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Plant Regeneration from Rice Microspore Cultures

Kim, Young-Soo, Jong-Seong Jeon and Kwang-Woong Lee
(Department of Biology, Seoul National University, Seoul)

ABSTRACT

Efficient plant regeneration system was established through the culture of rice (Orvza sativa
L.) microspores. Microspores released by anther shedding culture developed into proembryos and
calluses in B5 medium within two weeks of culture. The optimal hormone and carbon sources
were dependent on the genotypes used. Microspore’s viability decreased rapidly in culture time,
therefore less than 3% of the total microspores were viable at the 9th day when the first microspore
division was observed. Ol two types of microspores (pollen dimorphism) observed in culture, only
the P-grain, larger microspores than normal ones was able to divide. Using 4',6-diamidino-2-pheny-
lindole (DAPI) fluorescence staining, it was confirmed that the symmetrical division of uninucleate
microspore was the first step leading to continuous microspore development. Microspore-derived
proembryos and calluses were regenerated to plants in N6 medium containing 1 mg/L NAA and
5mg/L kinetin, and 78.3% ol the regenerated plants were haploids.
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Fig. 1. Microspore division and microspore-derived proe-
mbryos of rice. A, Microspore dividing after two weeks
of culture in cv. Kwanakbyeo. Arrow indicates dividing
microspores: B, Many proembryos within anther in cv.
Dongjinbyeo. Arrows indicate microspore-derived proem-
bryos. Scale bars=100 pm.

Table 1. Effects of various hormone concentration and
genotype onproembryo and callus induction of rice in
B5 medium containing 4% sucrose as carbon source

No. of proembryo and callus/100 anthers

Treatment
Cultivar
NAA/24-D (mg/L) -
Dongjinbyeo Kwanakbyeo
nh” 1.5 0
0.0/0.2 19.0 112.9
02/02 70.9 63.7
05/0.2 206 36.5
1.0/02 421 62.9
2.0/02 63.5 109.8
50/0.2 199 151.0

“nh=no hormone treatment.

29A" 2% maltose g Pl AE o]E BE A=
Hla| 4 M =&, 3626709 dulal A 2rt S=Fsich

Vol. 36, No. 2

Table 2. Effects of carbon source and genotype on proe-
mbryo and callusinduction of rice in B5 medium contai-
ning 0.2/2.0 (mg/L) 2,4-D/NAA

No. of proembryo and
callus/100 anthers

Cultivar Carbon Concentration (%)
source 0 2 4 6 8
Dongijinbyeo Sucrose 493 667 635 191 363
Mallogse 493 617 747 702 329
Hwaseongbyeo  Sucrose 131 201 1691 1481 91.3
Maltose  13.1 3626 153 439 0
Kwanakbyeo Sucrose 0 61 49 113 33
Maltose 0 455 1266 188.6 35.8

Results were summed up after 3 weeks of culture.
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Fig. 2. Total microspore viability of rice and relative fre-
quency (RF) of P-grains in total microspores. Viablity was
determined with ADH activity and FDA fluorescence
staining. (—Q-), RF of P-grains in Dongjinbyeo; (—@®-),
Viability of microspores in Dongjinbyeo; (—1=), RF of
P-grains in Kwanakbyeo; (—M-), Viability of microspores
in Kwanakhyeo.
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Fig. 3. Rice microspores separated by sucrose density
gradient centrifugation. A, Micropores of top fraction wi-
thin 20% and most microspores consisted of P-grains:
B, Highly viable P-grain fraction. Viable microspores
were stained in black by ADH activity, Scale bars=100
.
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Fig. 4. The modes of initial nuclear division in micros-
pore of rice. A, Microspores showing normal developme-
ntal stage. v=vegetative nucleus, g=generative nucleus:
B. Binucleate microspore (arrow) with two symmetrical
nuclei: C, Second nuclear division (arrow): D, Multinuc-
leate microspore: E, Proembryo derived from micros-
pore: F, Microspore with one nucleus dividing continuou-
sly. Scale bars=60 um.
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Fig. 5. Rice microsporses stained with DAPI under UV
illumination. A, P-grain with two symmetrical nuclei (DN)
and normal microspore with single nucleus (SN). Arrow
indicates P-grain: B, The same phase as A, but observed
under bright field. Arrow indicates P-grain: C-D, P-grains
with many nuclei. Scale Bars=100 um.
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Fig. 6. Plant regeneration from microspore-derived proe-
mbryo and callus of rice. A, Multiple plantlets formation
in N6 regeneration medium: B, Germinating embryo for-
med in N6 regeneration medium: C, Plantlet with strong
shoots and roots: D, Green (G) and albino (A) plant.

A 24z 6229 50.0%E Arthet 2po]B-g Helck
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Table 3. Effect of culture age of microspore-derived
proembryos and calluses of rice in B5 induction medium
on regeneration frequency

Regeneration [requency (%)

Cultivar Culture age* (day)

30 40 50
Dongjinbyeo 335 22.2 15.5
Hwaseongbyeo 42.9 40.8 225
Kwanakbyeo 43.0 269 15.0

“Culture age means the duration time of microspore-derived
proembryos and calluses in BS induction medium after cul-
ture initiation. At least 80-150 proembryos and calluses were
tested at each experiment.

Table 4. Regeneration [requency of microspore-derived
proembryos and calluses of rice in N6 regeneration me-
dium containing 1.0/5.0 NAA/kinetin (mg/L)

No. of No. of regenerated plants
. proembryos
Cultivar and calluses Green
plated Green  Albino plant %
Dongjinbyeo 352 14 74 15.9
Hwaseonghyeo 275 56 43 56.6
Kwanakbyeo 301 41 41 50.0

Results were summed up after 5 weeks of culture in N6
regeneration medium.
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Table 5. Analysis of ploidy level of regenerated green
and albino plants in rice (Oryza sativa cv. Hwaseonghyeo)

No. of plants Haploid Diploid
Type analyzed (%) (%)
Green 12 9 (75.0) 3 (25.0)
Albino 11 9 (81.8) 2 (182)
Total 23 18 (78.3) 5 (21.7)
Peae ool dlzAE g S lned, YiEes
=3 232F S UE ke 27l QA Wk
dd 29vh Tem 299 sEdsleAE wg
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