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£ E UAERGHLEMBRARAEIEZERBNIIEE, BKBERSEREREE PS1 BEIT
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Studies on Male Sterile Indica Rice Induced by a Pollen Specific Ribonu-
clease Gene and Its Inheritance

Tao Lizhen Ling Dinghou Liang Chengye Ma Zhenrong
(South China Institute of Botany, Academia Sinica, Guangzhou 510650)

Abstract A fusion of the rice pollen-specific PS1 gene promoter to ribonuclease (barnase) and
plasmid pILTAB 227 were introduced to indica rice cultivars in a particle co-bombardment trans-
formation system with embryogenic callus and cell suspension cultures. The transgenic plants of
varieties Basmati-1, Qingyouzhan, Shengyou2, Minghui63 and Xinshanzhan29 were obtained.
Comparing with untransformed control, PSI-barnase-containing plants reduced significantly fer-
tility from partially to completely male sterile, but were phenotypically normal and female fertile.
Some barnase transgenic plants decreased in plant height. The pollen grains of complete male
sterile plants were of abnormal-morphology and failed to be stained by I-KI sclution. Southern
blot analysis of transgenic plants demonstrated muiltiple copies of the barnase gene integration
were common. Microspores with barnase gene were inability for fertilization, based on Dot blot
analysis of seed progenies of back crossings. Dot blot analysis of T; plants showed that barnase-
containing plants inherited the barnase gene at 1~3 loci in a Mendelian fashion. The rice PS1
promoter was found to be active in the stage before meiosis of pollen mother cell to microspore de-

velopment.
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FMRBERIAEF FCREBZNE, KBWAMERFAEERERE T2MHES
M, BEERAE ENVAN =AM _ARTKBESE N A REYE, £, NAZETE
HBEYRFHEEREERNE S, EBRKBLERTRR LEAKBER AKEE g
Fregckeg, ZHBEHIBEARARSTERESATEEF _MNER, IS EHARERE
(genetic ablation) FIZEFMH D, ATEF AN AREREENAGELREEEF barnase CEH
Bacillus amylolique faciens) B, % il B B 89 RNaseT10%, ADP #; $ 2 % # B§ (ADP-ribosyl-
transferase)®), KM RAFHE A RoLC HEEM | BB BHREREFE D% 4 f, Hbh N HEZHE bar-
nase 3 [5 P 2 M 7 F 1 (male-specific) B B3 FAH RS ERN, BWEE, W3k, HE.
BESEYBERE, EARDIMRES . SRR BE Mariani % (1990 ELHB R
BB T TA29 5 barnase & ERHENBE, WM, KEBERETHK. Zou FQ99HPIRE
R T KRB RMEEE PS1 53T, Zhan % (1996)24% PS1-barnase $ N EE, KB LHE
REW. ENEEH S TA29-barnase MFEANE HRARED, BFRAF L PS1-barnase ZE[H
ALK, RBRSERBELT.

1 #EFFEE

1.1 &&f

HEXRRIRE S M Basmati-1. Filidi . fEfE 2 5. MK 63, FHiLE 29 5. Frth 15,
] 129, 26 R4,
1.2 BHGESNEFARRLEIL

VIR LR KEHFRIMEE, KEEEFT MS 5%, IR 2, 4-D 2.0 mg/L, %
SRGAHR, AALSRRYBEEVTERENEMMEER R T H. EVRGHAR B
L BT IR AGTE R, 3557 % (Ohira % 1973) M BB IEF .
1.3 Fpgs

K H PS1-barnase ESEF(® 1., K& 1.7 kb i PS1 ZEF L XA 12 bp 9y PSI 3
FA UG L A (Zou %, 199414y $F 48 Bacillas amylolique faciens W] Barnase %t [ (Hartley
1988 nos-km HH A FEARIC B B, #7238 2 B 6 AL pILTAB227, MK EE widA
(Gus)F1 hph 2H, CaMV 355 a3 FLEMTY,

nosKm PS1 Promoter rBanlax Barstar
L)

- L

B iE

T RET
B 1 PSI-barnase R GEHE

Fig.1 Construction of Plasmid PSI-barnase

nosKm: Y EBEIRIC; B, E, X, H: 488 : BamHI, EcoR1, Xbal, Hind I FR i) 1E N 1B
1.4 H¥E{L

PSI-barnase 1 pILTAB227 Jfi%i DNA #—E 4 FERK AR E S, MEFB ™ HH#
FH &M, B 5pe DNA 3] 3 mgl. Opm MK R H L, AEE# PDS-1000/He 3R




5 # _ WHNZE. EREREREEREENESNBREERE REREHR 531

B, EHINEMHFTEEEERLE. BRAMAESRE S XKEARBEEEY
R, B E (& 30 g/L HEREE, 30 /L INRURERE, 30 o/L EHE), B4 h /5, HBE
MR FILE TE#IERT 8cm, HXEN 1100 psi, BHEME 2K, EHEMNEMHER
A THEARTBBEEEFE LS 16~20h,
1.5 WMCHBRNERNERRERBE

BRI Zhang" Wk, L NB B, CC 3535 # (Potrykus 4 1979) 13 g B A E, #i¥
BAARIERD 2, 4-D 2 mg/L, 3% ¥ K% & (hygB, Calbiochem), ¥E Mk EREESR
30 mg/L hygB, B/ HIFEL N 50 mg/L hygB, L FFBEURFHERS R, B 2.5
mg/LKT, 0.1 mg/L NAA, 50 mg/L hygB, 0. 45%Br A5 ¥ B 1k . #7150 5 2 K bR FR N
PS1-bn flitk, To A, PS1-bn FHE MM EZEHRHH T .
1.6 32 F0 Southern blot 437

R4 Dellaporta % (1983) DRy ik BB H A AR ZE A DNA, A% R M Sambrook
% (1989 J7 1k . Southern EIBAH I H, EHH A DNA F EcoRI P U1EE W1k, FEHLS
YI2PHRIC W Barnase EcoR1 F B FIVE AR &1, B A% F1 K B9 8 1 [ — # bk DNA &8 10 pe T
0. 8% HAEBER Lok, 2V/ecm k3%, REH DNA ¥ % Z positively charged JE 4 i
(Boehringer Mannheim) , 37 5% 8§ (Boehringer Manaheim) fll¥E barnase (bn) ¥4t 94> E 44k .
W R X ik st 8 R Sambrook (1989)159fy /447,
1.7 HEEREHRNEEST

St PS1-bn FHEEEKEEZEERWEE, B K BERLREE, AEEFEXUR
A EEEREREXASZMZZ, BOoBATHHEEREKR XA MERERE K EE)R
3. WORFFRIRBR AR GE, RZF, A8, ARRTFEEE on TG RPHSE LA,

2 HBEER

2.1 FH3EfL

KA GARLBRAMAERNEARN, BRI RKBENEFEERSERZ
H. 23R8 F, Basmati-1 AMEBHRERTEL 2 KRR GGAR, Fidi kARG
B3 6 MBS AR RN EEREANENE (E 1A, Rt EREA R AE R R
Bk, KB RPN BRI, UBE E (hygromycin) R FERGAHA (B 1B MBAE
(& 1C), 34518 Basmati-1, Hilid , ML 2 5, WK 63, FiLd 29 5 5 M55 84 MFfk
W, Bt 15, E129, 26 BFE 3 MRMERAFRETERESE. BIE2 5, #9K 63, Frilid 29
5 3 MBS AR KRG THRMAE, KEBRZHF. £ 1BR 2% Bas-
mati-1 REMEG ISP RBER ., SRTHEREY 2 MaEFh 24 MK (TO K bn X hph
FHMEGE D, -T2, barnase 5 hph BEEFERESEKRE T REFHS ., £ T, RERIMX
LA BBk R Y B BR barnase B hph HE R £ E, EXII MK barnase F1 hph B ZEE1E
B—0 S, BEFEEMRE. 7 Basmati-1 LB P, SRZERBR 2 MR HFELM
FiRP) 88U (MEARET) .
2.2 PS1-barnase EXREHRME M

PEANWEL T Basmati-1, # 5 HALIEE) PS1-barnase /35, GFEEMETE, BXE LM
WG EER FENECEA T . FEEEKRANETE  NZL2AE (BID), BIHS A
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$ 1 PS1-barnase HEFHK (THHEHIHT Wi T, AN BAEE,
Table 1 Pollen and seed Fertility of PS1-barnase transgenic plants in T, generation Wj /l\ rﬁ: ﬁm,&% ’f*t
HFEE B nENY ﬁ&ﬁ;‘ééﬁi%t@ 54
. WBERE ke Seed fertility Dot blot No. of copies X‘T g *E HE ﬁg jﬁi
Code of Pollen et PaBrd i 4 for &n based . .
Variety . . Basmati-1 T 7,
plant line stained(%) Seed setting by Seed setting by &n hph on Southern ~
selfing (%) crossing (%) blot 211 Z.‘E YA % 1t ﬁi
Basmati-1  BNI 31.3 10 25.5 + + 7 H, BH5sAMEER
BN2 0 4] 0 + 4+ 10 ‘%**(5 238%)9
BN3 0 0 18.8 + + 5
Zk5p 3 )
BN6 79.8 7.1 3.6 + + 4 BSR4 R RAE 3%
BN? 32.9 8.2 + o+ ~10%H AT 8
BN8 69.1 30.5 + o+ 3 (5 38.1%), B
BN9 60.0 60. 2 30.5 +  +
ZE 30 3 0
BN10 12.5 0 5.4 + + 4 RE L EAE 12%
BN11 0 0 5.8 + o+ 7 ~35% WP AE
BN12 65. 0 12. 6 28.5 + + 11 B o6 Bk (i 28.
BN13 7.0 2.7 4.5 + + 3 0 P
BN14 82.2 58. 8 60.0 + + 4 670), HRHLR
BN15 70.0 16. 2 60. 5 + o+ 2 BT 50%H K
BN16 75.0 8.5 50. 8 + + 4 &8y 81k 2 4
BN17 80.5 3.97 70.1 + + 4 (ﬁ D, @.?ﬁ‘ﬁ%
BN18 81.5 17.5 69. 4 + + 2
BN19 30.5 18.3 35.6 + + 7 ’f‘i%@ﬁ%ﬁ%i@
BN20 28.9 21.4 21.4 + + WIS, 238
BN21 0 0 45.2 + + 6 E.ru%;’ 773155‘6%
BN22 23.2 9.1 65.2 + + 3 o o
BN23 67.0 8.0 60. 5 + + 5 L ELE 3 5%~
Control 98.0 87.4 - - 70. 1 %Z l‘é] ’ a
Qingyouzhan gfng—; 273: z 4211. 988 i i z BN2 % &I\ . ﬁ- %%
ing- . .
Zu 3
Qing-3 52.5 8.99 15.3 + + 3 (AP
Control 95. 0 81. 4 - - BB T IEE KB
Control; non-transformed plant of Basmati-1 and Qingyouzhan; + =positive, — ==negative 7j( qz . i}ﬁ B bn f]?%
bn copies of transgene were based on Southern blot pattern, ﬂ: ﬁ; E"J ﬂﬁ "{:E %g ’g
RIEHFEHMN.

BN2, 3. 10, 11, 21 T2 A EWHEEEK, LA TE, BN, WE, EFTRAENE

VIR BRI, EERHE K- BRRE(E 1D), REZEAEE., B EEEB KN

BN6, 12, 15, 16, 17, 18 #EMPREEFSHE 70U L, BEXEETRERKT, XEEKEAAR

REEEFH, #oh, M BRARES, BXRSMARTIEHRBERGR D,

2.3 PSl-barnase EEEBRTRE MR )
BNERETHEAAKNEERZERDER, 28E, MKEGE D, HFRRURK

B BT bR X A BT AE, T4 BES, MKAXMREREEHEER,

2.4 FHEREHRBENF

HTBINBEHER n EXKBEFANBESHEXARBETH, MEEEBERLR(THX
JEH(T, 3 FO#IT T DNA B4#7.
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%2 HEEHETONBIREMER
Table 2 Partial agronomic traits of To PS1 barnaes transgenic plants
RBHE  HA% PKFE(em) Plant height(cm) S FEP/#H  Tillers/plant K  Panicle length(cm)

[=]
o Codeof  Sample @M  PHMMen  BM  PEWMen W FHE Men
experiment size Range (FRAEE) (sd) Range  (FR#EZE) (sd) Range  (BRMEE) (sd)
a 8 41~67 50. 31(9. 15) 3~9 6.6(1.9) 12~20  16.75(2.43)
Baimati-1 b 10 45~61 54, 4(5.18) 3~8 6. 8(1.69) 15~21  17.98(1.78)
c 11 48~72 57. 9¢9. 69) 3~10 6.7(2.69)  11.5~20 16.2(2.21)
pog:] 9 55~68. 5 60(4. 87) 4~9 7.0(1. 8) 14~19.5  17.2(1.14)
a 5 43.5~53 45.1(5. D 2~8 6(2.3) 14~17  15.4(1.14)
ik b 8 34~45.2  38.7(4.59) 3~9 6. 88(1. 96) 13~18 15.5(1.19)
hog: 10 41~56 48.9(4.7) 3~9 6.3(2.0) 13~18  15.4(1.89)

SHEE, 42512 Basmati-1, By R LRIBE

Control; non-transformed plant of Basmati-1 and Qingyouzhan
2.4.1 X KH# (T)Southern blot 547 [ on EFERIGFFIEHRE Southern 723K 45
BT barnase EE B LB S HKBHERAT. KR HLE T H EoRI B LA DNA &
¥, A Basmati-1 #3H & #4b k2 DNA B & AR (8 2A~2D), BB & HIMNE
DNA #A G2 KB DNA M EHE, on BE R ELEIMESHKBHWEREAT, o ZEH
DB 2~11 Z[H (K 1), 7 Basmati-1 16 MHELEF, 9 MK (S 58.8%)F 2~4 on
HEEHE, 54029.4%)8 5~7 bn RN, 2 M 11.8%)F 10~11 on ZEFEE N, HE
BRI on NP ESHERNERNAETRER EMHRBAMHEXEG D XHARE N EK
ERERFREREBE EFMAR MR —BHE.
2.4.2 HERMABRGIER METHXTEAREMAE RS LRRTHHEE B
FERA) IR BERMER (B REMLER, TETEAEEL, FELERRMK. ERKRY
YEM /i DNA S04, W% 3 A, X ERZAEH 100 MG KA T barnase HH , X

23 Basmati-1 PS1-barnase HEFHHER (T2 B FOKBEIT

Table 3 Analysis of the inheritance of the barnase trangene in the T, or F; progeny
of PS1-barnase transgenic plants of Basmati-1

B #3E Dot blot H Z%3E Dot blot
A& Female 407 Male 4 b 7 Female A7 Male + _ x?
0
BN1 BN1 50 16 control BN18 0 24
G:D
0.01 0.41
BN1 control 34 11 G+ 1) BN21 control 13 9 a1
0.5
control BN1 0 30 BN22 BN22 14 12
a1
0. 076 0
BN11 control 15 2 D BN22 control 15 14 a:n
BN15 control 81 44 control BN22 0 22 0. 46
control BN15 0 30 BN23 BN23 15 20 1:1
BN 0.36 BN23 trol 10 8 0. 06
BN17 17 4 7 asD contro A+
control BN17 0 1.5 0.429 control BN23 0 26
BN18 BN18 23 5 3: D

+. RREIGTHE, — . FREAHZHY, control, FEFLIEHK

+ : positive, — : negative, control; non-transformant
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U EREEEER AR ZE WL barnase BH , T EH barnase FEE LM R
BOIES R A BEERT, NEEME AR NE . LTI on B R REE N R AR

UFEEEERESE B TIEEEREREY, RTEBS L (8 1F), BN21, 22, 23 5
SHRJELWAES, & WK, FRon AESHEM2EHA N 1: 1CE, ), REF 1
A barnase NN ; BN1 S BETHAEH, bn ZFEESHE M BHAH 3 1, 1
BKREREREABE 2 4 barnase TAPLE ; BN11 53t A HEGF, barnase FE S M B
B2k 7 1(E 2F), XA 31 barnase TALLE . EHEREHRERERTOF, EER
MAESHEN S B SEEFRERESEAMBRARHERME K GE 3, B 26). BEH#—#
HoAEBH barnase BE AL B — P FAEE . NEEFEKRRLHEZ AELERTH, BN Hk
¥R B IR .

¥ BN15 53X BA&RF F, — P HE T on ZEFESHEMNMED BLHE 81 ¢ 44, bar
nase BFBREUF BRI R, IHIBEBREALFS 1: 148K,

EUN AT H-EE KR BN2, 3, 11, 21 7, BN2 Bk, (kR0 EE, B
EAH, SEHMBEEE, HEFA DNA & barnase # N EE 10 ITALE 1, B 20). %
HERER SR, REEL, REFRHFHE—SHE,

3 iwtig

HRERRERWEELHN, CHMEERS RIFBEALN 80%EHD 1, HTHBHNE
R, BB YEME, Breiifs B e EE LR KRS 5 TR E ST
. ZMRERKERT PSl-barnase BEIMMBEAE R CHERAT B2 RITH S F0HE
), ZERFIRERMEY XM FINBEARERRIEDY, UL % LR AW BB
., UBBE BIENHERET.

ML EZER, BATER], barnase FE A To FRE b AR 2 B A A I % (B 2A
~2D), T HZE T, RE¥ZEARERH%RZ 2 EIES FKFHUEE, XEREHKR PS1-barnase
HEEBESDKBREEAF. PS1-barnase BB KT LR A IBOEE LR BT HEBERK,
BREZEATMETIAE, XIER PS1 BEI FRIFSFREMN . PS1-barnase TE 1540
BB AR EIRE, FEZEFETH, W BN3, 11, 21 AE M, PSl-barnase HIFEEME T
MM . AR, H—EEMBERN AT . Xt PS1 B3I THHRERLUEE LY
TA29, T2 PSl-barnase RIBREFELMBMEFTH, WEHIBBAAE. Zou F (1994) I F1
Zhan 55 (1996) MR EE Mtk B IRE THMUS R . BEROBEEXRI DR
FE 1~ 3 MEANLENEERRRE. LRERRWZH PS1 B FMARKERER Y%K
W, BRKEBERTRTTH, EREREDRMREG L FE—SHE.

Biff: VEE BRIl Alice Cheung 184 (Yale University, U. S. A)# Claude M Fauquet 18- (The Scripps Research In-

stitute, U. S. A)4rRIRHER PS1-barnase BRI pILTAB227 R, [FIFR 11714364 B 3k 214+ (The Scripps Research
Institute, U. S. A)#HEAY Basmati-1 KFEFT.
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B R % B
B 1 1A SFMEWAKINS s AAMBERAES 1B Basmati-1 itk AR S 30 mg/L hygB NB 54 L%
1IC HME PR 50 mg/LCC BEBERBELHHER 1D FAEHAKRER FKIBFEREE  1E Basmati-]
FEREHRGE MBI EGE 1IF ALEBRE, FERERFT
Explanation of plates
Plate 1 1A: Morphology of cell suspension culture of Qingyouzhan 6 weeks after iniation; 1B: Risistant calli of Basmati-1
growing on NB medium containing 30 mg/L hygromycin for selection; 1C: Shoots rormation from resistant calli of Qinyouzhan
on 50 mg/L. hygromycin CC regeneration medium; 1D;: Pollen grains from a PS1-barnase positive plant; 1E: BN male sterile
transformant (left) and negative control of Basmati-1(right); 1F: seeds produced from male sterile transyenic plant of Basmati-

1 by crossing to a non-transformant

ERE2  2A~2C 7 Basmati-1, 2D BHMdi To HEE MM 7 5 DNA Southern XX i#

2801 JRB PS1-barnase 2. [AYEXT B . RELMEPR 3~4: BN21 RIEILMFHL DNA 5~6: BN22 7~8; BNI11
9~10: BN10

2B)1: KL PS1-barnase 2. BAYER MR RE{LRBR 3. FAtEMEMB 4. BN17 5:BN18 6:BN15 7.BN16 8:BNI9

9. BN23 10: BN5

201 JFRL PS1-barnase 2. BIPEM MR R {LMME 3~4. BN2 5~6.BN6 7~8: BN8 9~10: BN3

2D)1: RRL PS1-barnase 2. BAYERS S RELHM 3. BATEMM 4. Qing-2 5. Qing-1 6:Qing-3 7: Qing-3
8: PATEHBR 9: Qing-1 10: Qing-2
2E~2G: Basmati-1 HEEEHRE R (F: R TO AR EH

2E)): JRRL PS1-barnase 2: BAYEX L, REEALHBR 2~24: BN22 X control AR TH

2F)1: FRKL PS1-barnase 2. PAYEXTER . RELHEBK 3~19. BN11Xcontrol AEHFENR

2G)1: BKL PS1-barnase 2. BAVERSHR . REEMBE 3~70. BNL BXMFERTD
Plate 2 Leaf genomic DNA of Southern blot analysis: 2A~ 2C for Basmati-1, 2D for Qingyouzhan 2A; Lane 1:Plasmid
PS1-barnase; lane 2;Negative control; non-transformant; lane3~4; undigested and digested DNA for BN21; lane 5~6: BN22;
lane7~8; BN11; lane9~10. BN10; 2B; Lanel: Plasmid PS1-barnase; lane2: Negative control; non-transformant 3: neative
plant; lane 4;:BN17; lane 5: BN18; lane 6: BN15; lane 7 BN16; lane8; BN1; lane 9: BN23; lanel0: BN5; 2C;Lane 1:Plas-
mid PS1-barnase; lane 2; Negative control: Non-transformant; lane3~4: BN2; lane 5~6: BN6; lane7~8; BN8; lane9~10:
BN3; 2D: Lane 1: Plasmid PS1-barnase; lane 2: Negative control: non-transformant; lane3: negative plant; lane4: Qing2;
lane 5: Qing-1; lane 6: Qing-3; lane7: Qing-3; lane§: negative plant; lane 9: Qing-1; lane 10: Qing-2
2E~2G: Dot blot analysis of the progeny of Basmati-1 transgenic plants

2E. 1. Plasmid PS1-barnase; 2: Negative control; 3~24: the progeny of BN22 X control; 2F: 1: Plasmid PS1-barnase;
2. Negative control; 3~19; the progeny of BN11 X control; 2G; 1: Plasmid PS1-barnase; 2: Negative control; 3~70: the
progeny of BN1 selfing
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