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WOCN AR E B
]

BFHEYDOLIZ—DODHEOPICHEEEEZ D OmMELTHD., TNHITENE
NOWEICBWTERBEZERL., BHEREEZTO> TWS, ZOFMEEFEOBEREIZE
AWM DML - FEEOZREBEOMEBEICIIZ K DEKRAFIZIN TS, I,
TOARXFTAFDRREBEEEZRNZBITICED, NS5O TFHEBO—EAHS M»
ERHOTETWS,

A TIESOA XF AT 2HEE LT, AEBRICBT 20 FHEDERZR S MHH
ZHEL., HBIEATRERERECIRTDIMEEOMTEBEGRAEZANTITo 7 (B8
1%), £/, FREZTRILEREDAZ V-7 2T0, BENTEREOBITZE
1o E2E), T-DNA ¥ 7 54 >RHBFEMICREZRTS -2 /TN T—
KSwTSARET, BERRBEEDAZY -2 T 2Tz, £z, TOBEREI
BWTELNEEREKIIDWTORITZITo7 (B3 E),

% 1% Bax, AtBI-1 2REI® /=041 X F X O

HDYR— MARIT, ERORZBIIBNWTEEREBTHD., TOREBREITBN
THEEPCD)ZRITZENMENTNDS, FI T, ABMITY R— MNEHEOMIE
HEBELTHENREZCREITEEEZRAEBEL 2. BMIPNTPCD DT 7 FR—F —
ELTHE< Bax &, FNUCHFNICE < AtBI-1 %2, #HDY X— MK TOREFE
B ORLZLA-EBEOTOE—Y —ITEE L, 01X FAFTICEAL THEIRHAE
ZVEBLL 7= (Fig. 1-1, Table 1-1), BRBZREZAT—VRXBNTHDOUFZERL.
HFFEMEEFBMBTEMEEZ A NTY R— MG OMI Z &z L /- (Figs. 1-2~
1-5). Osg6B::Bax, Osg6B::AtBI-1 X1 LTP12::AtBI-1 %#& A L /= fE#) Tl 1%
RRRAENES N, Bax BAICE D ¥ R— MM OMAREN M FEITEZ 520, &
BT, AtBI-1 8B A XD, MIEENEBIET S Z LIk D, IERERARE SNz L
#ZZ5N77, LTP12::AtBI-1 %8 A L= OREIZET Lizho7z, 1HRMENS
RIFEE TS LTPI2 7 OE—4 —2ANEHEEITI ARSY R— MAEMNE 29 PCD
DT FIAZERIEHIC AtBI-1 WEBEL., TO/RE., ¥ X— MO M e BT
BOICEID, EHRZFCERERTEERIENNERINZEEZ SN2, Wy
MOREFET S OsgbB 7OE—F —EHWEHE, AKS RX— MIRELED PCD
TRENRMIC AtBI-1 WRE L., PCD RHIfl ., ¥ X— MAREARE L /ah - 27201k
MARRRER S EZEZLND, INHDIELD, EERIEMIEEITITSY X— MEMK
DORFENNHETH D, FX— MBOMRRSEORUNNEEZTHL I 2HonEL
7. E£77. PCD O#EIY 7 F IS FIIICEET 5 2 EAURKBR SNz,

BE2E  ARMEERTEREOMRNT

w18 0OAa XFXF transient defective exine 1 (tdel) & BED T

tdel ZEKIT, ELROBEREICIVERZMNTET, TOMRKER, EEIREE
RTEREKTH D, BRROZARORL Z > NRE—/NEFOMBEEICERET 50,
COREIRENEDICENHEET LI ENHSHIZEIN TN, TORBEENS
transient defective exinel (tdel) L& 6N TWVWD, ZOERIT, HEE—-RT
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WKDBIERIEINDEZENHASNER S TWEN, TDOREKBLEFIIRHATH 7=,
KEFZETIE, YV ECJICE2HRNBRTOREZT> ., (Fig. 2-1) TOE, 5
YR D Y — 71 —CER449022 & CER449589 OMICEIET A Z EMMTER=, HiL
Byl % bz U7z fER, DET2 (de—etiolated-2DWERNAE LU TWiz, S 5IZHmEMESE
BIZEKD tdel/det2 B TNRKBELETFTHS I ENDMNo7z, TDEI/DETZ2 i&ix
F1d sreroid 5 a reductase 21— RLTHD, 753/ ZA701 RERICEDS T
W3, ZN60ZEXD, T3 25701 ROEMEEFR DG NRE S Nz,

¥ 28 OAXFXF endan-butikowashi (ebi) W RFRZE BAK D fFEMT

T-DNA %7514 > X0 ARtz RT EREZFE L (Fig. 2-2). ebi ZEHAk 5T
EREDREDIERNS, MEMORERIZEDAREEZRTIEN TN, ZDE
BAK% endan-butikowashi(ebi)& %) 77,

PCRICK D FREMERTZBBEL 724552, T-DNA 7% EBI BT OB K2
5 78bp LRICHEASINT WS Z EMNnh o7z (Figs.2-3, 2-4) , EF — T RZBDFEHR,
251705 425 R FEFE TOHEBUTIIHAE R D R A > DUF231 WREFEZ N T Wiz (Fig.
2-5)s ZORAAL 2RO NV EREEMEYICZTALN, O XFTXTFDT
J LIZIE DUF231 RAA 22 HDELRTFIT 46 HEEN TN, HEERBEREKD
RN E I N TS S DI EBI BT EHAEDEN 1 BRTDOATHo 7= (Fig.
2-6), BRZEMLUIZHEE, TORBEADDEELNE AR : 2RHEM=3 : 1127
BEL7=Z &S, SUTRHIZERIINDIERTHLH I ENnNno7z (Table 2-1), F
BT ofER, B, 2%, o€y bE, HUU ZE, BF. BRIEEROE, BIZBWT
RELTHD, EBIBETFIZEFGTEREAL TWA Z EN o7z (Fig.2-7). EBI&
f5F® cDNA & Green Fluorescent protein(GFP)® cDNA Zi#fE L, TOREY >
NI B Z—@BIZRE I, MilaRNRBEZ#HRE., GFP OatidMiiaeA T RuRIcE
WEN/ZZEXD, EBL ¥ NV EEBHMBERNDT IV AR FITBNTEH N TN S A
TiNE zZ 5Nz (Fig. 2-8).

B(3E  TOA XF X atclpl BBEIRD IR

R GUS BB ZRT -2 /TN Y =T TIT1 BN TRED
HEZITOREDN, RECEKTRALNZRKIIESNRN >, £ T, Table 3-1
TIRTKDR by TENEEBETFEMHREDOGENVELETFRBREINZEEICARE
ERTMAELEZ, THOSDRHKT T-DNA WKREIZEZS> TWBRFEORMEZHAEL
e, AREZRLUERKRIEES Moz, LML, T-DNA HARMTHREES
KRBT S NBENRENE SNz, TDRMIL, At3g04680 IZ T-DNA NHAZINTH
D, ZOBBIETIIERTHS M TN pre-mRNA cleavage complex family
protein (CLP1) MR Z /R L=/, Z DB F% AtCLP1 &4 1) 7= (Fig. 3-1),
HiERH., KO T-DNA FAZ B DODRMEHEREDHEREIC X D2BETETo
7. BHERHEBZRITB T 558 ki3 AtCLP1/AtCLP1 : AtCLP1/atclpl :
atclpl/atclpl=45:78:0 &7z 0D (Table 3-2), #HAREIZRWT, HEEHEANSDI o
—& 2 N7 UINDEERLTNE SN0, EIEAICEEIIERI a7z (Table
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3-3, Fig. 3-2), A THEMEZ AW THKORERBEZFAZE IS, RKEHICS
WTREMEELTWAIRAERSIN, INSEEOREIREERHOAT—JITBWN
THBET 2 Z EnBImE 7z (Figs.3-3, 3-4),

AtCLP1 13448 7 X J BeEEM 5720, CHKIZ CLP1 R A A 2 EIEEN S EFIAR
BEINTWke, ZORAA22FHEDINIEBETEZEMIBNTAS A5 (Figs.
3-5, 3-6). HEEEL L Tld pre-mRNA @ 3’ KintIli &R U 7T ZIMEIZBEDH > T
HEINTVWD, YOAXFAFICBELUOEERFRIBEEL TN, INXT
HWREERBERRAOBTIIEIN TR (Figs. 3-7, 3-8), REMITOKER, AtCLPI
BEFRR, £, oty bE IDY CE EF. BIEERDE, RIIBWTHHAL
THD, REABBETREALTWS I &Moo 7= (Fig. 3-9). AtCLP1 BEFOD
cDNA & GFP z#E#E L, TORESY >N/ EZ2 —BrICRRSE, MilRAREZHEN
7zo GFP O#AEIIKITBNWTEHEINZZEXKD, AtCLPL IIKITHBWTHEEL TY
LT EMEREIN (Fig. 3-10), DI a—F > T UIIBREKOERHRMZRLZ
ZEMS, AMETAWELZEREDRERIX AtCLP] Bz TORERBTHD Z &
MNoyimvole, TNHDIZEEXD, AtCLP1 F O NIV EBEIRFEEITBNWTEETH D,
BEERTFOEBEERGIENICED > TWa TR N,

Yt 2h
[i=Rsi=]

PO XFXFEMENE L. MIRESE & Y AES ERZEDOBED DITDWTERITZIT N,
TEMFEZ IR FHNSEI DS RXR— MIBOMAENNEATH S I 2R LT,
SHRMOEBRIKEMBITT HZ LITKD, EMEEHBEICEDS TDE]L BinT. MMEEE
FRE THERES 5 EBI B F. MFBEMICBWTHAR AtCLP] Bz FZHALMNTL
oo BWFFEICK D, HFEEEBICIBII A0 FRBIIDONWTHLERMRZES ZENTE
7z,
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Tetrad Uninucleate  Bicellular Tricellular

wT
LTP12pro
::Bax
Fig 1-1. Comparison of seed sets of the wild-type and transgenic plants.
(A)A wild-type plant showing normal siliques.
(B)A LTP12pro::AtBI-1 transgenic plant showing full seed sets.
(C)A LTP12pro::Bax transgenic plant with small siliques with no developing seeds.
(D)A Osg6Bpro::AtBI-1 transgenic plant with small siliques with no developing seeds. Osg6Bpro
(E)A Osg6Bpro::Bax transgenic plant with small siliques with no developing seeds. 2 AtBI-1
Table 1-1. Sterile and fertile plants were obtained depending on Osg6B ;
the active stage of the promoter. Sg05pro |
Promoter (active stage in anther) Bax AtBI-1 o B
LTPI2 (uninucleate to bicellular) 6/6 0/15 —
Osg6B (tetrad to bicellular) 4/4 8/11 Fig. 1-2. Anther development in the wild-type, LTP12pro: :Bax, Osg6Bpro:: AtBI-1
and Osg6Bpro::Bax plants. Tapetal cells are killed by Bax or sustained by AtBI-1,
The number of male-sterile plant lines/total number of kanamycin-resistant whereas PCD induces degeneration of tapetum in the wild-type. MSp, microspore;
transgenic A. thaliana lines with LTP12::Bax, LTP12::AtBI-1, Osg6B::Bax and T, tapetum; Tds, tetrads; N.D., not determinant. Bars=20 & m.

Osg6B::AtBI-1 are presented.

po* . M\’)" _po*

TY\er"

Fig. 1-3. Analysis of pollen development in wild type and transgenic Fig. 1-4. Tapetal development in the wild-type and the transgenic plants.
plants. TEM images of the tetrad stage (A-D) and the uninucleate microspore TEM images of the tetrad stage (A-D) and the uninucleate microspore stage (E-H).
stage (E-H). MSp, microspore; N, nucleus; Nu, nucleolus; T,tapetum; MSp, microspre; P, plastid; T tapetum; Tds, tetrads. Bars = 1.5 4 m

Tds, tetrads. Bars =5 um
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A) Chromosome I
A i

Ml piam2 M2

F3G5 _ T8P21

TR N F16M14
5,180bp DNA frag for pl i w—
7Tbp deletion

L
500 bp

(B)

Wild-type 231 LFPRARASHKWYIAKFKEEYPKTRKAVIPFVY*

tdel 231 LFPRARSSGTLPSSRKSIPRLVKLLFLLCT *

Fig. 2-1. Identification of TDE1/DET2 by positional cloning.

(A) Schematic representation of the molecular identification of 7DE by positional
cloning; 168 F2 plants derived from a tde/tde x Ler cross (the tde mutation was in
a Col-0 genetic background) were employed to delimit 7DE] to a region of 223 kb

Fig. 1-5. Tapetal development in the wild-type and the transgenic plants. between DNA markers CER449022 (M1) and CER449589 (M2). Open and filled
TEM images of the tetrad stage (A-D) and the uninucleate microspors stage (E-H). boxes indicate untranslated regions and protein coding regions, respectively.

MSp, microspre; P, plastid; T,tapetum; Tds, tetrads. Bars = 1.5 4 m (B) C-terminal sequences of wild-type and tdel.

Table 2-1. Segregation ratio of sterility in the ebi mutant.

Generation Fertile : Sterile
F2 93 :23*
F3 49 : 19+
F4 70 : 26*

The ratio fits a theoretical ratio 3:1 in all generations
of the ebi mutant. (Probability <0.05)

@A) Psil  Xbal B py1 xpar

10.3kb
8.0kb

4.6kb

Fig. 2-2. Comparison of the wild-type and the ebi mutant.

(A) EBI loss-of-function mutant exhibit sterility. (B, C) A flower of the wild-type (B) and
the ebi mutant (C) showing normal floral organs.

Bar = lcm.

probe X10A probe X20A

Fig. 2-4. Detection of the T-DNA within the EBI gene by DNA Blot analysis using
probe X10A (A) and probe X20A (B). W,wild-type; m, ebi mutant.

Translation Stop
probe X10A
probe X20A 100 bp

Fig. 2-3. Structure of the EBI gene and position of the T-DNA insertion.
Schematic drawing of EBI locus. Open and filled boxes indicate untranslated regions and protein coding regions,
respectively.
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A)
MKLKWESISNLQQNTYLIKLVAATLITCLAFRFFVFRFGQFSPVQVSVTGNS
NSQISPTSVILSDNEDQIPVDIEVEKCDLFTGKWIKDPLGPIYTNESCGIVVD
AHQNCITNGRPDSGFLNWKWKPNDCSLPRFDSLRFLQLMRNK SWAIIGDSI
ARNHVESLLCMLSTVEKPVEVYHDENYRSKRWHFPSYNFTVSNIWSPFLV
QADIFEDSNGVSSAAVQLHLDKLDNTWTDLFPSLDYAIISSGEWFLKTAVY

HENANPVGCHGCPESSNMTDIL GFDYAYNTSLRHVMDFIAKSKTK GMIFFR
TSI D TEPVGEE KILRD

EM FA TRPDGHPGP FRPF L
WCLPGPIDHLNDVILEITVNGRTGK*

B)

Fig. 2-5. Sequence analysis of EBI.

(A) Deduced amino-acid sequence of EBI protein. The conserved domain of unknown function,
DUF231 is underlined.

(B) Structure of EBI protein. DUF231 domain is shown.

EBI

Actin

Fig. 2-7. Detection of EBI transcripts in the wild-type.

RT-PCR detection of the expression of the EBI gene in different tissues. The actin gene serves
as a control. r, roots; st, stems; rl, rosette leaves; cl, cauline leaves; b, buds; op, opened flowers;
si, siliques.

Light

AT5G01620
AT2G38320
AT2G40320
AT3G11030
AT2G40150
AT3G55990 %
AT2G40160
ATSGO01360
AT1G73140
AT3G54260
AT2G42570
AT2G31110
AT1G29050
AT2G34070
AT3G14850
AT1G78710
AT2G30900
AT5G58600
AT2G30010

AT4G01080
AT1G01430
AT4G23790
AT4G11090 (EBI)
AT3G28150
AT1G70230
AT5G15900
AT5G15890
AT3G02440
pr— ATSQ51640
1

AT2G37720
AT5G64020
AT5G20680
AT5G64470
AT2G14530

ATS5G49340
AT1G60790
AT5G06700
AT3G12060
AT3G62390
AT5G20590

AT5G19160
AT3G06080
AT5G06230

AT1G48880

0.1

Fig. 2-6. Phylogenetic analysis of the EBI superfamily.

The Arabidopsis genome has 46 genes that shares significant homology with
EBI (At4g11090). Loss of function analysis has been reported for a gene
indicated by an asterisk.

Fig. 2-8. Sublocalization of EBI protein.
The GFP fusion vector including EBI cDNA and GFP was delivered into tobaccoBY-2 cells.

Table 3-1. Locus of gene with highly similar to the trapped gene in gene/enhancer trap lines and seed sets of each tag line.

Locus of Locus of gene with highly A,m]‘lf_ acid Seed sets
ID of gene s . Yy
h trapped gene similar to trapped gene Annotation
trap line A) ®B) between Genetrap T-DNA
(A) and (B) ine of (A) tag line of (B)
#1299 At5g23160 At5g08240 Expressed protein 45% normal normal
#2126 At3g45240 At5g60550 Serine/ihrecnine 67% normal normal
protein kinase
#10659 At2g31985 Atl1g05510 Expressed protein 93% normal normal
Pre-mRNA cleavage o
#18257 At5g39930 At3g04680 complex family 65% normal *

* ; homozygous plant not obtained.
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LB RB

<1 _SALK 025156 |~

[]

Translation

Stop 100bp

Fig. 3-1. Schematic representation of the structure of the A?7CLPI gene and position of the T-DNA insertion.
Open and filled boxes indicate untranslated regions and protein coding regions, respectively.

Table 3-2. PCR genotyping of progeny of a plant heterozygous for atclpl.

Progeny genotype
Parent genotype  AfCLP1/AtCLPI _ AICLPI/atclp] _ atclpl / atclpl

AtCLPI / atelpl 45(36.6) 78(63.4) 0

The number of plants is shown with the percentage in parenthesis.
The ratio fits to 1:2:0 segregation based on x 2 test. ( x 2=0.585, P<0.05))

Table 3-3. Transmission efficiency of the atclpl allele.

Genotype of F1 plants

Female parent Male parent

genotype genotype AtCLP1/AtCLP1  AtCLP1/ atclpl

AtCLP1 / atcipl AtCLP1 / AtCLPI 55(61.1) 35(38.9)
Fig. 3-2. Pollen grains from the wild-type (A,C) and the heterozygous atclpl
plant (B,D) anthers.

AtCLP1/AtCLP1 AtCLPI / atcipl 95(57.2) 71(42.8) SEM images (A and B) and Alexander stain of pollen grains (C and D).

The number of plants is shown with the percentage in parenthesis.
The ratio of female transmission efficiency is significantly different from the expected ratio of 1:1.

A

wild-  hetero-
type Zygous

Fig. 3-4. Phenotype of the wild-type and the heterozygous atclpl plant.

(A) PCR analysis to detect T- DNA insertion in the WT and the heterozygous atclp] plant.
(Upper)Amplified bands representing the sequence between the left end of the T-DNA and
the fifth exon of AfCLP1.(Lower) Amplified bands representing the sequence between the
fifth exon and the ninth exon of AtCLP1.

(B-E) Phenotype of the wild-type (B and C) and the heterozygous atclpl plant(D and E).
Stereo microscopic images of immature silique (B and D) and mature silique (C and E).
Arrow heads indicate aborted seeds.

Fig. 3-3. Nomarski microscopic images of the wild-type embryos (A-C) and the homozygous
atclpl embryos (D-F) removed from self-pollinated siliques of the heterozygous atcipl plant.
The embryos are observed at globular (A and D), heart (B and E) and torpedo (C and F) stages.
Bars=40pm
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At3904680 ViGTAE L Fol

73 S.c CLP1
46
42
43
48
59
At3g04680 115
QO.s. 104
A.g. 103
c.e. 99
D.um. 100
H.s. 105 E X
S.c. 118 ? s R MULKFNAY QI
At3g04660 172
0.s. 163
154
156
151 0.1
156
——

166

213
211
202
204
199
204
226

At3g04680 277
o.s. 268
A 259
c. 261
D. 256
H. 261
S.c. 286
At3g04680 335
o.s. 326
A. 315
c. a8
D. 313
H. 317
S.c. 346
At3g04680 394

ER 383

372
375
370
a4
395

Fig. 3-5. AtCLP1 is evolutionarily conserved and has CLP1 domain (Pfam PF06807).
The aligment of A.thaliana (At3g04680), O. sativa (O. s), A. gambiae(A. g), C. elegans(C. e),
D. melanogaster (D. m), H. sapiens (H. s), S. cerevisiae (S. ¢) CLP1 sequences are generated
using ClustalX.

wToa¥o

(6N
MAYGGPSMNPPALSGAVPGSANLKQVKLESESELSIEVSEEPLSLRVVNG
TAEIFGSELPPEMWRTFPPRMKFAVFTWYGATIEMDGVTETDYTADETPM
VSYINVHAMLDASSRFAKASTSNDPESSQGPRVIVVGPTDSGKSTLTKML
LSWAAKQGWSPTFVDLDY ITMPGSIAAAPIEMPLDP FPLDMAL
VYYYGHASPNMNVEL YKAL VKELAQVLEKQFVGNPESRAAGMVINTMG
EGIGYELLLHAMDTFNA EKLFSSLKDVLSSKSNVDVVKL
HK VVASVKEVRKSSSNFKIQEYFYGLSKELSPYANTSSFSDLQVFRI

GGGPQAPKSALPAGSTSVSNPLRVTPYNIDDRDLLHSVLAVSYAEEPDQ

I FVYVTEVNVOKKKMTYLAPSPGTLPSKLLVAGSLAWLE.
(B)
At3g04680(4:CLPI)

At5g39930

At5g11010

Fig. 3-7. Deduced amino acid sequence of AtCLP1(At3g04680).
(A) The conserved CLP1 domain (amino acids 168-444 ) is under-lined.
(B) Schematic representation of AtCLP1 and similar proteins.

Light GFP
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H.s CLP1
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At CLP1
0.5 CLP1
At5g39330

Fig. 3-6. Phylogenetic tree of the CLP1 family members generated by a neighbor-joining
method. See Fig. 3-5 for abbreviations.
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Fig. 3-8. Sequence alignment of CLP1-predicted proteins encoded in the
Arabidopsis genome. The conserved CLP1 domain is underlined.

Fig. 3-9. Detection of AtCLP1 transcripts in the wild-type.

RT-PCR detection of the expression of the A/CLP]I in different tissues. Actin2
transcripts were analyzed as a control. r, roots; st, stems; rl, rosette leaves; cl,
cauline leaves; b, buds; op, opened flowers; si, siliques.

Fig. 3-10. Nuclear localization of AtCLP1.
The GFP fusion vector including AtCLP1 ¢cDNA and GFP
was delivered into tobacco BY-2 cells.
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ebi ZREZFEL, TUENDORNBEE A7 n—=7 LT, TDEIBETIE7T7Y / ATrA K
BRICEDDBETTH Y, ERMELTEMESGRICT 7Y ) AT a4 RPEETLZ L E2RB LT,
EBI i /5 F 13 REAR A1 D DUF231 N AA 2R OBInF+Thd Z & &R L, EBIERKE, MEMERR
BHOFRBICERERHZONZ2WE, AT EIOMERTRZ R TZ L 2PN L, 20X 5 kR
R T ERMEIINETELAERESN TN RNA=—7 R DTH D,

FIETIIMBEB L R T LR K atclpl ZH AL, ZORRBLEFDOIr v—=v T 2{To7.
ATCLP1LIZCHRIZCLPl KA A UBMRIFS TN, 2D RAA V& FFOH /X7 B X pre-mRNA D 3
KIGUIWT & K 77 = UHLICED 2B EEOY 7T 2=y FER L TWD, HPIZRWTZ OBEERE
PR T 2B T OMERBEREROMINI N E TREIN TR LY, RHESHBO TORETH
%o ATCLP1 & U NV EPIRBEAEICKWTEHETHDL Z Lamd &L blie, BRI RIERLF DG
HIEOMEICHRT 26D TH D,

LLED X DITARBIFER Y v A XF X F DEFEEICIR T 20 FHEEICOWTHTRmRAEZ 525 %
DTHD. TNOEOHMEAIL, EizE LILREEOERICEVICERT 26D THD. £, AN
AT 7 /v V=AW EEYORELRRICHIGATE S, Ko TEER—FIL, AfRUFEE L (&
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