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Recent advance in genetic transformation of tall fescue
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Abstract Tall fescue is an open-pollinated, perennial, cool
season grass species widely used for forage and turf. Tre-
mendous progress has been made in genetic transformation
of tall fescue in the past decade. Methods for generating
transgenic tall fescue plants have been developed based on
biolistic transformation and Agrobacterium-mediated trans-
formation. Potentially useful agronomic genes have been
tested to environmental stress tolerance, herbicide tolerance
and improve forage quality in tall fescue plants. We review
progress in biotechnological improvement of tall fescue and
discuss future molecular breeding of this species.

Keywords Tall fescue, genetic transformation, molecular
breeding, transgenic plants
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Fig. 1 Plant regeneration from mature seed-derived callus of tall
fescue. (A) Calli induced from mature seeds cultured on the
callus induction medium. (B) Embryogenic callus formed from a
seed. (C) and (D) Plant regeneration from embryogenic calli in the
regeneration medium. (E) Plantlets cultured in the rooting medium.
(F) and (G) Whole plants grown in pots under green house
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Table 1 Genetic transformation of tall fescue plants

Transgenes Method Outcome References.
hph, bar Protoplasts Transgenic plants Wang et al. (1992)
hph, gusA Protoplasts Transgenic plants Ha et al. (1992)
hph Biolistics Transgenic plants Spangenberg et al. (1995)
hph Protoplasts Transgenic plants Dalton et al. (1995)
hph, gusA Protoplasts Transgenic plants Kuai et al. (1999)
hph, bar, gusA Biolistics Transgenic plants Cho et al. (2000)
sfa8, hph Biolistics Transgenic plants Wang et al. (2001)
hph, gusA Biolistics Transgenic plants Wang et al. (2003)
CAD, hph Biolistics Transgenic plants Chen et al. (2003)
COMT, hph Biolistics Transgenic plants Chen et al. (2004)
Ipt, bar Biolistics Transgenic plants Hu et al. (2005)
MxPPO Agrobacterium Transgenic plants Lee et al (2008)
DREBIA/CBF3 Agrobacterium Transgenic plants Zho et al. (2007)
AtHDGI11 Agrobacterium Transgenic plants Cao et al. (2009)
CuZnSOD,APX Agrobacterium Transgenic plants Lee et al (2007a)
hph, gusA Agrobacterium Transgenic plants Lee et al. (2004)
hph, gusA Agrobacterium Transgenic plants Dong and Qu (2005)
hph, gusA, gfp Agrobacterium Transgenic plants Wang and Ge (2005)

Fig. 2 Tall fescue transformation mediated by Agrobacterium
tumefaciens. (A) Mature seed-derived embryogenic callus used
for A. tumefaciens co-cultivation. (B) GUS staining of hygromycin-
resistant calli. (C) Regeneration of hygromycin-resistant tallfescue
plantlets on the selection medium. (D) GUS staining of a shoot
regenerated from hygromycin-resistant callus. (E) GUS staining
of whole plant of transgenic tall fescue. (F) A transgenic plant
established in the green house
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Table 2 Composition of the media used for tall fescue transformation

Steps Period Media
Callus 6 weeks MS medium containing 6 mg/L 2,4-D, 0.1 mg/L BA, 1 g/L casein hydrolysate, 100 mg/L myo-inositol,
induction 500 mg/L L-proline, 30 g/L sucrose, 3 g/L Gelrite.
Co- 5 davs MS medium containing 100 uM acetosyringone, 5 mg/L AgNO3, 20 mg/L ascorbic acid, 500 mg/L
cultivation Y L-proline, 30 g/L sucrose, 2 g/L Gelrite.
Post- 1 week MS medium containing 3 mg/L 2,4-D, 1 mg/L BA, 250 mg/L cefotaxime, 30 g/L sucrose, 500 mg/L
culture W L-proline, 5 g/L Gelrite
. N6 medium containing 1 mg/L 2,4-D, 3 mg/l BA, 25 mg/L hygromycin, 250 mg/L Cefotaxime, 30 g/L
Selection-1 3 weeks sucrose, 500 mg/L L-proline, 5 g/L Gelrite.
. N6 medium containing 1 mg/L 2,4-D, 3 mg/l BA, 50 mg/L hygromycin, 250 mg/L cefotaxime, 30 g/L
Selection-II 4 weeks sucrose, 500 mg/L L-proline, 5 g/L Gelrite.
Rooting 2 weeks  1/2 MS, 30 g/L sucrose, 50 mg/L hygromycin, 2 g/L. Gelrite
A B
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Fig. 3 (A) Visible damage in detached leaves of wild-type and SSA transgenic tall fescue plants (expressing both SOD and APX)
exposed to MV, H,O,, and heavy metals for 24 h or 48 h. (B) Histochemical detection of H,O, and O, in detached leaves of wild-type
and SSA plants exposed to MV, H,O,, and heavy metals for 24 h or 48 h
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Transgenic plants
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Fig. 4 Herbicide resistant transgenic tall fescue plants. (A) Northern analysis of MxPPO in non-tansformant (NT) and transgenic
transgenic tall fescue plants expressing a MxPPO gene. (B) Effect of herbicide (oxyfluorfen and acifluorfen) treatments on in vivo H;O,
production. (C) Effect of herbicide (oxyfluorfen and acifluorfen) treatments on chlorophyll content and Comparison of the phenotype

of oxyfluorfen-treated transgenic plant and non-transgenic plant
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Fig. 5 Generation of dual herbicides-resistant transgenic tall fescue plants. (A) T-DNA region of two herbicides expression vector. (B)
Northern analysis of non-transgenic (NT) and transgenic tall fescue plants expressing EPSPS and bar genes. (C) ELISA analysis of
EPSPS using transgenic tall fescue plants. (D) Phenotype comparison of non-transgenic plant (NT) and transgenic plants with 10 days

after spraying herbicides treatments
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