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Inhibition of SKTI Synthesis in Agrobacterium rhizogenes—induced Hairy Root
Reduces the Number of Nodule in Soybean

Sun Hyung Kim, Chae woo Lim, Ji Young Park, and Cheol Ho HwangT

Department of Crop Science & Biotechnology, Dankook University, Cheonan 330-714, Korea

ABSTRACT In nitrogen-limited conditions, rhizobia lead
to formation of nitrogen-fixing nodules on the roots of
leguminous plants. The process of nodulation is autoregulated
by pre-existing nodules in the same root system. The altered
profile of sap proteins by inoculation with B. japonicum may
indicate presence of a signal responsible for autoregulation
transferred through stem. The 20 kDa protein enhanced by
innoculation significantly decreased in intensity from 2.5 to
7 days after inoculation (DAI). However 6 kDa protein did
increase during such a transition period. Western blot analysis
showed that both 20 kDa and 6 kDa were cross-reacted
with the SKTI antiserum. This suggests that SKTI may be
involved in soybean nodulation by specific induction and
degradation in stem sap during early stage of nodulation.

RNAI technique and Agrobacterium rhizogenes-mediated
transformation were applied to investigate the function of
SKTI in nodulation. We have found that the number of
rhizobium-induced nodule was much less in SKTIi-silenced
hairy roots than the non-silenced. Indeed the quantitative
RT-PCR showed that the expression level of SKTI gene
was reduced over 40% in the transgenic hairy roots com-
pared to the non-transgenic. It appears that the observed
early induction of SKTI and degradation into small peptide
in a specific time manner may be involved in autoregula-
tion of nodulation in soybean and the specific mechanism
of such regulation remains to be investigated.
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= %E?‘)‘]-.Tl(Geurts
et al., 2005; Gresshoff & Delvels., 1986), o|o] H-3-35}o]
A15-0] BalE o HE(curling)©] A 7ITtHEsseling et al., 2003;
Miiller & Schmidt, 2004). HE ¥ Hejgof 743l vhg|2]of
= 2ol FHE HHAE S8l cortexol A FAH L
Mas 7|2 0]%E3}o] symbiosomesS AYASH 1 R
oA ALTAS 3t HERo|=E2 ESlHti(Day et dl.,
1989; Vasse et al., 1990; Brewin, 2004). <% o] Big] vt
o= B23 P2T Yo v RoEE AERRE B4
I} YA S ZFo} leghemoglobin} nitrogenaseS T
sto] 7] AaE a17gste] Aol FH3ttHUdvardi & Day,

o] -
AR

1997).

B &2 AEddl AT dades s sAll
Fgoz AT g "l ouAdS 2Rk 7]Ho]7)
of Aol Feo] A2 o] #eE gL ot
olE sl Ul*ﬁ%ﬂﬂ FEAE Y T el ATt
me) Atolol A HielE FA AAEEY} ol A el
o] olg& Tl HelE B9 Arkzdo] o] oI th(Crespi

& Galvez, 2000; Caetano-Anolles & Gresshoff, 1991). BLg] &
dhe|2jote] HF 25U AT R RY IEA] I
=4 Q7F AR E o] 55 GmNARKZ} o] Rb-g-5fof HL
215 g4 AAEEESDDE HE 7Y Ao = iy 2
W A2 o= A4S JAIRIT ot Al IE £
AWA1S Glycine max nodule autoregulation receptor- like
protein kinase(GmNARK)-F-#A 29 EdHo|2 YER}=

supernolating ¥ o]A|2} UHHAEA| Q] HES E3 =5}

O Z=%
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Ao, olof Hofsh= AAY AeEdE ofF] e 9 T4
ER] 9kt (Caetano Anolles & Gresshoff, 1991; Nishimura
et al., 2002; Searle et al., 2003). GmNARK?7} Arabidopsis
thaliana 2] RAA H3lo|| Z-838l= Clavatal I} =& X
2 54 o2 nFo] Clavatal o ligand 2% 33l 715
24 GIohe CLV3 FARE 212 =719 efo]l =7}
oz P4 AtRde Sl olEdte AT EERE o4t
th(Searle et al., 2003; Kim et al., 2005; Djordjevic ef al.,
2007).

F9] Kunitz trypsin inhibitor(KTD)+= €8] & A4S
QL 435} ol Ao 20 kD] Soybean KTI(SKTI)2} 9
kD2] Bowman Birke] = 7}A] &7} ZA]3tcHWestfall &
Hauge, 1948; Birk, 1961; Frattali & Steiner, 1968; Kunitz,
1945). Winged bean®] Kunitz trypsin inhibitor(KTI)&= &7]
Aol A Bejs P4 27]0A HelSo] dsE 7R
11 oFo] ZF7)okcH(Manen et al., 1991; Habu et al., 1996).
9] KTIQl SKTI= &3l EA 8k B. japonicum= 3
TS o Soldom 1 & FUste] ArtRd ] A
S e AEE AT ATES A4 sk cDjordjevie
et al., 2007).

RNA interference(RNAi)= ZAFE RNAZ| A|EU|of A
olFU4 RNAE FAsHA & & Dicere] 2l 2=zl
siRNA7} target RNAO] 0] o] & Zafigto] 84} TS
WAz gz B4 A 715 Bl

ot

uhHolt}. Agrobacterium rhizogenesS ©]%

= o

T O 1.
FAAZ L v A g2 A7F Qtof] FAHS HelE IS
22 9JomE RNA{Z|EL Hels v 5t

283 wel 3wy
2 4z o

=
7|5 d-tel Agtsict o 4
tumefaciens©l| °|3F FAHTHo] v @ Zof B}
A. rhizogenes+= 60%0)AF9] BAT FAATES S 4
I TtHMcManus & Sharp. 2002; Waterhouse & Helliwell,
2003). RNAIZ o]-&3}o] Fa}AE Mg Sof A leghemoglobin
Aol MES ojAslo] ABAS] A% AT FHelsh
HI(Ott et al., 2005), Medicago tucaula®] DMI29] 2rd-S
#5}5}Fo] symbiosome 2] A2 A5} th(Limpens et al.,
2005).

1 QAo AE FolA] AAT o] WalZe YA 9
B AZIEES fla) Releh £7] Aol olFele A
of EuIol A SKTI Hj AL 4% 5 415 Q 0|5 AlY]
o 1 ¢fo] Z7}slar, A% SDI o]EA|7|o] 20 KDoA 6
KDO = 1 7|7} Eoltx A FIsH3I o]2|gt SKTI
O] kA AAWSBLY] Pt Ark2d B ake] ARHA U3
A& TARE sho] SKTIZF = g4 B B S §49

Ap7hao] Hole 7H5AE BBzl oS g,

EREIET
SR ]
BG4 ADT AL 25 U 8522
(AZLF 250 30 mM EMSE Helsto] GEE Zcpp

=2 O
215 oAl Attt wPAEAst A& atkae)
2 AREAAATY AB)E ARARZ A5tk 51
£ 1% NaOCl g-Hof|A| 557t FHASHL 83 /42
A Qiek 121°C, 4087F 19F At HulEelo| ES Al X
Eo|A 26 C/20TC(F/0F, 16 hr / 8 hr), S% 70%, 180 wmol
s'm?e] Hzgolx wol W AusiAch W87 B
B&D £9%(2 mM CaCly, 0.5 mM MgSOs, 1 mM KH,POy,
0.5 mM KzSO4, 4 mM H3BO4, 4 mM CuSO4, 2 mM MnSO4,
0.2 mM Na;MoQOy4, 0.2 mM CoSO4, 1 mM ZnSO4, 20 mM
Fe-citrate; Broughton & Dilworth, 1971)& X2E & | LA
Q590 33 Fastark

57| 4o chz 2o
5 3 94 E A=A el Bradyrhizobium japonicum

USDA110& HES T 25U E= 7U0] Aast9S ol
A 549 £71& Zet FAIE A F apoplastic solution(20
mM CaCly, 20 mM Ascorbic acid)of 2o 1.5A]7F5<t A
o2 FAaE JRA FAP o £7]8He Wol 302
7F 4CoA 1500 g2 YAEE|5te] 25 &0 4u]9]
O ES yo] 20T oA 16417 HHgE $ 13200 gof 4]
2027 AR skl Ay Az diAS 7] AT
10 ul®] 2xprotein sample buffer(0.125 M Tris-Cl pH 6.8,
4% SDS, 20% glycerol, 10% [3-mercaptoethanol, 0.0025 g
Brilliant Blue R)°|| 0] -20ColA] H3}¢ic}.

FZH A5 ol thilEL 15% polyacrylamide gelS
o] &5l A7] 953t & Nitrocellulose membrane(Protran,
S&SAPH-E Towbin buffer(18.3 mM Tris-Cl, 150 mM Glycine,
20% Methanol)ofl 4] 70 VZ 2.5A]7F electro-blottinggt mem-
brane-> TBST(100 mM Trisc-Cl pH 8.0, 150 mM NaCl,
0.05% Tween 20)°]] 1027+ A1, TBSTo| 5% nonfat dry
milk7} 3238tE] gH o7 45871 blockingd}$ith. Blocking
% TBSTZ membrane 23] A1l Ax}SHAS 1:10002] H]
&5 TBSTe| 3]A4sto] 3027t BH&-AJ7] & TBSTE 155
A 435 Rt o] x}3HA=(Anti-rabbit IgG-Horse Radish
Peroxidase linked; GE HealthcareA}) 1:50009] vl &= 34
5ko] 30427t HES-A]7]aL TBSTof| 57t 43] Aol 3 Western



Blotting Detection System(ECL plus Kit, cat# RPN2132,
Amersham)& AF2-5to] 7FA)SE 3t t}2 Melanie I program
(Genebio A& ol glel HEE Bslelict

SKTI R%xt 2| | HE 7=

NExe ALt P spapabe] Hol Lajstol
Tri-reagent(MRC ADE ARE-510] KitQ} 355 WHOZ RNA
£ FZ3190th AF AZ3E RNA pellet-2- 50 ul9] diethylpyro-
carbonate(DEPC) water(0.1%, v/v)o]] &A3] &9 & UV
Spectrometer(UNICAMANE 0]-&3}o] 260 nmol|4 RNA
& A5kl 1 g 5x AMV reaction buffer 5 ul, 25 mM
MgCl, 5 ul, 10 mM Deoxynucleotide mixture(dNTP) 2.5
ul, oligo dT 2 ul, RNase inhibitor(RNasin) 1 pl, AMV
reverse transcriptase 3 plof| £3tslo] 25C 108, 42°C 60
H 99C 5&, 4T 589 704 cDNAE A5yt

31443t SKTI ¢cDNAL= SKTI(Ti-b; X64448) A7 coding
A7 <def| wgl SKTI primer(AH3F 5'-CAC CAT GAA
GAG CAC CAT CTT CTT TGC T-3' ¥%3F 5-TCA CTC
ACT GCG AGA AAG GC-3")¢} F719] t}E primer(V-sub,
Aukgk 5-CAC CGC AGT TAT AAT GCT GTG TGT
TGG-3' g4k 5-CAT CAG AAA CTC TCT CAA TTC
TAA ACC-3' / C-sub, AH3F 5'-CAC CCA CAG CAA GCT
GAG GAT GA-3' 9%3F 5-TCA CTC ACT GCG AGA
AAG GC-3)E A|Z}slal, Promegarle] ANTPE ©]-235}o]
(cDNA 1 pg, 10 x Pfu reaction buffer 5 pl, 0.2 mM dNTP
mixture, 10 pmol A&y} SH-8F primer, MgCl,, Pfu DNA
polymerase) 95C 30%, 58°C 30%, 72°C 30%4 303 vt
E3lo] PCRS 433}t 1% TAE agarose gel A7 9%
o7 H3 & 343 PCR AHE2 pENTR/D-TOPO
(Invitrogen APo]| 7|Eof ZokE HHo| w2} 2293t 3 One
Shot TOP 10 cell(Invitrogen A= A X25}al kanamycin
(50 pg/ml) LB Hi=ol|A] AHE Z=2 U of|4] DNA-spin(Intron
A& ©]-&5to] DNAE %359 Notld} EcoRV Agtas
2 A 3712 9lskar upo] 99 A(http:/www. bionicsro.
co.kr)o]] G7|AGEA-S 2)Fs5lo] Chromas ver 1.45(Australia,
http://www.technelysium.com.au) 32133} NCBI Blast
(National Center for Biotechnology Information, http://www.
ncbi.nlm.nih. gov/BLAST), EMBL-EBI(European Bioinfor-
matics Institute, http://www.ebi.ac. uk/clustalw/)& Z3] &
71 g& Felskelrt

7y7}o] G- 427F A28 pENTR/D-TOPO®] RNA inter-
ference =8 HE 2 pB7GWIWG2(I)GFPHIE|E LR clonase
II (Invitrogen AHE @o] recombination A]7]31 25C ujof
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714 1A17F 59t vkt F, Proteinase K(Invitrogen A}
S 9 & 4o 37C wigr]ofA] 1087 Fof ¥hg-2
. E. coli One Shot TOP 10 cell(Invitrogen A})o]
W o g AR5 0w, spectinomyein(100
ug/ml)yg E3He LB vjA|oflA] Z@sto] 37°C uleg7] ol A
fofet & A F2YUE Adsielch AdE 22
YojlA] %3 DNAE EcoRI¥} Hind & ATslt & 77
£ H]ste] RNAIG 328 5 o 1.5 glsein.

Z
>
Jo
H1
o

g HEZ AL o] ZlE DNAE freeze-
thaw Bt & ', 1999)2 0]-85}0] Agrobacterium rhizogenes
K5999] E=¢I8t & spectinomycin(100 pg/ml)o] 3% LB
iz oA 28°C, 200 rpm ZHCFE 1¥U7F HjeFslaL 300
pmollA] 3037F YRS T AFAS BT BT 55
S8 gol 28] A0 HF pelletd Wit FRAE HE7} 20
ODeoonn”} /=2 3|45} T}, Kereszt et al.(2007)2] B2
AT E ok WSl 3  so] B AZA 1 ml
FA7](25G%5/8 mm, STR Y Z)E o] &3alo] z4¢ o}
lem 9] Woll Al Ao Al F 127]9] A& o] 100 ul
o] detll 2 HFskal 5UZt humid chamberof 4 7}55HH
A HERAE mEelo] A% AFHIA BEe AT,

5 62o] AL ul YMBUIA
(0.05% K:HPOs, 0.02% MgSO4-7H,0, 0.01% NaCl, 1%
mannitol, 0.04% yeast extract, pH 6.8)9l Bradyrhizobium
Jjaponicum USDA1102- 28°C vjF7]o) A 90 pmo. & 3-5¢
2k vjeFate] 0.2-0.3 ODgoonm®ll =EEE & EF] 355}
FAAG Aol oS 2 =83tk B. japonicum
A 5 130 Yo mAdte st 2429 Zoj
o ofof| 2HYE HejE 5 RARE S 77| Heje) R
= RSt el FReE AARE 5 AA - &

% Eaio] 0T oA wsc

(=]

A. rhizogenes B%

SEMe DA BM

A. rhizogenes©l| 93 FEE HATS MA|A AL T
1.5 ml tubeo| A §-2] grinder2 H4}3}¢] 400 ule] Plant
Extraction Buffer(200 mM Tris-Cl pH 7.5, 250 mM NacCl,
25 mM EDTA, 0.5% SDS)Z 21 4C, 12000 rpmo]A] 8
E2F YAE YRt % 300 ple] A-5Hol FFE] isopropanol
13000 rpmoflA] 5E7F YA4lEE|sto] genomic
DNA(gDNA)E 2Z3}9lch. pB7GWIWG2(I)-GFP2] Bar
371} primer®} internal control 2 Ubiqutin(SUBI-3; D28123.1)
L AR} primerE 0]83}o] 95C 30%, 58C 30%, 72C 30

[e)
= ¥x
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Z4] 303] RHEgE
N
RocheA} 3 =2 13(www.roche-applied-science.com/sis/rtper/
upl/index.jsp)2 ©]-&35}9] real-time PCR-E SKTI-R-Z |9
UPL primer(A"3F 5-GGA CCT GCT GTC AAA ATT
GG-3’, 993F 5-CAT CAG AAA CTC TCT CAA TTC
TAA ACC-3")E A|Z}s}al UPL(Universal Probe Library)
= AH&Sto] AAbES E48H3TE Tri-reagent(MRC A} 1
Hog mATA  FEF RNARZ AT cDNAE
template 2 A}-8-5}o], UPL(SKTI : Arabidopsis #86, Roche
AP, 10 pmole SKTI UPL WS primer 1 ul, 10 pmole
UPL 9%3F primer 1 ul, 2x IQ super mix(Bio-RadA}) 10
uE 33t & 95C 38 w8 5 95C 30%, 58C 30%,
72C 3024 40822 =3 ZZ319ch F9] actin $AHA}
9] UPL(actin : Arabidopsis #110, Roche A}) 0.2 ul, 10
pmole actin primers(JY3F 5-GAT GCC GAG GAT ATT
GAA CC-3’, 9H3F 5'-GGT CAA GGC AGG ATT TGC
T-3)E WA RZE A5}, Rotor Gene 6 Program(Corbett
Apel AACEEH O §AA4 SEEAS Sasgich

S S B FUA i8S T

2t o

B. japonicum USDA110 HF A] &7] 9
o} ollA F7FskHFig. 1-A). °l= &71¢]
RE 22E 20 duAE Fo] s} wa T

vaa = =
A BHABE 2AE 119 HEAY /)5S T KA

S EZo] o]%E3t= Al7|2 €8 F B. japonicum USDA110
AE 3 25U(DANT 749 &7 = TS B35 4
(A) 2.5 DAl 7 DAI (B)
= — :
kDa — 2 B B+ kDa
97 - 97 -
66 - 66 -
45 - 45 -
30 - 30 -
20 - 20 -
14.4 - 14 .4 -
6.5 1 6.5 -
L
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3} 20 kDa¥} 6 kDa®] ThufZo] Eolgh W ofe] Hals B
itk 20 kDao] w2 2.5 DAIO|A] 743HA W = chr)
7 DAIoA At HAE o, o]ef Wit = 6 kDao] T
22 2.5 DAIOJA] oFstA] L& Ethrt 7 DAIOA = 27
7 = SAtk(Fig. 1-A). o] =gt whald W o] el Al
9325 9 AEEF 28 A9 o BY= 34 =98
o]Ql 88220 A% FAFSIG o 53] thedFolA 7H
=227 BoltkFig. 1-A, B, C). o]0 20 kDaZ} 6 kDa
o] chuf o] Bz P4 27]o A4E 9 AtRAY AT
ZFA5}% ) Bragg@t Nts10070f A
o g gk Heto|s AgkiA
20 kDa @i ze SKTIZ &¢l= 9o}, 6 kDa o
%Fth(Djordjevic et al., 2007).
SKTIZA S o] &3 deF 9 4= i western 24
of A 20 kDa 9] T3} 6 kDao] Thil 2l W =of A 75}
A9t S0l 4 43S WTKFig. 2). ol 7 DAIS] %7}
3}= 6 kDa thizlo] SKTIQ] UXZ A 20 kDa Tzl o]
w3l = o] ThEo1%l 2 F=Frh 73t western AT}t
ool AgFEAlo] oA HER|A] 42 HORE u|Fo
20 kDa SKTI et zo] Fafjx|o] FJH ofz] o Heto]
EE59 Aoz o AZE Western EA oA %= 20 kDaa
B. japonicum?dE 5 2.5 A ZF5HA UEbd 3 7 DAIC]
A= ofstAl Whgetlal vl FEtollA= 2.5 DAL=
H-g-o] §itk7F 7 DAIO| A= oFstA gA|9F o4 vk
Kook v 6 kDao] @A B. japonicums &5+
<= o 2.5 DAIRETH 7 DAIOJA] & 73t ¥k H QAL H]
A &0 A= 20 kDax} o274 2.5 DAIS} 7 DAI =% 7
£og EYslA W glth Melanielll(GenebioAH) 2
AeFalsl 92 wof 2.5 DAIOJA 20 kDa2] SKTIZ} 7 DAI

POV
v o

=

[e]

[*]

(C)
2.5 DAl 7 DAI 2.5 DAl 7 DAI
kDa
97 -
_— 45 | —
- v | - -
- - 30 | —
—-— -
L
1 14.4 -
[ - 6.5 -

Fig. 1. SDS-PAGE gel image of sap protein extracted from soybean stem. Stem sap the proteins extracted from sinpaldalkong2ho
(A), Daewonkong (B), and SS2-2 (C) at 2.5 days and 7 days after inoculation (DAI) with B. japonicum. 15%
polyacrylamide gel was used and stained with silver nitrate.



2.5 DAl 7 DAI
B - + - +

20 kDa .
6.5 kDa |.- ‘ .

Fig. 2. Western analysis using a SKTI antiserum of stem sap
protein from Daewonkong without(-)/with(+) inoculation
of B. japonicum at 2.5 and 7 DAL

we} of 3759 olate] wido] WHET He 27|
SKTITHH RS- 2.5 DAIO|A] 7 DAIZ} € uff ¢F 20 A= =
7HE Itk o3t A3 S6f 20 kDa®| SKTITH|H o] &
o] Hul& 2y 27]9AQl 2.5 DAIo| 1 ¢Fo] F7}staitt
7} 7 DAIZ A= o 6 kDa®] 22 I7]0] Th AR Ha|
He Ao ofAX

HHx7191 2.5 DAIOA ZFstA HdE S
Hhg|2lol FHz7]o] protease S W= Z:Z*
1g3kthrh, 7 DAIOAE SKTI ehal 27}
protease®] B3] H5 Sl 5 FA AAF Lol 7Hs
go] Qith o|ef= k= Ee]3] Aol ¥H8-5to] protease
inhibitor 52| W&-S X5l systemin, AlEAE EES
Z28}= phytosulfokine(PSK), YA Aol Hofst=
CLV3 Fo] 259 MEe} N T 7|83 7| 87te] o]F
St AT ER R 285t Zo7 dEA o‘ﬂﬂ(Matsubayashi
et al., 2001). ¢o]of 20 kDa SKTI®] E3jAH=<1 6 kDa2] |
Elo| =7} T AHA| 2 7 DAIOJA] Ha)5o] whys ofA|5h=
AFEAZ 283 e A7E 2 9l
2.5 DAIo] W5l SKTI} 8e)% 94 27/ 9

F7ALE B 7 DALY Eaflef o) 3
2 S5 9lste] SKTI §449] WL o4
RNAi ul—m% xLQ.s].Oﬂr,]. ok 60%2 _/,\__71,_:9,] /})l—%/\g B
0] SKTI familyo] <3t 17709 & 3
S el by Hel ZAHE Aoz @ud
(Hymowitz & Kaisuma, 1981)2] ¢cDNAE Fol|A 2H &
2] 5} tH(Fig. 3). SKTI-b A Thia o5 7|8 B(SKTI-
b)i} BE SKTIO|A BEH 0 E45H 136bp(cDNA%
9] 315 g7|o| A 4517FA] E£EH Q] C-sub 12|31 SKTI-b
B Hz}pe] Eo]XRBol 170bp(cDNAALS] 4849704 654
7HA) 8] V-subgs FHEsto] SE&3H § Z129] cDNAE 3|4
3}l Cloning #]E|(pENTR/D-TOPO)of| 23t 3 LR clonase
[ (Invitrogen AHZ RNAi =& HE(pB7TGWIWG2 (I)GFP)
2 AZE3E SKTIi, C-subi, V-subiZ

7
l-ﬂ

O ol ox ﬂ.llO

A. rhizogenes K599

4

of
ox
12
=

303

ACA23207 KTPI
“_{ ACA23205 PKTI
S16252 Ti Homolog
AAB23483 KTI2
4':0\823482 KT
PO1071 KTIB
PO1070 KTIA
AAF65315 KTI3
BAB63285 Tie
AAK20289 KTI
CAA45777 Tia
AAK20290 TKTi
BAD04941 Tic
ACA23202 p20like
_rBAA82254 p20

CAAS56343 KTIS

—
0.05

Fig. 3. Phylogenetic tree of coding sequences of soybean
Kunitz trypsin inhibitors (SKTI). Each amino acid
sequence encoding for GmSKTI gene family was
obtained in NCBI database. Multiple alignment of all
the sequences was performed by ClustalW. Based on
these data, the tree was constructed using neighbor
joining method in MEGAA4.

2 YAt

Uit SH54E AEe A= v§| 4. rhizogenesE %
ot A B At mAFLo] HHAS F=3510] 4. rhizogenes©l
ot FAATE A BT FEEHE AL sk
t}. olo] 5t A2 HEHE EFSIA| B2 A rhizogenes
2 AEF AEA 9 SKTI RNAI A4S FAASS 4.

rhizogenesS& JESH A1E9] HANLO| Bradyrhizobium japonicum
USDA110& #&sto] #Hels A4 BlastgithFig. 4).

A. rhizogenes'= BATS §%=5H= Ri plasmid?} RNAi
= S8l AYAIZ plasmid 2717 A1 917] wi<zoll
FAMgkE o 2719 plasmid7} o] WEE o]
w2 FHUY el Aslo] sk
wpebd] BAR W W Ee Tuste] Sateka 10714 Ba
{2 AdFste] genomic DNAE %514t 39 internal
controlQl ubiqutin¥} RNAi-G= HE Y 9] barFAAE &
T2 PCR3H] OF 80%¢] FUABES HAsHgch A4
P Aol 2l hairy rooto] 2HE 2|59 = 4.

rhizogenest 55192 o] 16.3, SKTIi+= 5.2, V-subit= 14.4,
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©)

Fig. 4. Hairy roots and nodules formed after A. rhizogenes-mediated transformation at 13 DAI of B. japonicum USDA 110.
(A) Mock; (B) 4. rhizogenes K599; (C) ArK in pB7TGWIWG2(I)GFP::SKTIi (D) ArK in pB7TGWIWG2(I) GFP::V-subi

(F) ArK in pB7GWIWG2(I)GFP::C-subi.

Table 1. The numbers of nodule formed per hairy root trans-
formed with SKTI RNAi gene using whole (SKTIi)
or parts (V-subi, C-subi) of the gene

Treatment Daewon Kong
Nodule number per hairy root (EA)
ArK 16.3
ArK in SKTI 52
ArK in V-subi 14.4
ArK in C-subi 11.5

C-subi= 11.52 AXA| hairy rooto] ZHH% IS £E5 H]
W3S W eF FARRE AuE UERtK(Table 1). ©]= SKTI
FH2 AAE RNAIE o]&sto] JAAZ S of 7 =27
Wol % 47} P4 T SKTIS BEH2 RNAI WS 2
83 ZAHCsubiolHE ol AR haE Ao Rol}
SKTI-b Eo] H-9]5 RNAI 442 ARG Z-9{(V-subi)=
25 Ao AP teR A okk B japonicum BEA) B
AE e AR EY Apol7h AN BAE Y] HYE
Y=L 2ol & Ho|BRE HAFTo| Ao #els 34
HEg vash] 9E P SRE nA U Fu
We 5o 2 59 ALgSHgv|(Hayashi ef al., 2008), £
AtollAs B @R S sk AEE AR

L WE)S 7 7hadh Ao R v SKTI9E C-subl)
L S 799 AHEAOR 1]Ro] SKTIbe} o]2lo)
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