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Development of transgenic barley having
characterization of early maturity time in use
of regulating gene flowing time for the purpose
of enhancement of effect using paddy field
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1. Title
Development of transgenic barley having characterization of early maturity
time in use of regulating gene flowering time for the purpose of enhancement

of effect using paddy field

2. Objectives

Purpose of this study was establishiment of transformation system of Korean
barley cultivars by particle bombardment with OsMADSI gene, which was
known as control gene for flowering time (An et al. 1994). The immature
embryos were used as explants for transformation of some edible and beer

barley cultivars.

3. Contents

Optimal medium combinations and Improved culture conditions were
investigated and established mass production system for callus inductions.
The time and wvarious conditions of particle bombardment were identified by
GUS analysis for improvement of transformation effect.

Transgenic plants were analyvzed by PCR and RT-PCR for gene expression.
Agronomic quality examinations for T1 and T2 generations cultivated in
green house of Honam Agricultural Research Institute were performed by

barley breeders of the institute.
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A 2 2 =Ue 7ls/HE &

A AAFRoR vy AR} 2 F2 AR F3FH e Aow gk
ARzl 7F sk AlEleE 599 Luehrs et al (1987)¢] ol&] #Hz==2 ol Fo] o
w 28 PEG (Lazzeri et al. 1991)4} Particle gun (Wan and Lemaux et al.
1994, Cho et al. 1998)5ell 2j& FAxFo] ojFojx v} 1997l =
Agrobacterium®) 213t ddAARo AF A7 L HH I A (Tingay et al. 1997,
Trifonova et al. 2001, Fang et al. 2002). @Al particle gunelf 2] =y}
AgrobacteriumS- @725 W Ee] F2 AEF ow FEAL] single
copy7t =2 HEol Aol Ve Agrobacteriume viJlEe WEE A A
A7t s g Eo] olofxa gl

EQQ] HAAG Adas A4 T2 s ARSear 1o A sl
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AbEE7] Sl = Rale Auie B st BaeAelvh wmek Aql Aol A Al
S A9 298] wol FEAR E%O] FE dojAn i dais o]o
2 A @k, mebd H AT oo Hagh Pyt o] F& wfdHely 2dE
zbz=l= 7ol Wl E F bR = Agrobaczferzum—g = Bhes §E
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A4 MG E oGS (B 14FF).

Fra P8 A8 my BT R
Sena] Qekne 2oue
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v A=Al st A9
D A
X 2 oajekstA )AL

Hal sPEa el MS (Murashige-Skoog, 1962) 3
R 242 My A7l CI (P. G. Lemaux 1994) , PL (Yuechun et al. 1994), L1
(Paua A. Lazzeri 1991)Z ol&35to] A o s HAds

})\t’-

2 AFEATA R AAEE 04
%A MS, CIL PL, L1e] A424%3
05, 1.0, 20, 2.5, 40 mg/L.2]

2], Naphtalene acetic acid 1.0, 2.0 mg/L¢ ©=38 ¢ Benzylaminopurine 1.0

mg/LE &85l callus &g %o, Qi Al2dS g oz G538
o] ©

2,4-Dichrolophenoxy acetic acid&
= 2 2] 9} Benzylaminopurine 1.0 mg/LS &-8& 3

g

AA T .

3) FAE Md E oA §aA ol whE e dyd ek

- & HrtEe] A3 mE embryogenic callus 589 FAlE BAFoR 9
H7M2 2 A4 ALE-3= Sucrose®) MaltoseS 2H2F 30 g/LE Ab&38to] Bl
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- By A= A BAE 8] 025, 05, 1, 2, 3, 4%71A ] vk oFol
phytagel S % 7}sto] Stejiidho] ofgks &A%

o FAATAY A
1) Agrobacterium tumefaciens. strain LBA4404

Agrobacterium 3% ¥, hygromycine ¢ 2 W3 & &5 24

i

2) Particle bombardment

Particle gun ¢ A%<+ phosphinotrisin(PPT)7} 3, 5 mg/L& 7+ © sl x] o] A
PSR I -

= T, = }ﬂ@—

i

g HAAE g8 A9

1) Osmotic treatment

Particle bombardmentg %3l A% Fdxe] @Al E4E $g dA
vk 0 2 gsmotic treatment (sorbitol 0.2 M |, mannitol 0.2 M ZIZ H7hHE 3}
9 o transgenic callus= histochemical assayZE &3l 2
histochemical assay® #g 2 #2 GUS geneol A9 # pBl2lS AM&3HA
(Fig. 1.).
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2) AEA 71 g &E

Particle bombardment < 4

o] HAANE BAsA L

WA 2 2AbEks] 9 1, 3, 5 79 Fom Awa

oft

3) Bio-rad PDS1000 #} =4} particle bombardment 210 ¢] A% vl 2g
FAA =9 9% " HY FAHe AdAdS #FHslr] $18)  particle

bombardment= bio-rad 7 ¢ 9 &3 5l 9} particle bombardmentd¥ & ©}-&
gkl GUS assay s -3 ﬁéél?ﬂ% 52 Felsh

- HAAZ WH oz FyAS particle hombardments o]-235te] ¥ Marker

2 bar gene (Al ZA A& FHA) o] E3hE pUBAE A& EH(Fig. 3.).



mg/L A H 7}

-1, 23 AR AS AR W] A=A PPTE 77} 3,
9 B BAABAS

7}
3t S-H 7302 OsMADSI gene (Uf8k&7 {2 =1) o] 4k¢]

i, O

pGA 2322
6300 bp

Fig.l. pBI121 Fig.2. pGA2322 Fig. 3. pUBA
(linked GUS gene) (linked OsMADSI gene) (linked bar gene)

2) primer =A|%}

pGAZ3229l A=l e MEEAFH2 OsMADSI? wele) f42 & 2
Aol At 2 E wAs bp@lelC primerE Al 2Fste] AlgeH(Fig. 4.).

- OsMADSI gene ¥ 7V fAMeE 2ele] F34Ax+ gene bank search 23}
Hordeum vulgare mRNA for MADS~box protein 7 (m7 gene) = Identities =
441/507 (86%) & YERf I 5.

- OsMADSI ¢DNA sequence < Primer g

FIEFAd 2 Eole FER DHEEH 600M7tAelm 2 o] % el zbg]ol A primer

& A4 3HFig. 4.)
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* ok deokok ok Ak ok

catgaaggag
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1141 gatg
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kAR KKkKKAKRRK

aacaaagact
T
tggcaagatg
catcagggtc
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gacatggtig
tcagttcagg
tacagggcat
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atgcacgtac
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CLLLLL

gggatagagt

*hkkhkkkikkhkkhkk

aggtogagcet
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Jok ok k ok okokok ok k

acgaaattaa
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cttcaggett

atgtaatgta
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<LK

agtagagaga

khkkikrkAkkhk

gaagcgoatc

kokokJkkkkkdok

gctcaagaag

*hhkkkhkhkkkxkh

ctcecggecege

LR B
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KkkkkkhkRRk

ttaccaagaa

AR EAKxA KAk kk
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e e kKK kK ok ke k
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>>
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cagagaagec
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Fok Kk ok e ook K
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*kkRhkhkkhhi

taccigaage

ARKA AKX K Ahk
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LR R R R ok
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E X S
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SOSSIOO>>
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ttatatttgt

Fig. 4. OsMADSI ¢cDNA sequence and Primer
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1= Alx=A<9 PPT 250 mg/l.E spray e 24 control@ 1] 3lo]
AEF AAE AW BHRE I OsMADSI 3 A2 specific primer (Forward:
5 -ATCAGGGTGACCATTCCC-3’, Reverse b -CCACATCCAAAACGGAA-

A-3")E ol&8 PCR= 3¢

..

4) BASTA® spraye %3 pot ol A9 selection

FAAZE Adgrd AEEAE potE o) 2%te] PPT 250 mg/LE spray sho] A
£

2. 27 = (2002) AT
oAy s 2 EE
- Kol AEst 2 JEARE A HEAlE 5 b @80 =2 Ao ¢
A Pl sIE o] &S (% 155
FEw P Ag Rl WF 37
e, AebHE), 2R
Lne, AR, A H6F, AFH20E, daFR e,

2 g Algrre], AR, g1,
7

v AEA Al A9

1) wfAlu F = A

A AL B ol FEd RS 91 IR ARl MS #H o wiAl =S AAdAI MSI
(Murashige-Skoog, 1962), MS2 (Thomas, 1996), MS3 (T. Gagio 1995), MS5
(Dahleen 2002) = PL (Wan & Lemaux, 1994)¢] A== E4
2,4-Dichrolophenoxy acetic acidE 2 &2 25 mg/Le] wEA 29 Dicamba 2.5
mg/L. @548 2 Benzylaminopu—line 0.1 mg/L.9] &8x & o]gsto] ulA

Sl ohREA Aol 9 gl Al aRlE = Ehsvh
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o} A A5
Particle bombardment A8 & PPT 3-5 mg/L H7bg v x|o A &2,

RinA

2t A Es 2 dZAAG 58 g
D A #A4 2 FR:A Sdud siA
Particle bombardmentZ =30 =

dH fgazxte] oAl mYdsS fet HAE
HhH © 2 osmotic treatment (sorbitol 0.2 M , mannitol 0.2 M ZFHzF 7= 3}
sow, Az A4l DNA ¥% 9 particle?] 98 2HEso] &85 T4

%
ek AR GUS #45 Fa gelskiv GUS
A4 B A2 histochemical assayE #1381 GUS gene¢l 4 ¥ pBll21¢] HPT #
M Marker24 AF£-31%)

11&
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i
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e

1) PCRE& §¢ %ﬁﬁ%iﬂ%— 24

OsMADSI 34 We specific primer (Forward: 5 -ATCAGGGTGACCA-
TTCCC-3, Reverse 5 -CCACATCCAAAACGGAAA-3)E o]&8 PCRE 43
3t e ¥ TO+ growth chamber WellA 18T 16A1xF WxAx 16C 8417
o] s THEA

4) BASTA® spray® 3 pot o] A2 selection
& 2l A 2k ef ZZ%E]* BYRRE FTAZE gol Wol(THAIA w=3Ae ¢ <F
= AE AQuld F PPT 250 mg/LE spray sho] Awsh

3) =34

SRS EERE R

€

s

T gaTads mw Agstel £33tk

3. 32 & (2003) AT
7h BAXRA OsMADSI 7373 &9)

) PCRE B3 24
OsMADS] +3ax 2] specific primer (Forward: 5 -ATCAGGGTGACCA-



TTCCC-3', Reverse: 5'-CCACATCCAAAACGGAAA-3)E ol&3 PCRZE =
Ik %, OsMADSI #FA#e dAq4el 48 984 Solgent Sequencing
Centerel] 22 = 3202, First PCR primer (Forward: 5 -AGAAAAACTAGC-
TTGCAAAGGGGAT-3', Reverse: 5'-CATCACAAATATAAATTTAAGTGC-
CA-3), Nested PCR primer (Forward:s'-TGAAGCGGATCGAGAACAAGA-
T-3" Reverse: 5'-TTATACATGGACGGTCCTACGAT-3")

2) RT-PCRS B3 24
FAAFA 2] RNAE 553 F, Improm-lIl reverse transcription system
(Promega) & Ab&35ted RT-PCR=Z 3Fel& 3t}

3 AEALEE B3 A
AES AEd FAZRH gol

¢l
st TuAl e TsAgE AlxA¢ PPT 250
mg/L 225 F3) HEAe gE oF

= W=t B{aste] gletgith

1) xg
FEsddgie]l GMO 22464 e Al g2ASA I T, B F FE
(T 1A% 102718, 28] 345 20/1)S A 890}

OsMADSI gene Transformants Lines Jinyvangbori(Ts)

902 -1-1 902 -2-1 902 -3-1
902 -1-2 902 -2-2 902 -3-2
902 -1-3 902 -2-3 902 -3-3
902 -1-4 902 -2-4 902 -3-4
902 -1-5 902 -2-5 902 -3-5
902 -1-6 902 -2-6 902 -3-6
902 -1-7 902 -2-7 902 -3-7
902 -1-8 902 -2-8 90Z -3-8
902 -1-9 902 -2-9 902 -3-9
902 -1-10 902 -3-10

Notice) Tested lines of earlier heading and flowering date than original varlety

in the first and second year



OsMADSI gene Transformants Lines from Danweonbori(T3)

207 -1-1 207 —5-1 208 ~1-1 209 -1-1

207 -1-2 207 ~5-2 208 -1-2 209 ~1-2

207 -1-3 207 -5-3 208 ~1-3 209 -1-3

207 ~1-4 207 54 208 ~1-4 209 ~1-4

207 -1-5 207 -5-5 208 ~1-5 209 ~1-5

207 -1-6 207 -5-6 208 -1-6 209 ~1-6

207 -1-8 207 ~5-7 208 ~1-7 209 ~1-7

207 -1-9 207 ~5-8 208 -1-8 209 -1-8

207 -1-10 207 -5-9 208 -1-9 209 ~1-9
207 -5-10 208 -1-10 209 -1-10

207 —2-1 207 —6-1 208 —2-1

207 ~2-2 207 ~6-2 208 -2-2 209 -2-1

207 —2-3 207 ~6-3 208 —2-3 209 -2-2

207 -2-5 207 ~6-4 208 ~2-4 209 ~2-3

207 -2-6 207 ~6-5 208 -2-5 209 ~2-4

207 -2-7 207 —6-6 208 ~2-6 209 -2-5

207 -2-8 207 ~6-7 208 ~2-7 209 ~2-6

207 -2-9 207 —6-8 208 ~2-8

207 -2-10 207 —6-9 208 -2-9

A 207 —6-10

207 -3-1 208 ~3-1

207 -3-3 208 —3-2

207 ~3-4 208 ~3-3

207 -3-6 208 ~3-4

207 ~3-7 208 ~3-5

207 3-8 208 ~3-6

207 ~3-9 208 -3-7

207 ~3-10 208 ~3-8

207 —4-1

207 —4-2

207 ~4-3

207 -4-4

207 ~4-5

207 -4-6

207 —4-7

207 —4-8

207 ~4-9

207 ~4-10

Notice) Tested lines of earlier heading and flowering date than original variety

in the first and second year
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~ AlH] @ N- PJOa KoO = 12-8-7Tkg/10a(iZ A vl & 7]n]:5H
Z

=_ . S = A~ =) =
- FdEA 34, B , B
P ) LA~ P S . = —
Adigsy o APFE T

1 1xd s (2001) A7+ W8 2 A

7} A A

1) M= =5, AAE 2 AFEEdEA T

o3

z} 4w} % ¥ embryogenic callus S & &S FAEY] 918t A gEiA 2 H
AA oz daul 2olal = MS HlAle} CI wlA], ®BalelA 53] callus =l
a8 oz o4z L1, PLWXE s (Table 1) 2.2 sle] 24-Dichrolophen-
oxy acetic acid (2,4-D), Benzylaminopurine (BAP), Naphtalene acetic acid
(NAAYE o5 9 E8& AHesto] & 43 PL
acid 25 mg/L & #HA7sE S o 7MY £2 =
th2ol A B 7R MS, CIL, L1, PL of NEAYzHE ZHS
Eaa)gsie) B Ax MS WA hE age] e Ao yEElen
PLOlA 7 B} ®e @88 veldgioen, 24-D, NAA, BAPE &&%
AR 24-DE dEor g 2yt o =& §&5 vehier, A
7= 2] ¥ 3 S PL wjA e 24-D #rFEe 25 mg/lo] 7 =2 E4&55
vheR S eH(Fig. 5).

2] o]l 2 4-Dichrolopenoxy acetic

Hjj
&g s
ufj =]

}

=
Ar

ali 2 ofy wd

VZS._



Table 1. Composition of culture media used for callus induction from

immature embryo of barley

Compound MS CI L1 PL(mg/L)

NHzNOs 1650 165 750 1650
KNO3 1900 1900 1750 1900
KHoPO, 170 170 200 170
MgS0Os - TH20 370 370 350 370
CaClz - 2H20O 440 440 4150 440
MnSO4 - HO 22.3 169 15 22.3
H3BO4 6.2 6.2 5 6.2
ZnS0s 8.6 8.6 75 8.6
KI 0.83 0.82 0.75 0.83
NaMoOs - H20 - 0.025 0.25 0.25
CuS0O4 - 5H20 - 0.025 0.025 0.025
CoClz - 6H20 - - 0.025 0.025
Na:EDTA 37 - 37 37.3
FeS50, - TH20 28 - 28 27.8
FeNa,EDTA - 2H20 - 40 - -
myo—inositol 100 2000 100 250
nicotinic acid 05 - 1 -
pyridoxine 0.5 - 1 -
thiamine-HCI1 0.1 0.4 10 1
ascorbic acid - - 1 -
p-aminobenzoic - - 1 -
ca-pantothenate - - 0.5 -
choline chloride - - 0.5 -
folic acid - - 0.2 =
rivofavin - - 01 -
biotin - - 0.005 -
citric acid - 10 - -
glutimine - 600 750 -
proline - - 150 6590
asparagine - - 100 -
casein hydrolysate 1000 300 - 1000
sucrose - - - -
maltose 30000 30000 30000 30000
phytagel 3000 3000 3000 3000
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Fig. b. Effects of concentration of plant growth regulators on embryogenic
callus formation from scutellum of barley.
Basal Media : MS , C1, L1, PL

* D 24-Dichrolophenoxy acetic acid B: Benzylaminopurine N: Naphtalene acetic acid

2) @ AR A
Maltoses AF-&38tc 7ol sucroseE AFEstE ZHYF oF 30 %ol Ho

embryogenic callus 34823 YEM A HTable 2.).

Table 2. Effect of sugar supplement in PL medium

Medium Sugars(e/L) Embrogenic calli”
Sucrose Maltose
PL 30 +
30 ++
30 +
30 +
30 +++
30 o

a) Sugares were added to PL basal medium.

b) +, poor(10-30%) ; ++, moederate(31-70%) ; +++, high(71-100%)

_.25*



(Table 3).

Table 3. Effect of solidifying agent on medium

Solidifying agent®(g/L.)

Medium Root formation”
Phytagel
1/2 MS 0.25 +
0.5 ++
1 +
2 +
3 +4++
4 ++

a) Solidifying agents were added to 1/2 MS medium
b) +, poor(10-30%) ; ++, moderate(31-702%) ; +++, high(71-100%)

4) v sl vk el

48 JAARS A mgol e AR AAE AYste
e shaUsl 49E BH M4 3
A ok 20-307he) AEE WA 23

o AEAA mge
e (Fig. 6).
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Fig. 6. Development stage of barley regeneration in vitro culture.

Al Immature embryo on osmotic treatment medium, B: Callus induction

on PL medium supplement with 3 mg/L of basta, C: The arrow indicate
Embryogenic callus formation on PL medium supplement 5 mg/L of basta,
D: Shoots developed on FHG medium, E~G: Fornation of multiple shoots
on FHG media. H: Rooting initation on 1/2 MS medium with 1mg/L of BAP

HAA7EA Baje] FAAd3 WHoR £33 o] £% 3 9 particle bombardment
(Kartha et al., 1989) <} Agrobacterium (Tingay et al. 1997)& ®i7j= 3 w4
2 AFE3t ¢leow B dFPdolA Particle bombardment$t Agrobacterium-E
o4 =T = B ;ﬂﬁ‘ﬂ He Al GUS assays Fsll 58S W nste] 2 2
I ZhA E EE7E 9F 10-20%9 GUSel GARke d@4e uERY QL
particle  bombardment <) 4= BASTAYZ  selectione 24 BF o
Agrobacterium®l 7 $-°ll = hygromycine.® % selections 2l A 8}9] 0}
71 A7, particle bombardment2] “A-%ofl+= PPT7} 3, 5 mg/LE7F 5wl = o A
ok 49%9] selection®] WElSEO U hygromycine® 9ol thekst 279 A&
selectiono]| #k o] Fo] =] x| gFku}
mel A, @Kkl gl vhEe W e 25 particle bombardmento] 2}
thElo] o} Ao A = particle bombardment®tS o] &8kl on, ikt Ale S
k2

AN FAAG A& PR

L

e



oh, FEHE 58 g A

1} Osmotic treatment® &% transformation d-& &7
AduleF 0, 3, 5, 7€ F2 mA%
of Wi, GUS assay 23}

393 th(Fig. 8.).

WS Tissue culture testplate (8x12) (Fig. 7)
2% Ay osmotic treatmentES =3 5 E 3l

i

Fig. 7. Effects of histochemical assay after particle bombardment on the
immature embryos

Osmotic treatmenti{by Gene gun)

BPL
HPLI

Gus test(%)

Fig. 8 GUS assay with histochemical reaction after osmotic treatment

PL: non-osmotic treatment, PLI: osmotic treatment
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2) Bombardment A A] 9 o] M 3}A

Bombardment %, selection ¥l#] X A4 A7+ Ag7tA] A5 235 B
194 29 Ateol& YEFYAL At (Wan Y. 1994). 1, 3, 5, 7, 10, 1592 3}
A 23 embryogenic callus g9l A5 1, 3¢9 A of 3-4% 5L
10% 792 12 9%, 109 30% 159 40% A== FA = ol & vhA] 221 A )=
of Adelae A$ 7Y olFo Ag F5H calluse] Ax P El 1 % HA
Z]L]’X] ergrom thiRE A JAdwt ol FARE Aom AL selection &
Z el A FEedok ey 19 o]F XA F ¥ embryogenic callus®]
Aeole oF 30 %o A% HAES UEMYAenZ 1Y olF A Aste Aol 7t
A AAstota FebE AT (Table 4).

Table 4. Effects of selection time on multiple shoots induction of transgenic

plants.
) No. of multiple o
Days in No. of callus Efficiency (%)
scutellum shoots
culture selected(A) . (B/A)>100
bombarded induced(B)
1 233 7 2 2857
3 255 10 1 10
5 240 24 - -
7 300 36 - -
10 290 37 - -
15 300 120 1 1.2

3) Uil =] 3 Arel 9538 Gene-Gun system ¥ Bio-radiit PDS1000
system A% Bl

42y 5Hil: Gene—-Gun system 3+ Bio-radiit PDS1000 system®] Ad5W|als
GUS genee| AY¥ pBIl21& particle bombardment 3¢9 histochemical assay

2 3 A%z B9Fdd.
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Osmotic treatment(PDS100 and Gene gun)

Gus test(%)

Day

- - i

Fig. 9. Comparatlve analys1s of GUS assay effects between gene
gun systems of Yonghung Sci. Co. (domestic brand) and Bio-rad
Co. (abroad brand)

pie AgAe e T

[=S =1
ez ge olF WuE x

Y,
o}
e
)
k|
N
N

o] Bio-rad kel

=
>
)
op
o

2
2,
x
2

= Zdistar len s alx sARel o 5 st
28k Gene-Gun®| A5 °]9 uln&sl ] AgE w7 AEe FeoF
2l i}o]‘c HAaskA Eekdnh welA Sk AHE AMSStolE E& A SW
A AV g Aoz drhE o

particle bombardment
(Table 5.).
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Table 3. Efficiency of basta selection in various barley cultivars

st selection

. No.of B Nooofcali Noofcali  nd selection ~ No. of call
Colivars _ efficiency(B/A) ;
bombared(A)  selected®)  selected(C) o efficency(%) having plantlet
x100%)
B L8] 1490 17 5 118 2% 1l
dug AR 1924 3 189 3814 B 3
N sikk 133 368 122 251 2147 11
“‘JTEE] \ \ - =
A 1% 018 326 329 35 17
291y 30 - - - - -
Al 36 - - - - -
AENT 30 16 - 53 - -
Gk Bl 12 - i - -
AT 28 5 - 173 -
He 1] ) X - 44 - -
HgEe iy i - 26 - -
43R 500 2 3 457 125 -
LR 0 12 - 4 - -
A5 7 4 - 107 - -

a) IE * immature embryo



2) 952 o] F A ZA sparyE FT Basta A g FE A A
ex vitro°l| o] X% 7/HAE PPT 250 mg/LC & spraysle] st
o

A B

Fig. 10. Selection of transgenic plants by PPT spray (basta 250mg/1.)
A photo before basta spray, B: photo after basta spray

ol FAd e e PCR& &3 OsMADSI 44 24l

Ay AAe dolAl genomic DNAE FE3le] OsMADSIY Ha]e]l MADS
bhoxo] A A% Aol EAeHA &= T oA specific primerE A 26k o] (Forward:

5 -ATCAGGGTGACCATTCCC-3’ Reverse 5'-CCACATCCAAAACGGAA-
A-3") & o]838)}] band ¢F 400bp= 213 oF(Fig. 11.).

E
=2
=

Fig. 11. The OsMADSI gene amplification in putative transgenic barley by

PCR
size: promega 1Kb ladder, rice: positive control , negative control: Wild

type barley, pGA2322: positive control , M1~M4: transgenic line
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v} OsMADSI 7442
BASTA® spray % PCRS
3 o (Fig. 12)).

Q Gﬁ
r&
i
L
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i
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4z
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o
1

Fig. 12. Transgenic plant

2. 2P AR (2002) AF5E e 9 2

7FomlAd =l callus®] theF A AR A 99
callus =5 9% MAE Mdste] A 2 s 2 Y2898

Hl A szl wiek calluse] obEF AAbAAE 2 gst el o

P
o
Ol
-
&

1) Ajefiaf kel & calluse] &= HA

=)
B
Y
0&

o
(&
ot
~

121 MS1, MS2, MS3, MS5, PL1, PL2 £
gl FF (Mied, did, A, gl 4 &3k cH(Table 6).

1
H
jiAs
0O

Sl B Eal
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Table 6. Composition of culture media used for callus induced from

immature embryo of barley

Compound MS1 MS2 MS3 MS5H PL
(mg/ ¢ ) (mg/ ) (mg/ £ ) (mg/ £ ) (mg/ )
NH4NO3 1650.0 1650.0 1650.0 1650.0 1650.0
KNO3 1900.0 1900.0 1900.0 1900.0 1900.0
CaCly 2H0O 440.0 440.0 440.0 440.0 440.0
MgS04 TH20 370.0 370.0 370.0 370.0 370.0
KH2POq 170.0 170.0 170.0 170.0 170.0
MnSOs 4H20 22.3 22.3 22.3 22.3 22.3
ZnS0Os TH20 3.6 8.6 8.6 8.6 3.6
H3BO4 6.2 6.2 6.2 46.4 6.2
KI 0.83 0.83 0.83 0.83 0.83
NaMoOs 2H:z0 0.25 0.25 0.25 0.25 0.25
CuS0O4 HH=0 0.025 0.025 0.025 0.025 0.025
CoClz 6H20 0.025 0.025 0.025 0.025 0.025
Naz EDTA 37.3 37.3 37.3 13.9 37.3
FeS504 TH:20 27.8 27.8 27.8 27.8 7.8
Thiamine—- HCI 1.0 1.0 - 1.0 1.0
Pyridoxine 0.5 - - -
glutamine - - 750.0 = -
Nicotic acid - 0.5 - - -
asprogein - - 100.0 - -
Myo—Inositol 100.0 - - 250.0 250.0
L-ploline - - 150.0 690.0 690.0
caseinhydrolysate 1000.0 500.0 1000.0 1000.0 1000.0
maltose 30000.0 60000.0 60000.0 30000.0 30000.0
pytagel 3000.0 3000.0 3000.0 3000.0 3000.0

Immature embryo<= ¢+ 712 Dish & 20-3071& ~71Ev) =]l MS1, MS2, MS3,
MS5H #Z} PLo| AEAdx2dE220 24-D, BAP, dicambas %5 2 Z8x¢] ok
Aol A Astla, 7 AdS
quality & #21 sk

o

zyzhol  Asle 33 ghE 3] &9 o) callus induction ratex= &= H &
3kl 17, initial callus growth rate®™ # =9 A4 o

.

>

1]

callus F+ %53 callus growth rate % callus

Ao,

Ev

HEEE BHsto] &

At
2] AWOYE callus FEwW A oA 144 7F vl & FA (W12 W S

1o o
41 A
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A ZHW=W1-W0)gt %, embryo & 1¥3F Wstaks Axsr] ¢s) = Waeld
AWIE  embryo 752 UFia, HEI49)= T
(g/embryo/day).

Callus® Quality= @w]gslelAs ##3tod HAEA o2 embryogenic callus®
wtol  7R5%E shiny, compact, nodular, vellow-colored callus® =2 A4
(44t FADE T, WA o2 soft |, friable, white callust® & Ha(+
2 ZANE 9 Hrhehg

¥ 79 theksk wjx = ]H callus FE&2 A48 58 wiAdA] %& callus
Frgs HaoF 9g]on, Ha MEE By callus 580 98 A=x
& oFArS Hol3l glort ?HHP_,#E Yot callus e BE wA A A
4 75 3 Ae= QE}"‘EP

Immature embryo® o3 A2+alr] 98l := callus®

callus7} 193 A3 4= Q3= A =48 7173 wr =

el A= BB FFolA MS5 PL1, PL2 Aol A & Z8< .

Callus® Quality= &7 33t A] #HEs9S o @64%,13; B ol

embryogenic callus & @& 7l5st A& 7oz Adn =

quality & =olv 32 AZAAzdE e o5 AHzTun 28
-

2 E Ak =9 PL1 Bt PL29A qualityys =4 #H 7}

w2, Jo

i

= 4 oAe AR
=l 2,4*D9-l E7En Dicamba®l A7t €88 %S F ALS #2089

2 odd Fuick B9 callusg ohEk AAe 2] 984 MS59F PL
WA & ALE3 S AR e 233 Q8 4 g
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Table 7. Callus induction frequency, initial callus growth rate and callus quality of four

barley cultivars

Composition Callus Initial callus
Cultivars Medium  2,4-D . BAP induction' growth rate” Call.usv
Dicamba frequency” (mg/embryo  quality®
(mg/ ¢) (mg/ ¢ )
(95) /per day)
MS1 25 100+0 760 = 059 o+
MS1 2.5 01 100£0 891 =+ 013 +
MS2 2.0 100=0 968 + 104 ++
MS2 2.0 0.1 100x0 722 0+ 022 4+
MS3 2.0 10020 7700 £ 049+
Jaekang  MS3 2.0 0.1 100+0 1018 + 2563 ++
~bori MS5 2.5 100x0 1052 + 172  +++
MS5 25 0.1 10020 976 = 079 ()
PL1 25 1000 9.05 =+ 074 ++
PL1 2.5 0.1 1000 755 = 055 ++
PL2 25 10020 860 = 031 +++(+H)
PL2 25 0.1 100+0 921 + 097 ++++
MS1 2.5 100=0 1282 = 165 ++
MS1 2.5 0.1 1000 1547 + 228  ++(+)
MS2 2.0 100£0 1274 + 295  +++
MS2 2.0 0.1 100+0 12.37 + 217 b
MS3 2.0 100£0 1015 = 437 +
Taepyong  MS3 2.0 0.1 100+0 1073 = 218 ++
-bori M55 2.5 1000 11.88 = 096  ++++
MSH 2.5 01 100=0 1498 + 128 ++(+)
PL1 25 1000 1237 + 150 ++
PL1 2.5 0.1 1000 833 + 026  ++(+)
PL2 2.5 100+0 1371 = 245  ++++
PL2 25 0.1 1000 1221 = 320 +++(+)
MS1 25 1000 1131 = 018 +++
MS1 2.5 0.1 100=+0 1020 = 175  +++
MS2 2.0 1000 929 = 007 ()
MS2 2.0 0.1 100=0 119 = 196 +++
MS3 2.0 100=0 11.00 = 296  ++(+)
Daeyan MS3 2.0 0.1 96.7+58 1249 + 231 ++
~bhori MS5 2.5 100=0 1227 = 263  t+t++
MS5H 2.5 01 100+0 11.22 + 115  +++
PL1 2.0 1000 1273 £ 364  +++(+)
PL1 2.5 0.1 100=0 1402 = 199 +++
PL2 25 100=0 1122 £ 115  +++
PL2 2.5 0.1 100£0 1447 + 118 +++
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Composition Callus Initial callus

Cultivars Mediam  2.4-D - BAP induction’ growth rate” Call‘us\
Dicamba frequency”  (mg/embryo  quality®
(mg/ #) {mg/ )
(9%) /per day)
MS1 2.5 46,7100 11.31 = 018 +
MS1 25 0.1 667854 1021 +* 175 +
MS2 2.0 10010 929 £ 007 +(+)
MS2 2.0 0.1 100+0 1185 + 196 +(+)
MS3 2.0 1000 11.00 = 296 +
Surdunch  MS3 2.0 0.1 1000 1249 + 231 +
al-bori MSH 2.5 100+0 1227 = 263  +++
MS5 25 0.1 1000 1122 + 115  +{+)
PL1 25 1000 1273 + 364 +
PL1 25 01 100+£0 1402 = 199 +
PL2 2.5 96758 1222 = 115 . ++
P12 2.5 0.1 10010 1447 = 118  ++(+)

++++ | shiny, compact, nodular, slightly brown or vellow-colored callus
+++! shiny, nodular, slightly brown or yvellow—colored callus
++1 shiny, nodular, white callus

+ 1 soft , friable, white callus

Skl R B = R R

& X 82 MS 7¥E wixE wEste odd 242 WdE Alzlon,
MS(-)R (Murashige-Skoog, 1962), MS2R(Thomas 1996), PLR(Wan & Lemaux,
1994), XPR( Dahleen 2002) ¥ FHG (Wan & Lemaux, 1994)2 %) 3le] ) Ak
By TER(HEZE oA A BE, 2xre)e) A5t Bl Selection®
Embryogenic callusg Ztzhe]l s =]ell 10-20704 ] xtstel = vk 3 multiple
shoot @A} T3 ALz FA 59Tk G&) sk A= shoot FA

%, multiple shoot 4], multiple shoot2] &Efe] tsted ZA)ste] k7] v},

787*



Table 8. Composition of culture media used for regeneration of immature

embryo of barley

Compound MS(-)R MSZR PLR XPR FHG
(mg/ 2) (mg/ £ ) (mg/ ¢ ) (ng/ ¢) (mg/ #)
NH:NO3 1650.0 1650.0 1650.0 1650.0 1650.0
KNGO3 1900.0 1900.0 1900.0 1900.0 1800.0
CaCl: Z2H:0 440.0 440.0 440.0 440.0 440.0
MgS0O4 7TH20 370.0 370.0 370.0 370.0 370.0
KH2PO; 170.0 170.0 170.0 170.0 170.0
MnSOs 4H20 22.3 22.3 22.3 22.3 22.3
ZnS04 TH20 3.6 3.6 8.6 3.6 8.6
HzBO4 6.2 6.2 6.2 46.3725 6.2
KI 0.83 0.83 0.83 0.83 0.83
NaMoO: 2H0 0.25 0.25 0.25 0.25 0.25
Cu>0y 5H20 0.025 0.025 0.049 0.025 0.025
CoClz2 6H20 0.025 0.025 0.025 0.025 0.025
Naz EDTA 37.3 37.3 37.3 37.3 37.3
FeSO4 7TH0 278 2.8 27.8 13.9 2.8
Thiamine— HCI - - 1.0 1.0 1.0
Pyridoxine - - - 05
glutamine - 750.0 750.0 - 730
Nicotic acid - - - - -
asprogein - 100.0 - - -
Myo-Inositol - - 250 250.0 100.0
L-ploline - 150.0 690 690.0 250.0
caseinhydrolysate 1000.0 500.0 1000.0 1000.0 1000.0
maltose 30000.0 60000.0 40000.0 40000.0 40000.0
TIAA - 15
BAP 10 0.1 0.5
pytagel 3000.0 3000.0 3000.0 3000.0 3000.0

] FHG ¥ X =

HAASEA QR A A



2 TS A5 (Table 9).

Table 9. Efficiency of regeneration for four korean barley cultivars

Multiple Multiple
' ) green shoot shoot Shoot
Cultivars Medium o e
frequency” length quality
(%) (length/embryo)
MS(-)R 28.57 1.33 =+ 0.85 +(+)
PLR 86.21 1.70 = 1.34 Tt
1] ¥74 XPR 33.34 150 = 0.14 +
FHG 92.31 1.29 = 1.12 okt
MS2 66.87 116 = 0.68 ++
MS(-)R 40.00 1.20 « 0.72 +(+)
PLR 14.29 088 = .62 +
o XPR 30.00 092 = 0.47 ++
= FHG 71.79 124 =+ 0.85 ()
MS2 18.19 038 =+ 0.11 +
MS(-)R 66.67 065 = 0.21 +
PLR 69.23 1.09 = 0.89 ++
o] =) XPR 718 325 + 0.46 et
= FHG 75.00 072 + 0.15 ++ ()
Ms2 34.21 091 = 0.44 ()
MS(-)R 16.67 162 + 0.52 +(+)
PLRR 57.14 0.36 = 0.15 +
Zo1 s XPR 31.25 083 + 0.68 +++
FHG 84.00 081 =+ 0.59 o+t
MS2 73.08 035 = 0.11 e+ (+)
+rid o Po] FE I omelo]l glow 2@} EES wolk AL
e ogle] SR mgiel R flow] glEY EES molE AP
++1 Qo] FEI zele] AR glow @it oFs Heole A%
+ o0 glol AN shetu mlo] glon @A ofs] Roli: HS
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o}, vl A callus A7)0 Q23 AA

BE FEAA diARZE =& 285 YUEhl FHG iAo &xeel 2418 B
2] & S¢sFe embryogenic callus AA A7 A 1/10 | 1/2, AA| AZ7)|2 533
o] multiple shoot &2 #2359 o

2) 2d 23
FHG A#Est A= & &5 eI SH, callus 8 A7|7F ol A

# shoot HA4 S £ E" mutilple shoot -85 A3lEles AL wo] F31 ¢

F = embryo-genic callusy A £ Aoz Ry B
]

Hdastes Zle Welh

Fig. 13. Analysis of multiple shoots formation in size of embryogenic
callus  of Owul-Bori on FHG regeneration medium.

A callus, 1/10 size, B: callus, 1/2 size, C: callus, control

Fig. 14. Analysis of multiple shoots formation in size of embryogenic
callus  of Kunal-1-ho-Bori on FHG regeneration medium

A callus, 1/10 size, B! callus, 1/2 size, C: callus, control
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2 FAAeE Av e AEG FAAS AT JH A W el A
Bombardment A]71 2 A¥ & & A4S 3 tungsteny} DNAFEE W& o
%3k mr oz FHldle] AASEY A, DNATEYE &8 #2413 osmotic treatment
o Alztaid &d s win g3

o2 ¥ 109 o] thekdt FnE DNAE FH[SFY Immature embryos tiah

o2 AP gide OsmoticH 8] Al 7HE 2A1THF-E 2441071 4] A7) = A A3
bombardmentE 2 A13+e], embryo™ GUS spot B AL

spot (Fig. 15.)3 image &4 #AA (Labwork UVP 4.0)& o]&3te] dblu & &

#] 3} 51 31

Table 10. The different DNA preparation tested showing the amount of

completely blue

tungsten and DNA used per shot with each preparation.

_ _ ) Particle/shot DNA/shot Volume/ shot
Preparation  particle size

(mg) (pg) ( ph)
A 0.9 um 0.76 0.32 5.0
B 0.9 gm 0.76 0.63 2.0
C 0.9 um 0.76 0.96 5.0
D 0.9 um 0.76 1.80 5.0
E 0.8 um 0.76 3.75 50

Fig. 15. Histochemical assay for GUS activity in transgenic plant.

A’ control, B.: completely blue sport bar = Imm

_.,4‘!_



2) Osmotic treatment®} DNA ¥ %o #alyl 2843

T 16004 Bz uakel o] 2 Algkell A 6A41%F Alelell A mIE ZFeld 4 9
etk C (DNA 096 pg) 9 D (1.80 pg) lAE 6475 EE 7H4aste A
Baaow, w2 DNA 55063 ug olshE A3 BE wxolA 124)3F )%
e AT B8 adte A2 ek (Fig. 16). 233 02 Osmotic
treatment:= 6A1ZF o|uf, = 4AI7F G=olA HelstE Hol updF vty gty
™, DNA $5+ 096 wg/ul o]l A 33 GUS HRAL BHole Aoz vely

H(Fig 17.).

100 o
-
90 - o i
—_ ey
= R _— /
E S R o
o
S 7o -
) e
L 5
£ % 2 - .
D o °
S
T D/
5 30 /D/
2 20 = b
4 10
o>
0

2 I 4 [} 12 ‘ 18 24
Osmotic treatment time (hr)

Fig. 16. The effect of tungsten coating procedure on GUS gene expression
using the particle bombardment. DNA concentration of A: 0.32 pg/ul,
B: 0.63 pg/ut, C: 0.96 peg/wul, D 1.80 ps/pt E: 375 ug/ul

A~E: each preparation (tabie 10)

P it

dtr ks

& 3] & i 2

Fig. 17. GUS expression on immature embryos of 1 day affer bombardment
using the various tungsten preparation and the difference in time on
osmotic treatment media. DNA concentration of A: 0.32 ug/uf,

B: 0.63 ug/ul, C: 0.96 ug/pl, D 1.80 pue/ul B 375 pg/ulb

A~E! each preparation (table 10)
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b JAEAR F3 22 GUS 24

100 mM sodium phosphate buffer , 5 mM Potassium ferricyanide, 5 mM
Potassium ferrocyanide 0.5% Triton x-100, 10 mM EDTA, 20% DMSO, 0.10%
x-glu, 20% Me-OH-& i AEA 2285 3721 CAA 2443 & A)A, 70%
EtOHel A 1A]2F 28] 31 1009 EtOH| 24413 @4 & #wujgo=w A3
2) A¥da

Particle bombardmentZ 3sl7]191¢ A3 DNAwEES dolH7] $fate] 447
Osmotic A& & F Tt Fhol mE GUS W& vias) ®koh (Fig.
18), o}F AL T =2 F52 1 ug/ul °l42 DNARLES Z sl
particle bombardment 4] & basta selection 4= 48t Fig. 19. = 2
Ao wag dzste] mAdsae] GUS &4 BHS Ed EAslglon, o%

embryogenic callus © 7, shoot B @Al A gus 8 BEAS 53 349

[¢)

o~
T
kel
=

o H

il

A B C D E
Iiig. 18. GUS expression on immature embryos of 1 day after bombardment using

the various tungsten preparation and after 4 hours on osmatic treatment media
DNA concentration of A: 0.32 ug/pl, B 0.63 pg/ut, C: 096 ug/ul,

D: 1.80 pg/ul B 3.75 ug/ub
A~E: each preparation (table 10)

A B " C D
Fig. 19. Analysis of GUS expression patterns on transgenic plant tissues. A: Stage

of callus induction, B: Stage of embryo genic callus, C: embryo genic callus,

D: Stage of shoot formation
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g, FAAEA Ak 8 gl

TO+= growth chamber WellAl 18T 16A17F HEAI 16T 8x1zte] o=
stoll A A} efslo] (Fig. 200 Fxk& F5sotar J59 FAZ vjadksie] B e}
JFRE 242 17TA5H Fdst9om o5 ARE 7143 g5dy713e &
FERAT oA ZEFAAE E SARAE AN Fig. 22).

PCR product® o= 9 <Y primer® bioneer sequencing center
(Bioneer Co.)°l sequencingS o= gk 23 100% #& 97 AL g3 4
A THFig. 21.).

Fig. 20. Ty plants growing in growth camber

Fig. 21. The OSMADSI gene amplification in putative transgenic plants by
PCR. positive control used Rice genomin DNA and pGA 2322
a-p: Genomic DNA of putative transgenic lines were amplified by

specific primer
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Sequence 2]

FAAZNAZ FAEE B9 PCR product = Bionner sequencing center o)
A o] ] & =34 22 4AyE aARgew, BAH A5
http://prodes.toulouse.inra.fr/multalin/multalin.html®l]  align %23 forward %
reverse WEolA 100% L AHRE Jormz AEAE OsMADSI #44
7P =% Fdo=w A AH(Fig. 23).

1 10 20 30 40 50 B 0 8o 9¢ 109
I
0OsHADS IACTRGGTTGE TAGAGTAGTAGAGASAGAGAGAGAGGAGAG! G 1T JAGGT GGAGCTGARGCGGATE
Transgenic
CONSENSUS  +evrrcnccnannncseanans -

101 110 120 130 140 150 160 170 1820 190 200

1
OsHADS GAGAACAAGATCAGECGGCAGGTGACGT TCGCEAAGCGCAGGAACGGLC TRCFCARGAAGGLCTACGAGETCTCCCTECTCTGCGACGCCGAGRTLGCLE
Transgenic

CONSENSUS  sececttasanrsssstttirtsttotsentstsvssrsssissssne

e L T L T PP

201 210 220 230 240 290 260 270 280 290 300

1 1

O0=HADS TEATCATETYCYCCGGCCGCGGECCACETCTTEGAGTTCTTCAGCTCATCATGCATGTACAARACCTTGGAGAGGTACCGCAGC TGCARCTACAAETCAERA
Transgenic

ONSENSUS  semocesessesessocssesns

30y F0 320 330 340 350 36 370 380 290 400
i 1
OsHADS GGATGCAGCAGCTCCAGAARACGAAAT TARTTACCARGARTACCTGAAGC TGARARCAAGAGTTGAATTTCTTLAAARCCACACAGRGAARTATTCTTGET

Transgenic

Consensus  ...-. B T T T rresersrssrtarsrbenncnnnnn

a0l 410 420 430 440 450 4690 470 180 490 500

1
0sHADS GAGGATTTGGGCCCACTARGCATGAAGEAGCTGGAGCAGL TTGAGAACCAGATAGAAGTATCCCTCARACARRT CAGGTCAAGANRAGAACCAAGCACTGL
Tranagenic
Consensus ..

501 510 520 530 540 550 580 570 580 530 BO?

OsHADS TTGATCAGCTGTTTGATCTGARGAGCAAGGAGCAACAGCTGCARGATCTCAN TTGAGGAAARAGT TAC JIACCAGTGCAGAGARTGTGCT
Transgenic

Consensus  serecuccccniesamcannan Shressreriecreeteteoenanansns teeresetarricionnmmonseens e

601 619 520 530 B84) 650 860 870 680 894 200

1 ]

OshADS CCATATGTECCTGGCARGATGGTGGTGEGCACAGCGGTTCTAGCAGCTGTFCTTGCTGATCAGLCT CATCACCATCAGGGTCTFCTCCACCCTCACCEAGAT
Transgenic

CONSENSUS sccecacaccrsssssncos decearmenceseree e B L TS T

1
OsHADS CAGGGTGACCATTCCCTGCAGATTGRGTATCATCACCCTCATGCTCACCATCACCAGGCCTACATGEACCRTE
Tranzsgenic L

CONSEBNSUS  cescsssntosssssssrssstsisstsossasrsssenstasesssnssssssetstesssnssssansk

801 810 820 8B40 850 870
]
OsHADS 30 T R0
Transgenic £550F GHEC
LConsensus FELE BB
0sHADS
Transgenic
Consensus HELLERTHAT TROAGGEURTRT BTRRYIGTAR fh?ﬂﬁ? Y ??ii H
1001. 1010 1020 1030 1040 1054 1060 1070
OsHADS :Ziisbhi;ﬂﬂi FEYEEE L UTLWT Y TGO GCACEY sﬂifis?i.ﬁ 3 TE EH:H BLEGETHTIRT
Transgenic 53 3 i CHTETER 2 TETERCTRTRTERTEE
Consenzus G CRGGGGHATRATARTYYORYYY ié??’i’i‘ 5’5"??}?! THTLACTOTH
TE0L 1140 1120 1130 11403144
] 1
OsHADS 3" rfa?ﬂﬂtﬁHTTﬂﬂTTGGCHCTTRHHTTTHTHTTTGTERTG
Transgenic 31

Consensus f:ﬁﬁ?fcic?..4‘..........- ..... P
Fig. 23. The results of sequencing and alignment of genomic gene of

putative transgenic plants and OsMADSI gene.
Alignment 23} 100% ¥ =3
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D Ay
M AEga BREQdTe 9408 ABA GMO g £

| 2124%  PCR¥
Sequencing% F383r A3 OsMADSI 327 Ab9lo]l Ha Z-zke] o-& 5719
2 o)A PCRA7F A= 7
a1, o] Transgenic PlantsellAd 4 T1 A2 5 2% 2 1745 + 34 A%
53

g FA 17, AFRY Al 17) FAdstol zhehel Rl F

]—)jl o

-

| dEs sassint
o) wEd 20039 1€ 9Y ~ 1¥ 27
# Petri disholl A1 #o} A7l & FHold FAHH potell o] Auj
2h) AlH] @ N-P205-K20 = 12-8-7kg/10a(:E=A]¥]& ~]8] : FH]l= 60 1 40)

o) wH BEYRA B FAGF, BN, F900, 2%, 2, ¢
(o]

2) 284}
GAH 8 E BEFOZI OsMADAI Netxzd 5= dg A=A 17 line 914
% 16 line (94.1%) 80" (87.9%)¢] =d Ao, I¢Rel= 17 line 678 F 11

line(64.7%) 22H(32.8%)0] EFHE o] HE=X
vl 248 Ai(Table 11) 2 gdTsE G99 H )
© T

11-2013——??— i]‘ﬂﬂ' V\)\)\—J:q, ‘i"r } 2 =

7]
)5} 87626l M3l 8459, 909U E 349 HE ol ol frelAgl o7t
ik, W] WeFpeEls EHAS 1390 v 109908 BEHUT &5}
E5717F WA 8359 947l HlE] 80,093 865U E 8W o] TS AT
e e dE e A EEE 730eme] ¥E] Ty line2 ¥ 61.9em= o}
dov dgRYes ZFEF 476cmeol] Hl & 684ecmE Holth vk o] Aol
Tz e welne] BEFANA ZZE 67emet 10.7cmE Ty linee]

71cm, 11.0cm= H|l=st¥ oyt AJdEIE BEEEFS] 6.6cm, 10.0cme] WS
72cm, 12.2cm= S 7V5FS
R P e R R Lo E%i o72%lel ulE T, linel 26590® ns2d 7

grolu} FoFw 2= REE 248H A Ty line 27.4H o2 ZF7letgdow, 7%

ojrt= HEF 627004 Ty line 49712 @¥u s #AA% vl Jung=
REE 27 A Ty line 7778 ZA Z713 9%



Table 11. Agricultural characteristics of OsMADSI gene (ransformants

from Danweonbori, original plant.

Factors Original variety Transformants LSD
Mean+SD Mean+SD 5% 126

No. of leaves .

emergence 11.0£0.7 11.2 £05 0.3 0.4

No. of days by

fist heading time 209+15 345 4.4 1.7 2.4

No. of days by 87.6+15 90.9 +36” 1.2 16

heading time

Culm length(cm) 73.0+£7.0 61.9x12.4" 6.1 85

Panicle length(cm) 6.7+0.4 7.1 +1.17 0.4 0.5

Awn length(cm) 10.7+0.7 11.0 +1.1™ 0.4 0.5

No. of spikelets as

per panicle 27.2£85 265 4.4 1.7 2.3

No. of panicle o

per hill 6.2+1.3 49 %19 0.8 1.2

1000 grains 46.6+1.8 441 45" 20 27

weight (g)

Table 12. Comparition to agricultural characteristics of OsVADSI gene

transformants from Jinyangbori, original plant.

Fact Original variety Transformants LSD
actors Mean+5D Mean+SD 5% 196

No. of leaves g

emergence 13.0 +0.8 109 +0.7 0.6 0.8

No. of days by ‘

Het heading thne 88.5 +8.1 80.0 +2.4 62 89

No. of days by . ‘

heading time 84.7 +6.7 36.6 i4.0“ 6.2 3.8

Culm length{(cm) 47.6+13.8 68.4 i59 106 152

Panicle length(cm) 6.6 £0.8 7.3 i‘O.3¥l 0.6 0.9

Awn length(cm) 16.0 £1.1 122 £1.17 0.9 1.3

No. of spikelets 248 49 274 +16” 37 53

per panicle

No. of panicle

per hill 27 £1.0 77 +4.1 2.4 3.4

1000 grains 31.0 6.4 484 1377 56 80

weight (g)

AAFTL BTN FoH Ae]E HelA @i, AR BEF

31.0g9 Al 484go = AA|(155%) St = Ut}
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Aol W73 5 Wl vl BEe; AP T lined
H

1
.
glo] T lined & F 7044l Agie] s vl EE52 29 AL

BAAo AaFe Wale dAuee A EEITI T lineo] Hl =g =2
Zstg ot "R ds HFF T 60UHRE T linedlx Bddo] =24 FolH
e A=

AAH ez Hgreel Beds OsMADSI a7ke] FA4< E54]7
% o Hgs Kol 9ga AT F2 sl
= mogk Aow et (S 7Y --> 824 /AATE 79
--> 814, ey skl ele] T ZEF wE e A9 Ao RE &
ol zpo]lZ HelFEx Kl Qv ATrt OsMADSIFAAS] 54
[7F e = @S el Al S @ar vk v Ty ol A el &7t
A% ZF (81Y —-> 90.1) F 7RA] 7+ (84 --> 102) Aol @A velykd o}
Zha] olEe]l  Zhzh HAAEA 3 JE5E fld ATEEA PCRAY
Sequencing A 3ol 28] OsMADSI #3142 Adol 9= st ol T
el o B 3ahd el AT IA A obA] Fdeo] QF ® o]t

Table 13. The corelation of growth ftraits on OsAMADSI gene transformants

from Danweonbori and Jinyangbori

ol o 1000
At NLE DFHT DHT  CL  PL AL NSP NPH %
NLET 1 004 003 034 037 002 037 002 069
DFHT -0.35 1 071" -077" 029 -0.17 -0.44 -0.14 -0.43
DHT  -034  092° 1 0647 033 045 -0327 015 0.1
CL 053 091" -081" 1 034 019 063" -0.01 0.14
PL 012 033 025  -0.33 1 011 050" 025 022
AL 076" 032 019  -045 053 1 017 014 -0.09
NSP 036 012 -014 013 025 015 1 043 007
NPH 038 043 -047 061 009 -0.02 045 1 0.33
0w 061 002 -020 001 -013 059 015 005 1

t NLE, No. of leaves emergence; DFHT, No. of days by fist heading time;
DHT, No. of days by heading time; CL., Culm length{cm); PL, Panicle length(cm);
AL, Awn length(cm); NSP, No. of spikelets per panicle;
NPH, No. of panicle per hill; 1000GW, 1000 grains weight (g)
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Table 14. The corelation of growth traits on original plants, Danweonbori
and Jinyangbori

o ~ — | 1000G

qo NLE DFHT DHT CL  PL AL NSP NPH
NLEY 1 033 039 013 068 023 043 -012 050
DFHT  0.66" 1 033 061 02  -021 064 040 023
DHL 058 087" 1 026 -015 -051  -0.16 029 049
CL  -025 0757 -052 1 016 062  -014 -013 038
PL  -045 090" -075° 070" 1 0.17 0.78" 027 066
AL 078" 069 048 054 067 1 029 001 015
NSP 037 072" 068 048 083" 043 1 009 044
NPH -001 -040 024 042 064" 032 076" 1 031
1000GW 020  -025  -010 062 022 -016 018 010 1

NLE, No. of leaves emergence; DFHT, No. of days by fist heading time;

DHT, No. of days by heading time; CL, Culm length(cm); PL, Panicle length(cm);
AL, Awn length{em); NSP, No. of spikelets per panicle;

NPH, No. of panicle per hill; 1000GW, 1000 grains weight (g)

Table 15. Pathway index for the first time heading date under the other
growth traits between the OsMADSI gene transformants and

original variety, Jinyvangbori.

Rangkin o )
Transformants Original variety

g
No. of days by - B

1 heading time 1.70 Panicle length(cm) 0.78

2 Culm length(em) 1.17 Awn length{(cm) 0.68

3 Awn length{cm) 1.17 Culm length{cm) -0.66
1000 grains No. of leaves

4 weight (g) 0.98 emergence 0.65
No. of panicle B 1000 grains

> per hill 0.43 weight (g) 0.28

6 Panicle length(cm) -0.22 g{eor. 1(1) fﬂp anicle 0.09
No. of spikelets No. of spikelets

7 per panicle 0.16 per panicle 0.06
No. of leaves e No. of days by _

8 emergernce 0.02 heading time 0.02
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-0.68
0.44
-0.42
0.26
0.25
0.13
-0.11
0.07

Original variety
Panicle length{cm)

1000 grains

Culm length(cm)
weight (g)

No. of spikelets
per panicle

No. of panicle
Awn length(cm)

per hill
No. of days by

heading time
No. of leaves
emergence

-0.67
-0.40
-0.14

0.10
-0.07
-0.07

0.05
-0.03

Transformants

Culm length{cm)

1000 grains

weight (g)
No. of spikelets

per panicle

No. of leaves
Awn length(cm)

No. of days by

heading time
No. of panicle

per hill

growth traits between the OsMADSI] gene transformants and
emergence

original variety, Danweonbori.
Panicle length(cm)

1

Table 16. Pathway index for the first time heading date under the other

Ranking
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3. 34 (2003) ATHY WE L A

7h HdAE Ze AA B3 2 gEds a8
D FAA3 7l AA ZFy
Particle bombardment® ©] &3 FA MR 4 vAAE Au= Ao~

% vl R (PL dvix] + 25 mg/L)Oﬂ 218 F, bombardmentS 37] A osmotic

treatment & 4A17F &9F A AlSF . I vFE bombardment A plasmid DNA
G #HAH 10 pg/w o= v:/ﬂ—ﬁhxﬂ-. dEdSA AES s T We 2A
PPT 3, 5 mg/L ®7td wiA A 71¢ed B} 2o R4 2= 37 9
sf FHG iAo =d A wjesstainth. 4de] v 2443 A EAH = potZ o] 4
slo] AR #Bels #d] molecular 48 At on, AyA o2 particle
bombardment Hell olg FAHg AAS Fgsaart

2) H4-dE 58

1IAEE ©el, JF mele] dA[H AGEL 06%7F Ustor, ol @AE
7] At 2, 3xPA S bar & GUS 73147 E917F pCAMBIA3301 2 &2 A
S HAGE A o ;e Zo] 2xbd % 0.9%, 3FEE 1.5%E LElR T 9]
Ad= 2P e 3PA RS Flaskele uwf 250 AU 8o FHEHASES
ZAe 4 ol

Table 17. Overall efficiency of transgenic plants production

A FAAA A (%)
1A d &= 0.6
I RER] 0.9
3xd = 1.5

v Sl @EEE AT (G Ry, ddrahe] B4

1) PCR <38
Transgenic line DNAZS %3] PCR ¢ A3 W=7} F<l=da(Fig. 24),
PCR product® WA o 2 specific primer® sequencing @t 22} 100% 22 H7]

@] & = A
Ada 2 ¢ UAdTh
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Fig. 24. PCR analysis of transgenic barley from lines showing amplific-
ation of a 409 bp fragment of the OsMADSI gene.
1Kb (promega 1lkb ladder), Lane 1: negative control (Danwon Bori) Lane
2-38! {ransgenic plants (Danwon Bori 207-1-3, 207-1-6, 207-2-1, 207-2-8,
207-3-1, 207-3-10, 207-4-1, 207-4-6, 207-4-10, 207-5-3, 207-5-7, 207-6-1,
207-6-4, 207-6-8, 208-1-2, 208-1-7, 208-2-1, 208-2-5, 208-2-9, 208-3-1,
208-3-3, 208-3-5, 208-3-8, 209-1-2, 209-1-7, 209-1-9, 209-2-1, 209-2-4,
Jinyang Bori 902-1-1, 902-1-5, 902-1-7, 902-2-4, 902-2-9, 902-3-1,
902-3-5, 902-3-10), Lane 39: positive control (pGA2322), Lane 40: positive

control (Rice)

- Sequence &4
sequence 48 Transgenic barley 2] PCR productZ® sequencing
center(Solgent Co.) ] =24 2=F&Art 9ol 243 = vl e =2 full sequence®
EAste] primer  YWS¥ #BEe  AxE dolor e AFE
.

-

http://prodes.toulouse.inra.fr/multalin/multalin.htmlie} 4 alignment &% A
specific sequence2! 100% w3 A¥FE dgorvz T3 HAAIN AEHE=

OsMADSI +3AA47F =45l Ao = ey vt (Fig 25.).
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Fig. 25. Analysis of PCR sequence
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2) RT-PCR 49
Transgenic line RNAE F%3to] RT-PCR 3t A3 Hl=7} <2l )i (Fig.
26.), RT-PCR productE oz $19 ¢ primer® sequencing¥ 2+ 100%

He v LS FdE = A THFig. 27).

Fig. 26. RT-PCR analysis of Transgenic barley from lines showing
amplification of a 409 bp fragment of the OsMADS! gene (A) and
actin gene (B).

1Kb (promega 1lkb ladder), WT: negative control (Danwon Bori), Lane 1-6:

transgenic plants (Danwon Bori 207-3-10, 207-4-10, 208-2-9, 209-2-1,

Jinvang Bori 902-1-8, 902-2-4), rice: positive control
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Table 18. Agronomic characteristics of selected lines for OsMADSI

transformants from Danweonbori

Var & ypp NMT CL PL AL NSP NPH DFHT DHT DEr 1000
Lines GW
Danweon 41 467 862 70 87 306 120 1162 1271 1200 47.88

~bori

207 -1 12161 790 72 95 282 102 1064 1184 1108 5223
207 -2 11 1.5 795 73 94 257 111 1118 1272 1155 4931
207 -3 12 142 721 69 87 268 114 1096 123.0 1137 520
207 -4 12 146 645 69 85 262 137 1078 1203 1130 44.01
207 -5 12 164 €59 68 86 264 99 1048 1188 1088 5299
207 -6 11 123 690 67 83 258 76 1044 1179 1086 551
208 -1 12 141 729 70 90 286 70 11030 1197 1144 4984
208 -2 12 117 87 67 95 266 47 1071 1154 1108  52.04
208 -3 12152 780 69 61 274 74 1068 1148 1096 54.40
209 -1 12 157 729 63 88 233 85 111.0 121.8 1152 5163
209 -2 12 1638 868 67 103 277 7.2 1122 1180 1158 5181

Mean 118 147 753 69 91 266 9.0 1083 1196 1124 514

¥ NLE, No. of leaves emergence; NMT, No. of Maximum Tiller;
DEFHT, No. of days by fist heading time; DHT, No. of days by heading time;
CL, Culm length(cm); PL, Panicle length(cm); AL, Awn length(cm);
NSP, No. of spikelets per panicle; NPH, No. of panicle per hill;
DFT; No. of days by flowering time; 1000GW, 1000 grains weight (g)

Table 19. Agronomic characteristics of selected lines for OsMADSI

transformants from Jinyanghbori

Var. &t N ; - 1000
Lines NLE NMT CL PL AL NSP NPH DFHT DHT DET W

Jinyang-

bort 12149 925 7.1 110 305 108 1169 1261 1209 5370
ori

8902 ~1 12 151 753 66 91 262 7 1127 1218 1165 5374
902 -2 12 1564 862 67 102 281 8.1 1116 1192 1151 5516
902 -3 11 144 798 65 97 266 65 1103 1186 1142 5458

Mean 11.7 150 804 66 97 270 74 1115 11985 1153 545

* refer to Table 18



Table 20. Agronomic characteristics of Danweonbori, original variety
and OsMADSI gene transformants

Original variety Transformants
Factors
Mean+SD Mean+5SD

No. of days by
No. of flowing date 1200 2.4 112.3 +5.2
No. of days by
heading time 127.1 £23 119.7 4.9
Culm length(cm) 86.2 +3.7 7477 9.1
Panicle length(cm) 7.0 205 0.9 £0.7
Awn length(cm) 8.7 0.7 9.0 +0.8
No. of spikelets
per panicle 30.6+2.1 26.6 4.4
No. of panicle
ner hill 12.9+55 91 +4.0
1000 grains 479429 513 £9.2
weight (g)

Table 21. Agronomic characteristics of Jinyangbori, original variety
and OsMADS! gene transformants

Fact Original variety Transformants

actors Mean+SD Mean+SD
No. of days by
fist heading time 1169 =53 1115 29
No. of flowing date 1209 5.2 1204 £2.4
No. of days by 126.1 5.3 1199 136
heading time
Culm length(cm) 925 +£3.3 80.2 +7.2
Panicle length{cm) 7.1 £0.2 6.6 0.5
Awn length(cm) 11.0 0.3 9.7 +0.8
No. of spikelets 305 +1.4 269 +0.8
per panicle ) ‘ ) )
No. of panicle 108 +2.9 T4 417
per hill ) : ) )
1000 grains 537 +2.9 479 9.9
weight (g) '
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Fig. 28. Comparition of OsMADST transformants and original variety

1: Danweonbori 2 Jimyangbori
A: check variety, A’ Transformants,
B! Transformants B: check wvariety
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