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Development of bean—sprout soybean population with high
asparagine content
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SUMMARY

In order to obtain new sovbean cultivar with high asparagine content
for soybean sprout, we conducted molecular genetic analysis and soybean
transformation technique and a traditional breeding method among collected
various soybean pool. The active genome projects {1rom several
academically and economically important plants have provided sequence
data of many genes and accumulated in Gene Bank data base promptly.
However, molecular study of soybean has been extensively carried out.

Using subtractive suppression hybridization technique, we were able to
1solate novel genes induced by low temperature stress in soybean. Among
these genes, soybean asparaginase was characterized further to understand
asparagine metabolism and make a use of 1t for soybean molecular
breeding approach. Soybean asparaginase was induced by abiotic stresses
and 1ts enzymatic function was identified in E. coli cells by using
expression system. Further, we constructed asparaginase antisense
construct for soybean transformation.

Soybean transformation technique 1s very difficult and not consistently
reproducible. However, difficulties to achieve the successful introduction of

those valuable genes into plant can be found in recalcitrant genetic

transformation procedure of some agriculturally important crops. Especially
none of research group in Korea have succeeded to report any formal
results on the production' of genetically engineered soybean variety or
research publication, even though there have been several GMO soybean
varieties released from abroad soybean seed companies. To achieve long
term goal for producing high-value soybean variety by genetic

transformation, there are couple of procedures to be improved. First,

genotype screen of Korean soybean varileties whether they are amenable to



Agro-infection and tissue culture responsive has to be done. Second,
efficiency for genetic transformation has to be increased. In this study
various experiments have been carried to achieve both proposed goals.

At last, we tried to collect a wide variety of soybean cultivar and
crossed these to produce new lines. As a result, we were able to screen
several lines with good agronomical traits. Furthermore, we found three
lines showing higher asparagine content compared to that of Myoungjoo
cultivar.

This study will provide new soybean cultivar with high asparagine

content and good quality of agronomic traits.
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1, A&2EdH A #d FAHA library &R 2 databaset = © 100 % €4

subtractive library #| 2+ - 100 9%
partial sequencings 3% EST database 7-% - 100 %

2. TR oMAF L AF FToAA ok FHEF 24 1100 %

A =4 L H4AF FAA 1004 - 100 %
AR ofam Pl 4 L A A - 100 %

2EH=E AEst Ftester)¥  AekA @2 F(driver)?] mRNAE
double-stranded cDNAZ= A3&3l, Rsale ® digestiondste] LA A7|E HHE o]
tester® EZ UFo], A2 UE adapterE ligationdF & 2xt#le] hybridizationS
AABEE, A A hybridizationS A2 T2 adapter® 7FA tester 2472F9]  tubedl)
drivers 23 15 plel hybridization buffer (50 mM HEPES, pH 83, 0.5 M NaCl,
0.02 mM EDTA, pH 80, 10% (w/v) PEG 8000)oll <3d3sle] 98 TeofjA 287k
denaturation?] 7132 68 TolA 8A1ZF &<t hybridizationX| 71 T} 0]% sample<
denaturation*| 7] driver®} @7 i1, 68T A ©FA] hybridizationdt T2 200 w2
dilution buffer (20 mM HEPES, pH 8.3, 50 mM NaCl, 0.2 mM EDTA? pH 8.0)%
] A A primerE AHESEY PCREZ S3A171 ¥, T/A cloning (Invitrogen)& &<
libraryE& A|#tgk}, £33 4 A F (1~20DAF)3 &2 & F(25~3BDAR)SY A8 &

- 13 -



AA 3 Yo} 2 iR lbraryE A ZHet

2. Sequencing

Cloning® cDNAE AA|3o] dye termination methodE o] &3le] HFE3 t2

ABI 310 Genetic Analyzer= automatic sequencing= 3$rrt},

3. Full gene cloning

BA 5] Aad cloneEL A A
Amplification of ¢cDNA Ends) 71 -& o] &3}
Z8E specific primerE THEo] XX &
mRNA®F 1 29 cDNA synthesis primer (10 uiM)E&E % 42 =
23ty 2 we 5X first strand buffere} 1 wlel ANTP (10 mM), 1 w9 MMLV
reverse transcriptase (100 U/p)E =3 A7 o 42 TolX 1ATFE w3381
first-strand cDNAE 9YF&E3l, o]ojA 16 w8 5X second strand buffer®t 16 wle
ANTP (10 mM), 4 pLe ZOX second strand enzyme cocktail& & &%13dte] 16 CTof
M 2A1ZF ok dbS-AlZ] Fo] 10 unit® T4 DNA polymeraseE “WolA] 728 2L%9
Al 1A1ZE HES-AlAH  second-strand ¢cDNAE YT o€ A THE  double-stranded
cDNA®] 2 pf cDNA adaptor (10 uM), 2 9 5X DNA ligase buffere} 1 w2l T4
DNA ligase (1 U/w)E = 23 16 ToA overnight ligations 33t} adapter
primer®t gene specific primergE AFg3te] PCRS <3)gltl

o] 2 full sequence® RACE (Rapid

=

FLN

of SRty dFute] EAMEH sequence
®] H

T

b AR 23, ok, We dAl, g4, ge, 4%, 29T 5

L A NE; FAE 70% ethanold] 30%7F 99 124 94T S 32 1% sodium
hypocloridedl] 30& 7} shaking 3pHA AE3% = 108 7HHo 2 WAAFE 33 FA4 8
SAth. Petri-disholl 3 £ 24C WA A 16A17F Fx23 8A17F Fx0 2 5Y
b oA F T
o JAATS Y5t ol8H Agrobacteriume supervector pTOK233& 7}A| 21
N LBA4404E AF-E5159 0. Agrobacterium< B A3 39 A hygromycin 50mg/ ¢
o] EerH Al YEP ulA|(yeast bg/¢, pepton bg/¢, NaCl 25g/¢ pH 7.0)9

streaking ¥+ 9, 28C incubatord A 3LzF vttt Fuld vix]Z+E 100uM <]
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————

acetosyringone©] E3¢E AAM ®IX{AAM salts and amino acids(Toriyama and
Hinata, 1985), MS vitamins(Murashigs and Skoog, 1962), casamino acid 0.5g/ /¢,
sucrose 68.5g/ ¢, glucose 36g/ ¢, pH 5.2} Ab&stit). dd A3 dd A3 A&t
Agrobacterium=- 50ml ZH F R AAM AWM A E 30m -3 ¥ spetulag ©| £}
o] OD# 05 Ee EH o] HEE Fo] @it} wolst AEA 9 hypocotyls 9 <
W2k lemEH e EolAl A2 F & " Alo]R HAE Yo FHlE7tR] FRoE A
23 A2 2 B AAsHT Hel 7oA fIE ok 0bemet ot stHjsE L
Z 9 0lem olYe BHYE scalpelE o]&3st] 7-123] HbESo] AR T

Agrobacterium-S 3AA 71 AAM Ao AAHE H wWAS 2087 HAEFAZl T flat

side® WiA& o2 AAsd 3 7+ 24ToA SeidAHo 397 Feg F
Agrobacterium® A= fotd HoTE 23 A

0.05% 2 Triton X-100¢] ¥ gH "2 53 MAINGT 30l AFd g4 €Y
50m¢ AW Fro] WS Yo mini 3D-shakerE ©o|-&sto] w3 2087 ASIE
shaking 38l%th. 53 AFE YA Sl(shoot induction; B5 salt 3.16g/ ¢, BAP
1.67mg/ ¢, sucrose 3%, Agar 0.6%)-D(cefotaxime 500mg/ ¢, hygromycin 30mg/ 4 )
Hf Rl o] x|l 24T wjgAdA AzdAE dFstan, 2% 25 (FEHo 2 SI-Q
(cefotaxime  200mg/ ¢, hygromycin  10mg/¢), SI-QG(cefotaxime  100mg/ 2,
hygromycine 10mg/Z)= 74 A AslHA #Zed[Tt FAASe] &85 AAG)
ol GUS ¥HHb-e-& F8sl it GUS E20ke-2 Jefferson(1987)2] H

SFATH Imbe] GUS ¥ &ds wE7] #stel 3mgé  5-bromo-4-chloro-indolyl
glucuronie (X-Gluc)< 15010 dimethyl formamided] =% 3~ 850102 solution B(1%
Triton X-100, 0.1M phosphate buffer, pH 7.0, 5mM potassium ferrocyanide)E A7}
sl Tk, SI v A X4 2= 05em Z7|2 A& shoot Z callust Axksto] GUS 2Al &
AHg #ZH7FsE = 37C incubtoroll A overnight A3 39 ™. *3 & destaining
solution (ethanol 2.5m¢, 10% formaldehyde 5mé, 5% glacial acetic acid 25md)S H 7}
ald 4Co| HE¥sl GUS o3 oAFe) ARE #AEsH

S AL

5. ot} 7l kA BEA 2 oltE Aol induction FAAA

<71 Algm AR E>
AE oF 10g& 70 % EtOH 50 mldl Egste] 2808 o] gt 2%, 2Zo
A5 5™ 3000 rpmol Al 2083 AR AT Iml & HdA gd A
QX Ax% T 05 ml Loading Buffer = A-&3) 3kt Filter ¥

e
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<HME AAIYH>

A& °oF 2go] 70 % EtOH 10mlE &3slo] 247 AE 250HE o &

L FE T AAEYNE o] L£3HY] 3,000rpmell A 207 YA R Y ImlE
Hoto] PAAFEFZNA el ARse]  Loading Buffers 1ml 9o #4882l

1

A A
0.2um membrane filter= filterdt & 40ulE injection®st$i T,

<asparagine &% 4 program>

x AH|H o olr| = AFE-A 7] (amino acid analyser)
+ 2 A Biochrom 30

% A ZAF © Biochrom Ltd(% =)

* A Al AR E = buffer

Buffer® Molarity pH
Buffer 1 | Lithium citrate buffer(A) 0.20 2.80
Buffer 2 | Lithium citrate buffer(B) 0.30 3.00
Buffer 3 | Lithium citrate buffer(C1l) 0.50 3.15
Buffer 6 | Lithium Hydroxide solution 0.30 —
Reagent | Ninhydrin solution - -
* Flow rate : buffer - 25ml/h
ninhydrin - 20ml/h
* Program
No Time Temp Buffer Pump Nir
1 01:00 3 1 20.0ml/h ON
2 01:00 3 ] 20.0ml/h ON
3 08:30 3 1 20.0mli/h ON
4 38:00 3 2 20.0mi/h ON
5 16:00 42 3 20.0ml/h ON
o 06:00 80 0 20.0ml/h ON
7 06:00 80 f 20.0ml/h ON
8 20:00 3 1 25.0mi/h OFF
9 08:00 3 1 20.0ml/h ON
= & LA 1047 30

_16_



Ayl WS R 2439
ALA BT of 2T 1A AR 2y D B2A

25 #xela, Fo 3 AL 2 A T YR 2EYLE

fﬂﬂﬂ AL GAEE mRNAE FE3a SSHHJ‘?Q_QE d ] g

cDNA libraryE z}zF wrET ol &9 €7

£ 3y, t}ekst Northern &4 0.2 7|58 <139 EST databaseZE T=.
s SH 9 A,

subtractive library |2}

o i

partial sequencing< &3+ EST database 7.

2}
t} %3k Northern £2412 o| &3 w2 A 7|5

o} A7) VA §H4A 2y 2 BA

[-asparaginase -F&A @ ALx7]o @EIEH+= [FAAY] LTI F
[-asparaginase® ¢38tsl= HoZ YEMNT [-asparaginase®™ T34 89
THle] T 9dg & AR AAA = TARA ofiuEilE ofAuE AL
Hotz #3fste= 7TS dH. 53], of
Ad2iEH =3 FuEol Fra o=
. GmASPl #Fd2 Zds 9AE

5

=) O O 7 LE. O
Sl AL Ws-oxZ2A FupE 9 o

Dyl

o rlo

M wo,
¥n

_

bl

|

C

]_

#e}71L FUE el ®ol &A=

A
2717} wh olastelr)l gl Unm
3)

Ol
22

T

B

O} I-asparaginase©| ofA3telz7l&
= S/ME 5 e AR T
ot oj#1g GmASP1¢ 7ls<= #<lsty] fIsf Al hairy root system= &3l
A3A hairy root| A ofA3tel) sksko] ZrlslexE @A) AF o

{1

}

.

o)

-
>
=
55
)
ol
OSEJ
o

. =

off & FE
il

&l

_17_



Fig. 1. Cloning and functional analyses of slt1l8Z2 gene
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SDS-PAGE analysis of recombinant SLT1182 protein
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effect of asparagine on the activity
of |-asparaginase

'E‘H’.-ﬁ
(&1

Canip BETYRE) SLTHSZRSnss  SLTI R antdsnss

2. (+)asparagine

=N Bay

X T )

cankrs b ET4 ¢ SETH 5.2 vainaes LT 85 0an F o i

- A A ohaz

LI A |

& Bradford¥ o2 A #d o] 50uesE A
- .asparaginase &4 <=4 L Fawcett¥} Scotto] HH
A =-g 82 KClo] H7Fs phosphate buffered saline ©]-%-.
- HFS2E & 25T, ¥FEAIZFR IA7tezm ki, AR A S trichloroacetic acid
(TCA -8
e

=

—
— T =
dEF 54

sk A FEE o],
o0
=

=
=
o] &

1)

- 712 & aspagine

o

UV spectrophotometer®|-83to], 450nmolA T35 =A.
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ofAuet 7| A FAA 29 2 anti-sense gene construction

HisTag?

T7

Spel Factor Xa cleavage site

top

lac operator
Hindlll

a
Xba l
Thrombin DR
Cleavage sile

EcwwRI
Xhel Sael
Rase ¢DNA of Glycine max—
Sense primer Antisense primer
LacZ Ori {EcuRI) (Pst)
pBluescript PCR
(2.9kb) (ERD G
{981bp)
Batl: Ml Pyt EcoR1
Xhol Sael

SLTI182

Lac Z

pBSLTI182
(3.9kb)

AP
Pst I\/‘ﬂ 1 ~‘-_!}
EcoR [ ¢ EcoR T

Pstl EcvoR1
Nde I

SLTI182 ;\

7

Xho

KmyET-SLTI182
(6.9kb)

ac

2
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A2A A 2 =

ol

FdAE 7= AT

A1d F F2A8 =9 FAA 2F g A=

(")

H 2B B.5SmK S E

(1¥2)

H B BemK $§ E

RB VS Tnos

191, pCAMBIA3301-182(sense) Asparaginase vector
292, pCAMBIA3301-182(antisense)Asparaginase vector
RB, right border; LB, left border; PPT, DL-phosphinothricin resistance;
GUS, B-glucuronidase; 35S, CaMV 35S promoter;
Tnos, terminator of nopaline synthase;
B, BamH I E, EcoR I; H, Hind II[; K, Kpn I; S, Sac I, Sm, Sma I; X,
Xba I
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1. pCAMBIA3301-182(sense)Asparaginase Construct

182(sense)Asparaginase+= &[Glycine max (L..) Merr.] -+ A *}olm
subcloningS ¢ 3 cDNA fragmentt PCRe| 28] =H]EHSth. PCR 3£
8 AHEE primert 182(sense) 5’ (5'-GGTACCATGGGAGGGTGGGCTATC-3')
3 182(sense)-3" (5'-GAGCTCTTCCCAGATTCCGACCTC-3")elt}. PCR=
TaKaRaAle] TaKaRa LA Tag Vg Agslgon E3gdade ez zZroh
DNA Library (0.1pg/1u8) 2u8, GSP(Gene-Specific Primer:20pmole) 2u8, Tag
polymerase 05bpf, 10X LA PCR'™ buffer 5ul, dANTP25mM) 8,
MgCl2(2.5mM) b5uf, Deionized HO 205 E ¥ & & Mot PCR &
AL 94T A 557t predenaturation A1Z1 5, 94T oA 30%7F denaturation,
55T oA 30%&%t annealing, 72Co|l A 90%7F extensione 3bcycle, 72C 5%k
postextensiond & 4T RAsHTE 28]z vwpx]Eo =z 72TCoA 527k
postextensions} %

182(sense)Asparaginase cDNA fragment®t pCAMBIA3301-IVS vector+
Kpnl 3} Sac I& AF&3le] 37CoAA 16~ 72 Astad A2 HA oW Gel
Purification A2 BD Biosciences ] NucleoTrap@ Nucleic Acid Purification
KitE AF&3l3o1m TaKaRa DNA Ligase kitE ©|-83lo] Ligationst it}
Ligation & invitrogenA}l2] DH50E competent cell® A}F8-3Fed Transformation
sttt Transformation Wy & ol 2ok WA iced| A =9 301xge) DHb5a
competent cell®l Ligation 3 & AL 3WE YTt Icedl A 308 =<1
A2 ¥ ¢, 38T oAl 30% &9 Heat-Shockg 531 thA] iceoll A 28 F<
235G, 979 SOC medium= 200t A 7}Vste] 37C 250rpmol| A 1A 7+
FA AT Kanamycine 100ppm= ¥3§3= LB medium®] ®] %% competent
cell.& 10042 <=2 ©]83t spread 353 37C incubatoro] A overnight
3l A ). Construct® pCAMBIA3301-18sense)Asparaginase vectors= Agrobacterium

tumefaciens strain EHA1059 transform® 1 t}. Transformation W& t}&-

>|‘]'
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I 2o AR qcedl A =< 100 pgel Agrobacterium tumefaciens strain
EHA1059 construct® pCAMBIA3301-182(sense)Asparaginase vectorgs 24
2 4ol % Bjo-RADAM Gene Pulser” Cuvette® 271th. Bio-RADA}]
Gene Pulser' & AF&3}e) 1.8kve) A7) 4L & F SOC medium< 600440
A 7F8lo] 28°C 250rpmeoll A 1A1ZF A A A HF. Kanamycine 100ppm, Rifampicin
2oppm= E35HE YEP medium®] v %FE competent cellE 100pl? &%

o] 83l spread 3T 28 incubatorel A 3Yzt v s} AT,

2. pCAMBIA3301-182(antisense)Asparaginase Construct

182(antisense)Asparaginase+= “Z[Glycine max (L.) Merr.] 3] % z}o]H
subcloningg 93t cDNA fragmenty= PCRo| &3l &1 5 $itt. PCR SE&-
A& AH-E primers 182(antisense)-5’ (5'~-GGTACCTTCCCAGATTCCGACCTC-3')
I 182(antisense)-3" (5'-GAGCTCATGGGAGGGTGGGCTATC-3")¢|t}. PCR
2 TaKaRaAl9] TaKaRa LA Tag & Algslgdon Zdgde tlem 7t
UF. DNA Library (0.1pg/1u) 2u8, GSP(Gene-Specific Primer:20pmole) 244,
Tag polymerase 0.5, 10X LA PCR'™ buffer 5u4¢, dANTP(2.5mM) 8,
MgCi2(25mM) 58, Deionized HoO 2650 9 = & Mol PCR &
AE 94T A 55-7F predenaturation A7l 9 94Ce| A 30%7F denaturation,
55T e A 30%7}F annealing, 72Col| A4 90x%%F extensiong 35cycle, 72°C b& 7t
postextension$t & 4TCo| R#ASAUCE, ¥ vpxZro g 72T A 587F

postextensions} % U}
182(antisense)Asparaginase cDNA fragment®}t pCAMBIA3301-IVS vector
= Kpnl 3 Sacl & AF&sted 37Tl A 16478 Agtas A FH o

Gel Purification #A< BD Biosciences¥ NucleoTrap® Nucleic Acid
Purification KitE AFSst9ie™ TaKaRa DNA Ligase KkitE o]&3s}o
Ligationd} %3 v}, Ligation $ invitrogen*t2] DH50E competent cellZ A}-8-3}

o Transformationst ™. Transformation HHS th&3 Zol WA jced»
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=91 30pg® DHba competent cellell Ligation 3l &2 A2 3wE HoF
v}, Iceol A 30 &<k A3k 5 38CoA 30% &< Heat-Shocke +31 T
A icedl A 2% w¢F ATsE Y. 9d7)o SOC medium= 2008 A 7}ste] 3
7C 250rpmol Al 1A17F vlkAl#HEF. Kanamycine 100ppmS ¥ 3%sl= LB
medium®l] W %H competent cell S 100? F<&S o]-83] spread 3|51
37C incubator®l Xl overnight 3R T. Construct® pCAMBIA3301-187
(antisense)Asparaginase  vectorv  Agrobacterium  tumefaciens  strain
EHA1059] transform¥ 1t} Transformation ¥ <= a3 2tk WA iced
M =921 100ugel Agrobacterium tumefaciens strain EHA105¢) construct®
pCAMBIA3301-182(antisense)Asparaginase vectorE 2uE YolgF X
Bio-RADA}S] Gene Pulser” Cuvette® %71t} Bio-RADAFS] Gene Pulser ™
S ARESEe] 1.8kvel #7] 2422 & F SOC mediumE 6003 7Fste] 28T
250rpmol A 1A v Al A ok, Kanamycine 100ppm, Rifampicin 25ppm< 3
k5l YEP medium®| ®WU¥ competent cell2 100¥ F<&S o] 83}
spread 3l<¢3 28°C incubatorol| Al 3L 7t vl kst ol




=

O) T y LE‘D“E‘ y —= ’ y ’ y S - O} - I y
2= S = = o] . o F SE ST oS HEH O E1E X =1
grE, dve, ddT, AT, e, A, Awsd, AT, AT,
> o= 3 Ho= =i F == a5 F 351 = =
A28, AAFT3E, T2F, HEF, F2F, F5F, dIEFE 5 F 5919

T AEHIZN)Y g AE = gbstel T A A7) chlorine gasoll A&
H 1% sodium hypoclorite®l] 30% 7} shaking st A 22F A%2 319t} 108
Ao R Wyt R 338 A v GM(germination medium; B5 salt 3.16g/
Z, MES 3mM, sucrose 3%, Agar 0.8%, pH 58)°] 3= & 24T v ekal o] A

1677V A3 A1 7F b= Ao 2 5U7F drolA| A T},

W) Agrobacterium preparation

o FAHEES sl ol & H Agrobacterium& expression vector
PCAMBIA1301(Hyg" *¥3%)3 PCAMBIA3301(PPT" Z&)o] 91+ KYRTL1H
EHA105E  AFE3 Y. 34 YEP  medium [kanamycin @~ 100mg/ £ .
rifampicin  25mg/ ¢, peptone 10g/ ¢, NaCl 5g/¥¢ , yeast extract 5g/ 2l |
1.5%(w/v)agar (pH 7.0)] o streaking 3+ & 25TCo|A] wjekstel AA=
single colonyE& &< dAAZ7F & A= AA YEP medium 10mbo] w1
OD650 0.8 = w7tz 25TCdA 250rpme. &£  shakingstyth. t©fF =}k
culturedl] 30%6 glycerol stock 10mlE& 23 vortex® 5, 1.5m¢ tubeol] 1mé®A
oty AAAAE FE Yzteto] -70TCAA 2aAsAY. HF 55 A
SAAZE 299w A4A YEP medium 200mlo] -70TCeolA R#As] L
Agrobacterium tumefaciens stock(competent celh)= 1mé 23 OD650
o] 0.871.00] & wW7}x] 25T oA 250rpmL.Z shaking st o}
HE Fde dAA YEP medium 200mlg 50ml® vdE A 20T, 3270g A 10
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B =0t centrifugedt3th. 2429} tubed A E A. tumefaciens pellet2 47
CCM(co—cultivation medium; B5 salt 0.316g/ ¢, BA 1.67mg/ ¢, MES 20mM,
GA3 0.25mg/ ¢, acetosyringone 02mM, L-Cysteine 3.3mM, Sodium
thiosulfate 1.0mM, DTT 1.0mM, sucrose 3%, pH b4)dl 1x=9 AFk

e FrAlRET sk w92 A4 CCM= 3w ¥il, Ask: A

O -1
CCM<E 25m¢ Yo W=

U} Agrobacterium infection and Co-cultivation

Hholgl A E A9 hypocotylE B & oF lem& = XA AE & ¢ "l A}
ol]2 axillary bud®} cotyledonary nodeE ©u|7d o7 BWHA  scalpel #11
blade)® 103 AXx AAE Ul o] ®f scalpele] 3w F5d-& =3 v
target F Yo HAAHE AT diEF S0 AEY  explantsE  25md
co—cultivation/A. tumefaciens®| 23l sonication 10%F, H A Alo|H ¢} t}olo]ix
HHAZZS o &3f vacuum 302 A E o F 0% < HSA AT
ExplantsE tubedl X 7AW =13l filter paperflel E3 E7]E A A3 H,
1A CCM(A A Y, Agar 0.7%) = filter paperZ 3+ & Z+3 1570 A)
ez 7 Tt adaxial side down). Micropore® %3+ 3 25T 7Y &

b gl ks o,

£}) Wash-out and shoot induction

0¥ Zt co-cultivation F-°| ATE fIeiA HA] 1/2 SIM(shoot induction
medium)l] 73] wash-outst St ExplantsE filter paper$ol 1 E7|&
AT H A TIAA I fle= SI-D(shoot induction; B5 salt 3.16g/ ¢4, BA
1.67mg/ ¢, MES 3mM, sucrose 3%, Agar 0.8%, cefotaxime 500mg/ ¢, pH 5.6)
of & plated 77HAA wix] et A Z}o] HIEE  AA X3S

25 5 shoote] & explantsE A AA7E S0+ SI-@(shoot
induction, B5 salt 3.16g//¢, MES 3mM, BA 167mg/#,6 sucrose 3%, Agar

0.8%, cefotaxime 500mg/#, hygromycin B 10mg/ ¢ or DIL-phosphinothricin
10mg/ 2, pH 56)d XAt ed, o W shootE& At vzl FE

- 28 -



2 zZHg}l 8] 7 adaxial side down®. & X3 -

S ZWM 3 shoot/shoot pads scalpel( # 15 blade)= Ztoluir A W3l Al A
S ol9lE= SEM(shoot elongation; MS salt 4.4g/ ¢, MES 3mM, GA3 0.5mg/
¢, Asparagine 50mg/ ¢, Pyroglutamic acid 100mg//¢, IAA 0.1mg//?,
Zeatin—riboside 1mg/ ¢, silver nitrate 10mg/ /¢, sucrose 3%, Agar 0.8%,
cefotaxime 500mg/ ¢, hygromycin B 10mg/¢ or DL-phosphinothricin bmg/ 2,

pH 5.6)°] A3ttt

O

/

=

}) GUS expression assay
qdAze] &S AAGH7] st GUS A HbE-E FastA . GUS A
o+ Jefferson(1987)8] HWHH & ALE3l 0. 1mle GUS WAlZ A8 ThzE7]
st 3mge 5H-bromo-4-chloro—indolyl glucuronie (X-Gluc 15014
dimethyl formamide®] =<1 %, 850ul% solution B(1%6 Triton X-100, 0.1M
phosphate buffer, pH 7.0, 5mM potassium ferrocyanide)ZS A7}t th 5471
of o]l € +5H 2 dArT HEA S shootes ddste] GUS A
gae Ay F 37C incubtordl X overnigcht A& 8uth. Az F
destaining solution (ethanol 2.5m¢, 10% formaldehyde Hml, 5% glacial acetic
acid 2.5m)= F7tste] 4Ce| Hastn GUS 2d o7& HAEE #&S A

d

.

o

4. A3}
2979l =l F EFF FAEAR &5 23d A Ay
Fe9 59702 #% 7b-d 5670914 GUS #A 5

, = ,
ol FRIFATH(ord #, THZFR). UdF, G T, dYdF, 9FuUEE, 3
T, AWE, 25F, ABEdF 23F, dFAARATE, AT, ST, A, H
BF SAAEZE o= AX Agrobacterium® FFd &= Ao g
St AZFL v)§- 7gt AgrobacteriumZb S YU EFH I A Y shoot A E
Hol "dojR&= Ao g yey FAA EYF fEY EF59 A gHSol
FAHMZ Y IS T ST 9dolB= AL RAFAY. Agrobacterium
Ha w848 FFEES YE-E U4EF Ao E yEyon GUS positive,
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genotype 22219
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4. A3}

Transient GUS 4 43, #dnAE o] &7 HoE 235157 Bertd] ﬁéiﬁ_’?ﬂ
g QI=7F 242} 18%s} 24% Axsiov; dAnA-S o] 83k A

AEE ey, A% dREe) shootdAlxe R AL AL28S w7t =2 GUS

rir
=
N
X
@
1o

positives WEI®, F A AT ¢ 01/\1 2.8k multiple shoot AL T3 ¢
=7 veistth @rl3dE ol &ste o] Bt FEe F 9o 14 =gl 1sA 3§l
of YAHAE E& 8 =¢ T Y& BTG
2. 497 AHgel U2 F FAAE W=
Eunha Bert
Not used ) Not used ,
Microscope W israseons Microscope e
transient GUS 18% 2% 24% 7%
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4 A Vacuum A8 E& Y3 T dAA

1. %3
PRge] FAABENLE AT G Az G
14 =, A¥(vacuum) Ao W& dAAS g&SUgE
R el =
2. A=
= O o] = O = “ ‘
o] AYE 9ol LaE} MLBEOE NZTEE Berto
— O _}_‘- S
dAgZ st A )
3. WA

PR

o
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Dy

o7 Vet Vacuum A7 A7 30

1

Al &

Fo]

T

3696

O

Vacuum *]&
Vacuum
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| -

Z 7] 3}
Bert
Vacuum
1%

O

A
Non—-Treat

il

BEYA
O

Vacuum
2%
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3] ol AT,

S

unha
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=

A s

Non—Treat
Vacuum
1296

12 7}

e
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st ok,

o
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multiple shoot FA-&9o] €A
&t T
e
|

O
=

&

2k

|
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3. Vacuum A dleol u&

transient GUS

Al 9]
I8 %, dipping
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Dipping A &E & & HFAZ explantset A& H}AGE AT explants
FAAZR Mg AT A3 25T Bert ¥ =4 dHepud A A
FH A Aol sHARE Eel A= HERR ] 80% 77be =2 MRS
GeERdI AT el AE GUS A2 2elE shootll M= A2 4 AU
ol FHAS wWE vhzEo] AAE W+ dipping el axillary bud®t

cotyledonary node® Agrobacterium A3 &0 £o|dtA weo] HAAE

T8 ol AOE HQT

%4, Dipping Aol W& & FZ2AZ HE

Eunha Bert
Agro-Density | Agro-Density | Agro-Density | Agro-Density
Low High Low High
transient
619 4% 6226 16%
GUS

_35_



2. Al =
229 daE nEes 4
Z ¥ EFF Bert® @/ A&l o

r O
ol
{o

3 AA1Z2N HCL bSml)oll #H2(12% sodium hypoclorite 100md) =
Z3otate]l HAAIZ] chlorine gasel] 20417 A2%2 3 H 1%  sodium
hypocloriteof] 10 £7F shaking 3tHA 2% £2=5& 0}, 108 7tdo 2 d
T2 33 FASEAT. A5% FAE 50md corning tubed| ¥ i HAFE

o] 20417 Bk Lol AR AAT

v} Agrobacterium preparation

T SHEAAS AP Agrobacterium tumefaciens strain EHAL1059]
conctruct® pCAMBIA3301-182(sense, PPT" 3 3h)asparaginase vector2}
pCAMBIA3301-182(antisense, PPT" 3 3%Masparaginase vector® A3+t
A2 A YEP medium [kanamycin 100mg/ ¢, rifampicin 25mg/ ¢, peptone 10g/
¢/, NaCl b5g/ ¢, yeast extract bg/ ¢, 1.5%(w/v)agar (pH 7.0)] °l| streaking
gt = 25Co A vjekste] AR <ingle colonyE 2L AAI S0 9=
HA YEP medium 10méel] % 32 OD650 0.80] 2 w71+ 25T A 250rpmL
= shakingst®. © 2}k cultureo] 30% glycerol stock 10ml2 Y311
vortex¥t H, 1.5mé tubeo] 1mlA HEF5to] dAALZE G4 Y43t -70TC
off A BR#A3IFY. HF SF Aol AT EAUd+= AA YEP medium 200
miol] —70TColA RIS L Agrobacterium tumefaciens stock(competent
cell)2 1md =32 0OD650°] 0.871.0¢] = uw7ztx] 25CoA 250rpmo. =
shaking 8+ 531 o,
S FGdo dF YEP medium 200mlE 50m% vFE Al 20T, 3270g9 A 10
T &<t centrifugedtAth. 429 tubeo] UE A. tumefaciens pelletS A
CCM(co—cultivation medium;, B5 salt 0.316g/¢, BA 1.67mg/ ¢, MES 20mM,
GA3 0.2bmg/ ¢, acetosyringone 0.2mM, L-Cysteine 3.3mM, Sodium
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thiosulfate 1.0mM, DTT 1.0mM, sucrose 3%, pH 54)o] 1FES A=
Ly FFAAY. s E F=42 A3 CCMS 3l 31, Aegx A CCM

< 25ml Ho] WEATH

t}) Agrobacterium infection and Co—cultivation

AR & L 212 of Wl Alo] & scalpelE Yol dlujE7tA] Ao A=
i E=9E AASIEY. Hypocotyle B ¥ ok IepE s HojA AE =
embryonic axis7} £ & 3 HZ AU P2 HWA scalpel( #11 blade) =
6:73] AE AAHE WAt o] u] scalpeld] 3wl w=NS E3l v} target §
Aol HAHE AT e 5078 A XY explantsE 26ml co-cultivation/A.
tumefaciens®] 231 sonication 20%, Al Alo|E ¢} Ttlojo]ZAHITE o] .83
vacuum 30% A& 3 ¥ 308 < HEA A

Explants& tubed| A 7AW E 3t filter paperd ol =31 E7|& A AT 4,
A CCM( A9} 54, Agar 0.7%)o & filter paperE 3+ # 231 1070 A=
]+ H(adaxial side down). Micropore® %3 Z 25T, 18A17F #FF7]9] 5

o) Bk FujFagict

al
L.
=

¢}) Wash-out and shoot induction

027t co—cultivation ol Al {3fA AA 1/2 SIM(shoot induction
medium;, B5 salt 16g/¢, BA 835uxl/¢, MES 15mM, sucrose 1.5%,
cefotaxime 250mg/ ¢, vancomycin 50mg/ ¢, ticarcillin 100mg/ ¢, pH 5.6)° 10
2 52 7H3] wash-outdst v ExplantsE filter paperg o] =1 E7]1& A
Ak H AEdAA 7 gl SI-O(shoot induction medium; B5 salt 3.2g/ ¢,
BA 167mg/ ¢, MES 3mM, Agar 0.8%, sucrose 3%, cefotaxime 250mg/ /2,
vancomycin H0mg/ ¢, ticarcillin 100mg/ ¢, pH 56)°] 3+ plate™d 57A2
hypocotyl f--o] wjA|dl azt= AEstE Fio] 300 A= ZE= flat
side up HESF Adst o 2424 9] plateE micropore® &3+ 5 25T, 1847k
Fr7lol A vl kAl o

27 = shoot®] Y+ explantsE AL AAAI EA9YgE= S[I-O)
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(DL- phosphinothricin 10mg/ 2)°l} X Astg =, ©] ) shootS A &gk bH
A 22 gy el ol 2] 4dst s

ul) Shoot elongation
T 3 shoot/shoot padt scalpel( # 15 blade)®= #folfir A La A A
7} =0]9l= SEM(shoot elongation medium; MS salt 4.4g/¢, MES 3mM,

GA3 0.5mg/ ¢, Asparagine H50mg/ ¢, Pyroglutamic acid 100mg/ ¢, IAA 0.1mg/
¢, Zeatin—rtiboside 1mg/ ¢, sucrose 3%, Agar 0.8%, cefotaxime 250mg/ ¢,
vancomycin SOmg/ ¢ ticarcillin 100mg/ ¢, DL-phosphinothricin bmg/ ¢, pH
5.6)0l st Re}, 29 vtk A28 SEMO.2 &7 FHA| shoote] AHF-$+
=2 W E3 scalpel( #15 blade) SiWHOo 2 HAl A ASIA shoot pade Z=v4
A& gropo] wjx|7F & FrEEs ST

1}) Rooting and leaf painting
SEMo| A A2 AXHEA AA% shooto] 4em o] & ol scalpel( #11
blade)® 22} RM(rooting medium; MS salt 4.4¢/ ¢, MES 3mM, Asparagine

2omg/ ¢, Pyroglutamic acid 25mg/ ¢, sucrose 3%, Agar 0.8%, cefotaxime 50
mg/ ¢, vancomycin 50mg/ 2, ticarcillin 50mg/ ¢/, pH 56)°.2 &4 Y. o] wf =
ohA s Al shootd] ®HEES 1mg/mé IBACL 3& F<t @77l
#jo] RMo] =03l test tubeo| W Avh 1-257F A3zt 5 271 o] 44
BE7h ed 3a SRR RS Aol AEMmRol ZEI 285, %
Z5)o} HuFdolES 212 Aol ¥e small pot(6ecmx6emx5.6cm)el A
o] small pot¥ T}Al Magenta box <tell @l 25T, 18A|7F FF7]ol A AR
ATk 109 AE A3 2 100mg/ ¢ DL-phosphinothricin® leaf painting=
&3 T

A}) Basta A2 2 SApg
%

Leaf paintingl.Z A2 =2 &elst A=AE big pot(20cm=x20cm
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x20em)® 24 Az FAs S8 G(012emx12emx18cm)ol 2, 4, 10711¢] -
We wse] 38 "o A%} A AAARY BE RO wHA 4tk

102 3 A EA ] basta(BAYERAHDA #E st LA 2 (8AIZF 27, 164
oA, Fo) box olR)E Fho} EIE FLdte] MNSA BT FAE T
sfo] 245 AA g

o}) GUS expression assay

A Al §&& AAST] Asty GUS S-S s, GUS A
W82 Jefferson(1987)2] WHE ARESlH T 1mbe] GUS ¥A g2 whE7)
Aste]l  3mge] 5-bromo-4-chloro-indolyl glucuronie (X-Gluc)& 15014
dimethyl formamide®] =< 9 8501£¢] solution B(1% Triton X-100, 0.1M
phosphate buffer, pH 7.0, 5mM potassium ferrocyanide)E #7}3tgich. vl
Fol &t A, SIM, SEM, RMell A4&st 2t @A mit; AEAE A FH A
I A3 FARE AFHSE GUS @A 8ae H7lsk & 37T incubtorel A
overnight A @St T *2] ¥ destaining solution (ethanol 2.5mé, 109
formaldehyde 5mé, 5% glacial acetic acid 2.5mf)S H7}ste 4T R &5t
GUS 13 i s Axhspgitt

d Q2 d wA Aol F
At} DNA extract Buffer [7TM urea(210g/500mf), 0.3M Nacl(30m¢/5M stock

500 )] & o6ml AH7Fslel 2 Mol 5 % phenol/chloroform 6ml-S % 7}s}al

s HPewmA &4d3s] Aol F30n 12000rpm 2 & 1033 A3+,
FESHE A A tubedl & AFTAT Y volume®] chloroform® 7t 3, & &

5] HAHom A3 12000rmpme.2 1057 g4AEe 3 > ASdsg oA A
tubeo] &AFAT 1wl 44M ammonium acetate(pHb.2)E €1, 24l

H
=]
of qEreS e F oz wukste] WEIMA 208 o)A wasi
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12000rpm o5 1587 A2t pellete 2231, Fedes WMo §

S 10 7+ ¢™H v}l TE buffer 0.5mbel]l =o]il, RNase 1S FH7Fsto] 37T
1A 7F =oF Ha)stsich. A2l ¥ phenol/chloroform 0.5mé-& ¥ il HH3s| 4
FATH 8-9AE 12000rpm e 2 10E 7 YAEY A A=A mA A tube
off 71 ¥ Z<d volumed chloroform® 7}ste] A As] wRES 285}t
thA] 12000rpme-2 10%7F YR s 5, AdFde 1/10 volume? sodium
acetate?t 1ml2] 100% ethanolsS o] sl 20 ol H#AsHST.
12000rpme. 2 15%7F YA #Esto] DNAE pellete® Y= ¢35 TE buffer
5009 DNAS =9t 2Hog EALE 2R3l DNAY 4L =A3
o] southerns A Alst At

Z1) PCR ¥ Northern #4

Ao} Yo FE dolry] sty PCR &4 AAlgH.  PCR
Z=Z S 93] A2 H primers 182(sense)-5'(5" -GGT ACC ATG GGA GGG
TGG GCT ATC- 3")3 182(sense)-3"(6" ~-GAG CTC TTC CCA GAT TCC
GAC CTC- 37), 182(antisense)-5'(5" -GGT ACC TTC CCA GAT TCC
GAC CTC- 3")3% 182(antisense)-3'(5" -GAG CTC ATG GGA GGG TGG
GCT ATC- 3') . PCR 72 HA 94T 557t predenatured 3hiL, ©
Al denatureE # }04 AT A 30%, annealing= #ste] H55TColA 30=x,

NA 5EZF AU T. I ERFHALY FH HEFE LdotR7) HEe F
QA2 JAAAANZEEH RNAES %393 Northern blot= 3k T RNA
S8 fHole SOLD(MAM guanidinium thiocyanate 23.63g, 25mM sodium
citrate pH 7.0 1.6/mf of 0.75M, 0.5% sarcosyl 2.0m{ of 10%, DEPC-treated
water up to make 50ml) 10ml/g®}t 2-Mercaptoethanol 7505 22 50mdAH]
tubeol] A& 1g= HAEALE HFol7tH wAl Aol ¥o| vortexste] A2 1
0~15% & 3, 2M Sodium acetate(pH 4.0)% 0.1 volume(1ml)S ¥t} 1

% phenol (wate saturated)S 1 voulme(10ml)e 31, chloroform/lisoamyl

....40_



alcohol (49:1)2 0.2 volume(2m¢)S Y3, 1% &< inversiondld] icecll 154

o AEsE 3 47T, 12000mme® 205-7F centrifuged} S th. centrifuges 3
S Azl wa] A tubedll &7]3 chloroform/lisoamyl alcohol (49:1)= 4

Zalol 05~1 volumed 4wE Y91 158 %<t inversiondt{ o L ¥ 47T,
12000rpm S & 2087 3 W U centrifuged}t 3T}, CentrifugeE 3 & A5
S wA A tubeo] 2713, 1 volume® isopropanol®s Y 3l inversionste] 1L

Aol -207T ol A] 1}4;} AEskdch 1 ¥, 4T, 12000rpmo.E 2023k
centrifugedt . centrifuged ¢ F AS5AEZ 31 RNAE HofA 75044
9] solution D(or DEPC water)& %] pellets =3t Isopropanols & ¢
volume . & YLoE 4T, 1200mpmeol A 158 7t centrifugestsith s dS W
2l 21, 70% ethanolS 1ml¥ i 4T, 8000rpmol A 10#3t centrifugeste], 70%
ethanolS W& 7Q%o]l HRoh 1 % DEPC- treated waterE 500 % 1L
Z =9 ¥ A= H membranes THE©] northern blots A AlSHA T
Nylone membranes WElom I Wil vy Ao, d7|ds3s 4= 4
93 & ZekA nylon membrane transfer 8- 58 HHA downward
alkaline transferdH o2 MX]3 % overnight&<%t transferstRich. 1 =
Neutralization& el 1027t A3 F 1023 AXAIA UVAESHSIT
Northerno] 2 2.8 prove® WE7] 938 GUS $A42E PCR3MY Accuprep
Gel Purification Kit(Bioneer)E A8l  elutiondtvh. PCR &1+
denaturation 94°C 45%, annealing 55C 45%, extention 72C 18 30% A
7 ek A 353 RS o 1% agarose gelE WHEO] A 7|9 F 3R T

3l FF
&

N
& JhAE A

TﬁS

Rbrdel] AMEA =
A
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Agrobacterium overgrowth® AT ¢ UAT. W2 ARy dZo 2 £3}
7t &olal e FAZA T8 ¢ th Shoot, &, TA EFA ZF
GUS & o] YElyt o™ leaf painting® basta A7 FoxE =& AELS B
Rt 282 PCR¥ Northern 2402 FHA 9L gd 4+ 9doh
HAHslE =8 w29 FIFPES FRAAF x7]d sl ZHS
AAZ130 @l AFE3 vacuum A €. dipping A2 7HA A Alske] A Egd F
3}

W= e MR B S Trarstormation baget area aillary bud
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(Table 1. Parental crossing and selection objective for soybean sprout with

small seed size trait)
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Field in 2006)

= = O @]
=548 B= HEY == & =1 SMEls
Stetx PI179825 [ 05S-88(1)| 10&4Y | gt 14.
bl 27 AEE AT e EARYeln. ALE F3 A (F4 FA
2 20073 A HErel 594 FAL A% Fob AN 29 AE
2 A @ o Aol

a9 2. A AlE9 =4 (200603 X 43
(Fig 2. F4 Seed selected (harvested in 2006 field)
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Fig 3. Phenotype of F4 plants (Field in 2006)
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Fig 6. Phenotype of F5 plants (Field in 2006)
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(Fig 7. F6 Seed selected (harvested in 2006 field)
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20018 =29
& 20061 Lo <
A AN Q)
a9 8. F6 A& (20061d xZ7)
ig 8. Phenotype of F6 plants (Field in 2006)
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M2 x PI408155 el A¥rd F6 175

a9y 9. AE AEe

Z2F (2006 XA 431

(Fig 9. F7 Seed selected (harvested in 2006 field)

F7 seed)ol W3l & o231 7z

5d Z=2 H=sH 25t ol =1 HH 21 2=
M2 x Pl408155 | S-015 | 10228 | &t 11.0
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Fig 10. Phenotype of F6 plants (Field in 2006)
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23 11 A AF FR (20069 EF )
(Fig 11. F7 Seed selected (harvested in 2006 field)

3t 2. A Al Ee ofambebzl o E
(Table 2. Asparagine content of selected lines in 2006)

Al g2 & % (nmol) sample(g) | ¢ ZF%(w/w)
S>-015 240.086 0.0821 0.0386
Go04 213.317 0.0806 0.0443

045-6(1) 207.786 0.0825 0.0429
04S-6(2) 335.981 0.0815 0.0045

045-7 271.483 0.0816 0.0449
045-8 383.920 0.0852 0.0603

045-11 326.234 0.0870 0.0495

045-69 260.646 0.0853 0.0404

05S5-88(1) 399.297 0.0838 0.0630
0loFo-1 305.549 (0.0820 0.0492

16F5-2 310.75 0.0839 0.0439

76F5-4 310.149 0.0837 0.0489

ToE5-5 2175.642 0.0825 0.0441

8OF5—-3 186.262 0.0832 0.0296

86FH—-2 266.483 (0.0840 0.0419

87TEH-1 200.816 0.0826 0.0401
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