Journal of Life Science 2006 Vol. 16. No. 3. 527~533

©JLs

o

AFUgE AEALSG s 873008
Received March 23, 2006 /Accepted April 18, 2006

Improvement of Cultural Efficiency Using DNA Markers in Anther and Seed Culture of Rice.
Kyung-Min Kim*. Department of Environmental Horticulture, Sangju National University, Sangju, Kyungbuk,
742-711, Korea — The purpose of this study is to improve the culturability of a indica type rice cultivar,
IR 36, using DNA marker associated with the ability of plant regeneration in anther and seed culture.
The varietal difference of ability of callus formation and plant regeneration was investigated in anther
and seed culture of 8 rice cultivars. Three japonica rice cultivars showed to have better culturability
than those of tongil and indica type genotypes. But two indica/japonica lines, 'MGRI 079" and "MGRI
036", which were selected to have good culturability in previous study showed the highest regener-
ability (20%) in anther culture of 8 rice cultivars. Thirty four BCoFy lines were selected by marker
screening using RZ400 for 100 BCoF, lines derived from a cross ‘"MGRI 079/IR 36, The frequency
of callus formation of 30 BC,Fy lines was higher than those of ‘IR 36" in anther culture of the selected
BC:F, lines. The ability of plant regeneration of 15 lines was higher than that of ‘IR 36’ in the seed
culture of 34 BC:F lines. A promising line, BC:F,-28, was selected to have better culturability in the
anther and seed culture of the BC:F4 lines. The heading date and grain shape of the BCoF4-28 was
similar to ‘IR 36". In seed culture of 50 BCsF; lines derived from a rice cross "MGRI 079/1R 36, 11
lines including BC4F3-3 showed to have higher regenerability compared with ‘IR 36". The highest fre-
quency of plant regeneration (11%) was obtained from BCyFs-46 in seed culture of the BCiF; lines.
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AR AETA) 30:15 cme] YLD 37 18
A Az AR e L] AFo 74 A5 E2 DNAE
A8l Kwond} Shon[6] 2 Kwon F[9]o] Awutat RFLP
marker (RZ400) £4-8 423}, DNA markerol] ¢J3) 41t
gAY % dulE ATHE WSttt 'MGRI 036/IR
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Southern hybridization 24

Southern ¥4-8& $18)A 3 1g2] genomic DNAE EcoR I
(Takara) .2 digestion 2] %+ ¥ 0.8%9] agarose gel ol A
37 Vo Aoz 16~19A1F A71%9 %S 39 nylon mem-
brane (Hybond-N*, Amersham)o] transfer 3}%t}. Probe A
A& RZ 4008 5&XEH sHHedriedoz iy By
o} marker2 ¢# 7 FE7H8 PCRE ZE3 5§ probed A}
£38}%t}. Prehybridization® prehybridization§) (5xSSC,
5xDenhardt’s solution, 0.1% SDS, 50 mM Na-Pi (pH 6.5),
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2C &AM 2417+ 29} incubationdts] a-P-dCIPE label-
ingd ¥ hybridizationd}93t}. Hybridizationo] #4 mem-
brane& Xeray filme] 43 F 70C, 347 =EAA vh

4§ eg s
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el 9sa FANGe A28 Y] Astel 2
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o1, sucrose} gelrite =7} A2 AN 9} FYstx
5 mg/ ¢ kinetin®} 1 mg/ ¢ NAAZ} 79 Ne- Y18 2] o A
A2z 5H AEHAE AL A
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GenotypeZt 2858 Hlw

EFEU HEA AL 7YE vy 9std Ax Y7}
Y 3FF(VEY, G5, YR, BUE4EZ 2 A
E(2Y235, ‘4739, 'MGRI 079, ‘“MGRI 036')3} 1t}
Y IR 36'9] o7t An S wjYstn F5EE Aex A
3 AEA AR} F2AEH HTable 1).

I A3 AXYFE] FEFoY AYItE Ho R
Aex A EOIU AEA Eg&e] w4 vehgon, AX
Uztd Bio RulYol N 7lEH'e AEA AE 3o
85%% 713 &A Jebdth Kwondt Sohn[6]el £}3) MGRI
164715 FolA kit G 80| 2 AFo2 Mutg ‘MGRI
036’7 ‘MGRI 079'¢] rujakoll ] ZAlg AE3 E38L
7t7t 198% 9 19.9% 2 FAEFE FAM M3 =4 delge
o, el g ME 2L Ao

Table 1. Genotypic difference of callus formation and plant regeneration in anther and seed culture of rice

Anther culture

Seed culture

Callus weight

Cultivars No. of anthers % of anthers % of plant No. of seeds % of seeds % of plant
. . . . per a seed .
inoculated  forming callus  regeneration cultured  forming callus (mg) regeneration

Japonica

Gihobyeo 588 15.8 85 60 86.7 186.6+ 547 14.8
Nagdongbyeo 329 18.2 51 60 93.3 181.8+10.9 69.0
Hpumbyeo 500 18.2 49 60 95.0 161.7+ 5.6 57.0

Tongil

Milyang 23 901 114 1.0 60 36.7 84.8+ 7.5 8.7
Samgangbyeo 309 44 1.0 60 55.0 79.8+ 5.2 12.3

MGRI 079 343 431 19.8 60 80.0 157.7+ 8.8 270

MGRI 036 357 43.7 199 60 95.0 179.0+ 3.5 52.0
Indica

IR 36 1000 0.2 0.0 60 56.7 58.7+ 5.6 0.0

? Mean+SD.
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DNA markerE 0|28 A2H 2358 M

‘MGRI 079/IR 36’239 BGF A& A AAAA
BGF, e okAldtn 1004142 A 0.2 marker (RZ
400y 42 A A5t} ‘MGRI 079 type TI/] A& A3t d o)
A BGE, 7RAlol ‘IR 36’ 3 ¥ o oJaulste] BGF,
2 BGF; A& FAStETh BGE; AddA sd38de] ‘IR
36’7 fAE 10074 & Mwste] BGE ASE 4931
marker screeningg AA)3le] ‘MGRI 0798 2] ¥z oFAS
Hole 3AAE st A ohFig 1).

ZTA AZY ) B - 29 ‘MGRI 0799} ‘IR 36'Z o]
E 239 BGFE A5 3l marker A& AAIste] Ad
34 AZe] oF & HuE ujokst 23, gl 'MGRI 079
= 495%9 & AYE YHES HJoy 99tEY ‘IR
362 A2t AY BAHA &ty ok %€ BGE AF
o gREL RICET & A2 FHES e At
HujujFAl T ‘MGRI 079 = 26%9) BlnZ & 454 &
8¢ 29 vl ‘IR 362 A3 A=A AHH A &k
t}. dule¢E BGFy A5 S o)A BGF-28 9 5A1%5-2 2% ©]
e HuF & AEA AEAES Vel ch(Table 2).

opde] Az Re B9 o g Huju] g X DNA mark-
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er o] g A% Wi} & NF Ea9E APHoz FUY
F Aed, Kwon S[79]1% we] ofujoka &uju] oA
MASe] o8 wFE&S NFS 5 lckxy sFth 28z
ZAu g a8 HlwF E%d BGER 645 vld54&
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Fig. 1. Autoradiograpy of southern hybridization of genomic DNAs with radiolabelled probe RZ400 in 90 BCoF, lines derived
from a cross ‘MGRI 079/IR 36". P; . MGR1 079, P> : IR 36, 1 : Designated MGRI 079 allele.
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Table 2. Comparison of cultural efficiency in anther and seed culture of 34 BCyF, lines from a cross '"MGRI 079/IR 36~

Anther culture Seed culture
Cultivars No. of anthers % of anthers forming No. of seeds % of seeds forming % of plant
inoculated callus cultured ’ callus regeneration
MGRI 079(P1) 800 495 19 68.4 26.0
IR 36(P2) 1600 0.2 174 - 494 0.0
BCoFs-2 412 22 144 69.4 43
BCFs-3 351 26 118 40.7 0.0
BCaFs-6 265 45 88 545 0.0
BCoFa-13 1000 0.0 156 731 0.0
BCoFs-15 552 11 219 58.0 20
BCoF¢-17 147 20 139 58.3 0.0
BCoF4-18 491 1.6 196 66.3 21
BCoF4-21 165 1.2 149 517 0.6
BCoF4-23 1000 0.0 138 66.7 0.0
BCoF,-24 721 42 120 75.8 13
BCoF4-26 988 6.5 77 727 0.0
BCoF,-27 450 0.4 86 709 20
BC,Fs-28 652 5.7 89 404 31
BGoFs-31 189 11 86 61.6 0.0
BC2F4-39 543 13 87 62.1 0.0
BC2F4-40 364 19 106 80.2 0.0
BCoFs-43 752 39 115 69.6 0.0
BCoFs-44 172 12 146 74.7 0.0
BCyFs-45 93 11 102 53.9 0.0
BCoF4-47 241 1.7 125 76.0 0.0
BCoFs49 496 28 114 87.7 0.5
BCyF4-56 405 5.4 178 522 0.0
BCoF-57 262 23 175 451 0.0
BC,F,-58 393 20 174 58.0 0.0
BC,F4-60 418 33 207 73.9 0.3
BCoFs-66 364 11 182 85.7 0.5
BC,F4-69 557 31 139 763 1.6
BCoFs-73 262 1.5 199 69.3 0.0
BCoF4-77 : 759 59 217 70.0 0.0
BCoFs-78 800 0.0 200 785 1.5
BCoF4-79 294 54 170 66.5 0.0
BCFs-81 400 0.0 180 70.0 1.7
BC,Fs-86 266 11 190 69.5 3.5
BCFs-89 463 37 186 64.0 00
Nagdongbyeo 395 18.2 137 92.7 53.7

Table 3. Grain characteristics of 6 BCFs lines from a rice cross ‘MGRI 079/IR 36>

Cultivars Brown rice 1000-grain weight

and lines Grain length (mm) Grain width (mm) Length/width Grain thickness (mm)  of brown rice (g)
MGRI 079 5.96+0.19” 2.25+0.10 2.65+0.11 1.83+0.07 1.91
IR 36 6.58+0.09 211:0.07 3.12+0.10 1.66+0.07 1.89
BCoFy - 2 6.02+0.48 2.14+0.10 2.81+0.23 1.69+0.06 1.76
BCoFs -15 6.33£0.24 2.07+0.08 3.06+0.14 1.67:0.10 1.64
BCoF, -18 6.43+0.15 223+0.10 2.88+0.22 1.63+0.06 1.84
BGoFs -27 6.07+0.16 220+0.13 2.76+0.14 1.65+0.07 179
BCoF, -28 6.48+0.88 2114013 3.07+0.13 1.71+0.08 1.66
BC,F, -86 6.49+0.31 2.10+0.09 3.09+0.18 1.64+0.08 1.82
Nagdongbyeo 5.09+0.11 2.87+0.11 1.78+0.07 2.07+0.08 21

3 Mean=SD.
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Fig. 2. Development of backcrossed generation from a cross
‘MGRI 036/1R 36'.
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Table 4. Capacity of callus formation and plant regeneration in seed culture of 50 BC,Fs lines from a rice cross ‘"MGRI 036/IR 36

Cultivars No. of seeds % of seeds Fresh weight per a No. of calli % of plant
cultured forming callus seed (mg) transferred regeneration

MGRI036(P:) 60 95.0 172.9+9.2Y 100 430
IR36(P») 60 80.0 60.3£10.6 100 0.0
BCFs-1 60 83.3 30.8£1.5 - -
BC4F3-2 60 81.7 47.0£3.9 100 0.0
BC4Fs-3 60 05.0 69.848.9 100 7.0
BC4Fs-4 60 66.7 69.8+1.4 100 0.0
BCyFs-5 60 66.7 279:34 100 0.0
BCyF5-6 60 75.0 60.2£6.6 100 0.0
BCyFs-7 60 75.0 84.6+8.2 100 0.0
BC4Fs-8 60 78.3 87.4+8.2 - -
BC4Fs-9 60 80.0 112.0£7.9 100 0.0
BC4F5-10 60 78.3 84.4+2,6 100 0.0
BC4F5-11 60 80.0 113.5£6.9 100 0.0
BC4Fs-12 60 75.0 110.615.3 100 0.0
BC4Fs-13 60 75.0 172.6%9.3 100 0.0
BCyF5-14 60 71.7 114.0+5.8 100 0.0
BC4Fs-15 60 66.7 109.1+8.5 100 1.0
BC4Fs-16 60 70.0 126.249.2 100 0.0
BCyF5-17 60 817 78.745.0 100 0.0
BC4F518 60 78.3 98.5£9.6 100 0.0
BC4F3-19 60 86.7 175.529.4 100 0.0
BC4F3-20 60 83.3 111.4+10.0 100 0.0
BC4F3-21 60 : 90.0 158.0+8.6 100 0.0
BC4F5-22 60 68.3 165.7+5.3 100 0.0
BC4Fs-23 60 95.0 152.9+3.1 100 0.0

9 Mean#SD.
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Table 4. continued

Cult No. of seeds % of seeds Fresh weight per a No. of calli % of plant
ultivars . .
cultured forming callus seed (mg) transferred regeneration
BCyFs-24 60 56.7 163.745.3" 100 0.0
BC,F5-25 60 65.0 163.6+7.7 100 1.0
BC4F5-26 60 88.3 121.2+2.7 100 0.0
BCyF5-27 60 83.3 131.746.9 100 0.0
BC,F3-28 60 817 181.67.1 100 1.0
BC,F3-29 60 80.0 170.9£21 100 1.0
BC4F5-30 60 80.0 147.619.3 100 0.0
BC,F3-31 60 817 172.0£3.5 100 0.0
BC4F5-32 60 733 151.0+4.0 100 0.0
BCyF3-33 60 65.0 205.749.7 100 0.0
BC,F5-34 60 533 142.2+3.7 100 0.0
BC4F3-35 60 733 155.34£9.6 100 0.0
BCsF5-36 60 81.7 146.8+11.1 100 0.0
BC,F;-37 60 76.7 210.5+10.1 100 2.0
BC,F5-38 60 81.7 193.7:7.5 100 0.0
BC4F5-39 60 66.7 1734289 100 0.0
BC4F;-40 60 68.3 122.0+11.9 100 0.0
BC,F5-41 60 70.0 130.011.3 100 1.0
BC,F5-42 60 717 144.0+9.7 100 1.0
BCiF>-43 60 80.0 70.4£10.0 100 6.0
BC,Fs-44 60 783 82.1+54 100 5.0
BC4F3-45 60 85.0 60.626.5 100 0.0
BC,Fs-46 60 60.0 59.7£7.2 100 11.0
BCiF547 60 633 65.9£3.0 100 0.0
BC,F3-48 60 66.7 72584 100 0.0
BC4F3-49 60 56.7 77.7£6.2 100 0.0
BC4F;-50 60 85.0 87.248.6 100 0.0
? MeanzSD.
JFA}_Q_ = : Establishment of callus culture and the regeneration of
plants. In : Rice, Y.PS. Baja(ed), Biotechnology in
B ool sd8 mgsa R Add 98 o2 ;\gri;;l;;re and Forestry, Vol. 14, Springer-Verlag, Berlin,
4 R . Kearsey, M. ]. 1998. The principles of QTL analysis(a mini-
mal mathematics approach). Journal of Experimental Botany
X o s 49, 1619-1623.
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