EIEk 29(3) 232 ~ 241(1984)

KJCS 29(3) 232 ~241(1984)

KIE EEMEAE I8 EHHER BE X MEeRHl B

¥ X 88

k &

Development of Anther and Cell Culture Techniques
for Enhancement of Rice Productivity "

Mun Hue Heu - Young-am Chae*

ABSTRACT

A series of experiments were carried out to know the effects of pollen stage, cold shock temperature and

duration, and media for callus and green plant induction in rice anther culture. The results indicated that:

(a) uninucleate stage of pollen was the most suitable stage for effective callus induction, (b) cold shock tem-

perature of 8°C and 12°C was appeared to be proper temperature for callus induction, (¢) callus induction rate
was increased in the eight to 12 days long cold storage, (d) the medium N6 was better than that of N6D for
callus induction, (e) green plant induction was better in both 4°C and 8°C than that of 12°C cold
shock, (f) green plant frequency was higher in eight to 12 days long cold storage and (g) green plant frequency
was doubled in the MS medium when compared with N6 medium.
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Table 1. Relationship between auricle distance and
callus induction after 45days incubation.

Auricle Variety Anthers Callus induced
distance platedMNo) (No.) (%)
2—4cm TCP 156 46 0 0.0
(tetrad) T 1668 37 0 0.0
Minehikari 184 9 4.9
Kumkang 61 2 33
Sinkwang - - -
Sum 328 11
Average 3.3
5—8 c¢m TCP 156 517 57 11.0
(early—mid T 1668 929 120 129
uninucleate)Minehikari 457 77 16.8
Kumkang 13 4 308
Sinkwang - - -
Sum 1,916 258
Average 13.5
9—10ecm TCP 156 689 61 8.9
(late uninu-T 1668 332 35 105
cleate) Minehikari 483 70 145
Kumkang 63 8 12.7
Sinkwang 296 19 7.1
Sum 1,836 193
Average 105
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Table 2. Degree of callus inducation at different position of anthers within the same panicle.

Top Middle Bottom
Variety Anthers  ays induction | ABHhers  Callug induction | ARPerS Gallus induction
plated plated plated
(NO) (NO) (%) (No.) (No.) (%) (NO) (NO) (%)
TCP 156 121 31 25.6 57 13 22.8 46 1 2.2
(164) 4 (24) | (236) (29) (123 €0) 0) €0
Minehikari 232 43 185 195 29 14.9 30 5 16.7
(220) (19 (86) | (186) (42) (226) orn M (1.1
T 1668 323 52 16.1 347 45 13.0 259 23 8.9
(120 (8 (67) | (122) (10  (8m (90) N (7.8)
TCP 156 190 35 184 212 20 9.4 115 2 1.7
(265) a3 (49) | (303 (35) (116 | (121) (13 o
Sum 866 161 811 107 450 31
(769) (44> (847) (116> (288) (29)
Average 186 132 6.9
(5.7 (13.n (10)

* Figures without and with parenthesis indicate that anthers were taken from the panicle with
auricle distance of 5—8cm long and 9—10cm, respectively.

A ok Aol urgalsi= Aol 9~10cm <l
Aol F¥9 st kg AAE Aol FoE
¢ 4 Atk

2. EBIRER callus FRiE
A2 7t callus 719 elx& G HELS
iz vtEhd el E 3oith EollA Hiutet 2

Table 3. Effects of cold shock for callus induction.

. Anthers Callus induced
Temperature Variety platedNo.) (No.) (%)
4°C T 1668 1,654 703 42.5
TCP 156 1,397 339 24.3
Taipei 309 1,793 690 38.5
Nongback 696 76 109
Average 1,385 452 32.6
8°C T 1668 1,724 538 31.2
TCP 156 962 383 39.8
Taipei 309 681 282 414
Nongback 436 7 1.6
Average 951 303 31.8
12°C T 1668 728 217 298
TCP 156 532 243 45.7
Taipei 309 653 396 60.6
Nongback 197 32 16.2
Average 528 222 42.0
Control T 1668 489 101 206
(plated right TCP 156 639 93 14.6
after sampled)Taipei 309 269 49 18.2
Nongback 394 22 5.6
Average 448 66 148

of AA AR & w T2 e]F(control)d callus #
480l 14.8%A4 wlste] AedelE & A 24
o4 callus ¥ &0l E4SS & F Uk €= A
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of Aiks 10~137C HHANA callus dAHof 4
ot 8H& Chen(1980), Genovesi and Magill(1973)
Zhou and Cheng(1981)3 -2 7 8Fo|™ Chaleff S
(1975, 1981), Zapata 5(1982, 1983) ¥ Zhao(1980
£ 6~BCNA 2388 calus F4e] FT3Htzn
steled 99 A3z Helx 4~8°CAA AT
(controDell ¥ 2~3W A= 2 & E& by
2 ol AE ERe wat e vee + e
4T Uk F 394 Bol & 4 R e 2%
ZAoleta steete FFol Wt callus A A
ol 7t &2 & & Utk HI= T 16682 4°Col A
A Y %2 TCP156-2 8°Col A Taipei 309+ 12
CoAl A 2elz w9 g 5o vdle Lk
callus A &of Welxl 12°Coll A vima &4
EF it ot

e A eE A/E zaN Fm G4
st UEHE Aolnz ol R thA X A2
HE2 JEhd Aol T 45 2 6otk HA X 49 A
B4 T1668-2 4°CE Aelslgd-e W 88Uz AA3t
Aot 8% = MY wdol £33 b0l 124 A
3% Aot TCP156e 124U &8 3% 342
%=z A wda Taipei309% 12¢ AT A
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Table 4. Effects of cold shok duration for callus
induction at 4°C.

Table 6. Effects of cold shock duration for callus
induction at 12°C.

Variety Cczilgrzili?rf{ Anthers Callus induced
(days) platedMo.) (No.) (%)
T 1668 4 346 92 26.6
8 172 117 68.0
12 452 167 37.0
TCP 156 4 874 191 21.9
8 485 135 278
12 38 13 34.2
Taipei 309 4 440 54 123
8 368 134 36.4
12 506 271 54.7
15 479 225 470
Nongback 4 320 38 119
8 52 4 7.1
12 324 34 105
Control T 1668 489 101 20.6
(Plated right TCP 156 639 93 146
after Taipei 309 269 49 182
sampled) Nongback 394 22 5.6

Table 5. Effects of cold shock duration for
callus induction at 8°C.

Cold shock Anthers

Callus induced

Variet duration 1
Y me” Wy ey
T 1668 4 792 98 12.4
8 586 273 46.6
12 346 167 48.3
TCP 156 4 137 13 9.5
8 825 370 449
12 - - -
Taipet 309 4 - - -
8 280 96 343
12 401 186 46.4
Nongback 4 131 6 4.6
8 107 1 09
12 198 0 0.0
Control T 1668 489 101 206
(plated TCP 156 639 93 14.6
right after Taipei 309 269 49 182
pampled)  Nongback 394 22 5.6

54T%= callus 4ol dZ3tsdom 4dol} 84
A ARt 154z AAT 9 4T%BE Y
o g FAHFETG 2F S ARE ngo}
A7)zl BE g & olrh viEhbA ghgtel

E 594 B T1668-& 8°CE AMelelde A%
8ot 1249 B¢ ALY A7 4L 46.6%

old shock  Anthers :
Variety Cd\;iration plated Callus induced

(days) (No.) No) (%)
T 1668 4 115 21 183
8 259 91 35.1
12 300 71 23.7
TCP 156 4 312 106 34.0
8 137 100 73.0
12 83 37 44.6

Taipei 309 4 - - -
8 195 62 318
12 458 334 72.9
Nongback 4 88 19 21.6
8 109 13 2.8

12 - - -
Control T 1668 489 101 20.6
(plated TCP 156 639 93 14.6
right after Taipei 309 269 49 18.2
sampled) Nongback 394 22 5.6

B3%2 447 AT 124% 8t 4538 {30
stk TCP 1562 8Uz AR 427 94 call-
us B4 &ol =9k Taipei 3095 8U3 12¢3
AT A w2 calusyt §718deh e 03
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AAslAS W AAol F3IH o FHe 49
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o] A whel 23518 Fa= Ak

Ao AAR Ho} callusHrle &5, FFo wet
oj gdAqk Az 8~12dzte] A4
2 AAE Adg F UT Ao = Azt

oo g

rﬂ\L

7} 2ol

3. BrtpfE%E callus FomkizE
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A glo] N6 Ao A callus §718° ¥drh
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Table 7. Effects of media for callus induction at different temperature.

. Cold shock temperature Average

Variety Media c e 7 o
T 1668 N6 491% (399./812)* 360% (307./852) | 352%  (86./244) 415
N6D 36.1% (304,/842)} 265% (231./872) | 226%  (97./430) 29.5
TCP 156 N6 305% (207679 | 455% (197.7433) | 478% (121./253) 388
N6D 184% (132/718) | 352% (186./529) | 437% (122/279) 28.8
Taipet 309 N6 446% (367.7823)( 57.1% (206./361) | 668% (221./331) 524
N6D 333% (323/970)| 238% (76,/320) | 54.3% (175/322) 35.6
Nongback N6 11.4% (38/341)| 24% (57207 | 173% (1971100 9.4
Né6D 107% (38/355) ) 09% (2/229) | 149%  (13/ 8T 7.9

* Upper and lower figures indicate the callused anthers and plated anther numbers, respectively.

ol e Edx 94 N6 w27 N6D ¥ 2 2thca
llus f-71l EoAHoldle= T 16682 -9 MS ¥l A
& A4ede A9 callus FA&0l 36.2%(8%CA
A 8Yx AR el FEE YAtk

4. EBREO HEAE HIRE

Aexelst SAH 5ol B d¥FE 2529
342 e Aol X 8olth Tl ne A
Aoz Hol 4°Cv 8°C= Hald AL =44 29
u]gof E3re™ controloll ¥)sted 3~4¥f A
37t ZA Vetgtth Hu $(1978)-2 10°Co A Za-
pata 5(1982, 1983)2 8C=® =¥ A+ =44
28go Egvty Buste] 9o A=A e AF

de ¢ & Urh ey e X HE & AL
2t F5o web qbgof €8 vehvx ek 4C
oAl TCP1562 685%= AL UL 8CAHAE=
TCP 156 3 Taipei 3097} &2 556%4 589%=
Egon 12CoN A+ TCP1569 504%= AY =
gtth, whEbA genotypesell whel ubg& %
& 4 glo] genotypesH 2 HALTE  ZASIe o
T AHolA 8°C A=™ FEI 8ls Aoz Erh
HAAN Eder 250 AW ez v £E7L
Folztol mek 5718 Agg Rolx glth 4°Cs
8CAA+E A4 3o Y44 2dgr 24
oA Wtoul 12°CollAE 22 vgR JESE
& 4 9tk Zapata 5(1983)% 14°CE A A%

HEe

Table 8. Effects of cold shock for green plant induction.

. Calluses Green plants Albino
Temperature  Varlety  ped(No)  “(Noo) @ Moo @
4°C T 1668 262 52 199 35 134
TCP 156 92 63 685 13 141
Taipei 309 410 189 46.1 69 16.8
Nongback 29 4 138 4 138
Average 198 77 389 30 153
8°C T 1668 156 31 199 24 154
TCP 156 144 80 55.6 51 35.4
Taipei 309 90 53 589 7 7.8
Nongback 3 3 100.0 0 0.0
Average 98 42 42.6 21 20.9
12°C T 1668 169 15 8.9 56 331
TCP 156 125 63 504 35 28.0
Taipei 309 126 39 31.0 32 25.4
Nongback 18 3 16.7 0 0.0
Average 110 30 27.3 31 28.0
Control T 1668 33 0 0.0 6 18.2
(plated right TCP 156 51 8 15.7 4 7.8
after sampled)  Taipei 309 19 4 21.1 7 36.8
Nongback 17 0 0.0 0 0.0
Average 30 3 10.0 4 14.1
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Table 9. Effects of cold shock duration for green plant induction at 4°C.

Variety Cold _shock Calluses Green plants Albino
duration(days) plated (No.) (No.) (%) (No.)

T 1668 4 38 1 2.6 0

8 24 3 125 2

. 12 81 19 235 15

TCP 156 4 25 36 144.0 8

: 8 59 20 339 3

12 8 7 87.5 2

Taipei 309 4 11 11 100.0 8

8 68 26 382 12

12 168 69 41.1 19

15 163 33 509 30

Nongback 4 14 0 0.0 1

8 3 2 66.7 1

12 12 2 16.7 2

Control T 1668 33 0 0.0 6

(plated right TCP 156 51 8 15.7 4

after sampled) Taipei 309 19 4 21.1 7

Nongback 17 0 0.0 0

Table 10. Effects of cold shock duration for green plant induction at 8°C.

Variety Co!d shock Calluses Green plants Albino
duration (days) plated (No.) (No.) (%) (No.)

T 1668 4 2 2 1000 0

8 108 20 185 13

12 46 9 19.6 11

TCP 156 4 9 27 3000 9

8 135 53 393 42

12 - - - -

Taipei 309 4 - - - -

8 37 18 48.7 2

) 12 53 35 66.4 5

Nongback 4 3 3 1000 0

8 — — — _—

12 - - — -

Control T 1668 33 0 0.0 6

(plated right TCP 156 51 8 15.7 4

after sampled) Taipei 309 19 4 21.1 7

Nongback 17 0 00 0

45 A7 Ags ot WA 2P &0l ®
gtttz sted 99} e HYYS ¢ 5 Utk

9o AFdre 5 Y ze 288X g3 Tt
o ety Adelng o|Ag tA &5 A2 Ad
2 el Ao F 9,10 ¥ 11eich 4" F 99l
A Ba T16682 1247 Aeld A7 $de
TCP156-2 8 730l #A ¢lo] $& &S v&
wWadch Taipei 309+ A& callus % 38 ot
W gdellA 15U7A mE HHA YAHeo EUL

Saje 8zt AeEjolA E3hgol wA VEINE X
10914 29 T 1668-2 A AT callus & 8l dld
8d3 129 AT AL 545 2d&0 w2
Aoz AZHIL TCP156E 8¢ AE §2 He
2 AR Taipei 3095 84 12UA %o
Uo12d M A 40 E3hge] vt Y
8 AL A% 2doz AAE AHEA YET X
11014 ¥ T1668-¢ 12°CAM 84z A& A
27 =AA Halgo AL wYL TCP1562 44
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Table 11. Effects of cold shock duration for green plant induction at 12°C.

Variety Cold shock Calluses Green plants Albino
duration (days) plated (No.) (No.) (%) (No.)

T 1668 4 31 1 3.2 2

8 31 6 194 0

12 102 8 7.8 5

TCP 156 4 61 53 86.9 25

8 49 10 20.4 8

12 25 0 0.0 0

Taipei 309 4 - - - -

8 14 2 143 1

12 112 37 33.0 31

Nongback 4 12 1 8.3 0

8 6 2 333 0

12 - - - -

Control T 1668 33 0 00 6

.plated right TCP 156 51 8 15.7 4

after sampled) Taipei 309 19 4 211 7

Nongback 17 0 0.0 0

AAe A 86.9%%2 84Uz 204%8T 49 o

e H8E BAvh Taipei 309+ 12°CoA 12
Uz AR AL Bga BHLe 8dz AR A
=z 3o 4 =k

el Az ol gz 8dlA 12Uz AT
AS B4R £ Fo A Bolx vt FF,
5o wel oS Holx gttt # AYe AA:
ol M7 B3F Chaleff 5(1975. 1981), Genovesi
9} Magill (1979), Hu 5(1978), Zapata (1982,
1983), Zhao(1980), Zhou$}t Chang(1981) 5 #A
¢} e 7AgFoln genotypesoll wheh A 2xet

178 AR F Aoz ARt

5. #Eip 9l KRRl Rk E

W oF W2 FRoll what AR EWLA 0|7t
dE AE L7 fste] N6 W=k Az MS WiAE
Agste] A@d Ade F 129 ok FellA 2
EFFouk exAelel RA o] HH4A WaEe A
B MS A7 N6 wixect gifd 249 oj4e &
£ ZHE b ok Folv vERA #3te
U oz A Azl B Ao 94 N6 A Lrhs
M MS Aol A =42 EH&ol Esrh

Table 12. Effects of media for green plant induction at different temperature.

Variety Media P Cold shock 8te°xcnperature — Asze%a)ge
T 1668 N 6 126% (177135Y 11.8% (9./76) 63% (5./80) 10.7
MS 276% (35/127) 275% (22./80) 11.2% (1089 22.6
TCP 156 N6 640% (32/50) 39.2% (29/74) 164% (11./67) 37.7
MS 738% (31/42) 729% (51./70) 765% (52./68) 74.4
Taipei 309 N6 393% (81.7206) | 533% (24/45) 242% (15/62) 38.3
MS 529% (108.7204) | 644% (29/45) 375% (24/64) 514
Nongback N6 6.7% (1/15) - 200% (/710 120
MS 21.4% (3/14) |1000% (3/3) 125% (1.8 28.0

* Upper and lower figures indicate green plant and plated callus numbers, respectively.
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Anther Culture

Fig. 2. Regenerated plant from F; hybrid anther
culture.

% Asshe Anthe Tl 4T F AEA
of dakshe Aol A&Aq e A 23
13 2+ SABYAS(V2Ad $X1309 2F 60
o A Tl Ade F ARAE gt o
L Ao o AFgAE ¥ 2 e Az
9ol A AN §F AL T, HEA
oful F2 B RF el Bt Aol F&O
XL Aoz A

KiE #EEAE °% x0|71 4389 callus #7]

o #udl hFHol Fgsle o) RHRME, TH
o EiRmEe} 7 &1 el dgel HE AR e
AYe Fstdon ojolq dojzl ANE o oke

o b3 ok
BB oA callus 7180 3o of

e A2 EHMES 5~8cmd SAFHY 3
o whet abef b qdrh

2. 014 A, &, = Uro AT A3 do|
Aol 5~B8em2l AL AR F Aol @ sle)
Al Aoz Ueds 9~10cm A5 AL F
Ko stR ol FA sl HPFEe Aem JEY
},

3 dutd oz ALAe= 8°CAAM 12°C7t callus

ool dge FAew vEEoh a2Eu 2xd W
&g 5o met ato| 7 glel 4°CAA callus &
7 }%_}%l A= Ik

AL AErzte ditdos 8§~12¢ HEolA

callus f-717} & =ldleov 57 o7 gth

5 % Ayl e N6D Wixlnct N6 wi=x|ol A
callus f7]&°l wstrh

6 Az 44 &2dge 4°Co 8Ce HHUF
Ael 12°C AL wgdvh 2 F5 3 Aol
Ak

7. HAX 28 £ FAE FUAR L5 A7
e HAls 8~129 = ek

8 £ AfdA =244 2982 N6 wixrc} 7
@ MS WixolA 29 Hx ESkoh

5l A X ™

1. Blaydes, D. F.(1966) Interaction of kinetin and

various inhibitors in the growth of soybean

— 240 —



10.

11.

12.

. Guha-Mukherjee,

tissue. Physiol. Plant. 19:748-753.

. Chaleff, R. S., Hill, S. R,, and J. M. Dunwell

(1975) Rice anther culture, John Innes Annu.
Rept. pp64-66.

. Chaleff, R. S. and A. Stolarz(1981) Factors

influencing the frequency of callus formation
among cultivated rice anthers. Physiol. Plant.
51:201-206.

. Chen, C. C.(1977) In vitro development of

plants from microspores of rice. In Vitro 13(8):
484-489.

. Chen, Y., Lu,D. Y., Li, S. Y., Zuo,W.X,, and

S. W. Zheng(1980) Studies on the effects of
cold pretreatment on rice anther and isolated
pollen culture in vitro. Annu. Rept. Inst. Genet.
Acad. Sinica. pp.79-81.

. Chuy, C. C.(1978) The N6 medium and applica-

tion to anther culture of cereal crops. Plant
Tissue Culture pp.43-50. Pitman Adv. Pub.

. Genovesi, A. D. and C. W. Magill(1979) Im-

proved rate of callus and green plant produc-
tion from rice anther culture following cold
shock. Crop. Sci. 19:662-664.

S.(1973) Genotypic differ-
ences in the in vitro formation of embryoids
from rice pollen. J. Exp. Bot. 24:139-144.

. Hu, C., Huang, S. C.,, Ho, C. P, Liang, H. C,,

Huang, C. C., and L. P. Peng(1978) On the
inductive conditions of rice pollen plantlets
in anther culture. Proced. Symp. Plant Tissue
Culture, pp-87-95.
Liang, C. L., Chou, Y. H. and C. M. Chen(1978)
A study of submicroscopic structure and

Beijing. Science Press.

metabolic blocks in the albino plants of rice.
pp.161-166
Culture. Science Press, Beijing.

Liang, J. C., Pen, C. L., Chien, H. L. and S. T.
Hsin(1982) Medium evaluation for rice anther
culture. pp.551-552 in Proced. 5th. Intl. Cong.
Plant Tissue and Cell Culture, Tokyo.

Miller, C. 0.(1963) Kinetin and kinetindike

compounds. In Moderne methoden der Phlan-

in Proced. Symp. Plant Tissue

zenanalyse. (ed. Peach, K. and M. V. Tacey).
pp. 194-202. Springerverlag. Vol. VL.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23,

— 241 —

Murashige, T. and F. Skoog(1962) A revised
medium for rapid growth and bioassays with
tobacco tissue culture. Physiol. Plant. 15:473-
497.

Niizeki, H. and K. Oono(1968) Induction of
haploid rice plant from anther culture. Proced.
Jpn. Acad. 44:554-557.

Oono, K.(1975) Production of haploid plants
of rice by anther culture and their use in breed-
ing. Bull. Natl. Inst. Agri. Sci. 26D:139-222.
Schaeffer, G. W.(1982) Recovery of heritable
variability in anther-derived doubled-haploid
rice. Crop. Sci. 22(6):1160-1164.

Shen, J. H,, Li, M. F,, Chen, Y. Q.,and Z. H.
Zhang(1983) Improving rice by anther culture.
pp. 183-205 in cell and tissue culture techni-
ques for cereal crop. improvement. Science
press, Beijing.

Sun, C. S.(1978) Androgenesis of cereal crops.
pp.117-123 in Proced. Symp. Plant tissue
culture. Science Press, Beijing.

Wang, C. C, Sun, C. S,, Chu, C. C,, and S. C.
Wu.(1978) Studies on the albino pollen plant-
lets of rice. pp. 149-160 in Proced. Symp. Plant
tissue culture. Science Press, Beijing.

Zapata, F. J., Torrizo, L. B., Romero, R. O,,
and M. S. Alejar(1982) Androgenesis in Oriza
sativa. pp.531-532 in Proc. 5th. Intl. Cong.
Plant tissue and cell culture, Tokyo.

Zapata, F. J., Khush, G. S., Crill, J. P., Neu,
M. H., Romero, O., Torrizo, L. B., and M.
Alejar(1983) Rice anther culture at IRRI.
pp.2746 in cell and tissue culture techniques
for cereal crop improvement. Science Press,
Beijing.

Zhao, C. Z.(1980) Effects of low temperature
on induction and differentiation of callus in
rice anther cultﬁre, P13 in Cell and tissue
culture techniques for cereal improvement.
Science Press, Beijing.

Zhou, X. T. and Q. L. Cheng(1981) The cold-
pretreatment effects on the rate of pollen
induced plant of Hsin rice. J. Fujian Agri.
College:25-32.



