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ABSTRACT

Teff grass is a warm season C4 annual grass that is used for dry hay, silage and haylage. We
have developed a high-frequency plant regeneration system for teff grass via callus culture using
mature seeds. It was revealed that mature seeds cultured on MS medium supplemented with 2
mg/l 2,4-D, 0.5g/L proline, 0.5g/L casamino acid and 3 g/L Gelrite under light condition
produced the highest percentage of callus formation (91.9%). Addition of cytokinins (BA) at
0.0~0.5 mg/L to media containing 2 mg/l 2,4-D enhanced callus growth. The most suitable medium
for plant regeneration from dehydrated calli was MS agar medium supplemented with 0.1 mg/l
NAA, 1 mg/l BA, 0.5 ¢g/L proline, 0.5 g/L casamino acid 3 g/l Gelrite which induced the highest
percentage of calli forming shoots (47.0%). The shoots were rooted at the highest rate (100%)
when transferred onto 1/2 MS medium and acclimated in greenhouse conditions.

(Key words : Callus, Regeneration, Teff grass, Tissue culture)

- Qo EE g 75 231 9 B

A AFE 5 vk el slol 53 THE

H 18k (teff  grass)= oS 12 AE]A ojvt Hureh &g ¥lawd & Hesy]
(Eragrostis) 401 &abe W9 Zxex 2 B A A= gle A%l BY
71 go] MEI AR} $-Fete] Az, A B A BAS AT ¢ e Aud
Abdelx] 9 wrEe zom g oolgWeyt o IHEIFER opyet E2 FE IAF
©528k 2FF0] 3ltolth (Smale et al,, 1996).  OFV=AFS FHfskal glo] FHo HxE=
HZoebss el oEevolelx: ol8E T gl TR ZFOIT (Ketema et

teff grass®] 2t LS FHowL ofy  al, 1997).
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(Li et al., 2005; Smith et al., 2002). 2=
zAMG a8 AE A% =d=4s
Pk wiA o] 2AE W oge v =4
o8l dF= . A7 "=
2o AW A A= Y 9
(Bekele, 1985)3 A&FAke} vAds FA
(Assefa et al., 1998; Gugsa et al., 2006)E ©]
§9 wask 9% Qort 7 mde] vud
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1. AENE U SRAD

AEAZZE FedA e HxZ et
(Eragrostis)2] Titany #%= A&ttt El
Tagtre] AEFTAE FHES o] 85k

ZFEA FIE AAT T 70% (v/v) ethanololl

A A19d 1%

13y dreta, daaR 33 AAdE o
YAl 5% (v/v) sodium hypochlorite -8 <4<l
3087 HAANA mWA Sl At
F A= clean banchUlol A B2 33 o4
A ths BdE filter paper® &AH FTAF
o] Z71& &dd] AAG F, A fFEw

Aol 2|35}t (Lee et al., 2008).
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2. §=5SXERH AHL9 RE

Hzoets As SAREEH ABHAE
Lt A ks I A= MS
(Murashige and Skoog, 1962), N6 (Chu et al.,
1975) B+ SH (Schenk and Hildebrandt, 1972)
A S 718 WA R ARESke] 1~5 mg/L
2,4-D (2.4-dichloro phenoxy acetic acid) B+
1~5mg/L NAA (a-naphthalene acetic acid)=
98 AgsAY, 1~5mg/L 24-D FiE 1-5
mg/L NAAS} 0.1~1.0mg/L BAS && Ag
3}al, 30 g/L Soucrose, 0.5g/L L-proline, 0.5
g/L casamino acid 2 3 g/L Gelrite® % 7}3}
of Azttt Alxd Aelx =& wiA
of BlzIgtx Adi FTAE Adske] 244£2T
o AFHIN 4T3 o WFE T FAT
el A= Aol & A
WArk Al AR BE
121C, 1.57]940 = 1737t autoclaveoll 4] 1L
229k Efske] ARE-skA T

(e}
=

3. ZHAZERH A=A M=zt

joral 74

Al FEufAeA 65 ok wigs A
elarbs Fsko] MS, N6 3 SH 7] HijA]
o 0.1~1.0mg/L BA % 0.1~1.0 mg/L Kinetin

S @& HEFFAY 0.1 mg/L 2,4-D TE 0.1
mg/L NAA®} 0.1~ mg/L BA 0.1~1
mg/L Kineting &8 A 2|3}3, 30 g/l sucrose,
0.5g/L L-proline, 1mg/L thiamin-HCI % 3
g/L gelrites #H7}8te] Az v xof] e~

“
T
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1.

R IES DR

=ZAE 24D 2 NAAZY
7} 4

0, 9 s5mg/Le] FE=2 H7}t
A Fu] A oA 457 w3t A
FARZEEY AYA FEELS 2mgLe] 24-D
7F 91.9%% 7Fd A YEREA 1 mg/Lo
2,4-D7} 86.7%= F+ WAZ @Fo] =kl
T NAA T8 A A= 2mg/Le NAA
A7t 81.4%= MY~ e g8 7 =
det. wEbA HEZ ek JEFAEe] e~
FEdE 1~2mgl FE9 24D EE NAA
A7 AR Aow #aEHAYt U3
o] AR 2R XA 24-D7F NAA
of HlE] o w2 Y~ FEES HIlen,
e AAFE o =A e 24-D A
b et A FEO o a84US
018t 4 Al (Table 1). Wb ®lZ 12}
25 AW g o] A~ fEet A%

o= Al AR BEES S AEA

15 5> 35

7)
# =

[e)

g

Table 1. Effect of different concentrations of auxins on callus formation from mature seeds
of Teff grass (cv. Titany).
Auxins Concentration Number of Number of Callus formation
(mg/L) seeds tested” callus induced (%)

0 60 0 0

1 120 104.0 £ 1.7 86.7 £ 14

2 120 110.3 + 3.1 919 £ 2.5
2,4-D

3 120 98.7 £ 42 81.1 + 2.5

4 120 933 £ 42 778 + 3.5

5 120 947 +£ 4.5 789 + 3.8

0 60 0 0

1 120 99.7 + 2.3 80.5 + 6.3

2 120 101.0 = 1.0 814 + 4.1
NAA

3 120 88.7 + 3.2 73.6 £ 3.2

4 120 80.7 + 2.1 644 + 32

5 120 79.7 £ 1.5 63.1 £ 5.7

* Dehusked mature seeds were placed on the callus induction medium and cultured for 4 weeks.
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2. §=SXNERYH AL g 3 AYHAL
MM S0l chet SA 3 AOIEF|IH =
g Xele] g
Auxin @829} Cytokinin =& *J&] o

W el FAS SEE Flstr] 9l
2,4-D¢F NAAE 7H7H 0, 1, 2, 3, 4 % SmglL
o FEE H7IE Auxin @& A wjx] o)A
457 wieke MY A~E 24-D9F BA T8 A
gy Aes FreufAlel #A 353 st
Aok F 77 EQF WY HEags s
SAY] Y s {Feg gAY AT
ZANSE A3, 2mg/Le] 24-D @8 A9k
2mg/Le 24-Del 0.1 mg/Le] BAE #7138l
et Al ZHzE 90.7%2F 90.0% %=
7 e Ay AES UEH B
3, 2 mg/Le 2.4-Dell 0.1 mg/Le] BAS Z&
HYalls 45, Bl AAFO] 41.7 mgl

2 b3 ol dent ez F46 M &

¥

A A19d 1%

A=
2 H3XE3 93l (Lee et al, 2008; Lee et
al, 2009a; Lee et al, 2009b), ¥ <1574 3}¢}
A AFAIE BwojFa gl

3. ETE=ZO IE M=A M2t

Table 2014 &0t 2mg/Le] 24-D, 0.1
mg/Le] BAZ} H7bd el {2 v oA
777 kgt A g o] §5le] BA EE
Kinetin®] Z}Z} 0.1, 0.5, 1mg/Le] =2
7}El Cytokinin T8 A3} vl Ao A wl] gk
A3, 0.5mg/Le] BAZF H7FE wiA oA )
e A 375%E TP =2 AR a8
YERAeh whebA] B Z ek A EA AR
3ol ti3 Cytokinin & A= BAY}
Kinetin Bt} ©f &&4< Aoz FAHS
o} 3, A2 A3l th3k Auxin (2,4-D,
NAA)Z} Cytoknin (BA, kinetin)S &8 =]2]3}
RS -+ 0.1 mg/Le] NAACl 1 mg/Le] BA
E A7k wjA el A wietl S Wl 47%E

Table 2. Effect of 2,4-D and BA on callus formation from mature seed culture of teff grass

(cv. Titany).
Growth regulator ) )
(mg/L) No. of seed Callus formation Callus fresh weight
2 A stransferred” (%) per seed (mg)
,4-D B
0 50 0 0
1 100 86.3 £ 2.5 30.0 £ 2.6
2 100 90.7 £ 2.5 35.0 £ 3.0
3 100 83.0 £ 3.0 28.7 + 4.7
5 100 80.7 + 3.1 247 £ 7.6
0.1 100 90.0 + 2.0 41.7 £ 3.5
2 0.5 100 773 £ 3.2 377 £ 1.5
1 100 71.0 £ 2.6 293 + 2.5

* Dehusked mature seeds were placed on the callus induction medium and cultured for 4 weeks.
" Data represent mean of callus fresh weight formed from one seed.
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Table 3. Effect of growth regulators on plant
regeneration from mature seed-
derived callus culture of teff grass.

Growth regulator Plant regeneration
(mg/L) (%)"
BA
0.1 253 £ 1.5
0.5 373 £ 2.1
1 36.0 £ 2.0
Kinetin
0.1 173 £ 1.5
0.5 293 £ 2.5
1 32.7 £ 2.1
2,4-D BA
0.1 17.7 £ 1.5
0.5 26.0 £ 2.6
1 337 £ 1.5
0.1 Kinetin
0.1 157 £ 2.1
0.5 26.0 £ 3.0
1 347 £ 2.1
NAA BA
0.1 287 £ 2.5
0.5 36.7 £ 2.1
1 47.0 £ 2.6
0.1 Kinetin
0.1 307 £ 1.5
0.5 307 £ 1.5
1 38.0 £ 2.6

" Values represent the mean + standard deviation (SD)
of three independent experiments.

SR ER R D

el @y 9 ABA ARG B8

7V =& AEst 285 WErY S,
ags Ay AR AEAC AEstel=
Cytokinin & >8]t} Auxin 2 Cytokinin
=& A7t 9 =2 AL 285 e
21t} (Table 3).

4. A E2H =30 ook Hi

H%EA fee] A
A EA AEstell g wieF wiA o] Fol
T3] skl MS, N6
of SHE HH WA 2L
Abgt A3}, SH wfA]oll A ul o3
ol HlefA MS HiA] 2 N6 HjA| A Hj
3 Aol el g4e R 48R AR
a&o] o EA YERth E=g MS HiA|
3

e}
T=

S} N6 wj#] zte] el FAAE Bl A=A
Azt g&oll= 2 Aol7t e Ae=

ZH5] I T} (Table 4).

WA Bz gzoaetso] AEA Aldst
A A olelgh 2o R widPS o e
25 A FEufAOA wig 3YAFE
PA 7] AJFEE] 47 Folli= 90% o] o
dE e (Fig. 1A, B, C), AlEst iAol
oj2lgk & Wi 67 FEIE oF 50%°] H2
WER Azx7b %3t {9} (Fig. 1D, E, F,

G). &3 AxE= 12 MSE A E rooting
Hj Aol A 2523w gste] kT AEA =
A 5 potell o] A ste] Al 4= AN

t} (Fig. 1H).

Table 4. Effect of basal media on callus formation and plant regeneration from mature

seeds cultures of teff grass.

Media Number of seeds Callus forarnation Number of calli Plant regeneratlon
transferred (%) transferred (%)°
MS 120 91.8 £ 1.3 100 483 £ 1.5
N6 120 90.5 £ 2.5 100 48.7 £ 0.6
SH 120 764 £ 1.3 100 363 £ 2.5

*Calli cultured on the callus induction medium were used.
® Calli were transferred to the regeneration medium and cultured for 6 weeks.
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Fig. 1. Plant regeneration from mature seed-derived callus of teff grass (Eragrostis).
A, Mature seed. B-D, Calli induced from mature seeds cultured on the callus induction
medium; E-G, Development of shoots cultured in the regeneration medium; H, Whole
plants grown in pots.

uepA o dgrdatel A HZIass s gl BlZagtse] s T gl 3l

TAE ol&ste SAFF H skel wE A AYE fFEujAC 2mg/lL 2,4-D7F 7}
HA e Ay s ARG, 2 AgTddA 91.9%= 7P =A UERS
H AY A o] gale] Ealo] HZ < AlolE W A EA AESlE= 0.1mg/L NAASH 1
7Id FEE Eelssith mg/L BAZF FH7bE wjA oA e g o =y
47.0% ©o]3e F& AEIES 4= F UM
4 B thowEgh Aeafest A=A AEs) HHX]
of ok A= MSeH N6 iAol A &
Hragtas o vaoA b8 Ex 2 Aog I B AFE 53
o= Wol o] g¥i gl& Wrl ol 1z o FHE AHTAERNH Ay fFE P
U ApdEx] o 1 olgAol FUEA AEAE Aldst A28 FF gt 7
A= 2T T Shvtolth AltrE sEive & SACA Auistr]el A @E HEZ ks
o] A H 7% edstE A& A H AET s 854 ol &dE Aow v
Z A Ge] HAeta o o oq5d Hrh
A Hxo Ads Hets] = dijtew
A dAY Bz FaAge] Hak FuEa At At
ATk B Aol Bz aetse] A5EA
25YH Adxdade F5et vkel wE 2+ A7 2039 EENEA AHFA
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