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Establishment of Callus Induction and Plant Regeneration System from
Mature Seeds of Miscanthus sinensis

Joon-Hyeong Cho™ and Ji-Hui Byeon

Department of Biological and Environmental Science, Dongguk University, Seoul 100-175, Korea

Abstract - This study was conducted to establish the tissue culture system for Korean domestic Miscanthus sinensis, which
is used in various purposes such as forage, and bio-energy resources. With the mature seed of Miscanthus, optimum
concentrations of plant growth regulators were identified for an efficient callus induction and regeneration. Among the
treatments of 1~10 mg-L'] 2,4-D, IBA, or NAA, callus induction rate was highest (85.3%) on MS medium containing
5mg-L"' 2,4-D. Under the condition, the callus were efficiently induced and proliferated with comparably lower frequencies
of callus browning. In shoot regeneration, the treatment of NAA combined with BAP seemed to contribute more efficient
conditions to shoot regeneration than those of NAA with Kinetin or 2-iP. Especially, regeneration efficiency and number of
regenerated plants were 83.7% and 5.5 in 3 mg- L™ NAA with 5 mg-L" BAP, respectively, which were higher frequencies
than those in NAA with Kinetin or 2-iP. In results, 5 mg-L'l 2,4-D and 3 mg- L' NAA combined with 5 mg* L' BAP were
efficient for embryogenic callus induction and regeneration of Miscanthus. This system would be useful for mass-propagation
and developing new cultivars via tissue culture of Miscanthus sinensis.

Key words - Callus induction, Plant regeneration, 2,4-dichlorophenoxyacetic acid (2,4-D), a-naphthaleneacetic acid (NAA),

6-benzylaminopurine (BAP)
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AN ( Miscanthus sinensis) 3% ZAZFEQ] e~ G5 D A1EA)] A3l AA g
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(Lewandowski et al, 2000; Park et al, 2009). whe}A]
H] AR} A5 who] @2 o] A &sto] A A T E =
o]7] fJaA= Bl Fgo] vk xR A Bl ok
SAAAC] Aol aFH) ofn] dEy} fF1 oY gt
oA Ao H AN 2 Hlo] o yA] Ym =M<
TR Q18] A wpo] Qo] QFP A TS $1gk i
AL AF7F Al whA g-Ejukete] - vl F2el
200995 E FENETH vlo] QUAAEAE S FAOR
oA Hjo] @ ol X| A} FHof 2= &1 tH Lewandowski
et al., 2000; Clifton—Brown et al, 2008; Moon et al,
2010).

o
- 5
oA

(o3

2 e o

- OIN

e %’ 1>

L 1o

ST - >

r

N nﬁ{ﬁ o

do Mo iy i o
N fo 2

LasEE

N ﬂllﬂ N ﬂl10 m[o

Tl oo

Iy o, Sl

B o Lo >

H'U _ﬁo 0];0 Y rlr

o ol i Z

oo f N 00

o2 o NI

1>
I o
T
)
o,
fo
2
[
o
=
ol
oz
(o

1z

o,
R 2
X
4B
2
o
k1
rO
o
ofN (T omm wE A4 mx 1o gy Ho

o
=
>
o,
o e Y

°]
u,
Mol 2 ol Sob= o Sorghum bicolor L.),
5 (Zea mays L.), S (Loysia japonica), ¥#EY
ol =(Lolium perenne L.) 5 THFsH M3} 21 &
B85 A T4 2 e A 2 dATT) o
n] e v sl oAkl thgk A A= v
|3t Ago|tHLee et al, 2004; Lee et al, 2007; Song
et al, 2010). A} A FATo] A5 nds3tA, B
Tz, o) Be] 2AE o] &3 AL}t 4 Bard vp
o]

A0}, Park et al(2009)& Aag gx|EAZEE o] 72

d

B2 fE 0 ARSI} o Eadelgivk sl

e B AT T oAl gy, 2
7143 BARAB|ES Ve & FEALE BHoe
el HHFAZIE Al HE L HEA) AR A
A AP A% ABPFRAA 0§ £0S FHIA 5

RAbisd

2
il
M,
g
z
L

IAAE L HA

AT FAAERE A7) % ofFat 7hgHAA 2R
sz M) AsFAE AF st ARElh £37 Al
A" ANEAE 70% ekl 487 A $ 50 nl
Tween 20°] 84 2% (w/v) ZoFAALAIEF 30 mlol)
37t 23] g Ate RS Afeiglom, W Atd
TAR= it R 33] AASIITE flok 2 TAe At
AL 23] WHESIQITE HHAT AR H e oA

7

WA e AA 5, A greaRe] A dskgith

A2 F =

oA o] Wit e FARTH vt A s fiest
7] 93k 71 E A 2= MS(Murashige and Skoog, 1962)
AAAE o] &3t wix ] AIS Pl MSH# A
o Vel @ ek ERE F Balow 30 gL
sucroseZ 12]1l NHEAEZE 2.5 gL' phytagel S I
7hekelom, wix]-gde] pHE 5.8%2 Bt ¢ 121TCoA
2033 9t Farakgint. FatuiA= 47 10 em 13]8-
M Al Bsle] Aels fEE S1F A% S )
ol o] g3i5iet. oPi AHEARIE] Al 2 A
HggeAne] £ 9 St Aes FE Tl v
A= FFHE T S8 3F SAF 2,4-D(2,4-
dichlorophenoxyacetic acid), IBA(Indole—3—butyric acid),
NAA (a—naphthaleneacetic acid)E 22} 1, 3, 5, 10 mg-
L7 552 v Aesisint. gzt 239 2
aFuf Aol i EAE 2de 9 25 + 2°C, 2500 Lux &

18] wj Aol 16413 F57] = gujeFaiaion, 25

3
AT AU sto] & 477 wiekskich e &
=)
A
kol

[0

:

20 AAEAA BEE A G EoR sjgow]
A

g T4 ob] Ak = SAE NS AR
=z

-629 -



H#EhiEs Korean J. Plant Res. 24(5) @ 628~635(2011)

x|} FAek 30 ¢ 14 sucrose@r 2.5 g-L 14 phytagel
o] Z3hel MS AR (pH 5.8)F 7] Hu)j#| & o]&-3}3i)

AEAFAA F5 B wEF QA AT e A
#]2=9] A3t afol MAE G s $8l 2,4-D
5 mg-L "7} ZgHe MSHHZ] oA 457 Wuj g Al as
22191 NAAY Al E7 | UF
2—iP(2—isopentyladenine),
5ol &84 iAol XJ8lalr. NAASE BAP, 2—iP, Kinetin
S 77h 1, 3, 5 mge L FEE EE9 ujx|o] oA %E
A A A2 ZA8ke] 25 + 2°C, 2500 Lux B%71¢]
HjFA ol A 16417 BV 2 557k gl aict. ]
o] ALt GE&-E AEA A o gk Aldst A
ol 5 NEEE Yeplglon, 3ukno® FAkste] )
3t G845 vty AEstE 2~3 cm 2719 A=A
RENAZA A7} FEE 2] L MSH|A]of| 0]l 3 =
A 24 slollA HelE friskgleh #HA 5 em o A
AEAE 25 £ 27, 2500 Lux 2719] #jekdelA 0.2%
Hyponex(N—6:P—10:K—5)&1& o838l 15UZ &3}
3 & LEd o]4&e]t]

<1 BAP(6—benzylaminopurine),
Kinetin(6—furfurylaminopurine)

o

e oft rir

EEE g T

ABNYRAAY FFo} BE) ME WIS FERE
HEAPEPA FF R 7 o) AEFARIE )

Aefs FEasd] vxe &S 78] 919 1, 3, 5,
10 mg s50] 2,4-D, NAA, IBAZ & #2]3 MS
Ao ”éﬁ% ol AeEAE Adsisith A T
Tl A 94.8%~99.0%2] oS Ho]
A el o] &gk A JsEAte] wole2 Al A
2 Ho|r(Fig. 24), AEAFZHA e

2 SAPToE ko] foj e flSith ey e
gol oM A dAY TH 2 skl mE)
ztol& Kt Table 1). AEAg4A 9] Fiol o
2 AglollA= NAACH IBAS] 745 7+t 10.0%~50.1%%}
9.3%~19.3%2] A~ FE&S Hel vhd 24-D9] ¥
= 229 79 69.0%~85.3%2] EAZ R FolA 9

EF 2 5

= Ho] NAASH IBA B} Ae~ £
Lol 7Y a4 Rit‘r(Flg 2B).

IBA #2)9] 491 mg-L "9} 3 mg-L7'9] w204
= A2t FEEA] gken) 5 mg-L 79k 10 mg L™
F2t 9.3%%} 19.3%°] vl whe- 7ie
H

& EEE Rt opel A zxs} a7t FAll
T8 A3S Btk Cho ef al(2003)8 whA1e] A1&2)
Blo] g4 sE Al of g s e Al et 94
= 749 wAy o] FAo] of gl eglr). 234
HjFe] el whE Ze] 2~ AWsh= [BA7} 2,4-D &
NAA ﬂﬂ?‘l“iﬂ- glom RWE ZFo| AEAAZA |
Aol A A ert T7F 55 Ao AEE Ut

e AR EOﬂE}
NAAA el M= s=e] S7to] bt Ao fiedol
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& ga% FEss OﬂOL} 2,4— DA F&ol WxA

2 %E%% HolA|uk o] STt mE A AW
sh& A kel Aol ATH Table 1).

2,4-D g T-9] M)~ FEHE 69.0%~85.3% = IBA
SF NAAAE TR 9toH, e Ao 20 A
71 A&slolth(Fig. 2B, Table 1). 2,4-D =4 Hz]o]
e A &S g 43, Aeert 1
= 7o) fego] SUKE A% Bel 5 mgel 24-D
SEAPNA 85.4%2 7P EHAQ WA FEES
ERARATE. & 5 mg-L " 24-D AZelA w47 F &
A g A2 YA F] 51.0 mgo = FALH O] 1 mg-L '3}
3mg-L™" 2,4-D 27| 34 mg¥} 47 mgHT} & 7
2 A TS Ho] Ao F2o] d&slrh(Fig. 1), 1
A}, 10 mg L' 2,4-D Aol M= 5 mg-L7'9) A2

of wah Aol g 9 Ao AA|Fo] vha Hadhs
Ao vElgton Ay A Frg&y 231 g A A
T 47 69.0%5F 41 mgo= AR T 27T
T |z AWE 22| o] Ao} ik
KR 2,4-D9] %7} FoldsS Sk AEs 1Al
Aok IBA, NAA Azl wlsids 247 B3 8.9%9
13.9% Ax & 30 2 ZAN|Y7|7Heot e~ A
o] 7V F2sllri(Table 1).
2 A2 A SsFAe] Ay fieollE 5 mg
liCA 2,4=DA|7} 717 EaHA o]l o, 1 thgol
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Table 1. Effect of auxin concentration on callus induction from mature seeds of Miscanthus sinensis

Auxins (mg-L'l)

No. of seedstransferred Seeds germination (%)

Callus induction (%)Y Browning (%)

1 150 99.0% 782 + 4.9° 5.1
24D 3 150 97.9° 80.1 + 4.1° 10.2%
’ 5 150 99.0° 853 + 7.5° 10.4%
10 150 96.9" 69.0 £ 9.5 16.6™
1 150 96.9° 10.0 + 6.0° 12.5™
3 150 96.9" 28.5 + 2.4% 13.5™
NAA 5 150 95.8° 448 + 34> 19.8°
10 150 94.8° 50.1 + 8.8° 21.9"
1 150 2.7 - 18.8°
3 150 97.9" - 21.9°
IBA 5 150 96.9" 93 + 3.9° 229
10 150 95.8° 193 + 1.6% 24.0°
YValues represent the mean =+ standard errors (SE) of three independent experiments.
“Mean Separation in columns by Duncan’s multiple range test, p=0.05.
1000 | F 1000 o], Ao Fee v A& T, AeE A EA
90.0 - + 90.0 [ -
< 800 - 80.0 5 o T 2 wko uwgt o] oheFekA| vt we] -
g 0 00 T 2 mgL 9] 2,4-D7k Al ] frie] dukHow
S 600 - | 600 ©
-.§ . L s00 B o] 8HtH Cho et al, 2003). Holme and Peterson(1996)
2 400 - r40 B 3} Park et al(2009)& Aje] Al A F% A 2,4-D
5 300 - F300 B _ _ .
& 200 | L 200 E 7} &3 olQithar Harsle] B A vlel AR5k o
100 - fi00 2 Lee et al. (2007)& &3} A=<l AU o229
0.0 + + 0.0

1 3 5 10

Concentration of 2,4-D (mg-L-1)
Fig. 1. Frequency of callus induction and fresh weight of
embryogenic calli from mature seeds of Miscanthus
sinensis.
Average of Callus induction rate (%), Fresh weight of

induced embryogenic callus (mg)
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H 3% AEAARAA BT s TUIESE Aa
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S5k v (embryogenesis)©] $) 3]
o] BERl Weo| H§ ST AESH HH“Lg R B,
= Sl

Eafel AREE U ABE AT

2
=
o
u

o g
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F3F Park ef al.(2009)2 2,4-DE o] 83 A o<
FAe] A f Al 3 mg Ll wETF 7P Ao
kil BHaski o, Holme and Peterson(1996)&
A % Miscanthus x ogiformis®) 782]7~w%F A7} 3 mg-L™!
2,4-D&] Apgo] A Fleo] EmEAY Wk ofe} uf
IR T AWEge] grhal Hasgivh ey A
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5 mg-L ™" 2,4-D AN e o] ag#ola A
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A5 TR A frieol 829 A=Y EA Y] &
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A 22 HE AEA AL §&

AEAGEEAY] T D FE7F e 20] ATt 7]
A G TN 5 mg L 24-DE g A
ato] 47 7h w e AdsEAL el el ~E S20190 NAASH
Kinetin, BAP % 2—iP 59| Alo|E7]\dS 242t 1, 3, 5 mg-
L7 sEs &8 A3 MS wixlel] x4tk (Fig. 20).

NAA, Kinetin, 2—iP ~12]3 BAPZ &84 2|3} uf#] o]
A Z¥2} 19.09%~59.0%, 23.0%~67.3%, 14.7%~83.7%2]
AEsHES Hol NAASH BAPS] =842 +7F NAAS}

Kinetin =% 2-iPo} &8 Az|et Anrt A AT
A Ao A8 AEste] 7 3H2 oA TH Table
2, Table 3, Table 4).

NAA®} Kineting &8 2]t MS H|A] Aol A ez
BEjo] A3} 8L 19.0%~59.0% F0I.21, 3 mg-
L™ NAA9} 5 mg-L™" Kinetin &8 wj=]oll A 59.0%
o] AHAZRE A2}t F¥ste] 5 AEANFZEA 9
TR E8A4 ol 7MY e AR S Yl
(Table 2). NAAS] % 1 mg-L™" %= 3 mg-L ™7} Kinetin

Table 2. Effect of NAA in combination with kinetin on plants regeneration of the calli induced from mature seeds of

Miscanthus sinensis.

Growth regulators (mg-L™)

No. of calli transferred

Plant regeneration (%)Y

No. of average of regenerated plants

NAA kinetin
1 9% 19.0 + 11.0 2.3
1 3 9% 37.7 + 6.2 1.0%
5 9% 523 £ 83™ 22°
1 9% 9.0 + 4.0° 1.0%
3 3 9% 34.0 + 15.0™ 2.4
5 9 59.0 + 9.3° 2.0°
1 96 39.7 + 124 2.0°
5 3 96 39.7 + 2.2 1.0"
5 96 213 + 11.2% 2.0"

YValues represent the mean =+ standard errors (SE) of three independent experiments.
“Mean Separation in columns by Duncan’s multiple range test, p=0.05.

Table 3. Effect of NAA in combination with 2-iP on plants regeneration of the calli induced from mature seeds of Miscanthus

SINensis.

Growth regulators (mg'L™)

No. of calli transferred

Plant regeneration (%)Y

No. of average of regenerated plants

NAA 2-iP
1 9% 23.0 + 7.2% 1.0°
1 3 9% 413 + 147 3.8
5 9% 333 + 5.6° 4.0°
1 96 4.0 £ 78" 2.8%
3 3 9% 46.0 + 18.0°" 2.9
5 9% 440 + 254 2.1™
1 96 50.3 + 6.2° 1.0°
5 3 96 60.7 £ 5.6% 3.8°
5 9 673 + 4.3° 5.8

YValues represent the mean + standard errors (SE) of three independent experiments.
"Mean Separation in columns by Duncan’s multiple range test, p=0.05.
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Table 4. Effect of NAA in combination with BAP on plants regeneration of the calli induced from mature seeds of

Miscanthus sinensis.

Growth regulators (mg:L™)

No. of calli transferred

Plant regeneration (%)Y

No. of average of regenerated plants

NAA BAP
1 96 527 + 134 3.0

1 3 96 69.0 + 16.4° 5.1%

5 96 623 + 3.8 7.0°

1 96 65.0 + 2.0° 3.1%

3 3 96 73.0 £ 2.0° 2.7
5 96 83.7 + 5.5° 5.5%

1 96 543 + 11.8° 3.0

5 3 96 56.3 + 7.2° 5.5
5 96 147 + 8.7 78

YValues represent the mean + standard errors (SE) of three independent experiments.
“Mean Separation in columns by Duncan’s multiple range test, p=0.05.

FE7H1 mg'L T2 G £ Az wixo e Al sk
°] 19.0%= 7F¢ Woko, Kinetin %9 Skl wheh
AsHEo] T7Fshs dde B3tk shAIE NAASE BAP,
2—iP %% Aol vl w2 AeA ALsHES vehd

, shpe] A ARRE A 2,470 AEAE de

M~ NAAS 2—iPE &8 A3t vjx]dl] x|A}3t 4
% 23.0%~67.3%2] A&z} 58S Ho] NAAS} Kinetin
=gl val & AlEsheS Bk NAASH 2-iPE
7—% 1 mg-L7'e W FEE T8 49 AEsHgol

3.0%% 7P ko NAA =71 448 u) 2—iP &
J} SV Al shEe] va ol AEE B
th 53] 5 mg-L™' NAASH5 mg-L™' 2—iP A2|7¢] 75
67.3%% 7V E AEA QRS Bom, wjdy
7&9] X]ﬁgoﬂ r,q-.:q. 71431/\ o uﬂ-‘.} /\J_,] =23 % 5, 87H
2 714 =9kcH Table 3). 181} NAAS] 57} 1 mg L™
U= 3mg L7 A 5 me L 2P FEE A EA AR
S-S T A7) 43S BOTh NAAS 2—-iP &4
Aol A= 5440 BE AgollA 28 )7 A
of LAEoH, o]Hdt P AxEA olF 7ulllA
of AEA A} Helo fw Bl Alts) AEAo] 3 A
ojdom 283 Aow AEHrkFig. 2D, Table 3).

7] 2~E NAASH BAP7F &8 A 2] g uj=|ol] 2733t 74
2, 5 mg-L™" NAA9} 5 mg-L™" BAP A&7 A|9jg =

Fig. 2. Process for callus induction and plant regeneration
of Miscanthus sinensis.

A: Primary stage of callus induction from mature seeds of
Miscanthus sinensis, B: The induced callus from 5 mg-L"
2,4-D after 3 weeks., C: Callus proliferation and plants
regeneration stage from induced calli., D: Plant regeneration
and roots induction on the treatment of 5 mg-L'1 NAA+S
mg-L" 2-iP., E: Regenerated multiple shoots on the treatment
of 3 mg-L'1 NAA+5 mg~L'1 BAP., F: Acclimatization stage
of regenerated plants.

£ AgolA 52.7%~83.7%2] AE3t &&S 1 Kinetin
F= 2-iP £§ AR AlRskgo] A ZARE T
E3] 3 mg-L™ NAASH5 mg-L™" BAP & A2]¥ wjA]d|
A ARBEo] 83.7%2 71¢ A e U, 5 mg-L™!
NAAS} 5 mg-L™" BAP & Ag] 7ol A Az r e
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}\]‘:'xﬂ XH“"Q’ % —5—] AN ;]_oﬂq_ 1:1:5]_ ]H_\?_@rg_ _?4
af A el & S3E %] = NAASHBAP &

Aol A 2.7~7.87Hi ZA}E]o] NAASH 2—iP &4 Z%
2ol A1) 1.0~5.87) 18]l NAAS} Kinetin &-§ Az
Tl 1.0~2.47080 B2 AEAZE ARst HAnt
(Fig. 2E, Table 4).

weh 2 AT A3 NAA 3 mg-L™' 3} BAP, 2-iP ¥
Kinetin 5 mg-L™" £8x27ke] A 28-S v wslgS
), =3 F% 27 A BAPZF 2—iP ¥ Kinetin®l] B3}
217y 39.7%%F 24.7% ©1do] w2 AsHES Bl 7P
g ol ATt
ZA el ofgh TA1Y] A= AlEsh P wdlE
S, 718EA e S, AR EEAY] T R
299 T ol wet k2], Cho er a(2003)2
A4 AE W SkedAt frelf Ae] o] A3t Al Kinetint

A3t gIE Wtk 51%leH, Lee er aL(2007)

& FF =0l YUY glo] e ~2] 739 NAAC} Kinetin
= Z8& A7 Al 3L7%9] Az ARESHES Hof, tE AE
A zAA AgEeh Atstel aaAoltka Barskgl
o} wét Song et al(2010)2 ERC(Loysia japonica)
ST e 2=0] A3t AjelA 2—iP #1217} BAPe|
Hl3j oF 20% o9 & AEsHES Bl B8 Ay~
BHH thlx friel mapAe] kil Barste] & 5
Avfel= thE Fdoldnk

2,4=DellA ¥l A =S ArE 7“3&3 1,3,5
mg-L~" NAAS} BAP, 2—iP, Kineting &8 AJ+3} )
Aol 273sts Wl 45 $ 2] v AlEsE Fs Hol
=] NAAS} Kinetin 8 2g]+= th2 Ao vlaf] *&
AR}t a&S Bom NAAS 2—iP &8 Ae] F Ag
o= o2 A oA Axe} Hefe] WS Al
Z & g QUoITh 3 NAASH BAP &8 A] A t& A
glol vlal @& vhalzrt 3 Hglon, Y AR EE 7}
F e AEAE do] dFSAdd 7P Adeita dd
Hdok Ao AskeE A AEst AEAe AE

AFZAAE EFEA] B2 MS7|RE: wiA|ell #A oF 35

A5
BAP7} &
Al

A E 3 & 1641 B 2719 Jﬂluﬂow\]oﬂ/q
0.2% hyponex £-91-8 o]ga}o] oF 7 ~10°]7} ASAIZ
o whto] kil Algo] Yudh AEAE XE &

7 oA Aujetlth(Fig. 2F).
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