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Construction of a bivalent plant expression vector carrying
VvSUCI11 and VvSUC12 genes and its genetic transformation
in sugar beet

Donglin Yin, Jianbo Zhu, Aiying Wang, and Benchun Xiang
Key Laboratory of Agricultural Biotechnology, Shihezi University, Shihezi 832000, China

Abstract: We have recombined genes VvSUC11, VvSUC12 from Vitis vinifera L., and root-specific promoters of sweet
potato storage protein gene from lIpomoea batatas L. Lam., named as SP1 and SP2. We have constructed a vector
pCAMBIA2301-SP1-VvSUC11-SP2-VvSUC12 using pCAMBIA2301 as an original vector. VvSUC11 and VvSUC12 were under
the control of root-specific promoters of sweet potato storage protein gene. We transformed the vector into KWS-9103
breeding line of Beta vulgaris L. with Agrobacterium-mediated transformation. We have established the optimal genetic
transformation protocol of sugar beet as following: the explants pre-cultured for 4 days were immersed in Agrobacterium
suspension of ODgy=0.5, supplemented with 0.005% Silwet L-77, and followed by a 4-day culture on medium containing
cefotaxime, then the buds were selected on medium containing kanamycin and cefotaxime. The percentage of kanamycin-
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resistant buds was as high as 42%. Results of PCR and RT-PCR proved that the target genes had integrated into sugar beet
genome and expressed. It will lay a foundation for further studying their function in Beta vulgaris.
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1.1.3 Y

Fit3% B. vulgaris KWS-9103 i 1) 7~ iy A 3]
T RIS T AR AL
12 FHi*
121 X1 #d ¥ # 4 # £ pCAMBIA2301-SP1-
VWSUC11-SP2-WSUC12 f9 /4

ARSI 55 A A TR R A a8 A T
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Hifm 4o SPL Fl SP2, S T A HEX AN XU AR T 4L
Pt 3 /4> ] RaA Ak

1) pCAMBIA2301-SP1 iR . FH3h+
SP1 A7 Wi (W B VI 32 53 43 51124 Hind TTAD Dra 1
(% 1), J HindMl/Drall 7£ 37 CF 4 % G
pCAMBIA2301 il pGM-T-SP1 #fA, [mIi K A BE Al
INFBE, K. N BETE T4 DNA #EEEHER T
16 CHEHI K, ¥ AL KIAATH DH5a, Pk sofE,
M SPL IS (R 1) AT PCR %5E o XM
B R BUTORE ] Hind TT/Dra T XG4 % 72 1E 5 )5 fiv
%0 pCAMBIA2301-SP1., [i] fif BH = 5 bt 114 11 ot 1 J5
B F-70 CLRAFRH

2) pCAMBIA2301-SP2-GUS-SP1 # {4 i by £t .

x1 MRBPERARSIFET

Table 1 Sequences of oligonucleotide primers used in this study

T SP2 5T SPL B IX BIANAE T A5 i g ) (o7
SN, Ja 87 SP2 224y W s 1 D) A2 U2 Hind T
i Xbal (551). FH HindlI/EcoR I 7& 37 °C F Xt
PI# A pCAMBIA2301-SP1 £ il i, [Elilck A
Bt, [AFFH Hind I /EcoR T XU Y) 4% /& pBl1121-
SP2-GUS, [/l Beds 3| 31k HE SP2-GUS-NOS,
W 2R HEH A B2 1K pCAMBIA2301-SP1 £ Fi {7
S, AL KA DHSa, PEETIRE, A GUS 1)
¥ (3 1) PEATHI PCR %AE o AT FH I B I 2
JEkE Bl Hind T /EcoR T XA Y % 22 1E i )5 fiv 4 M
pCAMBIA2301-SP2-GUS-SP1., [a] A FH 1 7 B4 1Y) B ol
R T 70 CIHAFEH

3) pCAMBIA2301-SP2-VWSUC12-SP1 #k A (1)
wd. B GUS FI WSUC12 72 A7 5 it o il 1) 437 1
J& Xba I fil Sac T (4 1), F Xba I /Sac I XY -
i (14 248 pCAMBIA2301-SP2-GUS -SP1, [Hlitk Fr
Bk, Xba I/Sac | XY pGM-T-VvSUC12 Ak, [l
INFBE NRBCE KR BETE T4 DNA MG/
T, § Ak DH5a, Pk 5E E , FRER VvSUC12
MY (3% 1) W PCR SE5E X IF 1 T W 42 B
P Xba I /Sac I WA V)% IEW G ma N
pCAMBIA2301-SP2-VvSUC12-SP1 ., FH14: 7 [ 1) i e
HBTRL T 70 CORAFEHI

Gene/sequence name Primer name

Primer sequence (5'-3')

Annealing temperature (°C)  Size (bp)

Forward
SP1
Reverse

Forward
SP2
Reverse

Forward
Gus part sequence
Reverse

Forward
VvSUC12
Reverse

Forward
VvSUC11
Reverse

TGCCATGTTCATCTGCCCAGT

TCTAGA(Xba I) ATGCCGGAGACGATGGACG
GAGCTC(Sac I) TCACCTCATTGAGGCAGGGAAG
CACATTGTG(Dra III) GCCGCAACTCACCCTATACAA
CACGTGGTG(Dra IlT) TCATGTGTGGACCCTGGATTTA

AAGCTT(Hind III) CATTGGACACTTGGACGG
CACGTGG(Dra IlI) TGGCTTTCATGGTGGCAGAT
AAGCTT(Hind III) CATTGGACACTTGGACGG
TCTAGA(Xba 1) GCTTTCATGGTGGCAGAT
GCGAAGTCTTTATACCGAAAGGTTG

60 365

53 365

55 824

63 1850

59 1547
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4) pCAMBIA2301-SP1-VwSUC11-SP2-VwSUC12
AR BRI . LD VWSUCLL 22 47 19 35 1) Tl 1) 457 i 0
J& Dra IMI, {HPm 7810 AR 5 i, s
BB F ) 5387 SP1 A s BV 7 5 64 ) 51 4
[, ZEmiSENAR & 1), ZEASHBRm
i# 4% . Jl Dra Il U1 pCAMBIA2301-SP2-
VWWSUC12-SP1 #ifk, [BICK R B, KI5 Luikik,
[t Dra TTEEFY) pGM-T-VWSUCLL #44&, [Flifi
/N BES KR BEAE T4 DNA S B2 REE R F 16 CiE 4%
%, B KBATE DHSo, PEEAsElE, JHIERH
WSUC11 514 (£ 1) W PCR % . XM
PO R Dra TIT 5 V) %6 2 IE 8 )G o 4 0
pCAMBIA2301- SP1-VvSUC11-SP2-VWWSUC12,, [AlkE,
BH P o B2 1) B R TR, T 70 AR A& H
1.2.2 RO H) 75 F6 1R s i 2444 1L WA A T i
GV3101

RFFE GV3101 Bzl & Mt th, %A
UG M, IR WSUCLL 1Y) (&
1) #FATHR PCR A,
1.2.3 KFFEAN-FIEFEIEAFE

1) AMEA R HIE  BEETSE KWS-9103 & Fl i
FHH KRR Lh, 7585 TEG B R JGL R
B =, JeH 10% 19 H,0, 403 3 min, SRJ5H
0.1% W) F+RALBE 8 min, FEHICHE/KIERE 5~6 K.
P B R TR TS 0R 0.7% . HEME 3% 1
1/2 MS (pH 5.8) BEAIKEFRIE -, 7E 24 'C+2 CTH
Rige, iFhFiik. BULZE 10d 24 /N, B8
WEE, #BBEWREFHREFHE (Pre-culture medium)
(3 2) AT 50~60 d 5 BTRISEAY AR 1 cm
A AMER . BRI AR AR B SR B R (R 2)
TSR 2. 4, 6d,

2) LATRMEEFE . BURER A BB H
il GV3101 76 &4 50 mg/L FAB%EE % (Kan). 40 mg/L
FlEF (Rif) F1 50 mg/L JKRFEZRN LB FERKE 75
FRIZ, 28 CHEFR 2 do MOV B HRERELEVE A
10 mL %7 50 mg/L Kan. 40 mg/L Rif 1 50 mg/L &
KERM LB IR IR EH, 28 'C. 150 r/min $k%

B o W2 mL AT R, %% A 100 mL &
4 50 mg/L Kan. 40 mg/L Rif 1 50 mg/L P K% &
() LB ks 3R g, 28 'C, 150 r/min ¥R K5+
4~5h, HEEWHKE ODeoo N 0.6~0.7, FHIW 4 °C .
4000 r/min #5.0> 8 min, WAL, JH# A EET
ELMA 0. 0.005% . 0.019% [¥) 3 M % 471 Silwet L-77
By E R FR L (Suspension medium) (% 2) b, fifi
B (382) 9 ODeo 4 0.3, 05, 0.7, 0.9,

3) WH3EHAL . Bt TRE F5 0 A I 0 B AR AT T
M BRI (R 2) ., B2 10 min J5 SRR
FHIC P NE AR T R 1 R, K MR T4 A IR
4RI LRGSR G FR 3L (Co-cultivation medium) (% 2)
b, BERESE 3d,

4) JERGHVE , Peprihs KAUMR AL . K dhdhas
Je W I A B 2 3] SRR i 5 5 R 3 (Delay-screening
medium) (% 2) ', K53 0d. 2d. 4d. 6d. KJF,
FEE S e PR FR 3L (Selection medium) (3% 2) ik
FroedeRise, M0 15 d 224 B — IR 5. frdit
KR E A K E 2~3 em i, VI FAZ
E:F % (Root-induction medium) (3¢ 2) 1, %
AR
1.2.4  FEHPAIFIFEN PCR & RT-PCR £20

FRHAL TSR ARG, RAT CTAB R4
M R4 DNA. @it PCR § 34 sl H il 3 A
RS BT EE N AT, H Trizol %421 PCR [

x2 HRBUMBEERE
Table 2 Media used in transformation and regeneration of
sugar beet

Medium types Medium compositions

Pre-culture medium MS+6-BA0.5 mg/L+NAA 0.05 mg/L

Suspension medium MS+AS 100 mg/L+Silwet L-77
MS+AS100 mg/L

MS+6-BA0.5 mg/L+NAA 0.05 mg/L+
Cef500 mg/L

MS+6-BA0.5 mg/L+NAA 0.05 mg/L+
Cef500 mg/L+Kan 50 mg/L

MS+2.0 mg/L IBA+Cef 500 mg/L+
Kan 50 mg/L

Co-cultivation medium

Delay-screening medium

Selection medium

Root-induction medium
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PERIFE RNA, #H8 Tiangen 23 &)Y Trizol 1711360
Bk T, B E R cDNA, SR LI AR
YEAT PCR AN H 1 3L 2 Rk

2 HER5p

21 WM HE ¥ F & & pCAMBIA2301-SP1-
VWSUC11-SP2-WSUC12 H#@ fn4 &
2.1.1 pCAMBIA2301-SP1 ZE/AHI# A4 &

Al Hind I /Dra I X B ¥ &= 40 & ki
PCAMBIA2301-SP1, 3| HiI K/ (365 bp) ) H
B (H 1A).

2.1.2 pCAMBIA2301-SP2-GUS-SP1 Z{ /A 19 # & #1
B

Fi Hind 1 /EcoR 1 XU fff ¥ & 41 B ki
pCAMBIA2301-SP2-GUS-SP1, 321 K/N (&
2.2 kb) Wy R Bt (K 1B),

2.1.3 pCAMBIA2301-SP2-WSUC12-SP1 ZE /£ 194
EREE

& 4H JFiki pPCAMBIA2301-SP2-VvSUC12-SP1 ffj
Xba I /Sac I AUHGYI4EE , 153 1850 bp K/ Fr Bt
(# 1C), HHIRAB—Z

365 bp

1850 bp
2.2 kb

2.1.4  pCAMBIA2301-SP1-VvSUC11-SP2-VvSUC12
FCIEHI 1 FILEE

W4 i ki pCAMBIA2301-SP1-VvSUC11-SP2-
VWSUC12 H] Dra [ YI %, 153 1547 bp K/h
A B (K 1D), 5 HsFB—3.
22 WHMEMREHFAKRELREBRFEM PCR
KE

¥ i ki pCAMBIA2301-SP1-VWSUC11-SP2-
VVSUC12 FAb il 2 4 (AR AR AT 7 GV3101 &z 38
g, 7ERARR 3R (LB+50 mg/L Kan+40 mg/L
Rif+50 mg/L IR KE &) Eidkih b+ LR
] B % 2 Fh T A 50 mg/L Kan, 40 mg/L Rif
F1 50 mg/L PR RE R LB ik FHEE , 28 C,
200 r/min ¥5 3% K2y 48 h, i LA VwSUCLL 5]
PriAT R PCR %8, #5333 1 547 bp 1Y Bt
(& 2).
2.3 WINMEYRIEHARE LI MR EEL
KZRRYESL
2.3.1 SPMHEIETILFFRIT IE] X HLHE 2 S 11 2

WS Ry AR 2 1 em YESME A, 7E Pre-culture
medium (£ 2) WIS 2. 4, 6. d, P TEEHL

1547 bp

1 N E R EH A pCAMBIA2301-SP1-VWSUC11-SP2-VwSUC12 By E L E

Fig. 1 Construction and identification of the bivalent plant expression vector pPCAMBIA2301-SP1-VvSUC11-SP2-VvSUC12. (A) 1:
pCAMBIA2301-SP1 is digested by Hind III/Dra III to get the 365 bp SP1 fragment; 2: recombined plasmid pPCAMBIA2301-SP1; M:
marker III. (B) M: marker III; 1: pPCAMBIA2301-SP2-GUS-SP1 is digested by Hind III/EcoR I to get about 2.2 kb SP2-GUS-NOS
fragment. (C) 1: pPCAMBIA2301-SP2-VvSUC12-SP1 is digested by Xba I/Sac | to get the 1 850 bp VvSUC12 fragment; 2: recombined
plasmid pCAMBIA2301-SP2-VvSUC12-SP1; M: marker III. (D) 1: pPCAMBIA2301-SP1-VvSUC11-SP2-VvSUC12 is digested by
Dra I to get the 1 547 bp VvSUC11 fragment; M: marker III.
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bp

4500
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2000
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200

2 WHEMREHREELRERTES PCRETE
Fig. 2

1547 bp

Identification of recombinant plasmid pCAMBIA2301- SP1-VvSUC11-SP2-VvSUC12 in A. tumefaciens strains GV3101 by

PCR. M: marker III; 1-7: Results of PCR of single-colony of A. tumefaciens strains GV3101 transformed by recombinant plasmid
pCAMBIA2301-SP1-VvSUC11-SP2-VWwSUC12; 8: PCR product of recombined plasmid pCAMBIA2301-SP1-VvSUC11-SP2-

VvSUC12; 9: negative control.

WFE . TGRS RGO 25 2 SR A AR R 0
PSR 4 d PibE R, nlik 37%. WikiR
i S R AR KRR R R e (K 3). TFildfiorid
R Y AME AR L™, X AT RER T AL oA
AU B SN R R AT R LB, IS ARAT TR0
03 55 BE A5, A O e 0 R 2 TR 4B AL H A
PR KT 6 d) ik 2R iR, 2
DA AR o AMEARTEAR G i © o7 HE AR E 2R, X8t
ANGE AR LUR B HE B R h g i st T

el —C— Resistant buds rates
T —8- Brownrates
50 |
S 407
[v]
20 o ¥aY
~— vy
£ 20+
10
0 y y i
2 4 6

Pre-culture time (d)

3 TREFESE RN

Fig. 3 Effect of pre-culture time on transformation efficiency.

2.3.2  JEIF I H B IR SE X P12 I TEF 1Y
274

N T £ AR A s X AR 988 A R TR 1 SRR AN
6, BT e ARG R, T RS R
A9 T A () o R AR AT T B T AT R G .
&l 4 AT, AT H BB B ODgoo iy 0.5 B, 2 5%
ROREAE, PivEZF bR am . HIIKEE ODeoo
F 0.7 B, SMEARWEILINE, W] RESE PR R i kR Y
R VROX P A7 4 LA 2 1 o T R R  E a v
B FRIRARFFRE A G MG, 15 Q8 E
60

50 ¢

40 | T

301

20

"l 0o
0 'l 1 A1 '}
0.7 0.9

0.3 0.5
Concentrations of Agrobacterium suspension (ODygy,)

4 RHBEEERREMNIESF SR
Fig. 4 Effect of concentrations of Agrobacterium suspension
on resistant buds rates.

Percentage of resistant buds (%)
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2.3.3 T HER Silwet L-T7 #4926 /EXT B0 HESME
VeV

FE TG M Silwet L-77 1T D) FEA 8 98 A0 26 1 5k
1, HEINTE S M AR A Al B AR, DA 2E A AL
AL 2 T 95 )k B o KX M IR — s i, B
DAVELRA E Sl H MR . Ik, R RTE R AT E
BT 0, 0.005% . 0.01% )2 i M5 Silwet
L-77 #4750 . PR 5 A, YR ATE MR Silwet
L-77 WV EE A 0.005% B 49 i 4 A S i Ik, Ptk
A AR e, AT 39% .
2.3.4  HERTFERT E XS XS DL 1E I ETF 1

LRGSR B AR AN SR S 2 AT O e, BT 2
oy bR AL (B 6), 4R iE X 7€ Delay-
screening medium (£ 2) ", 5537 — B[] & KoK
IR . IER T E 4 d, PorEZE bR 5,
AR 42% . FERGHEVERTERT 4 d B, Hirk2Fdubd
Z I (51 6).
2.35  FIEAIFERT A

RIS AR 57 4 d (] 7TA), 7E ODgoo 4 0.5 1)
“H 0.005% Silwet L-77 B4 AT Suspension

medium H{24% 10 min; % A Co-cultivation medium

[ —0— Resistant buds rates
<n | —— Browning rates

Percemtage (%)
W
S

wT i\
o F \i/ X
0 0.005 0.01

Concentrations of surfactant Silwet L-77 (%)

5 REEMEF Silwet L-77 BIRE X2 LR RIS
Fig. 5 Effect of concentrations of surfactant Silwet L-770on
transformation efficiency.
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Fig. 6 Effect of delay-screening time on resistant buds rates.

i 3E 3d, ¥ A Delay-screening medium # £ 5%
4 d; B A Selection medium HE£E455% 30 d, 743
butkZE (8 7B). FrbitkEZEK = 2~3 cm i, DIk
A Root-induction medium #F4:4# (& 7C. D).
2.4 HEEEFHIEA PCR & RT-PCR i
241 FERPIRHNT PCR £

HU 6 BREGALTHIEA 1 BRxF FREH 32 A0 i F 42
DNA, 73 3 EEH WSUCLL Fil WSUC12 fy5 1 (55
1) #47 PCRFGN ., A 4 BRAGINF|EL K VWwSUCLL 1Y
WPE (FI8A), A MM A ILHN vwsUC1275 1 (&
8B). PCR Z5 &M, 7 6 ¥R LEIETA 3 Hhi
VWSUC11 Fl VWSUC12 a5 RIS M4l (&
9A. B).
2.4.2 AP RT-PCR #27

DA 3 BRIFIBFE 40T 2 A3 R B SR At vk A AR
FHHEEN wwsSUC11 il WSUC12 514 (£ 1) #k4T
RT-PCR Kl A 2 R 376 MR A 25 b 4G 0 5]
VVSUC11 1 WSUC12 iyt (K 9A. B), iXTAJfE
B — BAE SN, H S H A
(Sporamin) & K] i AR AR S M AR B R AR SR
AT, R R B R I b K A 25
A P,



B ARG TR B SR VWSUCLL T VWSUCL2 SUU AR M) 38 3k 2Rk 11 44 28 B e i Sk v i s S i b 1171

7T BHEMESE
Fig. 7 Regeneration of transformation sugar beet. (A) Pre-culture of petioles. (B) Regeneration of resistant buds. (C, D) Induced
roots.

1 547 bp 1850 bp

E 8 HLHISEH PCREMER

Fig. 8 Identification of transformed sugar beets by PCR. (A) M: marker III; 1-6: PCR results of transformed sugar beets using the
primers of VvSUC11; 7: PCR results of wild-type sugar beet using the primers of VvSUC11; 8: PCR results of plasmid carrying
VvSUC11 using the primers of VvSUC11. (B) M: marker III; 1-6: PCR results of transformed sugar beets using the primers of
VvSUC12; 7: PCR results of wild-type sugar beet using the primers of VvSUC12; 8: PCR results of plasmid carrying VvSUC12 using
the primers of VvSUC12.
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M 1 2 3 4 5 6 7 8 9

10 11

9 HLHZEH RT-PCR M4 R

1 547 bp

M 1 2 3 4 5 6 7 8 9

10 11

1 850 bp

Fig. 9 Identification of transformed sugar beets by RT-PCR. (A, B) M: marker III; 1-3: RT-PCR results of root, stem, leaf of the fist
transformed sugar beet respectively using the primers of VvSUC1land VvSUC12; 4-6 : RT-PCR results of root, stem, leaf of the
second transformed sugar beet respectively using the primers of VvSUC1land VvSUC12; 7-9: RT-PCR results of root, stem, leaf of
the third transformed sugar respectively using the primers of VvSUC1land VvSUC12; 10: RT-PCR results of wild-type sugar beet
respectively using the primers of VvSUClland VvSUC12; 11: RT-PCR results of plasmid pCAMBIA2301-SP1-VvSUC11-
SP2-VvSUC12 respectively using the primers of VvSUC1land VvSUC12.
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