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Abstract  Over the past decades, carbon dioxide concentration
of the atmosphere of the world has increased significantly,
and thereby the greenhouse effect has become a social issue.
To solve this problem, new renewable energy sources
including solar, hydrogen, geothermal, wind and bio-energy
are suggested as alternatives. Among these new energy
sources, bio-energy crops are widely introduced and under
rapid progress. For example, corn and oilseed rape plants are
used for the production of bio-ethanol and bio-diesel,
respectively. However, grain prices has increased severely
because of the use of corn for bio-ethanol production.
Therefore, non-edible switchgrass draws attention as an
alternative source for bio-ethanol production in USA. This
review describes the shortage of fossil energy and an
importance of switchgrass as a bio-energy crop. Also, some
characteristics of its major cultivars are introduced including
growth habit, total output of biomass yields. Furthermore,
biotechnological approaches have been conducted to improve
the productivity of swichgrass using tissue culture and
genetic transformation.
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Fig. 1 Cultivation areas of planting and managing of switchgrass
as a biomass energy crop. USDA, NRCS 2009a

o ul= Ao A AAYSHH(Fig. 1), E7]= 40874 &
2kl B2 A 517 (thizome) 2t 80 ecm7}A] ZA| Abeh= B
28 AT Stk R8T 2o Bo] AR} WL Hol
QUi AE ABARstT, 2 oo whet | ofjo] A 225~ 700
ero) Be ofo) A2 AT Aukg B B
NME & RSB R 1930 AR E v|=to] AXA Y EdS
HES= A2 o AR Yrh(National Resources Conservation
Service: NRCS 2007; USDA, NRCS 2006; USDA, NRCS 2009a).
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Fig. 2 Comparison of amount of produced biomass on switchgrass (Alamo and Kanlow). A. Amount of produced biomass on Alamo.
B. Amount of produced biomass on Kanlow (USDA, NRCS, 2009b)

Table 1 Yields of several switchgrass cultivars and experimental line at several sites in the southern USA (Sanderson et al. 1996)

Texas Upper south Alabama

Entry Yield (Mg ha™) Entry Yield (Mg ha™) Entry Yield (Mg ha™)
Alamo 13.2a Alamo 12.2a Alamo 26.0a
Kanlow 10.1b Kanlow 12.4a Kanlow 18.5b
Cave-in-Rock 5.4d Cave-in-Rock 9.4d Cave-in-Rock 9.5¢
NCSU-1 10.0bc NCSU-1 11.5b Blackwell 6.8¢c
NCSU-2 9.4c NCSU-2 10.9¢ Trailblazer 9.2¢
PMT-279 10.1bc Shelter 8.4e Summer 10.0c
PMT-785 11.2b Pathfinder 9.8c
Caddo 6.1d kansas Native 8.6c

Texas yields are the averages of six locations and two years. (1993 and 1994, plots were established in 1992); Alabama yields are
the averages two years and are taken from Bransby and Sladden. (1991); upper south yields are the averages of seven locations and
two years. (1993 and 1994, plots were established in 1992) in four states [Virginia (three sites), West Virginia (one site), North
Carolina (one site) and Tennessee (two sites)]. Means within columns followed by different letters differ at the 0.05 level of

probability.
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3t AFE o] R o] H th(Huang et al. 2003; Missaoui et al.
2006). T EEHQ A9ATeks BRAFL 9lshA
+ ¥4 mappingof ¥+ A 5 F7HAS A7 dast
Al A o] th(Tobias et al. 2005, 2006).

ASIX|TatAS] A HTHEY
e SFE 5o ASHAE Bol= 2YA 1etA A
A AAA olge % HEFSAS ol 22w 7]
Z0] 2 Q s} (McLaughlin and Kszos 2005), 4 &A) 4 3-8t
710l ot 8RR = H FEA A9 ks
of AE AR BRHe 2 7|&o] BRsH
Table 20 4] H= A2 1ets 2AMFo= 2 A4
<> TH(mature caryopses)?} o] & (young leaf), n]A]<=3}

A](immature inflorescences)7} o] &%t Z A ujFA] 2
22 (callus) WA 9 A3} a5 F5I AHA, AR
H 528 23 s & ZolE Hrpal HiE it
(Denchev and Conger 1995; Dutta Gupta and Conger 1998).
U A 540> 714 MSH]A]of| sucrose THAl maltoseS AR-&-
st sEEe AuAel Bao ueh 92 A8t
Denchev and Conger (1995)+ picloram} 2,4-D (2,4-Dichlor-
ophenoxyacetic acid)E ©]-&3}o] A 1etA9] A=<
ot of7l 9 Ao upi MY A A} A ESkeE
w3k A} 2,4-D7} picloramo] |8l T]& A 1}A o]m Ao
E7]d9] BA (6-Benzylaminopurine)®| &-8-4 2]+ w7
2 A4 9 ARsto] Beero]ehn BETE Alevandrova
5(1996)9) Aol 445Gt obd v SAS o] &
sto] A9t 27 BAS =02 A2|sto] W spikelet
= 85519131 24-D9F BAE £8 02 AP sto] th9
g A e Ao 2SN AE 255613 Dutta Gupta
and Conger (1998)= A< F1tof 2,4-D} TDZE A 2|39
#% ' multiple shoot F-%= A3 HAIRE A1} 7] ol A
JE 24 ¢l multiple shootE F=3FUAIRE &5 HE 4o
3t A5 Yet 1o lowland #3921 Alamo”} upland

i

Table 2 In vitro studies in switchgrass in last decades

Z29] Blackwell, Trailblazer2tt =2 &8 HFon
upland =0 A = Trailblazer”} Blackwell ot =2 882
Bty B35kt Odjakova and Conger (1999)-2 A
el oF A] 0.3 M sorbitolZ} mannitolS #| 2] &Fo] vty
AHAE S5 ¥ Burris 5(2009)2 A2 18tA9)
SHAE o] §5to] 7]Eo] AR MSH|A] 7} o LP9H| A]
£ o|&sto] AiEstEo] w2 AYAE FESUTHL B
3Ty Mazarei et al. (2011)o A= Alamo 24| &%
(Samdy, Fine milky, Ultrafine) @] st A A S HAA| S EF
v oF& o]-&-sklth

AA7EA] HALE A9 ek o] 2 A G T ol
lowland #%¢1 AlamoE o] &3}o] o] Fol A th. wpehi]
= O oot EFFol Aot e A FA A
ggo] Zastrfal HekEh

AQIRITEA HUMH A7

A EFZMZ o= F2 particle bombardment ¥} Agrobacterium

uj 7 7] o] AR&-E T}, Particle bombardment= 7]5=2] A
o] gl HAJHAE TAIZte] HA =UT 5 =
ol 3k multicopy 7} @ol F-HARFolU f-A1e]

—x
S g
T

g = o] A AgrobacteriumS )83t &
32 A A4 0] 21 multicopy 7} 2] o] particle bombardment
ol g Rt £ WHo] AEHOL ¥
3 B3 BAo|A o] ool oj2 & Bl k.
Yol A Agrobacterium-g ©]-§3t A& Q] FHHTS
Acetosyringone (AS)S ©|-&3tt}. AS+&= Agrobacterium
| A2 4 B9 FAARL vir FAAE /334
954 31522 (Usami et al. 1987), th59] tha}
EER R R LR RE D FRE!
Apxom A4 A,

A Lt Lo A o] & 7A] v
3 419 0] 435 ¢l 0. (Table 2) %
particle inflow gun& ©]-83F =% © & GFP (green fluorescent

1o Ho b o o mx X o roh
N .

X
4

&

=2 2
> fr

> >

2o rr

H o
H = =2
o YA AHL

R

Switchgrass cultivar Explant type Derived explants type Reference (Year)
Alamo' Mature caryopses. young leaf Callus, Plantlet Denchev et al. (1994)
Alamo Mature caryopses. young leaf Callus, Plantlet Denchev et al. (1995)
Alamo Immature inflorescencse Callus, Plantlet Alexandrova et al. (1996)
Alamo, blackwell’, trailblazer’  Mature caryopses Multiple shoots Dutta gupta and Conger (1998)
Alamo Immature inflorescencse Callus, Plantlet Odjakova and Conger (1999)
Alamo Immature inflorescencse Callus, Plantlet Burris et al. (2009)
Alamo’ Inflorescences of nodal segments Embryogenic callus Mazarei et al. (2011)

! Upland cultivar, * Lowland cultivar
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Table 3 Transformation studies in switchgrass via Agrobacterium tumefaciens and particle bombardment

Switchgrass cultivar Explants Marker gene  Target gene Transformation method Reference (Year)
Alamo Callus bar', GFP? bar Particle inflow gun Richards et al. (2001)
Alamo 523;; lina?“re seeds, . GUS® bar Agorbacterium  Somleva et al. (2002)
Alamo Protoplast GUS GUS PEG* Mazareil et al. (2008)
Alamo Leaf GUS GUS Agorbacterium VanderGheynst et al. (2008)
Alamo Callus bar PHB pathway Agorbacterium Somleva et al. (2008)
Alamo Callus hphs, GUS hph Agorbacterium Xi et al. (2009)

Alamo Callus hph, RFP° hph Agorbacterium Burris et al. (2009)

Alamo Callus comT’ Agrobacterium Fu et al. (2010)

é(lﬁg;‘; Performer, - 1 Ipt GFP Agrobacterium  Li et al. (2011)

é;f:om Rock Callus hf; [b;r’ GUS Agrobacterium  Song et al. (2012)

Alamo Callus hpt GFP Agrobacterium Ramamoorthy and Kumar (2012)
Alamo Callus hph RFP Biolistic King et al. (2013)

"bar bialaphos resistance gene, ’GFP green fluorescent protein, *GUS (3-glucuronidase, *PEG polyethylene glycol, 5hph hygromycin
phosphotransferase, SRFP red fluorescent protein. "COMT Caffeic acid 3-O-methyltransferase

protein) 8- Z}2} bar (bialaphos resistance)-FHAE =451 T
(Richards et al. 2001). 71 %= Somleva 5(2002)-2 Agrobacterium
£ o] 8319 Alamo &%2] genotyped} ASH 7|0 WE &
é‘xd%‘rﬁ H A S 3kl 1 23 ASe HF
Al 50 uM, FFHfeF A 200 uM A 2 5kle o FA 2
Hoh 52 885 H3om genotype 2 A&AolE H
Aot B 1519 T} Mazarei 5-(2008)-2 polyehtylene glycol
(PEG)S ol 4510] 2917 Tekre] AR AAS FAAD
% promoterH (358, ublA)i GUS HPGﬂ—
£ o]&3l9E AL ge
VanderGheynst 5-(2008)-2 i-,% 2| 1gfAe
5}o] Agrobacterium ©]-8 Al - 7‘;1—(‘)—?:]'33,(25 kpa
A A7t w2 GUSEE &S EfﬂE}ﬂ H 113}
Xi 5(2009)= Agrobacteriumg ©]-83F 3
(AGL1, EHA105, LBA4404)0] w2 &2
1o
a

i
2
rE o

o].oﬂ om A% Ax EHA1059 AGL
°© YAAY TS Bk EF
SRS hygromycm~ ol g A
o w9 AR escape”} LAY 3}
_58] e]dxg_l'i Oﬂ 293} Oﬂfﬂr—% u] %]

l‘l

S

wxua}u BAABE Ao 4
t'g%%jl}?_l bar, hph (hygromycin phosphotransferase), GUS
% GFP & A FAApgko] Qi ¢l5toltt. Hio] 2
A 292 ko) FERAAE AR A= Somleva
5(2008)0] &J3) Agorbacterium-& ©]-&3lo] AEHETA
El ¢ 2 ¢l PHBY] AAHFS =0|+= PHB pathwaygene©] =

lm

Et5to]

L =
23} s}, odmg A7

U FAA 29X ek AE 7HH@ SEX
2~ 380 Y Hho] Bas &
9% 2eh el ofst AT BET A 401@ apeby
T g o] o)A AR S, WHE A87)7E 5
of 48 §AA7 BAE FAAT 29H Tekx Ao
g A7 Basi,

Z 2

o] v} 2| (biorefinery) °f ek ¥4 7}star
Bof o] eojetg PRAE Y Ho] o ZTAE YR G
AERA A9A 2ekAe] g wao] F5eta glrk
A DAE Ho| QU AR A HEHOR
oAl vlo]| Quj A Q] Feko] Z71E thoFst ZTE 9
A =L Aol AlF Sty Y AESF
= A &Fd ]""1' A7 efef AT A
g Ay 52 fAx T3 E N%Agtg—gf;wlg
=¢lo] dasieh 28y AR HuE A% 2ets
o] FAAE A= vlv|ste] 53] vpol oA 2E =
A 88 oAV molE A3 A9 ¢l AHo|th E
gt ?ﬂ_XHW}X] BaE Ao aetae zAu ok A A
ghof] #el A= F2 lowland 52 AlamoE ©]-&3t
Hio] @FEolqlol, 718k FFolA e A A A <t
FAdE Y o] Fasith
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3L B 2 (Forbes) 2| 71 QIE{ Yl o] “nfef 256 2 A4 (News
from The Future)’o]g}= A &2 20209 71%] o= 7153
W8S AARE 5 1A (special report)oll = Hl= W ]
A AR LA E o] g5t A4tE HfolQogh&o] K
Zao] glo] {5 AT Aol ol 2+ =Uf
o A &= Hpo] @ o X]of] th3t T4lo] F7tsto] Hio] e A
B8 A& tigh A7 Sds] Z e E AL vl 5ol | A7
(DOE) 31 4] Hjo] @ ufj A 2HE = Xé o= & iﬁili’-ﬂ}
A7) vpoleuj AR A F Q3 F
Well A= o] 23t AlEx2]uiY J—} “%”a‘ gty l%g °l
3k AEE 2917 Tek2e] Ao
77} Bastrhn wekE
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