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OB TS AA 2RO AR R SRR, A SR T e A 5 S RS B T SWPA2 R B
B)E B CaMV 35S 20 ldaddil. H &1 HE SP8 14 & ik (2K (IbSPFL) (Wi RIS MM 244 . IbSPF1 & 4HY) WRKY #4556 [H
FHRENR R Z —. BT S5 2 A &N ARV 2 AT RS, WRKY SRR AT
I AR RT-PCR JryE W H 28042 388 H i IbSPFL ¥ SE 88 PR ) S AE, 5 ELR 3R M IbSPFL AHLL, M
TR AR ST UREE 1009 A7 w57 (7 F s g e A0 ok s, AT 08 7 4 b €0 s R T 2 M IR » ALt M T Hi oA
FEEH. 505 IbSPFL JE A (8 25 M8k pCAMBIA2300, F46 N BRI H AR EHA105 1, ARk H 2Ht
SRR T S Al

SRHERA] HE; IbSPFL ML SWPA2 Ja 3T £ Eihn

Construction of Plant Expression Vectors Harboring IbSPF1 Gene of
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Abstract To generate transgenic sweetpotato (Ipomoea batatas (L.) Lam) with enhanced tolerance to multiple stresses, we
constructed the overexpression vectors of IDSPF1 under the control of a stress inducible sweetpotato peroxidase (SWPA2) promoter
and a constitutive active CaMV 35S promoter. Sweetpotato SP8 binding protein (referred to as IbSPF1) is a member of WRKY
transcription factor superfamily in plant. WRKY family is becoming one of the most intensively studying transcription factors due to
its diverse functions in plant biotic and abiotic stress responses as well as many physiological processes.We amplified full-length
ORF coding sequence of IbSPF1 with RT-PCR method using total RNA from sweetpotato leaf tissue. We found that thymine residue
at the position of 1009 from translational start site was changed to cytosine resulting the substitution of amino acid sequence proline
for serine compare to reported IDSPF1. We constructed IbSPF1 overexpressing plant binary pPCAMBIA2300 vector under the control
of two different promoters. These vectors were transformed into Agrobacterium tumefaciens strain EHA105. These Agrobacterium
transformants will be used to generate transgenic sweetpotato with enhanced tolerance to abiotic and biotic stresses.

Keywords Sweetpotato; I0SPF1 gene; SWPA2 promoter; Multiple stress

HRYE = FOVIT Uit R DR AR AR IS [R5 [ (R e s 5 Rk .

8 5% X1~ (transcription factor), M e XA A MR NAFAE KBRSk, el e, 2R

Ty JERES A T ST AT U 50 bp~5 000 bp AL 5% TR KL 1500 i sk A

1 = 1 F JC 4 (cis-acting  elements) 3T Bk T 1o RHEL DNA 25 XKIRE A, XL 1
(silencer) B} 14 5% -1~ (enhancer) 5 S 1 45 & 1 — 2K 4 1] LA A7 AN 5% (Riechmann et al., 2000).

M, Hallk 5 )5 307 (promoter) X 38k 1) 25 A, B0E R WRKY 5 I 5 T 4 K R I X — K
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AR R SR W B, BRI AE N-Im S A
WRKY GQK 41 1] 5 5 5 (1 SRR 91 15453 44 «
HAT, ATC M) b o3 8 Az SR o1,
FERF Az B ME EAT ¥ A BF 9T (Chen and  Chen,
2000; Sun et al., 2003; Lagace and Matton, 2004;
Zhang et al., 2004; Xu et al., 2004; Borrone et al.,
2004; Ashida et al., 2002; Lambais, 2001; Pnueli et al.,
2002), WRKY HEHAREL 454 (T) (T) TGAC
(CIT)FFA1, X ES AR 2 DNA FPAI DI RE A
WRKY HHH ) WRKY R34 7 4F ) (Eulgem et
al., 1999). W5t E B, WRKY HH) 23 5
XA AFEYIIIAR N RN FY)EENEG
KEE—FRIVEINGS), (ERPRIHTITIE RN i
FAREHEZEM

HAR TbSPF1 J& 55— > M AR v v I 15 21 11
WRKY i X% ¥, 4 (Ishiguro and Nakamura, 1994),
HEILAEYFIRE— BERAERREN T . A9
DA H A H 2 5 FhKokei No.14” 5 RNA i, pk
Y 5E ke T IbSPFL 5K cDNA. 4 £ 45 N [
) -(CaMV 35S A1 SWPA2)IK IbSPF1 3 PRI )
AR, XFEE—DHESY IbSPFL 3[R A=W DA &
FeREDH Z O pTi AT 2 X, JF A P R ) A
D CRR R — i 2%

18R 550
1.1 IbSPF1 B X 1A 5e f B 5 51l

Z: I Ishiguro Fl1 Nakamura (1994)4JE 1) H 2t
Kl cDNA J¥41, Bih—XFERE % 5 19 (GSP,
i SolGent 2 | & Ji& ), IbSPF1-Forward :
5’~-GGATCCATGGCTGCTTCT TCAGGGACAATA
-3(F R £ 4 & BamH 1 B U1 A% A1) s
IbSPF1-Reverse: 5° - GGATCCTCAAGCTAGCAAT
GTGTCCAGAAA-3’ (T RIZ 4> BamH [ K1)
frm)o 3% LA BT 51405 1bSPFL & RiEAT PCR
FH, H 1%BE N0 R KA PCR 74 7R —
4% 1.7 kb AT KJER) DNA F BB 1), &Lkt
R RN S e B 21 T-Blunt #0dk [, 4K
JUkT B DHS o BREC 4 ANBHPE 5 [ FH 2R g v A R X
ok, BamH I BgUIJE, 950 2. 3 R4 i) wifEsy
AR U H R B8 2). MRERERN, 3
Ty BT A5 NCBI 83 1P 5N — ME AT R
255 3), AHBLEERIE 99.99%.

2 000 bp
1650 bp—

Kl 1 RT-PCR J" 1 4 2%

VE: M: 4> T-& Marker; 1: L Oligo (dT) 45145743 PCR /=
P, 2: UL GSP H 51453 PCR /4]

Figure 1 RT-PCR amplification of IbSPF1 cDNA

Note: M: Marker; 1: The PCR product with Oligo (dT) primer;
2: The PCR product with GSP primer

M 1 2 3 4

2000 bp
1 650 bp —

Kl 2 H4FRL T-Blunt-IbSPFL g D)4 Il

VE: M: 43T Marker; 1~4: JFCRIff 1) 45 5

Figure 2 Detection of remodeled plasmid T-Blunt- IbSPF1
digested with BamHI

Note: M: Marker; 1~4: The results of plasmid digested with
restriction endonuclease

1.2 MYRE B 5% E

¥ 1bSPF1 JE [ 7353 55 itk pCAMBIA2300-C-
aMV 35S 1 pCAMBIA2300-SWPA2 3% 4% J5 15 51| 8.
TolE, FHS 1% 1(CaMV 35S int-For A1 IbSPF1-Rev-
erse) Fl 5| # X 2 (SWPA2 c-term-For il
IbSPF1-Reverse)iE47 e[ PCR A, DL %S 52 IbSPF1
Ji Bt 5 pCAMBIA2300-CaMV 35S & pCAMBIA2300
-SWPA2 [FJIEF Ty Il ) IE A PE . ZEBRHCH) 7 A
pCAMBIA2300-CaMV 35S-1bSPF1 ik v e vh 3t
2 NSRRI T U H I B (K 4), RSG5
Sl k4 T8 I b B EFE U ) IE A ZEPREUR 5 A
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NCBI one 841 TCGGCTTCAACCTTGGCTGCCCAGTCTIATAATGCGCCTGCCAGTGATGTCCCGGATCAG 900
Cloned one 841 TCGGCTICAACCTTGGCTGCCCAGTCTTATAATGCGCCTGCCAGTGATGTCCCGGATCAG 900
NCBI one 901 TCGTACTGGTCTAATGGTAACGGGCAGATGGATTICTGTIGCCACGCCAGAGAATICTICG 960
Clonedone 901 TCGTACTGGETCTAATGGTAACGGGCAGATGGATICTGTIGCCACGCCAGAGAATICTICG 960
NCBI one 961 ATCTCGGTGGGGGATGATGAA’ITCGAGCAGAGCTCTCAGAAGAGGGAGICCGGGGGAGAC 1020
Clonedone 961 ATCTCGGTGGGEGGATGATGAATTCGAGCAGAGCTCTCAGAAGAGGGAGHCCGGGEGAGAC 1020
NCBlone 1021 GAGTTIGATGAAGACGRACCGGATGCAAAGAGATGGAAAGTCGGAARACGAAAGCGAGGGA | 080
Clonedone 1021 GAGTTTGATGAAGACGAACCGGATGCARAGAGATGGRAAAGTGGARRACGAAAGCGAGGGA 1080
NCBlone 1081 GTITICTGCACAGGGGAGTAGGACAGTAAGAGAACCGAGAGTIGTAGTICAARCGACGAGT 1 140
Cloned one 1081 GTITICTGCACAGGGGAGTAGGACAGTAAGAGAACCGAGAGTIGTAGTTICAAACGACGAGT 1140

K 3 $A31 IbSPFL FE K 7 51 5 NCBI & 37 51 Le s Gl 43 - 51)

T ZLEORRRER IR PUEE D Z B IR 22 5 5

Figure 3 Comparison of cloned IbSPF1 gene with NCBI one (part of sequence)
Note: The difference between DNA sequence of cloned IbSPF1 gene with NCBI one is indicated by red mark

pCAMBIA2300-SWPA2-IbSPF1 FHYE e LA 4
A SEREAR R T U ) H i) B (] 5), 25 R RGeS
h 3.4y 516 M BT 0 IEM . $EEUSTRLS
F BamHI BD) LA _F 38277 ) A (0 BH A v B S s
WIS e BERG U J5 2 0] LIS 2K/ R 1650 bp 1
FEB(E 6), FUMYRILH A pCAMBIA2300-Ca-
MV 35S-1bSPF1 I pPCAMBIA2300-SWPA2-1bSPF1
CA T (B 7).

M1 2 3 4 5 6 7 38

2 000 bp
1 650 bp

K 4 IbSPF1 Bt pCAMBIA2300-CaMV 35S R34 7 1)
Figure 4 Orientation identification of IbSPF1 fragment in
pCAMBIA2300-CaMV 35S

1 M: 278 Marker; 1: %5 pCAMBIA2300-CaMV 35S #;
4; 4, 8: PHME B

Note: M: Marker; 1: The empty pCAMBIA2300-CaMV 35S
vector; 4, 8: The positive clones

L3RR E 5K €

KRR K & A AN ASRA 37 Il 41 3R
RFAR S RATE EHAL05 W, 20 BS54 2 #614k
T IMIE AT 3 R 2iA0 I ok A B, H IbSPFL

FEPR e 5 5 | HEAT PCR RZ (I 8; 181 9): Fr kiR

M 1 2 3 4 5 6

2 000 bp
1 650 bp

K 5 1bSPF1 i Bt 5 pCAMBIA2300-SWPA2 [{3E4: 5 17 % 5E
#: M: 4> i Marker; 1: ¥ pPCAMBIA2300-SWPA2 #fk;
3~6: Pk

Figure 5 Orientation identification of IbSPF1 fragment in
pCAMBIA2300-SWPA2

Note: M: Marker; 1: The empty pCAMBIA2300-SWPA2
vector; 3~6: The positive clones

M 4 8 3 4 5 6

2 000 bp
1 650 bp

K 6 41 ik pPCAMBIA2300-CaMV 35S (&% SWPA2)
-IbSPF1 ARl

71:: CaM V35S _p: 4,8; SWPA2 p: 3,4.5,6

Figure 6 Detection of remodeled plasmid pPCAMBIA2300-Ca-
MYV 35S (or SWPA2)-1bSPF1 by enzyme restriction

Note: CaMV35S p: 4,8; SWPA2 p: 3,4,5,6
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LB 35s_t NPTII 355 p NOS_t BamH 1 BamH 1 358 p/ RB

| | IbSPFI I SWPA2 p |

EcoR | Hindlll

K 7 HYFIEIAE pCAMBIA2300-CaMV 35S(2k SWPA2)
-IbSPF1 (¥4

Figure 7 Diagrgam for construct of plant expression vector
pCAMBIA2300-CaMV 35S (or SWPA2)-IbSPF1

(1 DU A 3 A 7 R B 2 5 B DN A 3 e 39 HH 5
IbSPF1 cDNA J BOR/IMH A ) v B, T B R
Red 3 AR N A5y, Ul B SR ALTORE A U AR A
FF P o

M P N I 2 3 4

2 000 bp
1 650 bp

& 8 pCAMBIA2300-CaMV 35S-IbSPF1 S A A FT 1 45
H: M: 43T Marker; P PHEEXTIEG N: BIPEXT IR 1~4: FH
PEvalE T

Figure 8 Identification of transformant for pPCAMBIA2300-Ca-
MV  35S-IbSPF1 into Agrobacterium tumefaciens strain
EHA105

Note: M: Marker; P: The positive control; N: The negative
control; 1~4: The positive clones

M P N I 2 3 4

2 000 bp
1 650 bp

& 9 pCAMBIA2300-SWPA2-1hSPF1 St NI A FT 11 45 B %
E

: M: 4> T Marker; P PHEEXTIE N: BIPEXTIRG 1~4: BH
PEvakE T

Figure 9 Identification of transformant for pCAMBIA2300-
SWPA2-IbSPF1 into Agrobacterium tumefaciens strain
EHA105

Note: M: Marker; P: The positive control; N: The negative
control; 1~4: The positive clones

2 TR

WRKY #H[1/& DNA g5 &1t E, Eids
HFRIER B W G efEEAE, R SK Ll
BRI RIE o & s SR LA 2 BRI AR A
93 R T B AR D E i T, WRKY JE R
R K PR R IE . BFITIESE, A =502 1
R T WRKY 3 [R5 J 4= e bl i A 7 1 s . (A
ST KMIR 5 S (Dong et al., 2003). 7KFES H #
i AR M. grisea 1R YL JE, FEREIERT 45 A
OsSWRKY JE[RIH A 15 AL &R 30, 1M
Forf 12 452 M. grisea 755111 OSWRKY Ji& A AN [i]
i 5 19 52 30 40 B4 9% J- A4 Xanthomonas oryzae pv.
oryzae (Xoo) ZF ¥ (Ryu et al., 2006). (fiLEM
252004, BlEFEIR, 49(18): 1860-1869)%}3k4F(K) 13
ANJKFE WRKY JE K 34T Northern blotting 7341, &
AL 10 /> WRKY FE[K (1) 5%14 %2 %] NaCl. PEG.
IRIRL(4CRITETR(42°C) 2 4 FhAlEAEY I 55 N7 hd
(g, AR5 3 R AR & B a2 e ifs 5
I IE) E3AA AR IR ORI 22 5, XM R R A
S0 22 5 AT RE AR I T e A1 2 (R R A 22 Th e 1 22
S, AEKFEHGTA R AR A 38 s AN Rl LI 5 45
I Re RIEAFEEH . AEscid firp, dr]
FFH RT-PCR AN IbSPFL HE A 78 H AN [ A Ko
P CA KR R B IR Gs. T R B NaCl A2 (1R
KT THIREEST, RBHR A T REEE R K
X (45 KA KR, VLB 1bSPFL LA W]V 2
WRKY ZIE G —F, wJRES 5 iREMY b
I, 33X A R B RGO H AR R A B4, T —Fohr
(RIS . AT, BEETTTTHEN, A2t
IbSPF1 LA () Th e A= B PEE—25 T %, IbSPF1
HE DRI 25 A A P Ol 16 A% B AT 9 R P Bk R
HEEME

CaMV 35S JH )14 — Pl i 2k 1) 41 e 2 ) 30
T W TR ANEIE R R . (HE R
SRR BT CRE 2 a1 T 85 37 ) KRS 4l i %
FEPRFRIE, ATRE S A AT A TR P R
[ (%)% 4 (Yoshida and Shinmyo, 2000). SWPA2 Ji &)
T I H BT R IR AL 2 A5 B 1) — A A A e
721 POD 3 1-(Kim et al., 2003), ‘EMEIEZ
FREAL N, Wit LA UV RS MU
(55 K, SWPA2 38 747 B T4 3L A 4
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PU A J5 R (105 1 2 08 LA R Bt 356 DR 40 e R R Ak v —
B S AW E AN RKEE S E,
SWPA2 Ji 21 5%F T4 b i ok B v (1) 4545 5 2 AF
REHERNME L. BAWE T SHAREST
(CaMV 35S F1 SWPAR) AW IE B,  H AT IEAE
AT BAR AL FEAGRSS, JEIUS T — Lo 1) 45
R IXELHON A TR R AL A 31 R 5 5 1
JA )T AR SR R D eadi s8R b i) 2 S I o
Sl

3IMELEE
3.1 Bkt
3.1.1 YRl

H AR Rl = & 14 (Ipomoea batatas L. Lam.
cv. Kokei No.14) e E AF iy T 27 Be s A ay T2
RO EY PR TR A E T SR 17, EH 15
d~20 d AL B 2R i

3.1.2 Bk K okt

PR 11 186 52 2% KW A 1 (Escherichia coli) i i
DH5a~ TEfE#4R T-Blunt 33 446 [E SolGent 2 7] =
fh T2 AR AR AT 12 (Agrobacterium  tumefaciens)
B EHA105. 73l & A A 8 )5 81 CaMV
35S FrH i A i 5 85 3 SWPA2 (Kim et
al., 2003)[f1E )15 H & pCAMBIA2300(Hi M brid
R AR 2 b ARy 2R BB Ay 2RO
HC AT AR AT T A 2 5 R AT

3.1.3 LA

DNA [ )8  Ex-Taq B Pfu & {£ 21 .
AN R W R (CIAP) Al ANTP 4 [ TaRaKa;
T4 DNA & H Promega; ¥4 s (RT)AF &
Wy H Fermentas; DNA /54 [0 571 5 e H
Real Biotech; DNA 45 Marker Fl i 40 B 5Ok /N
PP ERF AW E SolGent, HABIXFI A TaKaRa

=7 |
}LLHHO

3.2 L 5k
3.2.1 4 RNA [F3EUR 2L

KH TRIzol 7% (Invitrogen 2 w))HgHH 2 A
RNA, BRI ES 2% B AT WEW S,
KILET20CHRA, A

3.2.2 PCR ¥ ## R L= #yEI

[ERL IR 4 (S VR TSR Wil e RIS R s |
L GSP i1 Oligo (dT)4 519K RNA #5534 cDNA.
AR 1bSPFL FEMEAT PCR 473, #i944A4
94°C YAk 2 min; 94°CAETE 60s, 56°CIiE‘k 45,
T2°CHEAH 90 s, 25 NMEH; T 72°CLEf 10 min,
PCR /4 FHl i[5 Real Biotech 23 7] DNA #EZ IR,
FEHEAT DL

3.2.3 P AIEAA Mt KU P

1m0 H K DNA FBEY T-Blunt 3 k% 2,
FAC KT B DHS o 2 S0, 7275 R 30
Frgest LR AP, BT/ MRS TR, JF
A R S AT BRI P8 P IR o WD) 368 P BEK
NETJE, A58 R BOXEEE SolGent 2y w1

3.2.4 fHYEHRE BRI R R FEWRBRITE
B4 IbSPFL LAY T-Blunt #{4H] BamHI
Mg Y1, [N s, SpERIZ BamHI M)
pCAMBIA2300 # 4 (4> 5l % 47 CaMV 35S Al
SWPA2 A3 ¥) b, MERBAHYIRIEEA . YRk
HAL AR A FT 5 EHA105 (An, 1987).

YEE TTER

S M~ FAE T RN 22 7 DR A 1) S50 B TR S SR ATF T
MIRAT N Rt HSE PR ik 5 BB 43T > 18 U A
MSAE; BRESELRE, WL R0 a2 E
A IRE B st N, 8B, B, WX EES
BB, AR ) 3 F) R B ) SRR
4]

AHIESE e v B A VR 0 H < AR 0 R B VR AL
[ AR I RS R s AR UR v RI(863 1
¥ (2009AA10Z102) [ ZKFHE L HE7HRI(2009BADATB03)
FIVE IR N KA A 167200820 1) 3L [7] % Wy o 17 225 TRt 465 [
A TR B B 5 AR ) T REE S O AR A AT S 4
A IAE AR S 3G AR B SRR 3 I o A S 4
BT FRATTSL I I S A SR Y R R4, X T
AEFRATT g X AR ) (4L 7 7 R 5 AR 45 78 D7 i AR R 45 AR
B 15,

SR
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