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Abstract  Selectable marker genes that usually encode antibiotic or herbicide resistances are widely used for the selection of the
transgenic plants but they become unnecessary and undesirable after transformation selection. An important strategy to improve
the transgenic plants’ biosafety is to eliminate the marker genes after successful selection. In the FLP/fit site-specific system of
the 2 pm plasmid of Saccharomyces cerevisiae the FLP enzyme efficiently catalyzes recombination between two directly repeated
FLP recombination target frt sites eliminating the sequence between them. By controlled expression of the FLP recombinase
and specific allocation of the fri sites within transgenic constructs the system can be applied to eliminate the marker genes after
selection. Through a series of procedures the plant FLP/frt site-specific recombination system was constructed which included
the frt containing vector pPCAMBIA1300- betA-fri- als-frt and the FLP expression vector pCAMBIA1300- hsp- FLP-hpt . The FLP
recombinase gene was introduced into transgenic  betA-fri-als-frt  tobacco plants by re-transformation. In re-transgenic plants

after heat shock treatment the marker gene als flanked by two identical orientation frt sites could be excised by the inducible
expression of FLP recombinase under the control of hsp promoter. Excision of the als gene was found in 41% re-transgenic

tobacco plants  which indicated that this systerm could make a great contribution to obtain the marker free transgenic plants.

Key words Selectable marker genes FLP/fit  site-specific recombination system hsp promoter
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pCAMBIA1300- betA-fri-als-frt
hsp FLP
pCAMBIA1300- hsp- FLP-hpt

Saccharomyces cerevisiae

2pm FLP/ frt

FLP
DNA 0

8 9

11
mRNA
13
FLP/ frt

910

FLP
als frt
als
1
1.1
frt Nicotiana tabacum Wisconsin 38
! p35S-als pCAMBIA1300- betA-hpt pCAMBIA1300-
hsp-GUS-hpt pROK [
DH5a LBA4404 AS2399
pCAMBIA1300
DNA DNA
TaKaRa pGEM-T-Easy Vector
Promega DIG DIG
. Roche DNA
25% DNA
14-16
1
Jrt
1 DNA

Table 1 DNA sequences used in these experiments

Sequence name

Sequence

FLP1
FLP2
FLP3
FLP4

Primers of FLP

Al
A2
Bl
B2
H1
H2
D1
Primers of deletion assay D2
D3
Sfrtl
fit2
frt3
Srtd

Primers of als

Primers of betA

Primers of hsp

Sequences of frt

5" CGAACCTGCGGGCCGTCTAAAA 3’

5" CGGGATCCAACAATGCCACAATTTGGTATATTATG 3’
5" GGGGTACC TTATATGCGTCTATTTATGTAGGATGA 3’
5" TGCGGAGGCGGATGAAGGATTG 3’

5" GAGGACACGCTGAAATCACC 3’

5" GCATCAGGGTTAGCA ACAG 3’

5" CGCTACAGGGTAAACGCTACAAC 3’

5" CCTCACGGCTGCGAATAAATCC 3’

5" CGGGATCCTATTTATTTATTCTGGACAG 3’

5" CGGGATCCACGAGGACGA AGGGGATAC 3’

5" CAAAATGGGTTACGACGAGATG 3’

5" AAGGAAGGTGGCACCTACAA 3’

5" GAACCCTAATTCCCTITATCTGG 3’

5" CATGCCATGGGAAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAA 3’
5" CCGCTCGAGGAAGTTCCTATACTTTCTAGA 3’

5" CCGCTCGAGATTCCGAAGTTCCTATTCTCTAGAAA 3’
5" AAAACTGCAGGAAGTTCCTATACTTTCTAGA 3’
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1.2 Xho 1 pCAMBIA1300- betA - hpt
1.2.1 FLP Xho |

AS2399  DNA als Jrt
PCR FLP pCAMBIA1300- betA - fri-als-frt
pT-easy vector PCR
FLP1 FLP4 95°C 5min 95°C 1.3
Imin 56°C Imin 72°C 3min 30 pCAMBIA1300- betA - frt -
7min PCR FLP2 FLP3 als-frt LBA4404
95°C Smin 95°C 1lmin betA  als
56°C lmin 72°C 1.5min 30
Tmin pCAMBIA1300- hsp- FLP- hpt LBA4404
BamH]1  Kpn 1 FLP
pGEM-T easy FLP
pROK I BamH1  Kpn 1 1.4
DNA FLP CTAB DNA
FLP PCR  Southern als betA FLP
pROK I - FLP BamH1  EcoR | hsp PCR 1
pROK [[-FLP  pCAMBIA1300 95°C 5min 95°C 1min 56°C 1min
nos FLP 72°C 1.5min hsp 30s 30
pCAMBIA1300- Tmin
FLP-nos BamH | pCAMBIA1300- Kpn | BamH 1  Kpn
hsp-GUS - hpt pCAMBIA1300- FLP-nos 1 DNA FLP
hsp FLP
hsp FLP DIG
pCAMBIA1300- Asp- FLP- hpt 1.5 als
1.2.2 frtl fr
ml m2 m3  fr4 1 betA als hsp  FLP
frt 0.5cm’
Neol — Pst 1 p35S-als 1/2 MS Murashige and Skoog
als 42°C 2h 172
P L1 N Amealing 5 B . MS 25C 12h 42°C
Jr2 Jrt4 2h 6-BA
512 RO A .
Ao —————— 5 g AN —— Img/LL. IAA 0.lmg/L MS
2 el fi134
sp—L12 an , Phosphating 57 I8 5 s DI
Jml2 jril2 jril2 frild Ligating 1134 fit34 fit34 fit34 D2 D3 1 2
_—— _— . peatvsss P s oz /34 CaMV358 polyA
5 fitl2 - Diesting 5 fit34 - bord pCaMV358 fr12 als b s
le NI) 1 2 als
| Fig.2 The binding sites of primers that detected
Fig.1  Construction of the fit whether the als was elimitated
als f D1 D3
95°C 5min 95°C 1min 56°C Imin 72°C

frt als
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1.5min 30 Tmin D2 AS2399 DNA
D3 95°C 5min 95°C 1min PCR FLP
56°C 1min 72°C 30s 30 FLP
Tmin D2 D3 PCR pT- pCAMBIA1300- hsp- FLP- hpt T-DNA 3
easy vector
2 s
pCAMBIA1300- betA - fri-als- fri
2.1 4
CaMVpolyA hpt P358 Tnos FLP hsp RB
-~
.,
LB Xho 1 Xho 1 EcoR 1 Kon 1 BamH 1 BamHT
3 pCAMBIA1300- hsp- FLP-hpt ~ T-DNA
Fig.3 T-DNA region of the plant expression vector pCAMBIA1300- hsp- FLP- hpt
HindTTl 13bp
7
RB
EcoR I betA pCaMVBSS G ﬁt34 GAAGTTCCT
T ATACTTTCTAGAGAATAGGAACTTCGGAAT
nos
Xho | A S 39bp 13bp
8bp
Neo | PCAMBIA1300-betA-fit-als-frt Shp GGAAT
13700 bp
2.2
betA  als
Pst1
% CaMV35S polyA DNA PCR als
1.7kb 5-A betA
Xhol LB
0.9kb 5-B
4 pCAMBIA1300- beiA- fri-als-frt
Fig.4 C((;:\Z;l;:(l)g Ooof Zla:tj;xzesjsé;)n vector betdA FLP hsp
- t - - -
’ T DNA
Jrt PCR betA 0.9kb
frt12 GAAGTTCCTATACTTTCTAGAGAATAGGAACTT 6-A FLP 1.3kb
CGGAATAGGAACTTC 48bp 6-B hsp 0.3kb
13bp 8bp 6-C

5 PCR
Fig.5 PCR assay of the transgenic tobacco plantlets
5-A PCR assay for als 4-6 transgenic plants 3 untransformed plant 2 is result from plasmid DNA 1 DNA Marker DL2000.

transformed plant DNA Marker DI.2000.

5-B PCR assay for betA 1-3 transgenic plants 4  result from plasmid DNA 5 untransforme 6 Marker D
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bp
— 20010
— 10410
—T 5}

— 25}
— 101}

6 PCR
Fig.6 PCR assay of the re-transgenic tobacco plantlets
6-A PCR assay for betA 1-3 transgenic plants 4 untransformed plant 5 result from plasmid DNA 6 DNA Marker DI.2000
6-B  PCR assay for FLP 1 result from plasmid DNA 2 transgenic plant 3 DNA Marker DI2000 4 untransformed plant 6-C PCR assay for hsp
1 untransformed plant 2-5 transgenic plants 6 result from plasmid DNA 7 DNA Marker DI.2000.

FLP PCR 1.7kb 8-B
Southern D2 D3 PCR
pCAMBIA1300- Asp- FLP-hpt ~ hpt
7 1.4kb  8-A

—o38 8 als
PCR
Fig.8 PCR assay for the elimination of als in the

7 FLP Southern
Fig.7  Southern blot for FLP of the re-transgenic

re-transgenic tobacco plantlets

1-3 6 the re-transgenic tobacco plantlets that the selectable marker gene

tobacco plantlets was eliminated 5 7 the re-transgenic tobacco plantlets that the

3 transgenic plant  genomic DNA was digested with Kpn | 2 selectable marker gene was not eliminated 8 result from plasmid DNA

transgenic plant genomic DNA was digested with BamH | and Kpn [ 49 DNA Marker DI2000.
4 result from plasmid DNA 1 untransformed plant 5 DNA Marker
MEcoTI4 ] . D1 D3 127
2.3 als DNA PCR 41 %
52/127 1.7kb
betd als
FLP 59% 75/127 PCR 1.7kb
FLP fit als
s s PCR 8 D2 D3
PCR DNA pT-easy vector
DI D3 D2 D3 FLP Jrt
als D2 D3 als

0.4kb 8-A DI D3 © hER SR MR ATIR S heto:// jod M2, inf B354
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EaSICE whs CaV3SS puly
F o GG AAGTTEC TATACT TTOTAGAGANTAGG AT TCGGATAGACTTOC 160 EZZZ7Z7] it s A GTTOCT AT ACTTTOT AGAGARTAGGAACTTEGGANTCH it 2]
. 5
-
I3hp = - | 3bp - | 3bp | 3by o T by Ahp

l Site-specific recombination

PaMV3ss CaMV3as polyA
L] CTCGAGU ARG TTCCT AT AT T TCT AG AGAA TAGGAAC T TCG GAATCTCGAG [
- | -—
13bp 13bp Abp
9 als PCR

Fig.9 The sequencing result of the PCR product that
detected whether the als was elimitated

The result indicated that the structure of the integrated fri site was indeed chimeric exactly as expected from FLP-mediated site-specific recombination reaction.

frt34 9 DNA 2001
DI D3 1.7kb Zuo ™
als Al A2 PCR CLX Cre/lox DNA excision system
1.7kb B- CLX
als 100%
1.
FLP 21 22
FLP FLP/ frt
GUS FLP
2. frt
3. FLP 19% 23/121 '
23 ~30°C 42C 100% * FLP/ frt
FLP
7-10
3 FLP frt
FLP FLP
ATG AACA
Lyznik
9
St
FLP/frt
DNA 1996 Lymmik "
frt Jrt
DNA
DNA FLP/frt
DNA : frt
Srt
P, Cre/ fit frt
lox Sauer "
Dale ” FLP

Cre © PERZERMEMFARTEATIESLHESS http://journals. im. ac. cn
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