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Abstract Zoysiagrass (Zoysia japonica Steud.), also called
Korean or Japanese lawngrass, is the most popular warm-
season turfgrass in Korea and is widely used for home lawns,
parks, roadsides, golf courses and athletic fields. Its use is
rapidly expanding in Korea and the other countries, due to its
excellent characteristics which include tolerance to heat,
drought and salinity. As the utilization area of this turfgrass
increases, there is an increase in the demand for improved
cultivars with disease and insect tolerance or with herbicide-
tolerance or with extended greening periods. Conventional
breeding methods have been used to improve the traits de-
scribed above with limited success. However, with the
advances in biotechnology, genetic transformation can be
utilized for turfgrass improvement. In this paper, we review
recent progress in biotechnological improvement of zoysiagrass
and discuss future molecular breeding of this species.
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Fig. 1 Photographic representation of zoysia callus induction
and plant regeneration (adopted from Song et al. 2010). (a) A
mature seed of zoysiagrass used for this study. (b) Callusing
response of a caryopsis after a week. (c) Microscopic view of
a callus showing yellowish white and yellow colored parts.
(d) A yellow colored calli selected for this study. (e) and (f)
Regeneration potential of different types of calli. (g) A single
callus clump showing multiple shoots. (h) Elongated multiple
shoots. (i) Root induced shoot clusters. (j) Hardened plant in pot

Table 1 Composition of the media used for in vitro culture system of zoysiagrass

Steps

Media

Callus induction 30 g/L sucrose, 3 g/L Gelrite, pH 5.8

MS medium containing 2 mg/L 2,4-D, 0.2 mg/L BA, 4 mg/L thiamine-HCI, 100 mg/L a-ketoglutaric acid,

Callus
growth/maintenance

MS medium containing 2 mg/L 2,4-D, 0.5 mg/L KI, 30 g/L sucrose, 3 g/L Gelrite, pH 5.8

Shoot induction

MS medium containing 1 mg/L BA, 30 g/L maltose, 3 g/L Gelrite, pH 5.8

Root induction

MS medium containing 30 g/L sucrose, 3 g/L Gelrite, pH 5.8
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Fig. 2 Effect of suspension culture on callus growth and main-
tenance. (a) Embryogenic calli after 1 week incubation in sus-
pension culture medium. (b) Embryogenic calli after 3 weeks
incubation in suspension culture medium. (c) Plant regeneration
of embryogenic calli obtained from suspension culture
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Putative transgenic plants

Fig. 3 Agrobacterium-mediated transformation procedures for
zoysiagrass. Selected embryogenic calli were pre-cultured on
pre-culture medium for 1 week prior to Agrobacterium infection.
The calli were then immersed in Agrobacterium suspensions
and incubated for 1 day with gentle shaking. The infected calli
were co-cultivated in the dark at 25°C for 3 days. After the co-
cultivation, the calli were transferred onto callus selection medium
and cultured under darkness for 3-6 weeks to select PPT-resistant
calli. The selected calli were transferred to shoot selection me-
dium and then induced shoots were transferred to shoot elon-
gation medium. PPT-resistant shoots were transferred to root
induction medium and then obtained putative transgenic zoy-
siagrass plants
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Table 2 Composition of the media used for zoysiagrass transformation

Steps Period

Media

Pre-culture 1 7 days

MS medium containing 2 mg/L 2,4-D, 0.5 mg/L KI, 30 g/L sucrose, 3 g/L Gelrite, pH 5.8

MS medium containing 2 mg/L 2,4-D, 0.5 mg/L KI, 30 g/L sucrose, pH 5.8 (add 50 mg/L

Pre-culture I 7 days AS 1 day before infection)
Infection 24 hours IS\/ISS medium containing 2 mg/L 2,4-D, 0.01 mg/L BA, 30 g/L sucrose, 50 mg/L AS, pH
Co-cultivation 3 days MS med1um containing 2 mg/L 2,4-D, 0.01 mg/L BA, 30 g/L sucrose, 50 mg/L AS, 3 g/L
Gelrite, pH 5.8
. MS medium containing 2 mg/L 2,4-D, 0.01 mg/L BA, 30 g/L sucrose, 3 g/L Gelrite, 1
Callus sclection 1 12 weeks mg/L PPT, 250 mg/L Cefotaxime, pH 5.8
. MS medium containing 2 mg/L 2,4-D, 0.5 mg/L KI, 30 g/L sucrose, 3 g/L Gelrite, 5 mg/L
Callus selection 1II 2-4 weeks PPT, 250 mg/L. Cefotaxime, pH 5.8
Shoot induction 4 weeks MS me(.hum containing 1 mg/L BA, 30 g/L maltose, 3 g/L Gelrite, 1 mg/L PPT, 250 mg/L
Cefotaxime, pH 5.8
. MS medium containing 1 mg/L BA, 1 mg/L GAs, 30 g/L maltose, 3 g/L Gelrite, 1 mg/L
Shoot elongation 4 weeks  ppT 950 me/l Cefotaxime, pH 5.8
Root induction -4 weeks MS medium containing 30 g/L sucrose, 3 g/L Gelrite, 5 mg/L PPT, 250 mg/L Cefotaxime,

pH 5.8
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Fig. 5 Herbicide applications to non-transformed plants (a)
and transgenic plants (b) (adopted from Toyama et al. 2003)
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Fig. 6 Distance dependence for gene flow from the genetically
modified to wild-type zoysiagrass within 9-m radius in field
(adopted from Bae et al. 2008)
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Fig. 7 Southern hybridization analyses of microbial genomic
DNAs digested with HindIll and probed with DIG-labeled bar
and hpt gene fragments (adopted from Bae et al. 2007). (a)
Ethidium bromide-stained agarose gel. (b) Southern blot hy-
bridized with bar probe. (c) Southern blot hybridized with /pt
probe. WT, samples from wild type zoysiagrass field; GM,
samples from GM zoysiagrass field; C, positive vector control;
1, DNA from soil microbes; 2, DNA from rhizosphere microbes;
3, DNA from microbes in faecal pellets from locusts
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Fig. 8 PCR analysis for detecting bar gene (a) and Apt gene
(b) in microbes isolated from wild-type and GM field (adopted
from Bae et al. 2007) C, positive vector control; 1, DNA from
soil microbes; 2, DNA from rhizosphere microbes; 3, DNA
from microbes in faecal pellets from locusts

Table 3 Results from the skin prick tests for common and
Zoysiagrass allergens (adopted from Bae et al. 2008)

Allergen No'. of quitive
Patients  reaction (%)

(! memL hisamine) 127 100
Negative control 0 0
Dermatophagoides farinae 72 56.7
Dermatophagoides pteronyssinu 60 472
American cockroach 36 28.3
German cockroach 39 30.7
Cat and dog hair 18 14.2
Horse and cattle hair 4 32
Flag 3 24
Broadleaf tree 2 1.6
Acicular tree 6 4.7
Japanese cedar 5 39
American cedar 6 4.7
House dust-fungi 8 6.3
Outdoor fungi 6 4.7
Flowers 1 9.4
Weeds 14 11.0
Crops 10 7.9
GM Zoysiagrass 6 4.7
WT Zoysiagrass 6 4.7
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