal cells and finally result in
aborted pollen development!*!. Besides, we found that eatl also exhibited other phenotypic
abnormalities:

(1) The ubisch bodies of eatl are round-shaped, in contrast to the quadrate ubisch bodies
observed in wild-type strain. Its density on the inner surface of tapetum is much
lower than wild-type.

(2) The baculum layer of exine is missing in eatl, showing a lack of low electron density
layer between tectum and nexine.

(3) There is lots of abnormal lipidic accumulation in tapetal cell locules and the junction
between tapetum and middle layer.

In order to illuminate how EAT1 contributes to the pollen exine development, we carried out

transcriptome analysis of eatl and wild-type anthers at stage 9 and stage 10 by microarray. A total
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of 1192 genes were found differentially expressed between wild-type and eatl anthers,
among which, 613 genes were down-regulated in eatl anthers (there were 163 genes
down-regulated at stage 9, 416 genes down-regulated at stage 10 and 34 genes
down-regulated both at stage 9 and stage 10). By Gene Ontology (GO) categorization
analysis, we found 15% of the down-regulated genes were involved in lipid metabolism
and lipid transportation. The spatial-temporal expression pattern of these down-regulated genes
was analyzed and compared with that of EAT1. According to other data, including gRT-PCR,
EMSA and ChIP-PCR collected by Niu Ningning®®, we selected LOC_0s03g25010,
LOC_0s03g19670, LOC_0s07g39640 (LTPL64), LOC_0s11g32650 and LOC_0s12913930 as
the down-stream candidate genes for EAT1 and proceeded to RNAIi mutants construction of these
genes.

During the phenotypic observations of these RNAI lines in the fields, we found that the
fertility of LTPL64-RNAI lines decreased significantly. The anthers of LTPL64-RNAI lines were
much smaller than wild-type but similiar to eatl anthers. We further focused on characterizing the
8 LTPL64-RNAi lines validated by genotyping. The qRT-PCR results confirmed the
down-regulation of LTPL64 in these lines at stage 9 and stage 10, idicating that the RNAI
costruction was working. In situ hybridization results of wild-type anthers at stage 9 and stage 10
demonstrated that LTPL64 was specifically expressed in the tapetum and microspores. We chose
LTPL64-RNAI 9 line and implemented SEM and TEM to better charaterize the phenotypes. To our
surprise, the tapetum and microspores of LTPL64-RNAi 9 were similiar to those of eatl. The
ubisch bodies of LTPL64-RNAi 9 were round-shaped, in contrast to the quadrate ubisch bodies
in wild-type but consistent with the phenotype observed in eatl. What’s more, the baculum
layer of exine was also missing in LTPL64-RNAi 9, showing a lack of low electron density layer
between tectum and nexine.

TDR is another important bHLH transcription factor, which plays critical role during tapetum
and microspores development. In order to find out how EAT1 and TDR together regulates tapetum
and microspores development, a comparison between microarray data of eatl and tdr anthers at
stage 9 and stage 10 was performed. Results illustrated an unexpected overlapping among the
down-regulated genes of eatl and tdr. There were 613 genes down-regulated in eatl and 1161
genes down-regulated in tdr. 210 of them were both down-regulated in eatl and tdr. It was worthy
of mention that LOC_0s07g39640 (LTPL64) and LTPL68/OsC6 were the only two Lipid Transfer
Proteins (LTPs) family genes that were both down-regulated in these two mutants, while
LOC_0s04g48210 was the only one CYP gene both down-regulated in these two mutants. bHLH
transcription factors can form heterodimer or homodimer to regulate their down-stream tragets, It
is reported that the interaction between EAT1 and TDR do exist** *® *1. We hypothesized
LOC_0s07g39640 (LTPL64), LTPL68/0OsC6 and LOC_0s04g48210 to be candidate down-stream
genes of EAT1 or TDR. Dual-luiferase reporter assay was performed to determine how EAT1 and
TDR coopoerate to regulate their expression. Two regulation mechanisms are illustrated by the
results:

(1) The regulation of LOC_0s07g39640 (LTPL64) and LOC_0s04g48210 promoter: The
transcription activity of LOC_0s07939640 (LTPL64) and LOC_0s04g48210 promoter
were up-regulated by 1.7 and 1.3 folds respectively in the presence of EAT1, while in the
presence of TDR, the transcription activity were up-regulated by 1.5 and 1.3 folds
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respectively. In the presence of both EAT1 and TDR, the up-regulations reached to 2.6
and 2.1 folds, respectively.

(2) The regulation of LTPL68/0OsC6 promoter: In the presence of EAT1, the transcription
activity was up-regulated by 4.2 folds by TDR; while, the transcription activity was
up-regulated 1.6 folds. However, when EAT1 and TDR co-existed, the activity increased
dramatically to 33.8 folds.

We inferred that the expression of LOC_0s07g39640 (LTPL64) and LOC_0s04g48210 are
regulated by TDR/TDR or EAT1/EAT1 homodimer but not by TDR/EAT1 heterodimer, while
LTPL68/OsC6 is maily regulated by TDR/EAT1 heterodimer, may also be regulated by TDR/TDR
or EAT1/EAT1 homodimer

Besides TDR and EAT1, there is another bHLH transcription factor-TDR INTERACTING
PROTEIN 2 (TIP2) also regulates the development of microspores. The expression of these three
bHLH transcription factors in anthers was chronological. TIP2 is the first one to be transcripted,
TDR then followed. The TIP2 and TDR form heterodimer to activate the expression of EAT1E %8
%1 We inferred that these three bHLH transcription factors co-regulate the development of
tapetum: 1) TIP2 controlled the tapetum differentiation and may activate the expression of TDR. 2)
TDR and TIP2 formed heterodimer to activate the expression of EAT1. 3) EAT1 can substitute
TIP2 to form heterodimer with TDR. 4) TDR/TDR homodimer, EAT1/EAT1 homodimer and
TDR/EAT1 heterodimer play key roles in regulating the development of tapetum, nutrient
metabolism and transport as well as programmed cell death.

All these evidence can demonstrate that the cooperation between EAT1 and TDR in
influencing the ubisch bodies and pollen exine development in rice, which might be directly
through regulating LTPL64, LTPL68/OsC6 and other lipid metabolic genes by different
dimerization patterns(TDR/TDR homodimer, EAT1/EAT1 homodimer and TDR/EAT1
heterodimer).

In summary, this study preliminarily explained the roles that EAT1 and TDR played during
tapetum and pollen exine development, which is only a tip of the iceberg of complicated
cooperarion network among different transcription factors. It is of significant importance not only
in the basic research area to better understand the molecular mechanisms of reproductive
development, but also in the applied research to facilitatethe breeding with the aim to increase the
grain yield of rice.
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