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Improvements on a multi-gene assembly system
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Abstract By altering two donor vectors of multi-gene assembly vector system based on Cre/LoxP recombination, the
donor vectors compatible Gateway system were generated including pYLd1GW/pYLd2GW, pYLd1GW35s/
pYLd2GW35s, pYLd1GWMPK/pYLd2GWMPK. Two donor vectors pYLd1GWMdSPDS1 and pYLd2GWCBF1 were
obtained from the modified Gateway compatible vectors. The two genes were cloned in the acceptor vector pYL1305
named pYL1305MC. The double-gene vector was transformed into tobacco through agrobacterium-mediated leaf disc
transformation. The analysis of transgenic tobacco with PCR and GUS staining were shown that the double-gene was
integrated into tobacco genome. The results of real-time PCR were indicated that the expression level of two transgenes
in six transgenic tobacco plants was varied significantly .however. the varying trend of the two genes in expression level
was not much different.
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pYL1305,pYLdl .pYLd2 Jitki Fl E. coli NS3529 .,
E. coli DH10B B H, i A8 R Al R 27 X' B 4%
4, pGWB2) # & . pDONR207 # /& 1 E. coli
DB3. 1 B A i1 A8 w9 Rl K 24 R 38 R 2R Y
pBI121-MdSPDS! ki Yoshinori Hasegawa 18
-+ (National Institute of Fruit Tree Science,]Japan)
B #A& pHUBL10-CBF1 AR AR AT 1 LBA4404
1.2 Egfnits

S ik A% e 30 A BR R 9 U0 L TADNA %
1 . cDNA Synthesis Kit(M-MLV Version) ¥ %
S F] & SYBR Premix Ex Tag II(Tli RNaseH
Plus) . rTag DNA Polymerase il PrimeSTAR HS
DNA Polymerase 4 F Takara 723 &) ; DNA Marker,
HE ) H 4l DNA £ B0 ) & FAE Y RNA $2 BUK
A G F A 50 R AR A B A R A Al & &R
(Hyg) JK K% % (Gen) . K5 % (Kan) , Sl F K

(Cm) EFHFHZE (Amp) Al X-Gluc 451y F 18 [
Sigma 2\ & s HA E 77 43 B 403K 50 W T b 5 5 E S
BEABRA A
1.3 HEHaeE

FI LR # AR pYLdl Fl pYLd2 I £ Sl fr
S PCR ¥ GW i Bt (Hind T-aztR1-Cm'-
ccdB-attR2-Spe D W E AKX pGWB2 | 5 B i 2k L 43
B pYLdl, pYLd2 Al GW J Bt il 47 UG VI, 4
GW R B A pYLdl A1 pYLd2 24K . 15 8 i Jm
BE R pYLdIGW #l pYLd2GW, T 4 &5 14 &
BEL w4 PCR OB H B & W ¥ 1 K B,
pYLdIGW35s F1 pYLd2GW35s 19 2k & % ¥
35sGW F Bt 4 Bt s B 19 J7 %, 43 5K Hind TI1-
CaMV 35s-artR1-Kpn 1 Ml K pn I-ccd B-attR 2-nos-
Xho T AR pGWB2 | 5 B T >k . 8 [ U1 % 422 43 53
g F pYLdl Fl pYLd2, JB W eic # 5 19 48 1K
pYLd1IGW35s #1 pYLd2GW35s, i J5. H i# A
pMDI19-T ZE 4K (4 481 Fg I v oe B 15 2] ) AtMPK3
Ja 8 F B i CaMV 355 i 3 . 13 2] K
pYLdIGWMPK F1 pYLd2GWMPK , 2§ 14 wig 8 it il
WL ILE 1.
1.4 &k pYLAIGWMASPDS1 #1 pYLI2GWCBF1

M

Wil & ateBl/attB2 £ s B 5140 WSL 5 % E
4 (1 1) 2 f& pHUB10-CBF1 1 PCR 4 34 i}
Atrd29A-CBF1-nos Fy W . B ¢ HL UK e BOC™ 9, 2
BP fz i 8 20 #E A # f& pDONR207, BP Jz )i f& %
H : Atrd29A-CBF1-nos 1. 5 pl, pDONR207 0. 5 pl,
BP Clonase 0.5 pl., 153 ## & pDONR207CBF1
5 pYLdIGW #1 pYLd2GW 433l i 47 LR J2 7 » 5%
215 5] # & pYLdIGWCBF1 f1 pYLd2GWCBF1,
LR JZ 4k £ 4 : pDONR207CBF1 1. 5 pL.pYLAIGW/
pYLd2GW 0.5 pL,LR Clonase 0.5 pl, B EEI0;
&4 Bam HIFI Kpn 1) MdSPDS1 £ H 9514 Mk ik
pBI121-MdSPDS1 # PCR 15 #| Bam HI-MdSPDS1-
Kpn 1Ry W, 47 BURE DD, 5 (6] A 28 8URE D) i 2k 25
CBF1 3N &8k pYLAIGWCBF1 %3 .15 3
BAK pYLAIGWMASPDS1, # {k # 2 3 F vp 1 5
HEIPE R 1,
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Table 1 Primers used in this research

DNA F 3|4 (5'—>3") Forward primers R B[#)(5'—3") Reverse primers
GW CCAAGCTTGTTATCAACAAGTTTGTAC GGACTAGTTTATCAACCACTTTGTAC
35sGW-1 CCAAGCTTGCATGCCTGCAGGTCCC GGGGTACCCATAGTGACTGGATATGTTG
35sGW-2 CCGACGGTACCATGCAGTTTAAGGTTTACACC CCGGCTCGAGGATCTAGTAACATAGATG
AtMPK3 AGCTTCAAGTAGAGCACTGAAGACC AGAGACTGAGATTGAGGATTGAGCA
attB-Atrd 29A GGGGACAAGTTTGTACAAAAAAGCAGGCTGAT GGGGACCACTTTGTACAAGAAAGCTGG
CBFlnos GGAGGAGCCATAGATGCAATTCAA GTCCGATCTAGTAACATAGATGACACCGC
MdSPDSI1 CGCGGATCCATGGCGGACGAGAGTGTGGC CGGGGTACCTCACTTTGCTTTTGCGTC
CBF1 ATGAACTCATTTTCAGCTTTTTCTG TTAGTAACTCCAAAGCGACACGTCA
Actin CGGAATCCACGAGACTACATAC GAGGGAAGCCAAGATAGAGC
RTMdSPDS1 TCCGGGAGGAGTTGTGTGTA AAGGGCCGTTTCGACTCATC
RTCBF1 TTTGGCTCGGGACTTTCCAA TCGTGGTCGTCGTATCACAC

L5 ZERAAREFREEENL

T Cre/LoxP BHWZRERFHEMLST 14
Z R AR pYL1305 Al 2 A fiE 4K K pYLdl/
pYLd2"™, fl 1 A~ A DL £ ik Cre 5 41 [ 19 B bk
E. coli NS3529, H kit # . H 0y 5k K 5o B 3] fit
R#EAR LG s pYLd1-GeneA #1 pYL1305 H:4E 4
E. coli NS3529, 7F Cm 17 mg/L F1 Kan 50 mg/L
BT LB A b o Al 2R AT B N B A RN 5 48
R IR L PR EUR 2 100 A4S BT v oE 47 B T 4R
JORL, 42 BB Y BB AT 4 B RS H A pYL1305
1 pYLd1-GeneA , 2 5 41 2 [N I U7 45 436 0K 8 22 (1)
pYL1305A, 28 1 20 S 0 {H A ) #5141k {4 15 42 1% 2 i
pYL1305-d1GeneA; JH 3 {37 N I i I-Sce 1 [ Y] 5
ki LLVTER H B 24K pYL1305A LAAMNE 3 Ff 244
ity U1 7= ¥y 1 o 5% 1k E. coli DH10B, 13 % 85 % &
PCR %7€ H B 7% . 15 2 % 5% — > H 10 35 Py 48
& pYL1305A,pYLI305A K T — % 2 i 14 5%
R A pYL1305A FI 28 — A i {k % 1k pYLd2-
GeneB 54k E. coli NS3529,7F Amp 100 mg/L
1 Kan 50 mg/L &4t LB F Mz L ¥ A . 2F 17
P2 O 5 2 ROHE AR R e BUIR G SOk, A
LN UG PI-Sce TYIBRBR H 19 804K pYL1305AB
PLAN 3 Fh 2 1k, WG DD 7 ) i B Ak E. coli
DHI10B, i & K 7% J5 PCR %3¢ H 09 W #% . 14 2] &
9 A BRI 8K pYL1305AB, Jf H i 2%
RIS T pYL1305 Wy #4107 A5 1l U007 A5, 4k

ST e RS AE G DL IR, T
ZHN AL,

P 1 XA 2R T R s B Ak AT
LBA4404, 4 #F & A 2 B9 M 8 126 7% {0 M 52 N
tabacum) 2% Horsch'"™ , Fi A W ) 07 2 i FH ) 25
R B A A AE MR R B ARSI Hyg 20 mg/ L,
1.6 HUEEHRET

PCR kg . % & #% J& [ M6 ¥k DNA. Jit ki
pYL1305MC ¥t PE A #k DNA R MdSPDS1
FHF CBF1 W 5149 (& D #4757 PCR ¥ 3k
M, PCR 4" MK R R 20 pL, §3ER)T R:94 CHi
AP 3 min, 94 “CAEME 30 5,50 ‘CAE M 30 5,72 ‘CHE
fi 1 min,30 NEF . &5 72 CZEfH 5 min, PCR
PRI S L EAT 100 Bht A R M LUK

GUS B @I 75 /K pYL1305 A GUS Jk
PR PRt ] g ik GUS B 80k 38 5 FH MM #k . GUS
et 2 BR Jefferson U [ 05 ¥k 047, 78 B LAtk 1
PEAT— S0P gET0T 4828 PCR A I B 1 A A 2 i A
BAH 10% BB Ry GUS 3¢ 4 i (NaH, PO, 100
mmol/L, Na, EDTA 10 mmol/L, K; [ Fe(CN); ] 0. 5
mmol/L,K, [ Fe(CN); ] 0. 5 mmol/L, Triton-X100
1 mL,X-Gluc 0.5 mg/mL),37 CIEFE 4 h,R)5 %
YA FAA B0 6 5, d0 I ER

9 7 PCR RN - a6 B 28 DL b 2 Fh oy s A I
AR BH M Y A AR B B RNA, 28 ) F% 5615 3] cDNA,
3 cDNA Hi B 10 £5 )5 /F A B M. 7£ Roche
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RTMdSPDS1 fit RTCBF1 A% 1. N %k i &
B Actin 2 51 FAN R 1,
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2.1 HEEEmEE

FIH] PCR 43 51N pGWB2 2 & h 135 GW,
35sGW-1,35sGW-2 F 7, i i XU U] % A pYLdl,
pYLd2 # {k, 7 # pYLAIGW/pYLd2GW,
pYLdIGW35s/pYLd2GW35s, F 7 [ F 8l 5§ IF 3t
HZH B9 5 3 T AtMPK3 & 45 CaMV 355 Ji 8l 1
5 5] % & pYLdIGWMPK/pYLd2GWMPK, I I+
AR 38 2ok 0 e Y A A R T L A5 B A0 A T R
WL,

PI-Sce 1 attR2-ccdB-Cm™—attR1 ~ 1-Sce |

dIGW - [~ —~——

LoxP IL  Scel Hindll 2R

PI-Sce | nos-attR2—ccdB attR1-35s  1-Sce |

S—— - —

LoxP 1L Kho I Kpn 1 HindIIl 2R

d1GW35s

nos—attR2—cedB-attR1 AtMPK3 1-Sce |

dIGWMPK sy~~~

LoxP PI-Sce | 1L Kbe | Hind 2R

1-Sce 1 attR1-ccdB-Cm™attR2  PI-See |

d2GW
LoxP 2L Hindll ~ Seel 1R
I-Sce 1 35s-attR1 cedB-attR2-nos PI-Sce |
d2GW35s
LoxP 2L HindMKpn 1 Xhol 1R
I-Sce 1 AtMPK3 attR 1-ccdB-attR2-nos
d2GW3MPK
LoxP 2L HindIl Kbnl IR PI-Sce |

1 BUERH 6 Mt H K

Fig. 1 Six donor vectors after alteration
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CBF1 W&

Hiyi N Atrd29ACBF1nos % JH Gateway
HEARETEHIF A pYLAIGW/pYLA2GW, 15 B 4R AR
pYLdIGWCBF1/pYLd2GWCBF1 . i Ffl PCR #: M
pBI121-MdSPDS1 # 1K 45 %] Bam HI-MdSPDS1-
Kpn 1R Wit e 7 Wr B e 35 pYLAIGWCBF1

i CBF1 34,45 %] pYLdIGWMJSPDS1, L I #;
A3 3 00y e B A R )
2.3 WMREHBEHE

AR AR pYLdIGWMJdSPDS1 5 3% & # ik
pYL1305 iff 17 41 . 13 2 F K 2 & pYL1305M, £
W 2 W 2 AR i 1 i Ty . iEAR 2804k pYLd2GWCBF1
5Z KA pYLI305M HEAT 5 41, 15 3] 3% 3k 84k
pYL1305MC, 25 J¥ & B XU 2 A4 44 1 B g .
2.4 XU IRk HAAE LI E A0 E ENE E AR

K AR AT A 5 19 0 4 2 Ak 1k B AR RE L 26
Hyg ¥ %€ BH M (%) 30 A RE 3 — 25 3847 PCR A il F1
GUS Yefa ki, PCR il 4558 (& 2) £ K1k
b B AR R B A 20 BRI B PCR s I 45 21 Fil
BH A X6 HE — 350, 00 25 U0 A AU 35 IR 8 1 A B, F
— A XFiX 20 Bk PCR A& B 09 40 5347 GUS Y
o (B 3) o AT S 7 BH P T A 7 Ak 3k 19 A A S 7 B
PE. ULBAZ T PCR K I H i 5% 56 DA bk 4B A2 BH 2%
FEAR . Xt GUS Yoo B ) 6 A bR 2F 17 26 )6 2
it PCR il (& 4) , 45 R R I W A AR L 2 A4

M 1 2 88456l e 898 ckdicly

(a), (b): MdSPDS1/CBF1 3K PCR ¥ ; M: DNA Marker
DL2000;1~9: Hyg i ¥ P MR 55 ek B0 B8 5 ck- B P4 1R
(a), (b) :Detection of MdSPDS1/CBF1 by PCR; M:DNA Marker
DL2000;1~9: Positive tobacco screened by Hyg; ck + : Positive
control; ck-: Negative control
B2 HERMEEPCREE
Fig. 2 Detection of transgene tobacco by PCR
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Ca) : BAME ST B (b) ~ () - PCR A6 FH 1 48 %
(a) : Negative control; (b) ~ (d) : Positive tobacco detected by PCR
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Fig. 3 Detection of transgenic tobacco by GUS staining
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Detection of transgenic tobacco by Real-time PCR
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