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Abstract; Oryza sativa and O. brachyantha belong to AA and FF genomes in genus Oryza, respectively.
The interspecific hybridization barrier limits the transfer of elite genes from O. brachyantha into O. sativa.
By using technique of whole-mount eosin B-staining confocal laser scanning microscopy, the development
of hybrid embryo and endosperm after crossing between O. sativa and O. brachyantha and embryo sac
abortion process of interspecific hybrid F, were observed. The results showed that there was a high doub-
le-fertilization ratio of 82. 93% appearing in the pollinated spikelets, but hybrid embryo ceased to develop
and began to degenerate at the globular-shaped stage, meanwhile, free endosperm nuclei degenerated be-
fore forming cellular endosperm. It induced hybrid embryo abortion and the matured hybrid seed failed be
produced. During the process of hybrid embryo sac development, hybrid megasporocyte finished meioses,
but abnormal tetrad was formed which induced abnormal functional megaspores. Embryo sac was degener-
ated at the stage of mono-nucleate and two-nucleate embryo sac, therefore, no normal embryo sac was

formed and hybrid was highly sterile.

Key words: Oryza sativa; O. brachyantha; cytological observation; interspecific hybridization barrier

FEJ& Oryza 45 2 DARRIEFAN 22 ANBFAEFP B4 0. brachyanthaJg& FF ZENZ, JEA5 & H -5 M B 5 4
MZE & A/ E O N B, P B AR 0. sativa (AA JEIN ) JR 5006 R B 1) — > BF A A

W #m HH7:2013-02-21 [ £ HH R Bt 1] :2013-06-13

[ £& HH Rt 41k - http : / www. cnki. net/kems/detail/44. 1110. S. 20130613. 1423. 020. html

{EBE RN AL T AR(1967T—) , &, S 3I% 1 @345 4. B AR (1930—) , B, #d%, ¥ BA 5 %R 4, E-mail ; yglu@ scau. edu. cn

BEE&WB: &4 8 KA F L2 (9151064201000067 ) 5 2 & b AT b (R k) A#F % 57 (201003021 ) 5 7~ R B 8 KA F A 4
(021037)



288 1

[ S A NI S

534 %

Pt LR DR 20155 0 s e 3 DR 4 1 AR )2
S R AE 2 BT A R R TR 4 A PR D T KRR
B J A8 245 B A= R B AT X 2 PR R i B8 4 19 4T
P, Qs R R IE L RN I R LK A
RS KRS KR A L
U8 IRRI S8 i AR A 5 AL 25 B A R AR IR 2 52, WG
TAREERE LA IRS6 5 S E AT AERMEARH
FLACZG BT A RE AT B R TSR I Xa34 (1) 1LEh
T NSRS Sl A, AR 2 B R RS
I3 PR e A e A i Xk
BRI EREE AR Akl oA,
TE/KFEES 679 F 11 SR @A FAGINE] 1 ~2 4 f
FEZGRERS RFLP FRICHIB A RE WS R R B AK
IR {HIX — 2 SRR ] T DS % 1) S A8 24 B A= A
S P ) RS R AT e R BEA A FE B A
fyml R

H1 T A6 2 B A 5 R B A s T A ) A 2 T
4, Hogs Al o AL WY ., Aol 18] 2% 52 A7 7 ™ H Y A B
B, DRI, X R A 245 B A A A 1) DR e % 0 P AT 0 o
JEBR MR ARGE R L. © A R HiIE h AR R A
P A R 2 ol e A QB A 240 2 1 2o 2% o 2y R K Rz
TPATF " ABIZ b 5 R0 15 o 4 24 B 2 o ] 2
AZ B AL A5, R e IROR 15 A 15 A8 24 87 A A
o 1) A= B e A A0 08 A B AR R A B DL A B
A2 7 1 5 4 S DR LT 1 6 Ao A 28R
SRR A4 ) e DR o3 R R 5 A it i 18 A AT O3 Y
LTI R, 53 A R 5 e 5 A 2 B A A
o 1] A= B 5 AL B S A I R, e A ) T A
B i A PR SR AR e A% R R AR 25 B A R A A
FEIR BOWFFE HE R ABIF 50 1 P o A BB 21 2 (2155 ] 38
SEFIHE 3 B £ W R ( Whole-mount eosin B-staining
confocal laser scanning microscopy , fij Fx WE-CLSM ) %f
RIS 5 AL B A RS 2 S R R IR iR IR L A & K
A IRRELE AL 5 R B R B EAT TOULEE, LA i B R
B 5 R AL 24 B A R A ] 5 I P B 5 R 24 Ao P A
T FEAT A A MLBE, SRR T A R S iR & A
Tk B E SR
1 #MR5RAE
L1 fhtste

IR 0. sariva B4 A KR 3 T R 4 55

FEACLIEFERT O. brachyantha € H IRRL 1) Fh 4%
T Bl Accession No. IRGC 105171.

1.2 ZZEAECHMHEL. ZHEREFMEREILL
BUR
DAT B 4 5 Ry BRAS J 46 2 B AR A b SCA i
AT . BEAS 22 MR FH B 0005 45 5 T v R e vk
AT R BRI A 5 i AT A4 58, AR 38 24 H R AR IE
TETFAER B ARG AR 2y, ISR A REARTER K. T
B JEE5 10—12 K & 2105 A4 5C /AL 24+
N O S S B NS

R PR A e vk S S A2 B A A A
MAEREA T % 4 Ak BTk, R IS 10 ~
30 min fZA8 /ML, 7E Leica DMRXA (f2[H) Y64+ 0
T T AT LS AR . oA sk B kB Ry BRI 16
Ry S, THRAER T AR

K WE-CLSM W25/ MBI G IR FL R 7 - 53
SRR G S 1 3 1T KA FAA ) [ 2 4458 /M i
24 h, Lk (L) 50% Mk, G A o (L
)k 70% HYHE IR 4 CUKFETRAT. 105 10 A ) 55 T A
Al 57, 4 o ( ZBE) 2h 70% 50% 30% 10% #5 i
VAW S 25 B K AT S20K )5 (B3 % Ja]B% 20 min) , £ 1]
40 g/L FENERE LAY 8 10 h, KPEZ AR Yk 2 ~3
W, o (W) F 10% ,30% ,50% . 70% . 90% |
100% PR BE B RHEA TREBHBE K (2% B8] B 20 min)
L TR CBER K 2 IR A 172 K5 R W S
[V(TAKCEE) : VOKHIERTER) =10 1] B K%
1 h, e NSk A IR PR 7 9] 20 min LA b WL A4
F e M E I b, 5 B3, 78 LeicaSP,
FEHE R AR BT T A 543 nm P KU OL T
W2, I F B E 14 , Al Adobe photoshop7. 0 4bFHE{4.
1.3 ZFFEEFSEKRETE

ARSI b SR 5 5 10—12 R R
F55, o ( LBE) 24 T0% (13 W06 5 3% 18 I 75 30
s, TR K e 2 UK, FFH 1 ¢/ HeCl, K10 1 7 30
min, JEIE K ME 3 ~4 W TR TAES EICEPIR
TP HEER IR R Y, RN B B AR B (25 £1) C
WSS 5 A TFAZF K2 2 em I, #E4T
BOESOCIRRESR. 3 ~4 Fr IR R B Rtk 174
MS 35553 +30 o/L il +7 o/L B8,

K HDE S PEARFN SSR AR X ZeFh i 47 45 . 48
PRI AR R 2 2 B e [ RO 2 e A 40 ot Ao 5 95
BFFE BT SEAT HAC AR . SSR ARiC % 1E B IR Pan-
aud 25 ik
1.4 ZRMRELEMSAELREUR

IR B, RTT AR/ VR, BT BRie AR [ T
FAA [E € 24 h DL b BEE 3K SR AR, TEmE



3 4]

RS SRS « S IR T 5 L 245 B A R o ) 2 5 B A WL ¢ 289

BRLLIBOI DL RO R AR B FLA
DA 1L 27 s/ IR IR IR L A B HOLER.

2 HERSHM

ARNERE EHRMERRE
TERN G 55 10—12 K, Gt 2515 T Rl 4
7 x JEAEZS B AR AR /MR IL 439 A A 104
NIET R, THIERAR23.7%. 5) ik 4 5
FEJE 5 10 K5p3 (P La) AHEL, 28 B0 D 8, RA
TEM TSR, LR TS (18 1b) . Bk R FR 60
KIZRFPAIAE  FRAF R IR 3 B, TG 2 B % R B b
TURE YL, /AT 75, Kk Ah s, TRL IR , X SE I 2
PRl 15 SCAS JE AL 25 BFLE A (] Le, 1d) , 2R PR AE 5]
Py RM186 v i 47 38 (19 F2 4 B 1 WO 1) 2 43 3k
T (18 2) , R B AG28Fl y H A A

2.1

a: JURE 4 SIFIEIRHT 10 K7 i sb: 285/ MBEEHE 10 K157 5
cARFHANIIRIEIRPAG 1) A RR d 2 L SRR TT AL, N ZE A K
YRR 4 5 JeFh Ty JEAEZEF AR
Bl 1 Zefh1 b5 BRI MO 53R 8L
Fig.1 Hybrid ovaries, plantlets and spikes

M: DNA marker;1: SGAE25 BP0 ;2. Z0Fh F 53 JTRiRE 4 5.
B2 2Rl BRATES ) RMIBO 137 i i M 45 R
Fig.2 PCR amplifications of hybrid and parents at the locus of

RM186
FRNEZHERAMERERALZ TR

TELPIATE TS BB AR DU N, WL AL 25 B
HEREAERITE) T Bl RE 4 SAESk R IR DL, 4R

2.2

W1, R AE 24 BT R R R AE R A 50 84. 3% , 1ERYAE A
AEBRLIA)  Eb A 1] FEAE A S AR R B IE R, R %
BOHESk b 2 2580 A 1 FEFE IR BRI AR I, 3R
W AE 25 BT LE R AE M RERG AL Bl A% 4 54k BIEW
WA WSS/ N E R e 5 1 KRS 3 KA IR 4 L
BRS8N DL AR WL, Ak 28/ B2 R R R
82.93% , UPANML . 2ZAG KNy 2. 4% , IXLSZ A O .
PREE R W R 0 A 5 A 2 B A R 2 SRR R
155, ST AT B AGAS L DL R 2 S8 25 5.

5 BliE 4 5 A s/ MERRBRIR LR TR T
B MR IR IR FLAE A A 7 o B H B B 2%
SLRIFEH 1R, AR/ MBI % IR iR k5 BRE
R L 95. 65% ([ 3a.3b) W AR 4 Py iy 5 AR 5L
BRI W R N B B I3, R B IEH A T
(18] 3a) 5 K2 B R4 Py T g AR LA 4 R e A, A1
SR B, T8 o0 IR A P9 S L AR AT O B i A (1]
3b). AREHEMNIE S 3 K, AR AR S BRI AR, R WL
SRIFUEI, IR K T 9% 5 sl TR (18] 3e
3d) DR SE N T B IR LR AR 25 73 2 B, 17 B IR
FUZRH I Z R A L IR FL (] 3e) , 2
SOV TE P I R IR e A A AR fL (113 d)

ar BHAHE 1 K EREIIE B (ER kR ) , DRl B R FLAZ I IR 2 Jre
G sh: SRR 1R HRIBIIE R (LR LR , Dl 8 L8
SR A AT IR AR (K FFSk R ) se: BB HE 3 K, /NYERIE I
BB CERR) , U B RS AZ I 2RI U SL AN d . B8
JESE 3 K, /INMERIE IR B TR R, B B IR PR AE AR 1K s e
BMESH T R, BRIBIE & & 50 LT SRR ), W B IR FLBCE M s £
BRIE RS TT 1 (TR ) R FUOR I AL, Bars =80 pm.
K3 SEss 1.3 M7 REMIRIGIRILR T
Fig.3  Development of hybrid embryo and endosperm at 1, 3

and 7 days after pollination



290 CE I AN

F34 %

ZRICE G T K IR R BTSSR BRI IR, S 7 {5
s TR ARA T B IR FLRZ R A A Ak, I L e
¥ o3 A1 1) Ui P VR A% A A MR (18] 3e 36) . b Al
W ZeFRIG RS A B S, S EURF IR A T
B R T, ANRETEIRAE B MR 2R Rh 5
2.3 AMREREMESELEHR

LA NI 84 A, 20 N 451 50
B A R A TG JUR 48 e 0 8 G o ) R s, A e
DA A A BB AR AR I, JH [l 2k 0 4 41
WA TR, AR (K 4a).

XM K B R AT WSS, R R

2211 T AU AT W KA TR AR Y A
TREA MR 24 D RE TR T U | BRI
TR A 2253 200 2 3, {E— 28 20 4
B A T IR, ME DL 58 Bk 7 O R TR AR
AR IR SE. ZR P RS 2R i R AR R
TR 2N RE 5 1 % IR Sl K A 7 R AR i (1 4D

4c) s RALT RIS 2T RERS 58 Bdi R o) 2
R T BPU S A AR DY 3 (A4 T S RS, BT i i
ANER G RGN T MR REE— 2 T I RER
7 (& Ad) s DB DR DU 73 U6 i S 1) 5 40 i
I RE R AL T, i — I BRI ([ de) ,{H
B2 I S AL VR A (A TR (8] 4E) 5 A R 4 X LA
PEARRREAT 2253 3], 18 2RO A U KA T B4
AR AL A R R R AL (P 4h) |, JEI A 2RO 42
BB A (I 41) s (OWERE] 1 A5 R RYIE
A 4g).

LRV EEURARFR,)RIE 4 S5 A BT A
TR Fy PRI RN A 3 i R B S, S R A
R IR S 32 AR R A B 0 s R 0 2 A T e
KA TR B, 15 BA KA 7B 40 g 228 5 D 5 o 2t
REANBEIE BCAE 5 09 DU 3 %, 10 0 (A ) e 8 LA 5
BANBEIE BUIE W Y D BE R T, i oK S U 2 A
RETE I, A Fh R B e L O MEVE AN

a: JREAIRFE IR RE IR ARG b B R & i FTE ROHE T B M () s ¢ TR ORI T B A 5 d o R8T 10 48 LB K0 R T SR S

P e SHRERA IR AR ;£ BARIMSER N s e S0 RSO I he WREIRALTRIE ;1. P BB 2R O A SR L5k IE. Bars =

20 pm.

P4 ZRRhloE IRge S g Rk 7 il i
Fig.4  Abortive embryo sac and the embryo sac development of hybrid

3 g

P T AR 2 T A A A R S R AL B i — A
) R PRI 2 A A P s ELRA X R, 7E A I R4k
oS A E TR I L L T AR, X
6 A 24 £ R R 20 4 455 204k L LA S 45 I R
T 5% R AL o =2 ] L 6 R AL 5 41 0 H 25 14
22, JFLE DRI 2 10 2L R ok B AT T T AR, 748
TEL5 WP R L2 K AFAE R S I T K 751 CentO-F,
A SERLAA F 3 DR A7 7E i B3 A0 5 4 46 2 B 2
T 200 XA — AN W) S % 57 % PR T 14 FRetro3 , T
LV R T P A 2% 0 A e PR 4L D s 4 DL A7

TET S AR 24 A R R I N SR R R e T [X A
i S P R e, S A 24 B A R R DR A0 I e SR I 1Y
R /INFIVERCIRE 76 /0N T Rl R 35 DR 201 1 e A 2 T 2 e R
STV I 5 R i DR A A7 A SRR v, R P LA SR IR 4 2
PRICIFAE R 19 152 4% 22 M IR L ol R AR 355 A ot o
FRAETRTARE . 2013 4R 4 18 24 B A A5 4 5 K 4 I )y
SERL, FIITER AL 2 B AR RS R AL A 3 A5 30% 1Y
TR IO, KA R S S P T TE AR, A K
P R AU T & TR R T S B0 R 4
YRR INPIRES s JE AL 24 B AR RE L DA TR R T 32 038
AE TGS IER |, Horf 70% 52 7 X FROK A 0. sati-
va JERA LR AL . O BIRSE R JE A 25 B A



3 4]

RS SRS « S IR T 5 L 245 B A R o ) 2 5 B A WL ¢

291

A I PR T 2R ( SRR

W 5 % A6 24 B A A R TR 2L Iy 5 B 3 PR A
SVTRA T A, Qe M) A AT ) 22 DR B3 7K A 75
(135t 12 ¢ DB 32 BT I EE L. A PR 52
TEA4 O (b AE B AR A ) DR R A% R P 5 T 1Y) 3 B ik
o TERIE R SR AA 2B A AR ] 28 5 Hh 2RSS ANGG
SEARNZR AN T Bk Fi Ry — b BRI R, ™ E
T A ASREABR " A TR RO R R AR
AR RS 5 R A 25 B AR A R 5 A 28 Rl AR A
WEFLUE T VLR ISRI IR A i R AT T . A
FEAGRIW, 285/ NREAE IR A R | 7 81— R It
1 Hh DU MR i RV e 7 A i O AR AR, S O e
AN TE T B IRPR R AT AR B ARAT 2R Rl AR 2% iR
P AT, FLEUR 3 B TR A 1 £ 20 Ik Koy
T AR JBIE H A U 234 LA KCIE B9 S RE R 7R
T RAFEMEARIL N, KA EHEAT. 8
TS ZR A T S LA A5 2 Al ™ 2R 2n BERRC T,
W REIS B R A Fh A 1, S B — 2P i Il 2 a2 4
S ARG 5 AL 24 B AR A Rl 1) A 5 R s AL BELAE 5T
XHRZE S A PEASS IR F R AR 25 B AR R A
AR AL T 45 K.

S 30Hk:

[1] VAUGHAN D A. Wild relatives of rice: Genetic resources
handbook [ M]. Manila: International Rice Research In-
stitute , 1994.

ABBASI F M, SHAH A H, PERVEEN F, et al. Genomic

affinity between Oryza sativa and Oryza brachyantha as re-

(2]

vealed by in situ hybridization and chromosome pairing
[J]. Afr ] Biotechnol, 2010, 9(21) : 3068-3072.
CHANG Kweiduan, FANG Shaoan, CHANG Fangchi, et

al. Chromosomal conservation and sequence diversity of ri-

(3]

bosomal RNA genes of two distant Oryza species| J]. Ge-
nomics, 2010, 96.181-190.
[4] CHEN Jinfeng, HUANG Quanfei, GAO Dongying, et al.
Whole-genome sequencing of Oryza brachyantha reveals
mechanisms underlying Oryza genome evolution [ J]. Nat
Comms, 2013, 4.1595-1604.
eAr. B AE R A FISE R R IZ R S5 (M ] )/ P A%,
WAF I, 264 RERN SR, RO R AR AR
Jigkt:, 2002:279.
BRAR D S, KHUSH G S. Alien introgression in rice[ J].
Plant Mol Biol, 1997, 35. 35-47.

BRAR D S, DALMACIO R, ELLORAN R, et al. Gene

(5]

(6]

(7]

transfer and molecular characterization of introgression
from wild Oryza species into rice [ M] //KHUSH G S. Rice

genetics( [Il ) . Manila; International Rice Research Insti-

(8]

[10]

[11]

[12]

[13]

[16]

[17]

[19]

tute, 1996 .477-486.

RAM T, LAHA G S, GAUTAM S K, et al. Identification
of a new gene introgressed from Oryza brachyantha with
broad-spectrum resistance to bacterial blight of rice in In-
dia [J]. Rice Genetics Newsletter, 2010(25) ;: 57- 61.
RAMACHANDRAN R, KHAN Z R. Mechanisms of re-
sistance in wild rice Oryza brachyantha to rice leaffolder
Cnaphalo crocismedinalis ( Guenée) (Lepidoptera; Pyrali-
dae) [J]. J Chem Ecol, 1991, 17(1) . 41-65.

BRAR D S, ELLORAN R, KHUSH G S. Interspecific hy-
brids produced through embryo rescue between cultivated
and eight wild species of rice [ J]. Rice Genetics Newslet-
ter, 1991(8): 91-93.

WS B ARG 2 S0 5 1 (T - R A AR TE AL Sk
AR AL AEAE T AR R ik [T ] A e
4%,1994 ,11 :58-60.

Hh [ M A 25 e A 0 it b G USCAIT 5 . R R B A R
Bt P A T H Ml BobR e[S ] ALt R BB,
1986.

PANAUD O, CHEN X, MCCOUCH S R. Development of
microsatellite markers and characterization of simple se-
quence length polymorphism ( SSLP) in rice ( Oryza sativa
L) [J]. Mol Genet Genomics, 1996, 252. 597-607.

FU Xuelin, LU Yonggen, LIU Xiangdong, et al. Cros-
sability barriers in the interpsecific hybridization between
Oryza sativa 1. and O. meyeriana Baill[ J]. J Plant Inte-
grative Biol, 2009, 51(1) . 21-28.

UOZU S, IKEHASHI H, OHMIDO N, et al. Repetitive
sequences : Cause for variation in genome size and chromo-
some morphology in the genus Oryza[ J]. Plant Molecular
Biology, 1997, 35(6) :791-799.

LEE H R, ZHANG Wenli, LANGDON T, et al. Chroma-
tin immunoprecipitation cloning reveals rapid evolutionary
patterns of centromeric DNA in Oryza species[ J]. PNAS,
2005, 102(33) :11793-11798.

GAO Dongying, GILL N, KIM H R, et al. A lineage-spe-
cific centromere retrotransposon in Oryza brachyantha[J].
The Plant Journal, 2009, 60(5) . 820-831.

ZHANG Shibo, GU Yongqiang, SINGH J, et al. New in-
sights into Oryza genome evolution: High gene colinearity
and differential retrotransposon amplification [ J]. Plant
Molecular Biology, 2007, 64(5) :589-600.

FU Xuelin, LU Yonggen, LIU Xiangdong, et al. Progress
on transferring elite genes from Non-AA genome wild rice
into Oryza sativa through interspecific hybridization[ J ].

Rice Science, 2008,15(2) :79-87.
(RERE Aiu]



