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Ac/DsN S VAR A F 703, FEEBRERFODsICAGBEBREZGA 5 LT
 EBEHEL., DEBRETACEAL TRETERELT 5 & TRETHELM
FToFETH D, DsRREABBRERRETET 52 & T, FEKDOMAI TDs
DEBRETD. CHRKERIGEETNE NS VARSI 2L I RHERS (
Fig. 1) . AcBEBROTOE—¥—|213. BE¥CaMV 3587 O0E—F —HWLN
5, LML3sSTOE—4—iX Al TR BHRFET ). £EMBETORER
ERBNHRD L S REENET 3,

(1] KEARICEET 5 EBARTOBEBINEZ DI,

[2] A—OFRE#ED 5B NBERNETRALEBEREI L TN ZERB,
[3] DsOEBIERER D, ¥X>2 7 ShBWEREFIOERE ST,
AT TDsOEB 2 BRI L. ChoOREEERLT. FI2AE/LIF
S URMESRAENTE S LRI NG, MM TDsOES ZHE T BHI%
&, FNaETOA XF AT THRERRERIMTONTNSDAT, I ARY
> H R Y RBEOEHICEAL S NEFINED, £ 2 TARR T, RSB
BRMICREET 5RETOTOE—F —&FIA L. 1 % OERMNE TODIES O
MERBE, 2. BEFEADIEBLTOBREEEL, FT2ARY S
X URMEDRE EHTE SN ERM LT

E1E BEOSSENEEZTO S OE—4 —% BN EREMETODSEE DFE

1-1 LIM7 O%—% — OB FHEMAT

AR TDsOEB 2 FET 32007/ 0E—F—& LT, TyRULY O
SEARERIICHRB T ALIMIOELIMISIZIEB L, DNADZ#EZE T2, LIMI07 D
T—F—ELIMIST OE—F— DA X TORE/NY — 2 2T 572012, GUSEIR
F2ER LT (Fig.2-A,B) 1 RXIZEA LK%, LIMIO::GUSEAFHATIZ. £ TOWK
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BRI T BRI &S NMEFICBWTGUSOREENR 5N (Fig.3) . GUSOFE
BIAMB AN 5 METH TR SN, RAVERDT OMOTERE TR S hah
o7zo LIM18::GUSEAMEKTIX, LIMIO::GUSEAfEF &R UK OEMREMIRE &/
RFICBWT, LIMI0::GUSEAMEGHL D HOINITTNGUSHENR SN, £
7o, REEHE TCUSORENR SN, U EDBRNS, LIMIOTOE—F—&
LIMISTTE—% =%, A RIZBNWTHEOSEN S/ NETFHTRARE T &
MEIMND, AcEHBREREAFETIENTHRAMETH S B2 5N,

12 AcTPEARHE EDs-GUS T-DNAB A R DIEH B LU T-DNABAMBDOT v ¥
T

LIMIO7 O&—% — ELIMIST O E—F — A BRLZEE LI AT b
LIM10::AcTPELIMI8::AcTPZER L (Fig.2-D,E) « T 7 UNTFUT LEEHW
TARXDOWEEZIEZT o/, T-DNAN1I E—TEAIN/@EERIL. LIMI0::AcTPE
AfEED B, LIM18::AcTPE ABESHRNEERTH 57z (Tablel) . F/z, Dsa >
A M52 N TH5Ds-GUS T-DNA (Fig2-C) DEETFEADITo/. Ds-GUS T-DNA
X, DsME)D I ENZBRZRER 7 OV AN T O TRIETES XD ITHRERIN
a2 A M52 bTdH% (Fedoroff and Smith, 1993) . Ds-GUS T-DNAZE A @k %114
EREH L7z &5, 205510 E—BAREKIEIS2EETH >/ (Table 1) . 13
E—EAFEKICOWTT-DNAOKEEREZ /70— 7 LU TEEES ZRE L.
FAHEBRRICEDITNTY Y ES T 2fFo2E T A, 29EHEDOT-DNARAMEZ T Y E
SUTTBHIENTER (Fig4) . BEAEETORAEKIIDNEASNEMAER
JEDT, INEDEFDPSDsEmBI TS T LITXD, KBRS F > TRl
HTE B LI NE, | |

1-3  FffR & BEE O BT

Ds-GUS T-DNABAfEK &, AcTPEAfIME L DRECZEIT D /2. AcTPRRITIE
LIMI10::AcTPE A A, LIMIS8::AcTPE AMEKRB K Tr35S::Ac TPE A& % H =,
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LIMI0:: AcTPEAfEA % B UFEEZIME Y, LIMIS: :AcTPEA K ZE L /=
FEGZ3MEYE. 358 :AcTPE A E R U -FEH Z 25857k (Table2) .
BONEFREEOH LETODsOE) DL O¥HET o2, DI HIND &
2.6kbDN> ROUEIET B LS T 51— 2RE L. %h%h@m@%@%ﬁ&%#
S5DNAZHIH U TPCROT > 7 L — MWz, DsOUIDHL ZRT/IN> Rid,
LIMIO::AcTPOFMEAR DM S I N, B S niano7% (Fig. 5) .
LIM18::AcTPDF A &358::AcTPOFRMEFE T, FHEEDOMANSDsDYIDHL %
RN RAMRI SNz, LIMI0::AcTPAY, FIFEATH 5 ORARE D T AT R
BICDsOY)D L 2358 T 5 Z LaRE sz,

DsOEID HUME Z o ZREFREZRRER S L)L 70 > TEKR U, THiEEE
IDWTPCREFTVY, DsOYIOHUMEZ 272 & 22 TOMEBEEIT DN THER
L7z (Fig. 6) . MHEEEICOWTHT > 70y bR ETWN, B LAEDSICDNT

R U720 LIMI10::AcTPORRECH G TIE. DsH127XLIM10::AcTPH 23D &
T, RAEA348EAE S V)L T 0D TRIKL, 2EHEOREEEZET, BB
7eDsEO15EHEZRE L (Fig.7) » €0 B10EEIIBHE NN R4 X
MERZD, EEMETHNICER L EDsZ2FATNS EEX SN RO OSERK
& F—EMICEB L TBY. MR TODSEEINR I > EEZ 5N, ETIE
DsOYID LA S iz o e 2 &5, ERBEICMET ZER O ZMBED X
DISRRE S NHAL TDSIBNE Z > TnD T ENHERIS NIz, Ds#26X
LIMI0::AcTP#3DMEE T, 4B TDsEBNR SN, 2D OMIL U7z &2
5 — 2 DE—REBNERIN., Ds#77XLIMI10::AcTP#22 T, 7E{E TDsEB M
Ronien, ETR—NENRY—2THo7. LIMI0::AcTPZEE L /23%R#H T
. ERHEEIT41% T, MTEBEEIZ41.7%TH > 7= (Table3)
LIM18::AcTPOREH A TIE. Ds#120X LIMI8::AcTP¥ODHEE T, FME 484
EAZRE L, IEEROMERENE SN, 5 B2EATOSEBNA 5N (Fig.
8) o RIRRICDs#58 X LIM18::AcTP#17 TIi32fE . Ds#70X LIMI18::AcTP#40 TiX1{EH
ODSEBAE BNz, LIMISATPESE L3RI, SBIEREIZ0.7% T, ML
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BB SEEEIL100% TH o 72 (Table 3) .

358:Ac TP DEAA AV TIX. Ds#3X358::Ac TP DA R T, REFZ@EED S
BE36EE TSI NAENEN, 2 TR—DEB/Y—>Tho/= (Fig.9) .
Ds#58X3585::AcTP#2 T, UEETDSEBRNR 57z, 355::4cTP &R L T22R/# T
i, EBHEEEIL15.9% T, M EBEEILS4%TH o 7.

LIM10::AcTPERNS &, DsDERB T 2B EIE355::AcTPE DEWDH DD, JIZL
7eDsSEBICHE T HEENE EL DT ENDN o, £z, LIMIS::AcTPI3¥
BEIL0.7% LK 5 7208, 100 DN EBEZFETEL 00, BB LIEDsER
OEERDAHEBETED AT LAEZBETNENS AR 2 FF 2 TRBEOEDR
KA THBHEEZ 6N, e, RAGTEHREINZER L /2D, FERAE
RY2TEZHRLE (Fig.10) « UEDITENS. LIMIOTOE—F —Z RN T4
EBBRERBEFETLILT. BWHEETDsOMMNEBREZFETELILEHS
mEliz,

2B B U eDsDBHEMRIR O BEE & AT

FAFCHFE L DB HFES X TF L2 ANWTERTFRERENEGONE L%
HHTHWIT, FEHLE TS AR DI XL TR 5. DsOBHERD 7
O—=2 7 &fTok. 25SEEOBBEREZEREL. TOSBRICDVTIYESY
Efolkt& A, 6DIER—REBEAKRD21ISKOEIAIC. 6 DIFMOREBEITEZE L TS
TENHMoT (Fig. 1) o o, SOOWTBRETITDOHEAL TNS Z AN
D, BEFEEADHNEATDRII0%EEZ 5N/, DsAEALZELEFA29
i&. Unknown proteinz 11— FLTHD., #ELE 1 TFY VITDsAHEAL TV (
Fig. 12) . A-32i&. 1 X RBETFOESTEHRMENH 2B EFTH oz, A-361F
-7 X J X Dactin depolymerizing factor S EHFIENH S ELETF TH o7z, A-42
t¥. Unknown protein AL606998-1% 11— R 9 5EEFTH V. BT B> Lif57opD
HLEICDsHHEA L Tz, A-45TI. Hypothetical protein AC078891-12 10— K95
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BET LHAEOS BEETTHok. 2 TOREREFICOWTRTPCREF N,
A-45DSNE, BRELUTWAEBERFTHD I EE2HRALE (Fig.13) « TNHDFF
LR TIRRRL TN B RETIDAEALTH D, A LEDARERAS
BREBIE TOBETORIERITNCAND - LN TES EEASNE.
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5

TyRTLY ORBAIERFENICRE T DBET THALIMIOD T OE—F —%
FANTAEBEBREREARETS2L T, BWEETDsOMY EBEFETESZ
EERL, FILWRS ARV D IF DT AT LEBETHIENTER, £
7. BRFEIFT I LEEEZXSNDBHRNESN. AFRTHRELES AT A
A SREELRLLS M FRELCTOBERITICHATES L ERLE, TOVAT
LEAVWNE, A X TREABR NS ARV I F D TEMEZENTE S LHIfFE
ns,
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1. Introduction of Ds elements into rice by
Agrobacterium-mediated gene transfer

D

X
{

2. Cross with plants
carrying AcTP Ds
Fi I

3. Selection of F2 plants ‘
with transposed Ds

AcTP

Fz

4. Selection of F3 plants with
transposed Ds that knockouts
genes :

mutant

Fig. 1 Flowchart of a system to produce transposon
tagging lines using Ac/Ds system in transgenic plants.

Fig. 3 LIM10 and LIM18 promoters regulate GUS
expression in anthers at the meiotic stage.
Histochemical GUS assay was carried out in flowers at the
meiotic stage (B to E) and in anthers (F to |) at different
developmental stages (I to VI) in transgenic rice with
LIM10::GUS (A, B and F), LIM18::GUS (C and G),
355::GUS (D and H) and wild-type plants (E and I). Blue
staining indicates GUS activity. Upper panels show DAP!
staining of microsporocytes (Mi), dyads (Dy) and tetrads (T)
observed in each developmental stage of the anther. Stag-
es | and Il, before meiosis; stage |ll, meiosis; stage IV,
tetrad; stage V, uninucleate microspore, stage VI, mature.
Cross section of anther at meiotic stage is shown in panel
(A). Bar =2 mm (B to E), 500 mm (A and F to I)

(A)LIM10::GUS

g G 7 7ZaN

LiIM10 promoter nosT

LB

(B)LIM18::GUS

I [kmn o N 1\ Hyg"

LB

LIM18 promoter  nosT

(C)Ds-GUS T-DNA
) Ds

;alcl ?acl
« ¢ aLse K{weus| Hyg" [xté“ﬁ Km? |«
RB \ LB

(D)LIM10::AcTP

Km# \ Hyg?
\ LB
LIM10 promoter nosT
(E)LIM18::ACTP
KmR c, Hyg?
RB LB

LiM18 promoter nosT

Fig. 2 Constructs of LIM10::GUS (A), LIM18::GUS (B), Ds-
GUS T-DNA (C), LIM10::AcTP (D), and LIM18::AcTP (E).
KmR and HygR, a gene for kanamycin resistance and a gene
for hygromyein resistance, respectively; GUS, the gene of 8-
glucuronidase; C'ALS, mutant acetoractate synthase gene of
Arabidopsis thaliana for chlorsulfuron resistance, 35S PRO,
CaMV 35S promoter; Ac cDNA, cDNA of Ac transposase;
nosT, 3' signal of nopaline synthase gene.

Table 1. Number of transformants with different copy
numbers of the transgene.

copy number
1 2 3  3< Total

Transgene

LIM10::AcTP 4 1 1 0 6
LIM18::AcTP 9 7 3 2 21
Ds-GUST-DNA 52 27 17 18 114
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9 10 11 12

7

B3s = 114

Fig. 4 Chromosomal locations of Ds-GUS T-DNA insertion
sites.

Arrows indicate insertion sites of Ds-GUS T-DNA. The names
of Ds lines are indicated beside arrows. Open boxes indicate
the position of a centromere.

Table 2. Cross combinations of Ds-GUS T-DNA lines (Ds# No.)
and the lines of LIM10::AcTP, LIM18::AcTP and 35S::AcTP.

Ds x LIM10::AcTP Ds x LIM18::AcTP Ds x 35S::AcTP
Ds#26 x LIM10::AcTP#3 Ds#58 x LIM18:.AcTP#17 Ds#3 x 35S::AcTP#2
DsH77 x LIM10::ACcTP#22 Ds#70 x LIM18::AcTP#40 Ds#58 x 35S::AcTP#2

Ds#127 x LIM1>0::ACTP#23 Ds#120 x LIM18::AcTP#40

(A)
Before excision Ds "
oats [ aus Fyg“ D((,%’:gs KmR l:l::
i Ll r :
Primer 1 #imeer (A)
After excision T T
Ds
J'l
=] o ars B kme Fr/ & aus | Hyer =
Primer 1 2, Gighy<@-Primer2 oy
(B) _LIM10 LIM18 35S

F2

2.6kb >

Fig. 5 Detection of Ds excision in anthers and leaves
of F1 plants by PCR.

(A) Diagrammatic representation of detection of Ds exci- (A)F2 plants with excised Ds element exhibit nomal growth
sion by PCR. (B) Results of PCR. A 2.6 kb band indi-

. i ini I chiorsulfuron.
cates the Ds excision. DNA was isolated from anthers (arrow) o.n'a medium c.ontammg 500, Ha/l chio
(An) and leaves (Le), and used as a template of PCR. (B) Ds excision was confirmed by PCR in the same manner

LIM10, F1 plants with LIM10::ACTP; LIM18, F1 plant with @S in Fig. 5.
LIM18::AcTP; 35S, F1 plant with 35S::AcTP.

Fig. 6 Selection of F2 plants with excised Ds by
chlorsulfuron.
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Ds#120 x LIM18::AcTP#40 F2
_9 10 11 12 13 14

WIrF 1 2 3 4 5 6

kb

Sacl Sacl o)
; 8.4—
4{ crALs @ {|[l®GuUs | Hyg" D({;‘;ff KmP }4 6.6 —
RB [r— (B iB : 4.4—

prope
L ] —
Ds Kb 2.3—
Dsi#127 x LIM10::AcTP#23 F2
: 3 7 8 10

Fig. 8 Ds transposition directed by the LIM18::AcTP in
F2 plants (Ds#120 x LIM18::AcTP#40).

The 2.5 kb band (arrow) corresponds to the non-
transposed Ds element. Bands at different positions indi-
cate the independent transposition of the Ds element.

Ds#3 x 35S::AcTP#2 Fz
Fi. 1 2 3 4 5 6 7 8 9 10

(kb)

‘ 24— ' e ;
Fig. 7 Ds transposition directed by the LIM10::AcTP in : .

F2 plants (Ds#127 x LIM10::AcTP#23).

Genomic DNA of a wild-type plant(WT), an F1 plant and 2.3 —

each F2 plant was digested with Sac | and probed with a L g

part of the GUS gene. Sac | sites and a position of probe —_—

are indicated above the Southern blots. The 2.5 kb band

(arrow) corresponds to the non-transposed Ds element. Fig. 9 Ds transposition directed by the 35S::AcTP in F2

Bands at different positions indicate the independent trans- plants (Ds#3 x 35S::AcTP#2).

position of the Ds element. The 2.5 kb band (arrow) corresponds to the non-transposed
Ds element. Bands at different positions indicate the trans-
position of the Ds element.

Table 3. Number of plants with excised Ds and
transposed Ds in the F2 progeny of each F1 plant.

Parents * Number of F2 plants Frequency ofl
Ds AcTP  ogeq ps D5 o Dsexcision Ds jtion naependent
@ ® (© (@ (ba) (c/a) (d/c)
LIM10::AcTP .
#26 #3 342 47 14 4 13.7 4.1 28.6
#77  #22 192 18 7 1 9.4 3.6 14.3
#127 #23 348 32 15 10 9.2 4.3 66.7
Total 882 97 36 15 11.0 a1 .7
LIM18::AcTP
#58 #17 94 19 2 2 20.2 2.1 100
#70 #40 102 51 1 1 50.0 1.0 100
#120 #40 484 91 2 2 18.8 0.4 100
Total 680 161 5 5 23.7 0.7 100
358::AcTP
#58 #2139 35 1 1 25.2 0.7 100
#3 # a3 - 36 1 - 38.7 1.1
Total 232 - 37 2 - 15.9 5.4
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1 2 34

Fig 10. Inheritance of the transposed and non-
transposed Ds elements in F3 plants.

Genomic DNA was isolated from F3 progeny and Southern
blot analysis was performed in the same manner as in Fig.
7. Transposed Ds elements were inherited by F3 progeny.
"a", "b" and "¢" indicate bands corresponding to the trans-
posed Ds element in F2.-plants. An asterisk indicates a

band corresponding to newly transposed Ds. Black arfows
indicate non-transposed Ds elements.

—— 100bp

Y :Ds

A-32 C> :promoter

—— :intron

‘primer for
—* 'RT-PCR

Fig. 12 Diagrammatic representation of the genes
flanking the transposed Ds elements.

The numbers of the left column indicate the names of
genes flanking the transposed Ds elements. Triangies indi-
cate Ds elements. Open arrows indicate promoter. Boxes
indicate exons. Lines indicate introns. Arrows indicate the
position of primers for RT-PCR.

CENL

2 3 4 5 6 7 8 9 10 M1 12

3

]
—LF

\_ §’1sz7
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[eXt]
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t

Fi

g 11. Chromosomal locations of transposed Ds ele-

ments originated from Ds#127 x LIM10::AcTP#23.

A

Ds starter position is indicated by a star. Arrows indicate

insertion sites of transposed Ds.
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(bp)

1231
1070 (¥

A-36 £

A-42 188 (%

A-45

271
172 (%

A-32

Fig. 13 Expression analysis of the genes, A-29, A-32,
A-36, A-42 and A-45, in the wild type plants by using
RT-PCR.

¢DNAs were synthesized from total RNA from anthers at
the uninucleate microspore stage(A1), the bicellular pollen
stage(A2), the tricellular pollen stage (A3), immature seeds
(I} and leaves (L). They were used as templates for PCR
with gene specific primer sets. Genomic DNA (G) was used
as a control for PCR. (*) indicate the amplification of cDNA.
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