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ZOEBRTIIERZISmm L LS V2D E
IRFGE RS 2 e E A LV 2 EE (%) & L7z,

1IXEADERLAEHEHIIT X277, T
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1997 4EiIC "% 574, & &5 5397, #5 Hi
EREL, 7 HICHZERL 72,

BRI MR 2 28 L, SRIRL 728 %
10°C - 14 HEOAKIE - KR L 721%, REEFes
LR L, 16 Hodhh s, EEICEA
1R EREL TR OREAT—Y 2 HEL, &
D5 #EERL 72, Fig. 1Ic 45T L0872
BT EBACRNCE 2 F TOFRH B % TS
B C/RL 72, Satake (1974) DXy % #H L TEH
DIHEAT—Y % 1Mo (Fig.1» A & B),
I (R C & D), &M (ME), 2o ([
F), # (FG) BXLUskaits (A H) o6l
X4 L7z,

ORI VFAS LICAT =V EHEL, [
— 2T =V DHEELI L 1 r—VL 8720 60 K E
REEHICEIR L, 70V 2AEEER L 72, EBr 1
NDEAEFERLCEZ).mm U Eod v 28 %
KL THNAEREFEEF B L2, &2 7— T500
FWLLEEBERT 22 & 2 BRI L7228, MEtoBIfkT
B2 7= biBWAT =Y Tl 20 HEH D %2
BRETE Th o 72, & I VRO BRHE L™ X%
T, T0, TEL5397,THICEEEH, &
LIZHAT—2 THRLNI N 2 BIES L O
L3, MWRRbEELFHE L 72,
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Early Middle Late | Early | Late
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Binucleate pollen

Uninucleate stage stage

Fig. 1. Pollen developmental stages in rice. Pollen

grains were observed after staining smeared
anthers with acetocarmine. A Japonica rice
cultivar, Kita-ake was used.
A: Each tetrad is released and becomes an
individual microspore. B: Thin exine and
germpores become perceptible. C: Exines
and germ-pores are prominent. D: Small
vacuoles disperse widely. Cytoplasm
appears thin in comparison with C. The
nucleus is located in the center of the pollen.
E: One large vacuole occupied almost the
entire cell. The location of the nuclei
changes to the peripheral position; from near
germ-pores to the other side of germ-pores.
F: Mitotic division occurs forming two nuclei.
Starch begins to fill the other side of germ-
pores. G: Starch fills in the whole cell and
the nuclei can not to be seen. H: The pollen
filled with starch. Division of sperm nuclei
occurs and results in mature pollen with three
nuclei.
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+lemicE—7 % L O HTEME TRE Nz, 7
NIRRT, WamfEE § E— 7 DIEHEE, L b
T 1~2cmBEN 727200 THLEL LMK L 72,

EER2 TEMORBRT—CRORHEE
1 AGHTER & B IE £ T2 6 K Lic T XTdD
AT — Y THINADEE DS &7z (Table 1), #
NZTEKFRIL, RO EAT—2Ick) "% 7
) TlE5~261%, T&5 85 397, T3 8 ~415% 7
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Fig. 2. Relationship between auricle distance and the
rate of callus induction (percentage of the
number of calli to that of anthers). Japonica
rice cultivars, Kita-ake (O, open circle) and
kirara 397 (@, closed circle) were used in 1995
and 1996, respectively. Time of seeding and
anther inoculation were June and Aug.,
respectively, in 1995, and July and Sept.,
respectively, in 1996.

MTZEEL 720 ANV ABEEL KD EH - 72D
i L IHPHITH Y, ZIUTRCTERE 72D
3 IBTH B, 1B 2 )V ZTERERIT 11
FHEADTEREZE 100 £ $5 &, TX 277, T62, &
55397, TI9ThH-72, 1L, 2#BLWV
WA D 7 V2T, 1A & B T
FLAMED 72, TE 55 397, D IVAEERIR &
mx%~9?%F%y77J%LEoto
Table 2 IZFERDO R 5L LFEEI N
ﬁwzmm%%ﬁﬁm$%mttohﬁﬁwxﬁm
B WK DT — FIZEEHRE VDT, 193~200 7
WA BB L 72 TR, 1 ARINE X OF 2 AXHI
7D 3DODAT — ¥ M THPKE IR KT 5,
Wik tE (Table2 D A+B) 13, "X 57 7
T 1B X OB 2 BRI & 0 ek <,
P& 55 397, Tl 1A 1 I B & O° 2 BT
LD RRmDh - 72, Rkl EsbE (FA) (X
ke s L 1Mo 2 5D 2T —V L) L5
oz, T JRESEE (HB) 13, %57
TIE 1T 2 DD 2T — 2 L D) Rk
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I E L 12%LUNT, ZOEIFETH D0 E
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Mic B 5 4 0 ATEREDHAME & R/ MEDFE L
P77, T184%, T& 55 397, T250%Th -
72(Table 1), Z#Lb DEAEATRT L 52, AN
JEEIZ T B 2T — 2 OB MR b 3
THLAT—Y OB HARTE LA REN, O
R, #4720 RORHTES LR (7 )V ZTEBER X ik

Table 1. Rates of callus induction and green plant regeneration from anthers at different pollen developmental stages.
No. of Rate of callus® Rate of green- ® No. of Rate of callus® Rate of green-
anthers induction plant regeneration anthers induction plant regeneration

Pollen stage . .
inoculated per anther inoculated per anther
(%) (%) (%) (%)
Kita-ake Kirara 397

Early-uninucleate (A, B) V - 2 — — 99 8§ (2)® 2
Mid-uninucleate (C, D) 746 261 (100) ¥ 110 565 415 (100) 79
Late-uninucleate (E) 580 161  (62) 53 888 329 (79) 30
Early-binucleate (F) 330 77 (30) 28 470 165  (40) 15
Late-binucleate (G) 222 5 (2) 0 156 72 (17) 2
Mature pollen  (H) 277 5 (2 2 112 27 (7) 1

Note: 1) Alphabet in parentheses represents pollen developmental stage shown in Fig. 1.

) Anthers at early-uninucleate stage could not be collected.

) Numbers in parentheses show the ratio to the mid-uninucleate stage as 100.
)

)

Rate = total number of calli induced/number of anthers inoculated.
Product of the rate of callus induction (Table 1) and that of green-plant regeneration from calli (Table 2).

Time of seeding and anther inoculation were May and July, respectively, in 1997.
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BRI bERIC & > TR 725158, Table 1) 13, 2D, TORTIEH HRREF & 3 - 2R
7V ATEBERIC R C BRI, WiE s D 1 Rh i (56~61 k) gtk S 72T % 7 74 D 1 i,
WK E R L, AT—YDHITIZE L %> TET 1 BB L 2RO 3 > 2T — P HITHK
L7z, Tt L 7z ehidhic e 2 Rk midy o a &R 2 Wi U 72, 2 9 3 Ko A5 Inkid
(Table2 » A/(A+B)) i, WiimfE s L 1B A R 32~38% T, 27— BN & 22 7 221378

1 BARIAB & O 2 BT T mih - 7227, LNk o7z,

3AT—VHDEI X T, T10~13%, T&5

5397, T 1A% T, ZDEDHEMIIW LA T, % %

—J5, Wi 1, R bER (R A+B), Niizeki and Oono (1971) 134 FX DL DFE
FR S0 (FA) B X RS L 72 am T— 2 BEHNE, fefREiE ~ 4 40, B8 1
Hiz b B ki oElA (6 A/ (A+B)) (AR i, 1ok 2 &~ B ERr o 4 Wz X5 L TR 2 55
TEDNRBOLN, WINL X977, » T555 2L, B 1BOHLZT AN A EERL 72 &
397, % Llnl- 72, F72, #L7zY) Gt HL72. 20O (Wang et al. 1974, Genovesi
(Tablel) & "X 74, »T& 55397, % k- and Magill 1979, Nakano and Maeda 1989) T,
72, 2EMDFTYL A NVADFEIREEN, EHITK

Table 3 I B4k L 72 ik ko gz bied 2 4 LB CIIEROIFSE (Niizeki and Oono 1971,
AR H RS R OB AE R L 72, MahfEs b H Wang et al. 1974) THNZARFBTELH - 12K
SRIE RIS & H 225 5 DI T e BIRE & 13 v B 5 I E S H NV AN FEI N

Table 2. Rate of plant regeneration from the calli derived from anthers at different pollen developmental stages.

Rate of plant regenera- Rate of plant regenera-
. tion from calli (%) Green _ tion from calli (%) Green
Pollen stage No. of calli - plants/All No. of calli - plants/All
g inoculated Green Albino  All plants (%) inoculated Green Albino  All plants (%)
plants plants plants plants plants plants
(A) (B) (A+B) (A/A+B) (A) (B) (A+B) (A/A+B)
Kita-ake Kirara 397
Early-uninucleate (A, B)Y —2 — — — — 116 21 43 64 33
Mid-uninucleate (C, D) 200 42 33 75 56 200 19 38 57 33
Late-uninucleate (E) 200 33 43 76 43 200 9 39 43 19
Early-binucleate (F) 193 37 45 81 46 200 9 38 47 19
Late-binucleate (G) 7 0 86 86 0 112 3 19 21 14
Mature pollen (H) 14 43 50 93 46 63 2 11 13 15

Note: 1) Alphabet in parentheses represents pollen developmental stage shown in Fig. 1.
2) Anthers at early-uninucleate stage could not be collected.
Time of seeding and anther inoculation of two Japonica rice cultivar were May and July, respectively, in 1997.

Table 3. Rate of spontaneous doubling plants regenerated from the calli derived from anthers
at different pollen developmental stages.

Rate of Rate of
Pollen stage No. of plants spontaneous No. of plants spontaneous
g transplanted doubling plants transplanted doubling plants
regenerated (%) regenerated (%)
Kita-ake Kirara 397
Early-uninucleate (A, B)V -2 — 19 26
Mid-uninucleate (C, D) 56 34 22 36
Late-uninucleate (E) 61 38 10 50
Early-binucleate (F) 56 32 16 38
Late-binucleate (G) - - 3 33
Mature pollen (H) 5 0 1 0

Note: 1) Alphabet in parentheses represents pollen developmental stage shown in Fig. 1.
2) Anthers at early-uninucleate stage could not be collected.
Time of transplanting was spring, 1998.
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(Table 1), ZDEEALE D 5 DA N AL, ek
DIERFEHIZ R Z T, #NL D) LA NVZARKDES
WAREE A VW 2 sk B EHEZ LD, K
B E R DFEAT —2 L OBRZH L 72 Eito
PR R L C, 1 AT OMINTH 5 2 &
=& LT3, L2L, 1EMohDEDZT—
DB TH LB LTI — L 72 Afsts s
T, BlzIE, HEEORE 2 T—2 % Wang
et al. (1974) 1Z 1R E L7z (72720 1o H
#Ei & BN X)) @ik L, Chen (1977) i3 1
i e L, Nakano and Maeda (1989) (3 1 &%

W5 5 1B~ OBATH L W L T2, 1]
D 2 NS B 3NN BAr, ZLEAE

DED L R THT B3R EIC L) KD
TR Xy DEUED e B 0T, Tl & 41 & e
W TLZEZIEZFENIERDOAT—VIFMBTLY
FLThv, 2Dk ) HAT—Y DX & RHEDE
W, FERI—FEL L W—Hic > T3 &b
b, L7t THBEFROWMA T — Y 2 MEET 572
DIZIE, AT—YORXSGEWHEIC L TERT L2
HINFETH b, %3 Fig. 1 DM E 2 Fuic
BWTkEEL, 2T —YORS2IEMICIT- 72, £
A DIEE AT — I & BIEERENER D2 % WIS
Wt 2 720, FEREMIC T H N ZBRED S
WHAREE L E I CIEBR L 72,

Fig.2 12 BWT, #NLAEEEOEL—7ZbTH
1~2cm DIEHRENZEIC L > THL RS L 72,
CORMOEEMEIZ 1 HIC 2~3ecm 2T 2D
T, Fig. 2 D#5H1L, &V 2K Tl e 6B ORE
2T —VI3FEEER O bigRR T REI N 2
T—YThbIEERBELTND, Lo - THEE
FHICHRE L EHOREA T — Y 2HET 21213, 1
D R &2 e R ) Moy L CEBETL200HE L
WV, 2D &) B b, Fig. 1 OBEMETEEIZHED
W TR E R, R, I 3 XA L TH RS
L, HNVABREI L& % bDH 1 ERIT
HbHZEEWLHIZ L7z (Table 1) #E5FEED fizi Y]
1A TH B 2 & 13 Chen (1977) D & —3
T 5%, 1EHHADILAED Chen & FH & DM TR
7t o5 T\wvb, Chen 3TN FZEIC Lk - TEED/NME
Fn—T5 DUk (one end) IZAZE T 2 K% 1 kit
EIRNTW B, ZNEFEED 1LY (Fig. 1o
E IS L, F#HD 1AL R E 2 Hiian Tk X
N BB CEA N o A7 4 2 ] (Fig. 1 o
C & D)THh b, £72 Chen iFHZEnH CHEH KD
45~267 & e DT, 196 NIRRT MEER T
TWEBRLTWE, FFRFEHOFEEAT —VIC

o

=

LB ANABENZEL L) AMEICHRINT 5729
12, ANVABEDES R E v, 5121
A2 & B2 500 LI & v ) e B o i &
52 EICL T, 2MmHEICBIT 50NV AREED
D ECEEAD LRI TH B Z L 2 HEEL 2, 2
DEET 1B A )V ZIEEERIT 1z
TELLMED 57205, A 2T 45 THOE» 57
NWADFHEINTZZ &3 v T (Chen 1977, Ni-
izeki and Oono 1968, Wang et al. 1974), 44T
B 1RO & v 2 RERDY 1R e
TEHELMENDIEY LR EFZEZ 5ND, X T
71 Tl IBRIOME IS L N - 72728, 1
ERT O 77 )V ZFRERHY 1 b I Z i e 3%

LW &) 2R TE o7, LarL, 1
RN ZT—2IcBWT "% 745, & T&
55 397 DA NAEEADWATIN AT L T3
Z k&, BIURRL 72 & 9 I 4 5 FINEZDORHH O
7NV AN T L IFESICHNE NS 2 h
L, "X 77 1cBWTH T&E55397, LELL,
1EERTHAD 7 L 2T AR IZ 1 AR BT &
EZ LN,

KR BAMGRE DR DFE 2 T — ¥ 2 ik At
BHab L 72 o F SRS INERIC 3 TR B
EI Bl T, BAEDZEEHLVINE v i e
BLL% L, WELwmERON L2 -2, Lo L,
H IV ZATERERDACR A T — VI B I N B RIS,
HERE LB A 2 T — VI & 1L B R IC B
TEHELCREL, ZORE, #4720 BOMYES
LB TP R LB, FOREIRRICHEOR
WIS R T X T, T2.14%, T255
397, T2.61Th -7,

DIEO#FR LY, 2V ZIBRERR# % 72 1) ik bkl
WS LR R L E T 2B 1T TH D &
RS Tz, 4k, BHEBSTIITELRY T1/
I O EH O TEER L EDH 5D LW & F
Zbhe AT—YORiE L ) A LLIT THE ORI
MR EDINE S, TP R TRIGD &
W IEZINL EH T, IR LU 2 H
W klw, F, ZT—2ICL DA NATERED
ZED L) KRE DT, FEEEMOMPELBHT 5
I BHERTREL AT =202 v CEEBRE
DM EERFDZEDPMETH D, KR THWS,
Ry b7z ) 1 16 Rk & 38 R RO R 2
672 20 S F R BRICT 5 k%, KB oIER
HKEAT— V2 &UEMNRE 22 5 2H0—>D
DECTETH B,

Table 1 3 & U Table 2 I2 B1) 5 ¥ % fhiE
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Motk se, X277, T&55 397, Ickt
XTI ATE BB AL A S ek At iy F 5 LB 13
C, TG DORARER X LT 472 ) ki s
LERDE, EWV) 2 ENTEL, "X T 7,08
WA EE 2ok S EH T BIbTE 20 ) »
1, LTRSS THESL 2T U350 5 v
Y, FIREEERNER O SRR & BT 5120, o b
DHNAIEE, 5 IV A S DRk,
{EHES DGR BRI, D FNFNOEREIC BT
5 FEDRHE L FHII 2 Z & DB TH B,

F2E BRERES THRATZ2EEEHOHNIEE
BUE

FIWE 1HicBWT, WEICRBEDIEMTIEE A
T—UW IR TH B L 2EIAL 2, 72, M
BRI %2 FE L, BB CoEEfo® 12
1P~ B TH 5 2 L 2 WL 72, ERSOHHE
BT 2RO FEE AT — 2 2 IEMEICMN 51213,
WEBEBREL 20T L ST, ZHUIIERICTFRM
D IVEETH 5, Satake and Hayase (1970)
B3AADFNRED LVIFHRICE > TIEHFE 2
TV EHETE L L L2, KB (1983)
B L UFEF (1988) 13MET WiRoFHILRICHTT 5 bt
1/2~1/3 OFPH % ez L M0 & KRB X
1A, R IR 2 @ s L72) 28ELTE 5
EHE LYY, ZFOMUE 5T — 73— L T
W7

AEICIIFAE (NI 5% B < P
FTORE) TR (FEROETB & #000m F
THORE) #WEL, ZNLDMHEBHEEAT—

Palea Lemma

Length of glume

1

Length of stamen

Fig. 3. Length of glume and stamen.

v L OBk b 1 I~ IO 2 5RIT 5 726
DI EE RS b,

MHRELUFE

BIEL1HOERT THERLLTEL5 397, %
HEER L 72,

BT & A 13 & R 2ERTEE - OBEHHES 5
cm~+8cm NHEIPHIZH 5% —FICHRIL 72, =
Nor2KDA-7ZE—=H—IcHilL, &K%z R) F
L ARTHE - C10C 10 AR OKIR - B BB L 72,
IR - B RALTEELE, EHHE lom 2 & DA A TH
BEaly, ez ML T0%T8 /=)L TREL
2o t£H, BEL BoREELoBItES L Ol
T W (Fig. 3) 2 L 7214, #5885 2MBL,
Fig. 1 DG ICHE NI O REF A T—2 ZHE L
2o ZOHETHEIETME L1233 ~5 /4, &fT
55 BHZr S FRECL 72 586 L& A L 72,

& R

Fig. 4 12, BB DFHE AT — VR DFILE, #ET
BB LN DR WR/BIER) 2R L 72,
ZORER, FAARIIEHAT— A~DHTAT—
COBATICHEIR L 7225, 27—V E T&RICE
L, A7 —YE~HHTRBIEDELS L5 72,

A B C D E E G H

= s :
E 3.0} @ @ s
= 25} ¢
?5”% 20ls & ®
SE
% 65 L i @ ) [ [
=)
% 55} ¢
B3 oot t
SE 050
82 ;!
2% 0.45'{ i i
= L
gi 0.40 ¢ | ! | ¢ |
22
2 3

Pollen developmental stage

il
o
N

. Length of stamen, that of glume and the ratio
of the length of stamen to that of glume at
each pollen developmental stage. A Japon-
ica rice cultivar, Kirara 397 was used. Verti-
cal bars indicate =£S.D. Horizontal axis
shows pollen developmental srages in Fig. 1.
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BTORRAT—VA~HE TRAT— Y DiEATICH
WR L 72, T WR/HERO L, 27—V A
~DTIF AT — 2 DHEEATICHE IR L, 2T —2
D~HMTIZ AT — Y D#ATICEWIIML 72, 2
5 DDA DFEE AT — ¥ DHATE & HIC—ED
BRE R 2 oR T EPE T, oD AT — Y RHEE
T HIIEICL NS, LeL, s EIZ AT —
EHEBEMIZZEILLTEBY, HEAT—Y DY
il + A He AR 22 D P A Z DFIED A T — ¥ DOHPH &
B> TWwbied, FREDAT— Y % IEMICH BT
LIRIEICIZ e b el o 72,

EITE 1T, HNABRICTEDIER A T —
PRIZHY (75— C - D) THhLHZ ExHL

12 L7225, EEOBHOGH T, 1P H#
TR 1 LERITE 2B DT, 1
B~ %03 2 B0 & L T 2 00
EWThsb, £Z nﬁL@m%,T&b%XT—
v C D - E#RIT 248MEZ LITOR#EIC L
%%L,Eg4ﬁﬁﬁtt%6%%%%m%$ut
Tehto R 72 & E0MERZRAL 72,

T E O IEMDPE T HEIC OV, FIEREZHIC
LMY 2, FIEESLICAT—Y oM % £
EDTADE, BEAERIZ 3. 7T~4.7Tmm D TIF 2
T—YA-BDATH B, 4.8~5.7mm DTl
A-BrC-D»iREL CHNG, 4.8~5.2mm D
TIZA - BOEHDC-DOF LD Zwvphy, 5.3mm
VU ETIZA - BOFICHNTC - DOEN L k-
720 ZOC-DHWA-BINILEL LMD S5.3
mm #IEEHEMPOH 2 BIFEAEOTHRE Lz, FH
U# 2 CHAED6.6mm T C~EDnH»F
~Ho# L) 2w, 6.7mm LETIE%DBEH
Wl CF~HOBEAC~EnH LD L4 %Y,
6.6 mm % EFEMHEM DK L BLIFAED LR E L

720 UbonFEz Hick), C-D - EO#KEHRIT
5712 DDFNRDH % 5.3~6.6mm & L7z, [
LEZ LY, ET WEOHIFZ 2.2~2.8 mm,
BT WR/FIEEOEL 0,42 NTF & Lz, 2ot
Iz, FAEE5.3mm bl L, FHEE5.3mm LT
FTWE/HENLE0.42 DIT 2882 72,
TS 586 LD BT AT — Y 2L 72
KA, 235 LA EEZEMEW (C, DBLUVENZT —
v) kRO LNTz, £ T5H86 AL, H LS DD

R & - THAEZ BILL 7235600, Biksne
HAEDOHIC T £ 15 RN o BT O H &

(Table4 » A), B L UFDEEEEFAB OBEE
W IREFAES (235) 12X 3 25814 (RB) 23K T,
BARKEAEIC & 2 BHShER A HTe, £ okER, HET
WE (Tabled olll) &, FHEBLUOHETVWE/HE
RO T Z A DE 2 SA nmm4mv)mz
DOEIFIRIEIZ BT Tabled DA - BELiC
%é%ﬁt,m~%%m%$fﬁ%m%%%ﬁﬁﬁ
PBIKTE B e b 72,

e 2

Sopory and Maheshwari (1976) (% Datura innox-
ia DIEP LMD EAT—V 2#HETE L2
R 2, BEEEBOMNR AT —Y 2HEET B
ERESRIE L L ¢, #2323 {EiEE (Sunderland
and Roberts 1977), + 7 2 Tl3LHE/FHENIL
(Chuong et al. 1988), 7% A TIZILEDIE, B
FUTEARE/FEN I (Sato et al. 2002) H3FH &
T3, 42 TEHETREOFHILRICHNT 5
1/2~1/3 ofEF HFHAL CK¥F 1983, 7 1988, #HrBd
1990) F 721349 40% D FHAL (Z1F 1995) HiE5FE#

WK ZZLHILTH L LHESIN TS, 2L,

WFNOHEDRRE % 57— 5 IF—WLEnTH

Table 4. Efficiency of the selection the spikelets suitable for anther culture by several indexes.

Efficiency of selection of suitable spikelets V

Indexes

Az) % B 3) %
I  Glume length 5.3mm~6.6mm 134/161 83 134/235 57
II  Glume length =5.3mm 226/499 45 226/235 96
I Length of stamen® 2.2mm~2.8mm 191/219 87 191/235 81
v Ratio of the length of stamen <0.42 205/268 76 205/235 87

to that of the glume

v Combinations of the index II 202/230 38 202/235 36

and IV

Note:

Length from the tip of anther to the base of palea.

) Spikelets with anthers at the pollen stage of C, D and E, which are suitable for anther culture.

) Number of suitable spikelet included in the spikelets selected by each index/Total number of spikelet selected by index.

) Number of suitable spikelet included in the spikelets selected by each index/Total number of suitable spikelets for anther culture.
)
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57, BEEEEN O 2 BT 2 HEERIIAHTH B,

Tabled & ) HEFT WEH 5 WIigFMALE EHET W
E/HIEROREMAADLEDL Z & T IEHAT—>
C-D-E (1~ ot euEits %
N2 81~87%, 86~88%NiE W HER THEIKTE %
ZERFEEL Tz, ZHOTODIREN S b, HEEADE
(2.2~2.8mm) b TH 0.6 mm Lo\
WRIFRIRIZ X 2 WA R EECHEREBE CII AL
s, M5, FAEE 5.3 mm L ETHET WE/HIER
DA 0.42 LUF & v ) Felid WIS X 2 HB 2%
B CHRBGICHE L Tw 5,

7 (1988) IZ#REEMEHIOK 3R AR L L
T, T WEROFEERICHT 5 45 1/2~1/3 O ifiFH
DFALTH 5 Z LTz, FRDOLIIRFLTRE
RIFEICE L, T ELETH®ROLLTEY
LAWERTHEZ EE2HIT D, =T (1995)
BEHGTEIE RO, BEOEEIHILE
DK A%D L DEERZEEREL T, L7
o T, BHEHY T ERROREICHIEN BT S
& 70 & RN L CRATIZ IR0 %3385 3
L2 ENEETHBD,

4 ADFAEZIB AT — DU OFFE L LT
AW 254, WHEEZEIH L 2 E0WMEINTWS
(Satake and Hayase 1970), AMfF7eid, Atk
FRFET = 55 397,12 DWW TR THLNT, =
NP GFE DT 215 5 12 O DI R G145 LT T
»Hb,

FLIE BEEEOWEBICLDHNVATEEES LUE
YEBIMEENE L

BIH BREBEBICLIEEYENAL

iR DV & AR BER 2R BERER & 0 Rl
DEBZRIFICT L2 EFAMLNTWS (Went
1944, FAE - fAH 1957, ZRHS 1970), A A DFjEE
FTIF 25~28C ORI O T THHE T 2 DIV
&R, B EIR ST TR L TR 3 2
ARE TR IR T & BRZIR T TRHIEEEZ TV,
BARARIC B LI TEIEBOMNE L2 HL T 5,

MHEELUFHE
1) HIWRAERICHT 2BEREBENVRE
RER | R TOHRER

1994~1997 4ED 4 4EIT b7z ) T X & 74 (1994 4
138 AFEME - 9 A#EIR, 1995 413 4 AR - 7 A
BB, 1996 4E35 £ 11997 4E13 6 A#EfE- 8 AiE
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BIU TR, o3 (35S ic 6 HI%ME - 8
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FOS5mmU LD NZEEZ TN ATEREE
B L 722 & DISMZEB 2 S50 MPRIERRGHE & #5580
L:ﬁ]é/) 72,

1XE72)#H3 "% 574, T826~1880 %,
x5 5397, THM5~1031%, "wxuvn»h, T
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FEr2 EXREHMTHEER
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(MidnfE & 3 7 HIERE - 9 ARER) 2L 72,

FERIGH (FER 10 g/1TIN) T % 35 H M52
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F7z,
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REX3 SEHEOBERZEBEBSOLER
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ZDFEBTIE 5 BEHOBEERGEM 23T T, W
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TOLMM % & 25°C /7 25°C THEHE L 72 iR IX & A
30C/H 20C THFE L 2RI X 0 2 K % 5%, haith
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FER1I2BWTHE2C/H25CTEB L B 30C /%
20COWEEESRMTHEL 2 TX 7T 4 01995 48 &
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Fig. 5. Rate of callus induction (percentage of the
number of calli to that of anthers) in the
anthers inoculated at constant and alternat-
ing temperatures. A Japonica rice cultivar,
Kita-ake, was used in each year. Time of
seeding and anther inoculation were Aug. and
Sept., respectively, in 1994, and April and
July, respectively, in 1995, and June and Aug.,
respectively, in 1996 and 1997.

[J : Constant temperature (day/night=25C/25T).
M : Alternating temperature (day/night=30C/20C).

(53%) D 191G TH 72, HNAREEHEE N LS
L RWEMDORIL, X2 T 7, 2T, T&
56 397, F@%\UﬁW)JBJ:U‘r‘?FéJ ICBWTHR
» iz (Fig. 6).
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DL Y ITEIEIX D ANV ATERERIZEK, iE,

B A2 2 TR COEBRRTHEBR LD &<,
2RISR DTN RS TED - 72,

KT, 4 30°C/HK 20°C DRI b BHIE DM A
ﬁ%%TE%?,S@ﬁ@ETﬂmﬁﬁ%ﬁcfﬁ
W ZTERE R i L 72, N TSRSm0 HAGIRD 72
&, HIZE 30T/ 20C 2 xR X & L THIDZSRIX
L L, 3 WlIcarT TR L 72, Table 5 12/~ d &
J12, MEX DAL ZIEEERL 3 BOFEED FTix
1998 4 — I D HE B A b 1K <, 1999 4F- D S ER i 5
b ED o 72, RAMEICNT B EE o g T
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FT7 A CIL9ME, TE 55397, TT.5M/bH - 72,
ZDLHITHBE DI 3 MIDEBEOR TRE &
LT, MlOFER &I12E30C/H 20CK %
I L CTHNATEL T 5 &, B27.5C/
] 22.5CIX (HEEREE 25.0C) B L0048 27.5C/
% 17.5CIX (HFERREE 22.5C) o4 L 2L
i A & L IRIX D Z k)5 72, Kz, A
32.5C/# 17.5CIX (H )RS 25.0C) DAL
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Fig. 6. Rate of callus induction (percentage of the
number of calli to that of anthers) in the
anthers inoculated at constant and alternat-
ing temperatures. Time of seeding and
anther inoculation were June and Aug.,
respectively, in 1997.

[ : Constant temperature (day/night=25C/25C).
M : Alternating temperature (day/night=30C/20C).

FReEE "X 2Ty Tl 1998 4F B L U8 1999 4FE
M4 & S RIX D Z N L VK o 7z2dlc L, T& 5
5 397, TIEMiAE & LRI L 0 & <, bR TRER
=L ko7, 72, B 32.5C/% 22.5CK (H
SRR 27.5°C) DA NVATERERIE, "X T 7, T
IX RS TR EE 5 20 (1998 4F) X045 %
(1999 4F) TLERM TEL D —E L G- 725, T&

1
1
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40 F
30 F
20 F
10 F
0
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400 F

300 F

200 ¥
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Rate of callus induction (%)

Kita-ake Kirara 397
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Fig. 7. Rate of callus induction in the anthers
inoculated at constant and alternating tem-
peratures. Rate of callus induction in agar
medium represent percentage of the number
of anthers inducing callus or calli to that of
anthers and that in liquid medium represent
percentage of the number of calli to that of
anthers. Time of seeding and anther inocula-
tion were July and Sept., respectively, in 1999.

[ : Constant temperature (day/night=257/25C).
M : Alternating temperature (day/night=30C/20C).

Table 5. Comparison of callus induction rate under five alternating temperature conditions.

Culture temperature
Day (C)/Night (C)

Year
30/20 275/22.5 32.5/175 275/175 32.5/22.5
(25.0)0 (25.0) (25.0) (22.5) (27.5)
Rate of callus induction (%)?
Kita-ake
1998-1 109 63 81
1998-11 31 13 43
1999 370 286 339
Kirara 397
1998-1 90 51 127
1998-11 35 22 99
1999 262 329 348

Note: 1) Value represents the daily average temperature.
2) Rate = total number of calli induced/number of anthers inoculated.
Time of seeding and anther inoculation were May and July, respectively, in 1998-1, July and Sept.,
respectively, in 1998-11, and April and June, respectively, in 1999.
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55 397 TIXMI4E & LXK TR - 72, BIX % -7z, TR /s e (H B) i3,

LI EKERD 5, AV ZIEEED M mE 2@ L 6 MDFEEDAHRTI & 55 397, 2 < 5 M TEIEKX
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KEIZ TG D Eihr - 72, 2 U A L ATRER 36% (1.6 1%) W<, 27T 0.1% K& THEHIC
DREFEOEIIESL LD TH DL, Tabb, AR HETH-72(t=8.050>6.869=t;(0.001)), %7z,
THERTEBLTNTDOANAZHZ 721999 S£D 7 R Dkt bE (A), Wb L 72 kil
N2 (Fig. 7) #%, 0.5mm LLED A 27207 iz o B Rk O EA (A/(A+B)) B L U#Y4
%2 72 1994 4E~1998 4E 0 4 )L 2 e (Fig. 5, 72 ) feta ki A (AXC) (3, fEEXIC T
Fig. 6) 12 b THIFIC W iZ /R L 72, Tableb 12 FNEN11% (1.415), 10% (1.24%) B L1r24%
BWT 1999 D 7 )V ZTEREEEDY 1998 412 T (2.44%) ERIY, ZNbDEZWTNL 5 %KET
LA®mwo b E LHEBIZ L 5, MAicEE Tho72 (AIt=2.831>2.571=
2) ANRHLLOEPEBMEICHT I2EBEER t:(0.05), A/(A+B) :t=3.618>2.571=t,

PEIES (0.05), AXC:t=3.563>2.571=t5(0.05)), —77,

Table 6 12 #5i& KH> & MR b £ T2 ZAR X DORYMARFELE (A+B) IZEIRXIC X
w2 25°C/H25CH L UE30°C/H 20°C TEHEL 72 6% (1.14%) =<, ZBIRXOTIE /K bEs
X OMPARE bR 2R 72, "% 274 0 3 4R (B) IHHIRXIZI~NE5% (0.94%) TH-722h% »
BLUTE55397), TRx0UrY,, TR DHERE FTNHEERX L HRX EOMICAE L ZZRD LN
DFEF 6 BOFEEEDT XTI BWT, ERX DRk el o572,

Wyp4r{tE (Table 6 @ A) B L UH41b L 72444 bR FEETIE, Bt & Fa bW 2
iz e B ikt oE 4 (F A/(A+B)) (Z1HIE WL CEEEEB L CEBRER TEEL TWD D
X% _Fhl- 72, AR bEE (A A+B) 1%, 1995 T, ZmiC & 2R E S s sy, b
D TX T4, 2B 5HICBWT, ZRXHME DZEUNZ & B DD TN ZEIRIC & B DD 5 %

Table 6. The rate of plant regeneration from calli exposed to constant and alternating temperature throughout
the period from anther inoculation to plant regeneration.

Rate of plant regeneration

Culture temperature ~ NO- of Rate of? No. of calli from calli (%) Green plants  Green plant
. anthers callus . - /All plants regeneration rate
Cultivar  Year inoculated induction (%) inoculated " Green  Albino  All (%) per anther (%)
(Day (‘C)/Night (C)) plants  plants  plants
© (A) (B) (A+B) (A/A+B) (AXC)
Kita-ake 1995 25/25 1575 53 150 51 29 80 64 30
30/20 1880 105 150 56 19 75 75 59
Kita-ake 1996 25/25 1800 36 160 45 14 59 76 16
30/20 1636 76 160 73 4 77 95 55
Kita-ake = 1997 25/25 1009 72 200 40 49 89 45 29
30/20 826 121 200 60 37 97 62 73
Kirara 397 1997 25/25 945 31 200 10 58 68 15 3
30/20 1031 54 200 12 62 74 16 6
Yukihikari 1997 25/25 1603 128 200 13 80 93 14 17
30/20 1575 159 200 21 78 99 21 33
Aya 1997 25/25 1030 35 200 24 60 84 29 8
30/20 1274 61 200 31 57 88 35 19
Average 25/25 - 60 - 31 43 79 41 17
30/20 - 96*** - 42* 43 85 51* 41*

Note: 1) Rate = total number of calli induced/number of anthers inoculated.
For time of seeding and anther inoculation, see the captions of Figs. 5 and 6.
* ***: Gionificantly different from control (25/25) at 5 and 0.1% level.
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Hor a4 280 RICB L T, R DFERDS

191

ML CHREER DR S e - 72,
e 2

RFE W TORPAARERER T HE T TIT ) DY
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7275, IREEX MO 7 v 2 Ko s b K &
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Table 7. Rate of regeneration of four plots which were combined two temperature conditions of alternating tempera-
ture and constant temperature with two culture periods of dedifferentiation and plant regeneration.

Culture temperature

Rate of plant regeneration from calli (%) Green plants/All

Expzrliértlsental Day (C)/Night (C) Greer(lAp;Iants Albin(oBg)lants Izkl;lj‘\s Jr(‘g)))
Dedifferentiation Plant regeneration Year Year Year

period period 1995 1996 1995 1996 1995 1996

I 25/25 25/25 51 45 29 14 64 76

II 30/20 25/25 43 69 15 12 74 85

I 25/25 30/20 61 63 30 11 67 85

v 30/20 30/20 56 73 19 4 75 95

Note: A Japonica rice cultivar, Kita-ake was used.

Rates of regeneration were obtained from cultures of 150 calli in 1995 and 160 calli in 1996.
The dedifferentiation and plant regeneration periods were 42 and 60 days, respectively.
For time of seeding and anther inoculation, see the caption of Fig. 5.

Table 8. Effect of alternating temperature applied during dedifferentiation and plant regeneration periods on the

rate of regeneration from calli.

Rate of plant regeneration from calli (%)

Green plants/All

Effect of alternating temperature

Green plants

Albino plants plants (%)

(A) (B) (A/A+B)
1995 1996 1995 1996 1995 1996
Dedifferentiation period
II-1 -8 24 —14 -2 10 9
V-III —5 10 —11 —7 8 10
Regeneration period
-1 10 18 1 -3 3 9
V-I 13 4 4 -8 1 10

I ~V show the experimental plots in Table 7.

Defference between the rates of plant regeneration from calli in the two experimental plots in table 7.
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B L 72 EHRED A 4 4 B THD L1, X HITH
REGHL, ERFEHOWTNTLRO 5N (Fig.
5~Fig. 7). B b ZiRI3 7 v 2T % 1\ 1
BHLLZTTHL, FOHNADLITTIE /K
DIEDA LIz, —F, HobHINZIR I3 kk kb
Wy bER & #n & 472 (Table 7, Table8), #L

ZHE D SRR E T % 258 THEEE
THZ 2k, 2IVAEER, kb,
7z ) kORI, SRR E R E AR
L 72 6 BIDOEERDFET, ZNFN 96% (IHEX D
1.6 %), 42% (W 1.44%), BL0r41% (1 2.4 1)
288 L 72 (Table 6) . AWF 78 CHER L 72 013 AL i
DA XA SEL DT, R b MHEICBU 3 2RIREE
DENRIZ O TIIESHORETH b,

4 ADRBERICBIT 2T W ORAIL, B
SR DK 50% D L 132 U k& v BmERT
Y, kefyiaftEom Ex ik & 2R
2 ->Twa, L2L, Tar /2863 568%%
Fhite {, BREBEGICBT A2BENT LE /T
(RN S 2000) (2 HEAFRIOZ L (2 K 1984,
WG - AN 1986) LI EAEZEDL Y Vv, TDL
I RO LT, TIE /S FERE D S ¥4
WARIEFRE, BENZT L 7R E LR
2Nna,

5 FRFH D BT A I B G CRIEE & Tl L 7o of
B, TX 277, Tl34a30°C/H 20CIc % 2 BB
AR RNIZE L7020, TE55 397, Tlie
mAE325CIC L7222 >0 (B32.5C/%
17.5°C, 432.5C/# 22.5°C) D7 N ATEKFED 4
30C/H20CXDZ % Elal> 7z (Table 5) . ffdiic
& o T #E 2 BHIBOMEEIRL D E 9 »
13, EBEES 5 LTV T WO THIETE v,

ZEREEARIC B W TSR L9 5 2 1 = X 4
3 ST, BB ZRSGMETREI L
R2ANZIZTINVE S RPDFEES D2 &, Far
LIS IR S TREE S T2 A L 2 fk i D 5
DLW L, ZDAH =R LRBNT BTH D
NICh b, 2D L) WBEEBROMREDOAAM AL X
TBE, 230C/HK 20C DB LT REEFR) AR D
ME2MEFEE L THHETE 2, 20—l LT,
AW S (2000) 13#FH (R4S 2001) D& 30C/ K
20CHAE 2 BRI G ORI ICHEH L ThEd% 1
F, ZOfEFRICHE W TRERIEEICEIH 2 AED
5% WHTE D EARFL T 5,

o

B2E HEBRBOELNT7AILLTHLAL
ZCIZE B ANRAEHES L UENTE
MMEEDE L
FERRIRBIOOBANE R S B 2 LIT ko T, S
WOLEE L o720, HIVAD S DREHIRTS
B E B2 DML T WD (FEE - hifE 1992,
FrFEM 5 1989, Yomoda and Hinata 1991),
KETIE, 4 ADOFEEENRICK L, EEEEHD
FEORPEZ ST 74 NLATHLEZWZ &I L B4R
PO RIR LA LT 5,

MHRELUFE
REE | NI RFBEHNEER

x5 85 397, %4630, 1999 4£I2 2 [0l (4 H#&HE -
6 H#ER, 7 A¥EHE- 9 AWEIR) FEBE1T- 72,

FHDOREMERAR CII AR R DE 2 T 7 4 L
LTHEHLETWED, %774 WVATHE L WiEE
I3 ar 7 32— g v EmESIBREIN
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ZHF =R R L7 (Fig. 8).

Tbb, WHKSml % L AAEE ¢ 110 mm
? ADVANTEC No.2 (FREFEAMR24L) DMk
1% $116mmX2dmm DA 7 2> v —L DK
K E, 2O T AF Y 7y v — L (Y v —
V) REE, FT7Ae—LDER L TEELL,
BRI I IS A IC i S E D ko I
R K E /i L7z, 2OLJ)ICLTZEF >

Double chamber method

Fig. 8. Double chamber method used to prevent con-
tamination and evaporation of the medium in
the unsealed inner plastic Petri dish (90 X 20-
mm). Outer glass dish (116 X24-mm) con-
tains wet filter paper on the bottom.
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Fig. 9. Changes in the volume of liquid medium in a
plastic Petri dish sealed with Parafilm or not
sealed during incubation. Plastic Petri
dishes of 90 X 20mm, each containing 20 ml of
liquid medium, were incubated at 25C.

O : Sealed with Parafilm (conventional method).

A : Not sealed.

A Not sealed but covered with a glass Petri dish (double
chamber method).

HOR I3 5400 8 %Iz £ THA L, SETHIO
WKEEIZ e - 72 (Fig. 9. L&»L, ZEF x>/ 3—I2
LTHEHE L7z v—L T, a7 3
2= a BT EAERLNT, KSFEFED M
T v —VNDOEMOBFRIZ ST 7 4 VA TH
ZL2EITIX s e Eh e h 72 (Fig. 9). T
BCHER I NI ZOFEFEICED R, H2FEEH
INT T 4 WLAAMEHORRE ZHF v LT H
WTEERRL 72,

2) HILRFBEEAD/INT T 4 L LTMER DL

SEBEEEREO NAFEY I, T AF v 7
P — L DEER T T 4 VATHETEEL 2K E
FHL W TERELZKD A L ZEEE 2 Fig. 10
12, ZNENDRX TS L7z 7 )V 2 DREYIRFES
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Fig. 10. Rate of callus induction (percentage of the
number of calli to that of anthers) in a
plastic Petri dish sealed with Parafilm or
not sealed during the callus induction, in
anther culture of a Japonica rice cultivar,
Kirara 397 in 1999. Time of seeding and
anther inoculation were April and June,
respectively, in experiment 1, and July and
Sept., respectively, in experiment 2.
[]: Sealed with Parafilm (conventional method).
M : Unsealed but covered with a glass Petri dish (double
chamber method).
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Fig. 1 1. Rate of plant regeneration from the calli in

a plastic Petri dish sealed with Parafilm or
not sealed during the callus induction
period, in anther culture of a Japonica rice
cultivar, Kirara 397 in 1999. Time of seed-
ing and anther inoculation were April and
June, respectively, in experiment 1, and July
and Sept., respectively, in experiment 2.

1) All regenerated plants include both

green and albino plants.

[ : Sealed with Parafilm (conventional method).
M : Not sealed but covered with a glass Petri dish
(double chamber method).
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7 A NV AAMEH OB RIS & 5 THETF D
125 %25, AMEH R OB E5bE (Table 9 D
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Fig. 12. Rate of plant regeneration from the calli
cultured in a plastic Petri dish sealed with
Parafilm or not sealed during the callus
proliferation period, in anther culture of a
Japonica rice cultivar, Kita-ake. Time of
seeding and anther inoculation were June
and Aug., respectively, in 2001. 1) All
regenerated plants include both green and
albino plants.

[] : Sealed with Parafilm (conventional method).
M : Not sealed.
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Table 9. Effect of the avoidance of Parafilm sealing for test tubes during the plant regeneration period on the green
plant regeneration from the calli derived from the anther culture of different dihaploid lines of a Japonica

rice cultivar, Kita-ake.

Rate of plant regeneration from calli (93) Green plants/All plants Rate_ Of_
contamination
LineV Green plants (A) All plants? (B) (A/B, %) (%)
(8)¥ (N)»  (N-S) (S) (N) (N-S) ®) (N) (N-5) (S) (N)
A-7 57 63 6 72 84 12 79 75 — 4 0 0
A-8 60 70 10 71 85 14 85 82 -3 0 0
A-10 70 79 9 86 92 6 81 86 5 0 0
C-24 22 16 —6 42 25 —17 52 64 12 0 11
C-25 61 73 12 70 85 15 87 86 -1 0 4
D-12 57 81 24 67 89 22 85 91 6 0 0
D-25 62 60 —2 75 86 11 83 70 —13 0 0
D-26 58 68 10 72 89 17 81 76 — 5 0 1
D-29 66 71 5 87 88 1 76 81 5 0 3
D-30 30 50 20 55 87 32 55 57 2 0 0
Average 54.3 63.1 8.8* 69.7 81.0 11.3* 76.4 76.8 0.4 0 1.9
Note: 1) Dihaploid strains derived from ‘Kita-ake’.
2) All regenerated plants include both green and albino plants.
3) S: sealed with Parafilm, N: not sealed.
Time of seeding and anther inoculation were July and Sept., respectively, in 1999.
* Significant at the 5% level.

K ohkE b (AB) K2 s b 100

10 RHEOFHT11.3% (1.2 ) <, Db 5% =T

IKEETHFIICEE TH > 72 (t=2.738>2.262=t, = 8or

0.05)). ZAUSKL T, FESHEL 72 eckitric i ROy

Bk tukitodle (R A/B) 13TIX DM A7 7% 2 s el

HIRBSD b L 1P 5 72, 2 50l
Table 9 DFERBR TIE 1 R#H 472 ) 100~150 7 v %

2T REL AL 755, ZOBE, 1KLY E|

500 7 L2 B L7 (% 5T ) ORI -, L

FARD T T 4 v BAF DR PR S 172 S 207

(Fig. 13). S 10}
MR AL AMER X DRE D 2> 8 3 12— 0 . .

g > OEIAE, BEATKIZ N TRo0m L 7297, All plants"(A) Green plants (B) (B/A)

ERANICRIIEACEH TCEIRE T2
(Table 9).

Z %=

FEEH S (1989) 132 v —VL DEE /T 7 4 LA
THULLZWTERET L E, {2070 772 MH
K7V A DREWHEREEER DS, XT 7 4 WA THEL
T L BB T LT 5 2 & 235 72,
AERRTIE, HNAFHED T 7 4 )V 2AERIIC
Lo TN Es M EL, v ARG & ks
RS Z N F N DT 7 4 W LAAFHIC & -
T, WAREsMbEEs M L 72 (Fig. 10, Fig. 12,
Fig. 13, Table9), MKk FLINIEERIC BT 5

Fig.13. Rate of plant regeneration from the calli
cultured in a test tube sealed with Parafilm
or not sealed during the plant regeneration
period, in anther culture of a Japonica rice
cultivar, Kita-ake. Time of seeding and
anther inoculation were April and June,
respectively, in 2000.

1) All regenerated plants include both green
and albino plants.

[ : Test tube was sealed with Parafilm (conventional
method).
M : Test tube was not sealed.

R bR D id, #rFEm s (1989) DR
E—HT 5,
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Yomoda and Hinata (1991) 1Z:B&E D O % B4
DL W) Zy7 (HRIYRT) TEHIZEIC
L0, 4 FoMFHEH N AD L ORPHEES IR
BTN RANTHEHSTHBEN1.6~2.6FI2EL
ZERPE L. LIS, WHIEI) T TS
72X RIS A & W L 7285, MET-HE A LA
5 OREMRE M bEDY, ) 7 7 CH - EAIC
WRT1.3~1446, TLHIERANTE- A
NC21~3A4ABFICELZ E2HEL, 7 LVADH
SrAERE IS A 5 R AR A & R A M
DR EFFEL 72, FiE - HE (1992) (@RS
B LEFFEWR NN D L h— 2 — 3 Y YL
BOPMERDFRIIBIT L) L RIFICH D2 25
FEL, % DJERIZEEFERZRN O 225058, CO, B,
MIEEI R LD LIk b @B RTWE, 23T
TANVLRBERIZ X 5 AV AREEN A L (Fig.
10) B & Okt is-f b3 o E (Fig. 12, Fig. 13
BL U Table9) D27 =X L3 Th Wi,
Yomoda and Hinata (1991) <c@is - H7E (1992)
HFRH L 72 B A AR OB A UGE O R 1 R &
25N b, GARITEFERN LB S S, MR
D E WEEERBOMIEL LWETH D,

Frk NS LEE (B) % iRE b3 (A) &
Hab L 72 etz 5 3 ik tafity o #4 (B/
A) DREEFEZ T3T 7 4 WV AR ORR % 530
T5E, HNABGERD <5 7 4 VATMERIC L B
Bz A & B/AOW oMz k3 Ao
% (Fig.12), L7 L, A & B/ADZnZFnokn
BEINSL, ZNDAETH L0 I3HL Y
T\, —7, WYKL D T 7 4 v LA
Hick 2 Boinz AolnzcLs30THY,
B/A 37377 4 WA DB - AVEH DM TR
LNk -7z (Fig. 13 B X Table9), Z DA,
b L 7z ez 5 3 kit o #4 (B/
A) ITED W EIIT L S FERTED WD
EEFRFTH BT, LRI, MWRES L
WD T 7 4 NAAMERIC L DA OBRESEE T
IZTNE PRERPBRTE L P -7 2 & 2 BIKRT
b,

Hgll’BbV(/f§74}VAT%TUQVﬁ/¥—

THEL 727 )WV A DRI 27 7 4
wAfﬁLt/% LOZiLE D el -7,
ZDZ LA NAHFENC T T 4 VA EMHL %
o PBADHE—D A S 2ERTH B, 72721,
Fig. 11 DFEBETIZ T 74 LA 7 L2 3
AMEHX D 7 )V 25 KRB bz 3R E 0 E
BoNT T4 NATHEHETEEL TWEY, INLVAHE

/

o

=

L RS b &M %ML T/ 37 7 4 VAT
FH U W THREL 28AE, ok ) el
ZNRITIERT 2R L FZ b, ZDRICD

TS BE LI 2 BT 5,

Fig. 12128\, #NVABGERID 2T 7 4 )V LR
HHIC L > T, 8L »—LO—¥ (16 & »—L
ND3vr—V) TCaA¥FIgx—a gkl
ZDRERDP LA DL L, FTMERTIES v > N—k
EHWELWTaAY I A= a v ALNLh -2
DI 5 727200 T, 418, 737 7 4 VLA
DEEZHNAFELENL 7V ABGERA D ZEF x>
IN—IETERT 5D & W,

D ZEFERfIE 2> 2 32— 3 > DIk 72

IR MDERNT T4 VA THL B L h—
WY Ze 78k & L TATh T\ 3, FH I L AFHE
WDTTFZ2AF 7o —V EXT T4 NATELY
CTCHEMND > F I 57— g U RERERIS 7
WIEH S NS (Fig.8) LT, »¥7 74
WIAMER D N AT REZ A EEE 5 2 & 2 55T
L7z, 72, ANABGEHD 77 2 F v 7 »—L
BT T AN TEL W THEET 5 & R ORHE
AN 5 2 & B & OCHIRES L o R ik
BEINT T 4 NATHEL Zn TEET 2 ik ffiy
BB EE 5 2 & R ERLL 72, BRI T
TANLKTHE L WTEEET 5 2 L3RR 5
DBIETFTTLL, T T 4N LEREERICEED
0L T2FME2EE, BMOHiRICh %
b, AREBRTIE, Fig. 91k L2 L9 i, B3>
FItx—3a v R wEENC2D ,Eoﬁﬁ
MEENLZERZRLZcm DT T AL »— L DHC
ﬁﬁanm77x%v7/&~v%1@TOAﬂf
KL 72, ZORFETRIFEICFR» 22505, %
BRICICH T 235813 KEDDED EFRICH HIRE
FLE-RENDIm I r—VLEAN, ZEF ¥
N—FRC L TEETIUEFRIZE T 5.

DEDFERED, X774 VATHEREH LW
ZEiE, ANAFHEICIZ N AR, HIVA
TSI B & ORE IR TS AL (S RE IR T e 2
mEXsEAME L CHIATE 5,

EIEH FHEENMETIZLZHILRAEREORL

R oD v D I NE % B 13 REE M I 0 B SCTE RET2 1k
1258 Y 59 (Huang et al. 1990, Debeaujon
and Branchard 1992, Shigeta et al. 1996, Li et
al.1999), FEFRIZBWTHFHBEE (B 1 ml %72
D DEFE) B INVADEIEIC T BT 5 Z a8
MoENTW3, F74%, Z7uyal)=BLOT+ 4
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XIZBW THBEEOREHEIHBEZ N TN 505, %
DfEIFHEIC & > TH7% % (Sopory and Munshi
1996) . 4 F DIFWFIHETH W SN T 2 TR
eI kD 2%/ ml~27 8 /ml & KZED D 5 77,
BEEREEEE DARYI I & 2> The v, REITIE 2 NV 2ATE
BERICH T 2 BEOMR 2 FEHL T, 1 XA DIFH
WIREHEC BT A BIERE LWL 20T 5,

MERBELUFE
EER | HHREEER

P74 2480, 1997 452 2 [\ (7 HIEHE-
9 HHBER, 8 HIFHE - 10 HHEKR), 1999 4Fiz 1
| (8 HIEfE - 9 H#EIR) DFF 3 mISEEL 72,

HINABHEE L v —L B 72 D) 20 ml I [ E
L, EREEZ 18, 30, 60, 120 B L 1r 2401222
L ik THEES 5 BFE(0.9, 1.5, 3, 6,
12%/ml) 12252, &R 35 HEEIC 7 )V 2R & il
L7z (ISR RET R L8, S 5LI2EBEX
DIV % REHERESE CHRISH B L b &, hidh
R bR 2P L /2. 85 1ml 24720 0.9 DX
1997 4F- 8 HICHEREL 10 Hic# 2 IR L 72 59E8kic o
HERT 72,

1 X720 880% 462~1402 %5, 1 X470 21
2503 199~250 TH - 72,

XEE 2 ST HHEER

CX 74 245800, 1999 4Ei2 1[a] (8 H#Ffd-
9 AREIR) FEBRL 72,

Coa— VL o) DR R 60 R EE L e &
40, 10 BEUSmIICZEZ 2 LIk > THEER
SERME (1.5, 6, 12#%/ml) 12252, &R 35 HiRIC
BNV AT & FiAE L7 (DIURIg R s B b & 0
33) 0 S HICKBEX D A )V A % FEHEREFE TR B &
UGS, hRE a2 P14 L 72,

1 X720 #5803 976~1147 %5, 1 X472 21
203 250 TH - 72,

T 7

IR B SR 3 MDA R B L OB = A8 B I 1
B DAERD F—DIEME R L 72D T, BiEx AR E
L5 (AOO), ##ExE%) S (@) TFig 1412
R L7z. FEEESY 0.9 #/ml~ 6 #/ml O#iPH TlZ,
ETOEBRTHBEEME T IS W L 2B BERIR
BL 720 ZHUSH LEEEEDT 6 #5/ml & 12 %/ml
EDMTIE, HEEMMETICL > THINL AR
WL 72356 WA LA s0h Y, 4B
DR T—EDMEIDFED b e b - 72, F UEZ
FH 72 1999 SE D FEAET X & HE =B X 2 X

700 F

%)

600 F

[ w e o
(=1 < (= (=
(=] < < (=]

Rate of callus induction

—_
(=
<

0 L [l 1 ]
0 3 6 9 12
Anther density (anthers/ml)

Fig. 14. Relationship between anther density and the
rate of callus induction (percentage of the
number of calli to that of anthers) in a
Japonica rice cultivar, Kita-ake. In experi-
ments 1-3 (AOO), the number of anthers
was changed in a fixed volume (20ml) of
liquid medium in the 90 X 20mm plastic Petri
dish. In experiment 4 (@), the number of
anthers was fixed to 60 and the liquid vol-
ume in the Petri dish was changed. Time
of seeding and anther inoculation were July
and Sept., 1997, respectively, in experiment
1 (A), Aug. and Oct., 1997, respectively, in
experiment 2 (), Aug. and Sept., 1999,
respectively, in experiment 3 (O), and Aug.
and Sept., 1999, respectively, in experiment

4 (@)

100

90
80t
70}
60 F
50
40t
30t

20

Rate of plant regeneration from calli (%)

< <
T

0 3 6 9 12

Anther density (anthers/ml)
Fig. 15. Relationship between anther density and the
rate of plant regeneration from calli (per-
centage of the number of the calli which
produced green plants to that of total calli).
Symbols are the same as in Fig. 14.
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5k, 3ONEEX(1.5, 6, 12%#/ml) NTXTI
B W UEHREEIX D H )L A TEREEDS HBET X D
% kbl 7z,

MBI (3 0) B L ORI (1
) 12 & - TIHS N7z 7 L 2 Dkt B s b %
Fig. 15 i2/RL 72, ZOKITR LN S L 9o, 58
LR DRI E & kR T LB & oIz 4 |\l
EBEBL 0RO SN L7, T
bbb, VA HEREOFEIEL )V ATIEEIZ 13
LN 1Y, fk A E o bERIC $ O
B89 DI STl - 72,
£ %=
FEAR, Ty ) —, FFLX TR
123 2 F9E E D BAE DS S LTV 5D (Sopory
and Munshi 1996), 4 & TIZ#HEEEREICHT 5 #
BEDOHIGD v, A4 R DT BEREEEROW TR IS
ROENDHHEEI 2%/ml~27 %/ml T, WFIEEIC
Lo TRECRYL 5 T3 (Table10), A (RIE
)13 2001 4E 3 H, 4 ADOHFMEHEIEICHIEEL W
LT\ 3 [EN 25 0 RN FEREEI I i L TR %
ERTTANLICET BT r— PR RN, 17
FEBE 2 & 1015 & 1572 (I0UEE 68%) . Z DFER, 4 A&
BHEBGO/EEIX 1.0%/ml~12.5#%/ml T, #
B ko TG 5 Tnte, SHEBEDOKEEIL, 20
FAEDFIEIRIE S & O )V Z RN O VRSN 12 36
CREBRICHRL, 13D ADRHEE 252 2ER
ICEHDLL LD TH 572,

Fig. 14 134 A DIFBEFFRFRIC BT, A VAT
T 2HBEMELZIILO THEILELZLNTH
%, Fig. 14 12 XU, 55 1ml 24720 A6 &

LT CREEDLTICHE - T v AT RN
L, 6L ETIIEEMRESIZ-ED L7,
Table 10 I27R L 72 4 & D FE#EEFE OB Fe s T
13, I (1992), Daigen et al. (2000) & 2%k
CHBOWFFEE DFEEIZNTNY 6 #F/ml LLETH
D, Fig. 4 OFERR LY AT, ZNH5DW%EICE
WTIEHEELZ T2 Z X2 L > TN ABEED
WmA RS N5, FE ORI BT 5 84%
E3.6%/ml THah, WMENMLTIZL>THILA
TREEDBNA W EETH 5. 72& 214, Fig. 14128
WT 3/ ml2 b 1.5/ mlicHEL2 T IF2L 2D
ANV ATGEEDBEINE, Den & & T2,
EET2.1MHSEL 7

BE 7213 %598 (anther sac) 1IZ13{ER2 5 DR
TRz T 2 H b EFEZ 5NTWS (Sun-
derland and Wicks 1971), Wernicke and Kohlen-
bach (1976) (3 8 /323 D OWAREE M BT 2 iy
RS FEREE /IS BT 5 & ) L BHEICE D -
2B E LT, WEEMRRIC & F 105 BLEW AR
BRI R L CTRHNORESHE 528, B
UVERICTENDMEWEORE 22T I & %
HIFTwb, Tyagi et al. (1979) 13 Datura innoxia
DRI L 2RI BWT, WE5HI &I
Bl WERHLC RIS 5 & IR R A g 1 1AL
THZERFEIL, ZOHAZHEICEENLIHE
WY DT L WSS IER L TR S NS 726d & H 2
72, Cho and Zapata (1990) (4 > T 4 #14 %D/
HFRARIC BWT, NS CTRBRKIZERED 7 /)N
T RICFOIC, ZDFEATZ/NET 2 5REE N
5 H B E D IMCRIKTERED & /N FOFRE L
ET L EHELEL T, LRoWHIMWE D 5\ IZEEW

Zw

Table 10. Anther density in the floating anther culture of rice reported.

Reference Condition of callus induction
A Published No. of Lh€amount of sy density Culture vessel
uthor vear anthers liquid medium (per ml) '
(ml) Size Type
(A) (B) (A/B) (mm X mm)

Tian and Chen 1983 100 5 20 50ml Flask
Ozaki 1986a 20 2 10 ¢30 Plastic Petri dish
Kobayashi et al. 1992 30 4 7.5 $60 Plastic Petri dish
Tsugawa 1992 50 20 2.5 100ml Flask
Sato 1993 80 3~4 20~27 $60 Plastic Petri dish
Ozawa et al. 1999 30 4 7.5 $35X15 Plastic Petri dish
Daigen et al. 2000 50 25 2.0 $90 Petri dish
Guzman and Arias 2000 100 5 20 $50 Petri dish
My conventional method 72 20 3.6 $90X20 Plastic Petri dish

Note: Harada and Oono (1984), Negishi et al. (1987) and Hoshi and Daigen (1999) performed the floating anther culture but anther density

was not described.
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B b i e X LT e vy, Fig 14 iI2B W
TRBEMETICHE S TH NV RIBKRED W L 720
1, WEME T T2 OOMHIWE DL
BEFLZ e —HEFEZ LD,

4 A DFWHIERRD 7 N AR/ EIEIC & -
TRESEEIND Z KRR THL 2 ICE N
B, ED XD WEETREET 5 3 gE0 HISe 4
PRC L > TRL 2, FBOKZIERT LEAZ, &
FEDAT I3 IR I B AR ORI % 17 5 DT,
DB D N ADFES N TSR Y Bz TIREBE
THEET 2 UEIZ W, LrL, FHARDZOR;
BTLRBETELRZIS M InEE, 55
WISAPRHES DR RE D A 7 < CTEIRT b #khs4
Lo nE X Xicid, REBETHEELT
A NATCRER & > B DOEETH B, 4 FDEM
HILIC B s HBEX, CNETIIFE L TEEL
DHEHTHD 6N T E 72, SIRITMEENE & 83840
BEOM 2> 5 MIE L FHE R RD DB NETH b,

VULEoiER LD, A X DRMEHEEEED 7 )V 25
W 6 F/ml LTOMBECREET 5 2 L2k D,
ANATERERZ M L TE B2 PRI N, HIL
A B DR BE DNk bR 3 TR
L2089 23 B S H» T4 < (Fig. 15), 4B O
FeAE & LTI N,

BAE AL RIME L R HREIC L B4
MEBEMELEOML

A 2 DIFWEFEEFR 3BT D FERIEFRIC IRT, 7
WAL TELDIZ LD, HILAD b DRER
bbb 5 VO RETH B, Lizh - T, FiF
REERR D RNE % 1] [ & B 72 O IIREATE b
DEANH N A RUUNIZ L CTERET 200 8\ ) Z &8
FRMETH 5, 4 FOMTHRA N A2 HW2E
Bric &Y, WARELEEZ [ L35 2V ADE:
PRGNSO MER % bS5 7 v 2 oMK B L
T, W Tz (Tsukahara and Hirosawa
1992), EEHbAHRUZ & 57Kk45 2 b L A (Lai and Liu
1988, Higuchi and Maeda 1990, 1991), FZRe#iss
(FhEF - BifH 1974, Inoue and Maeda 1980) & %L
FNHEIZEZL L0Y, WL IV A DR
R & BRI BGE L Tw b 2 2Rl T
5, KREITIE, A ADFERHEEEIC L > THFEIN
T2 A VA B WAREE R 5 FERIFEHICRERE T 5 & &
12, HIVAFIEICATZE L 72 HURES b 2 JE AR ClR R Y
IZBET 5 &) fed TS 7 AL H R R T
SBIcB LI TR EZHL 22T 5,

Liquid medium Agar medium Circled area in B

Fig.16. Calli floating on liquid medium (A) and the
calli transplanted onto agar medium (B, C).
C is a magnified figure of the circled area in
B showing liquid medium attached to the
surface of calli (C).

MHE s LU HE

P& 55 397) 2L T 1999 4 (4 Af%FE- 6 A
FRER) 12 1E, "X 74 #4651 T 2000 4F (5
A - 7 HHER) BXU20014F (4 ARG - 6
H#FEIR) 122 |, F3MmEERL7:.

FEHERESE TIE A )V A 2 WAREE O h A 5 B v
FTOE A TEBRBRED 7 )V 2 BEAEE U2 R Rt L 72
hS, ZDEEHIVADRKMNATA L 72 RS HIE %
D F FREEEMICE S Z 17z (Fig. 16 D B, C).
InieLEry 2y P TCOFAEAD TR NLARE ]
~ 2RO LT B W T L AR O WAREE H %
Beds LT b BESHEEHUICRERE T 5 X & 30T 72 (MR
BB X) ., MR E B LT 5 2o D IEKIE,
¢ 90 mm » ADVANTEC No.2 (RPN
H)5M%E $90mm DT T AL »—LIZAN, FH
I—F 7V —7THHEL TBWZ, 20, WX
7 VA e FEHEREER THGE B & R b & ¢, Mk
o bER % H~I,

1 X720 )0 258003 1999 45 250~253, 2000
AT ATT~478, 2001 25 175~207 TH - 72,

i E

Fig. 17 (27R L 72 & 9 12, MRS & FERE i~
A VA R FRET BIRIC, 7V ZTATHE L 7 s it
WK THRET D &, BEL WSS (BITX) 12
HAThR R Fobas (B) 2591 6 2z m B L 72,
ZOZhRIL 3 4RI BUE NG L 72 3 Mo S 20 L
T—HL TR D LN, TOREZIFFEKRICLD 13 ~
18%Tdh - 72, WARE: MR 2 X 0 K iyt - b 2
(A) B XU L 72 4miihiz 5 o 5 kk i o
HA (B/A) 13, 4RI X ) EATRIC T L
YA EED T S RGA YD H Y, 3HDFEREE
WL T L 2\ s e h - 72,

% =
A A DRGEFHR 2 R R4 72 ) it



BT, 7IVATEER kA E 3D Z DO DY
RICHIRTE B, MR & FERER DB %
W3 720, BHOED S 2D ONEHREZ H
WL T TablellicRL72e COERTHLDPZT L
12, IR JER AR I NT, AL ZARERIR
3D H B DI kR ORESLERIT 0.5 50 %
NUTF L%, Ld > T, 4 FDFHEHIERIC
BWTIZ, kOMEbEEZ N LS9 58550
YA M ORIETH 5,
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Kirara 397,1999.

.

Kita-ake,2000.

Kita-ake,2001.

Rate of plant regeneration from calli (%)
Do
oo

All plants“(A) Green plants (B) (B/A)

Fig. 17. Effect of the removal of liquid medium
attached to the calli before transfer to agar
medium for plant regeneration. Time of
seeding and anther inoculation were April
and June, respectively, in 1999, May and
July, respectively, in 2000 and April and
June, respectively, in 2001. 1) All regener-
ated plants include both green and albino
plants.

[]: Wet callus (conventional method).
M : Callus blotted liquid medium with filter paper.

Tsukahara and Hirosawa (1992) (3#AREHT
WAL 7oA A OFET-HE A V2 % R E T — 2R
HEME ST b BB O bEE I A L, Rk
Hor BRI B2 KT 2 B o &) e & FEER L
720 WEERREMIDY 1 RERI TR 0 <, 3EERILIE
TIFFLREM D& S 1217 - T bEssssm L,
24 B [ AVEL C |3 SEALERL T N C L ER DY 42% 4
WML 72, ZAUSHL AV ADKSEHERIT 1 B
IVELTHALEL X D#y 1/2 ORI EAHE30%) I2£ T
WAL, HEREEDZ N EICEL - T KRG E
BRIZEAGT o 72, WbHI1ZZokRL» S, Tl
BRI X % REIR LB D 18)_E % KRG S BED i
B2 TIEHFICHATE e nEFE 2 o, KERT
132 )V 20T L 72 WARE R 2 8K C 1 ~ 2 BRI
WL 2 721 D AR TR 5 LEE DY 13~18%
L7z (Fig. 17) DT, Z ORI H IV ZDFHE
ZEBLDTHWZ LWL TH DB, L72D T,
ANV ZNATHE L 72 BARIE 2 B2 U 72 2 & 3k fahid
WS bR E A E S # 2 i 5 v, Fig.
16 1R L 512, AINVADBIIC & b 7 > THeg#EE:
M (ER) ICHLAIN AR O EIZ 2 bw
THbB,LL,DREIFTZZDOWKED 2,4-D
DWE 2mg/l) (WAL D2,4-DEE (0.4
mg/l) DE5BHLHBDT, TDIZ &I H.
IR L 720 b Lo\, 2 D ORI A
b2 Sz ) Bb 2 ROt A — X 2 >
BEDMEEL L CHBOMRICESI N2, $72, #il
WA LER 2 1] &% 5 2D 7V 2 & R I
& BRI, Tsukahara and Hirosawa (1992) #%
SEERILL LB Lzoic kL, FHHNEAIT 1 ~
2RI THI TS > 72, WHDEEIEL D KEHDM

Table 11. Comparison of the culture efficiency between the cultures of rice anther with solid medium and those

with liquid medium.

Published Callus induction

Rate of callus?

Rate of plant?
regeneration from

Author . induction . Materials
year medium calli
(%) (%)
. Solid 15 52 Four Japonica cultivars
Ozaki 1986b o . . .
Liquid 72 20 including Nipponbare.
Solid 8 38 .
Tsugawa 1992 o A F, cultivar, K8.
Liquid 154 42
Solid 39 7
Saka et al. 1995 L F; plants from one cross.
Liquid 120 0.3
Solid 24 47
Ozawa et al. 1999 L. F, plants from 6 crosses.
Liquid 100 26

Note: 1) Rate in solid medium = number of anther that produced callus or calli/number of anthers inoculated.
Rate in liquid = total number of calli induced/number of anthers inoculated.
2) Rate = number of the calli which produced green plants/total number of calli.
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b B 50T DKM D 2EOHH % BT 5
DITHEETH 5%, BAKREHLO BRI R 3 TRIR D
B BEFHNI T, —EOEEREL il $Ic gk
MiTE BN THENLHEE L TENLTY S,
AT TG CHELEI NI N A% v —
L O b HEVELIC 3R A TIERBZHUC R L 7275,
Z DB TR ERETESLRED E W 2 )V 2 &SV T
B T E USRI L MEFRICT L5 2 05T
x5, WNADERICEAL T3 "TH - compact - #
PREMR ) DN ZIZZEIED AN LT L gt s
T % (8- FiH 1974, Inoue and Maeda 1980,
Higuchi and Maeda 1990, 1991), £ * D3k 7
NZDEIZBL T, BB 7L 2Lkl % 5
LT, AEnLnizT7T e Tl a{b L=
TWZ ERBIEEE L TSN TS (I
FE), ANZDKE ST L TIZES 2 mm i
DHFREDK X E D )V A DREYHETE S LER D
Z & UNES 1998) PHEI N TS, ZZICHIH
L7z 7 N ZADRSR K E R IZFHLREDE W L 2
R HIRIE & T 505, il 2 DFEDWIE AT
WV, SIERD BB 2 ML T B Iz, v
2 D L KR E A& AR 2 B0 7E &
b, BRLANZEBENT 2 200 HM 7% iige
DETH 5,
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ZDOHANZIZELICHEEL, 2NMoERICBT
53 HHOZ WV ZHIZZNZF1 100 FL72 1) 170
BLO269 ICEL 72,
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HHICIZ0.1~0.4mm D/HS L O NADETH->
7275, 21 HHIZIZEZA NV ZAD 60%% 0.5~0.9 mm
BLU1.0~1.9mm DA LZdde, 35 HHIZIE
0.1~0.4mm D/NE 77 )V 2034k 30.1%, 0.5
~0.9mm DAL A1 25.3%, B D 44.6%5° 1
mm P ED AN A TH 72 (Fig. 19),

2) TEMRESEN L R ORSHARIFEE

Table 12 I2 TERFEIE 7 )L 2 DB AR D &5 %

250 F

200 f

150

100 |

Number of callus per 100 anthers

50 F

0 7 14 21 28 35
Days after the anther inoculation (days)

Fig. 18. Increase in the number of calli after the
anther inoculation on liquid medium.

-@- : Number of calli scored in a standard anther cul-
ture (st experiment in May 2002).

-O- : Total number of calli estimated from the number
of calli of pollen-origin and that of the division-
origin during callus culture (2nd experiment in
July 1999).

IR 72, AERHRIR Z L 21335 E R ORI 7 B
134 T AT, T ~14 H DM R #3557
¥l b 5B A N AH AL 72, 2N E 100 F2L7z Y
CHET A L 5O AN AR ENTZ LICh
5, % D14 35 HH  ToMMIcamHE 100 #4720 12
L T 23~35 D H )W ZDFRGHNC TR E N7z § 7%
bbb, TERFRIE 7 L 2 (3 EEERA 08 2 8 H iz Jsk
Lisd, = Dtk b 7212 564 L € 35 HEO#RE
T 100 #2472 DI Hasr L T 93 I E L 72,

100

80

60

40

20

Percentage of calli classified by size

14 21 28 35
Days after the anther inoculation

Fig. 19. Increase in the size of calli after the anther
inoculation on liquid medium.

Diameter of calli
D: 3.0~ mm
2.0~2.9 mm

: 1.0~1.9 mm

E: 0.5~0.9 mm
.: 0.1~0.4 mm

Table 12. The number of calli induced from pollen
grains at different period after the start of
anther culture on liquid medium.

Number of pollen-

Period originated calli ~ Calculated number of ¥
(Days after  induced in each  pollen-originated calli
inoculation)  period from 557 per 100 anthers

anthers inoculated
0~ 7 0 0+ 0.0
7T~14 25 5+ 0.9

14~21 128 23+ 5.5

21~28 197 35+ 9.7

28~35 169 30+ 6.3

Total 519 93+22.4

Note: A Japonica rice cultivar, kita-ake was used.
Time of seeding and anther inoculation were July and
Sept., respectively, in 1999.
1) The values are means = S. E. (n=95).
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&ﬁ’o 720
4) BR#E3BBBICEITHILRAEEFERREN
IWZADEIE

Table 12 3 & Uf Table 13 Dl % F v T i 1%
35 H H (BEAEREFREHC B W T AV R & MAEREHIC R
3T 5H) 12BNV EEFDHPIC D B 45E
I 2 V2 DEVE &R HEE L 72,

WK% 7~14 HH, 14~21 HH, 21~28 HH,

Table 13 IR L 72, ZOFKIC L 1UE, WHAE HLTH 28~35 H H ORI IEEL & 1L 72 fEk I 0> 100 %5
MEEFEI N A VA iﬁ&\‘i’ﬂl,“(l M2 1.6 BN AN 2ZFEZENTN X, X, Xs X, &L,
£, 2BRIf2ICIE 2.8 65, 3:EMEICIZ 4.84F5 4 N 3B HHEHICBIT 2MmMEL2 2N ZENY,
6
A ¢ B C
5F * - o -
—~ ® ®
\g/ 4 - - [ [ J o
_3 . ° s °
i 3r . i ] i
Gy [ J
5 . s
.QE:!) 2 r I s i . z
£ e o o o 2 '
[ ]
LT i * e °* [ e e "' -
[ J
) B A | AU B
0 7 14 21 28 35 0 7 14 21 28 35 0 7 14 21 28 35
Days of the callus culture

Fig. 20.

The size and number of calli increased by the division of a single callus cultured on liquid medium. Three
representative examples of the callus division are shown.

A single callus increased to 2 calli in A within

28 days of the callus culture, to 8 calli in B and to 23 calli in C, respectively.

Table 13. The increased ratio of number of calli increased by their division after the single callus culture

on liquid medium.

The increased ratio to the original number

Size of callus  No. of calli
tran(igﬁ)nted transplanted Days after the start of callus transplantation
0 14 21 28
0.1~0.4 18 1.0+0.0 1.4%0.1 2.2+0.3 3.7£0.7 6.6L1.6
0.5~0.9 18 1.0+0.0 1.7£0.2 3.4%+0.6 59+1.1 9.0£1.3
Total 36V 1.0+0.0 1.6+0.1 2.83+0.3 4.83%0.7 7.3x1.0

Note: A Japonica rice cultivar, kita-ake was used. Time of seeding and anther inoculation were July and Sept., respectively, in 1999. The

values are means += S.E.

1) Thirty six calli were arbitrarily chosen out of the calli formed for 7 days from 14 th. to 21 st. after anther inoculation.
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Summary

Since the 1980’s, anther culture has been used as a technique in rice breeding, and over 25 cultivars and

lines from anther culture have been developed in Japan.

However, the efficiency of anther culture in Japan

is extremely low. In this study, the effects of the developmental stage of pollen, culture temperature,

aeration of culture vessels, anther density and callus dehydration on the efficiency of anther culture were

examined, and the actual state of callus proliferation in floating anther culture was analyzed.
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1.

8.

Four Japonica rice cultivars, Kita-ake, Kirara 397, Yukihikari and Aya were used in this study. Rice
plants with only the main culms were densely planted in pots, and the anthers with mid- to late-uninucleate
pollen grains were collected from a restricted position of the ear. The anthers were cultured by a
three-step method; callus induction in liquid medium for 35 days, callus proliferation on agar medium for
7 days and plant regeneration on agar medium for 60 days. Anthers and calli were incubated in a growth
chamber at 25°C under 12hr light at 3,000 1x.

Mid-uninucleate pollen grains were induced to calli at the highest frequency and followed by the
late-uninucleate pollen grains. The mid-uninucleate microspores can be identified by the presence of
double membranes, exine and intine, and by the location of the nucleus in the center of pollen cells filled
with dense cytoplasm under a microscope. The late-uninucleate microspores can be identified by the
presence of one large vacuole occupying most of the cell, and by the nucleus located outside of the vacuole.
Anthers at the mid to late uninucleate stages could be selected with an efficiency of 81~88% by using a
combination of two indexes; one is the glume length longer than 5.3mm and the other is the ratio of the
length of the stamen to that of glume less than 0.42.

The rate of callus induction was increased 1.2~1.9 times by culturing the anthers at 30°C/20°C (12L :12D)
compared with the culture at 25/25°C. In addition, the rate of albino in the plants regenerated from the
calli was decreased by culture at 30/20C compared culture at 25/25°C. The rate of green plant regenera-
tion from calli cultured at 30/20°C during the regeneration period was 1.1~1.4 times of that cultured at
25/25°C. The rates of callus induction, green-plant regeneration from calli and green-plant regeneration
per anther when cultured at 30/20°C throughout the period from anther inoculation to plant regeneration
were 1.6, 1.4 and 2.4times, respectively, of those when cultured at 25/25C.

The rate of callus induction was 1.6~3.8 times when an unsealed culture vessel was used during the
callus induction period. The rate of green-plant regeneration from calli was 1.1~1.3 times by using an
unsealed culture vessel during the callus proliferation and plant regeneration.

The rate of callus induction was increased by reducing the density of anthers in the range of anther
density from 0.9 to 6 anthers/ml. The rate of callus induction was increased 1.2~2.1 times by reducing
the density from 3 to 1.5 anthers/ml.

The rate of green-plant regeneration from calli was increased 1.4~1.7 times by blotting the liquid
medium attached to the calli with filter paper for a few seconds before transfer to agar medium for plant
regeneration.

Two types of calli, one was derived from pollen and the other was from the division of pollen-originated
callus, were observed in the floating anther culture. The division-originated calli were estimated to
comprise 46.79% of the total calli at 35 days after the start of culture. The genotype of division-originated
calli may be the same as that of the original calli, but this must be verified in the future.

Thus, the anther culture techniques used in this study should be useful for both breeders and researchers.



