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Abstract Selectable marker gene systems are vital for the
development of transgenic plants, but the presence of
selectable marker genes encoding antibiotic or herbicide
resistance in genetically modified plants poses a number of
problems. A lot of research results and various techniques
have been developed to produce marker-free GM plants. The
aim of this review is to describe the principal methods used
for eliminating selectable marker genes to generate marker-
free GM plants, concentrating on the three significant methods
(co-transformation, site-specific recombinase-mediated ex-
cision, non-selected transformation) in several marker-free
techniques.
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Ao} 2o Mg A }E B oFu] o] o} 1z ute|
2% (Agrobacterium)®) A=A W T-DNA Zo]7| &g o]
&3] AZ(E)HZ =Agbeh shARE of 12 EbE 2o

o&f oG ARt EYE Az FFNEE BE 10°

~10° HER v Bov], AL = E A £ o

o] Al Z AL}t A sHA Het o]nf &3} = Hf A of

A S HAylelE 24 oMzl AAE B A )

A AR AAA o2 Tl AEAulo] MZslT A

w37t RO EHRAAT EYH AEAE 4A &
A

& % otk @A AEIAARL 98 BAHeR
7H4 wol Al8-5ta 9= /;j‘?j_"EZl 8- A= kanamycin
¥} -2 aminoglycoside ] A S ¢14t}sto] S2/4d 3t
Al 7]+ neomycin phosphotransferase% AALSEE npdl 4
Apolch. AEAZ npdlE o] &S o ATart =
A b2 vyt v S 59 AlEA o A= hygromycino]] f 3l
YAS& Hol= hpt (hygromycin phosphotransferase) -4z}
7} wro] A= a1 @It} (Herrera-Estrella et al. 1983; Bevan
et al. 1983; Goodwin et al. 2004). 3+H SFAYA| WA A=}
w oot A2A Y FHAE AT HUEAR A}
25 4= 1t} Phosphinothricin (PPT) WA A x}Q1 bartt,
glyphosate WA 32 x}Q1 EPSPS (5-enolpyruvylshikimate-3-
phosphate synthase)E AH&-5HH th& YA WA FAA
E AFE5A] ol Aero] hsdtal, EA AlzA o W
He AW NBAZ S4T 5 ol e Sl

e GM 9] Heisie AMuA el 571

i

=)
=)



J Plant Biotechnol (2010) 37:212219

213

St A GM2HE NI oA ATEAZ A
A WA A feid =t 2 Q
EAZE A7 = ok FAA WA A
A =A= GMA=AY bz A
A7 YAAem Fag ARA GAAY) KIS %
A dtte dAA S A Be B ndE
2 A Y4 $148] $8H §34 0] (horizontl
gene transfer)7} ofU} A Yol SHALE F15Ao]
ks BAYANH R PR 4 ok T, A2A Y
4 SAAE AALNE ) GM 20| 4 o i
R R N LLET CIECENP RS
AAAR HA fFxet g 5 e 7ol 242 A7
B3 Qo Ea AZA WA $ARe Ao e 4
8 LA ThsAdol AL =] iAol Ha qlew, v
FA& e 3t e E A= 9t (Dale et al
2002).
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(ipH) 2} & X 9] D-amino acid oxidase (dao)E ©]-&3}o] A&
A FEAgl et Az I (Zuo et al. 2002;
Erikson et al. 2004).
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A ook FALEA] FJAHSA A PAS AT T3 EA

FAAZ O vaste] of1mute| 2l RS o83t & oA Al v ddE A =9 T-DNA =9
TRAASE TYFAATF =2 RERE AE AlwdY AR AAE Yl 2edoltt AT oR =
OE AR fE =yEh ol zutH g o) Y== T-DNAS A#E= AHEH = o129 EH 2w &
HATE A EoldE A FAAE SRFAG & o dsjME S WS 4= 9lth. = nopaline {2 of
2 4= o] FATEA FAALA Az o] & 4+  ARYH Y FEAS a5 AV AdE AR
Uch o lRHH Y F& o] &3 FEFEAS YHE ) T-DNAE =9Jsts W A2 o= octopine 29 of
e ol zutH| 2R = ol8ste] F /Y thE T-DNA 12 e a8 YAV Bldats &2l = T-DNA
£ o] &5t= WY, ii)gk of 1= vty E]eo thE EAH 7} ==t} (Jones et al. 1987; Jorgensen et al. 1987). T3k
A (replicon)& 7}Al= T-DNAE o|-&al= W, ii)gh &  T-DNAQ 7tuj4, AlEx4], AlEx4q dhg oo 4
T ofazuteE gl gl 22 EAYAS ol &5t & Tk =URAAY fAA A9 B E Fadelr
7HAl & T-DNAS YAA 7= W ol Al 714 ez (De Neve et al. 1997). webA 353 AL 0|85t

AlZsh & 4 A (29 D).

of1mute| g ol & FEFEAE WR2 v
WA AdH MR FAAet A vl A AR H
WY & aeR AEAUE =4 ¢ Stk 47t
HIE AL (An 1985), 5@ AALA Fhel oF 50%
(FA: 40%, Sl 8%l A =AFAARTEe) fej b T
= 9th (Daley et al. 1991). T+ o} 12l 2] &S AR5}
+ PR b2 7Y of1mute 2R EFES o &%
SEH AR agHolA AY FUFAT AEA et
of1mutH| g FIHe] WA o wet Al =et A&}

o|7} drAYEth (Depicker et al. 1985).
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Fig. 1 Generation of marker-free transgenic plants by the co-transformation method. B selectable marker gene, [ ] gene of interest,
@ border sequence of T-DNA. Modified from Ebinuma et al. 2001
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OLS0N MEBEAS O[3 MLEX| HHA

gl (site-specific recombination)2 184
=9 AR}l 7H] 2AF fA S B

A8 al

712 A e duba Aol ‘E‘H EolA A
2Fa L= 5ol DNA H7IAEE A8t & 749
QANAFEA7F 24T uf DNAS A= é— fjspr, A
AzFgFaLE E}%;é: 94 o] gloj= J ‘HHJ ks
FE (3T e AUE ol w2t DNAE AHAI7| A
A9l (inver) Al 7] = l%% 7HAI AL §lo] ai—fi— &84S
7HIct.

1=}

F9-5old AxFALHE 7Hed oY F/77F A
i xﬂ}]E.X«] o F A& HLEr} (Ow 2002). A A&
oA 7ee Hole id 2ot A" v e et
A Ploﬂ/ﬂ ‘,%_"Zﬂ% Cre/loxP A 23 A2~ (Russell et al.
1992), Saccharomyces cerevisiae -2 2] FLP/FRT A 23} A
2 H] (Lloyd and Davis 1994) W Zygosaccharomyces rouxii 2]
RIRS A2 Al2~8 (Sugita et al. 2000)0] )t}
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Aol Beel el e o ofa) wapaol
w], Q1A% 9]0] WA ol ket A e E Aol
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2 QIgh Aho] Uofut 3k 7|9 QIAF97} 2FE =
A} DNAS} Th 2 Q1A 2915 7H 3 DNAA|7L vh=
A|vl, % DNA 2ol 3 |8 Q4R 917h EY st
Qo= EA}7F (intermolecular) A Z2¢FO &2 215 41914
o WA H T 3 F+ DNA #4471 Z42F = 74 &f Q14
912 AT girhe olF Az A2 DNA e
o] LR (1 2)

Cre/loxP: Cre/loxP A|2~®]2 385 kDa Cre A28 A9}
34 bpo] QAR = FAHT AR = F 709 13 bp
AHE A ET} 8 bp FAAY FLXE OFYFE L PR H

71%tet (19 3). FADEA] JA-AEA ARE 9
of AE Fel-5old ME2FAILE F Crellox A AF]
o] o]go] 7p gybstel. AWEA AAE Slsf Crellox
A Ago] AL AgH A EA = Hufo|tt
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o R
o &
o

1o
e
o
Z
S

]

Oi o 2 ML 10 =

9]

= E
PN o

)
o,

—Hz
i

7% ARG BEFAR A E} or-P35S-hp-lox 2}
e gAn T2/ T3E TDNAS 220 A
=]
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AU RAE o]gsto] =QJstal, Cre FAAE thE AW
FA] (nptll) AR} 34 A H A A3 (re-transformation)
SHAL mush wo] o $Eth (18 3). Cre SAAE
EQEo] lor 14Rge] HxFoR HUEA FUA
(hpt)7t AAE HAES S AR E o] &5}o
Cre FAAe} & AW EA] FHA (mp)E 7 AA
3k 4= It} (Dale and Ow 1991).
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Fig. 2 Diagram depicting recombinase-mediated rearrangements
catalyzed by site-specific recombination system. Depe sing on
the orientathe orienlocation of the recombination sites, excision,
inversion, or integration of DNA fragment occurs
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H

Cre Expression
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binding site spacer binding site

ATAACTTCGTATAGCATACAT TATACGAAGTTAT

TATTGAAGCATATCGTATGTAATATGCTTCAATA

Fig. 3 Basic strategy using Cre-mediated site-specific recombi-
nation to marker gene removal and nucleotide sequences of
loxP site

Cre AzxFaaol YA S} SAJFEA (negative
marker) A|A®E ARGSHH lox F919] 2GS &5
7] 93t Cre g-AA}2] XH"%'XWQO]‘% adf gloj= A

g
EAE AAY 5 ok BXGAAL} lox-npil-codA- lox
o Z2 2E 7%l T-DNAZH Oé AAgke GuiAA =
H]=A) 5-fluorocytosine (5-fc)7} A7l 2] of] A cytosme
deaminase (codA)7} 5-fc& =4 S-flurouracil2 A ZHA] 7] 7]
ool A& 4 vk 2y FAHSA AEHS Cre
Azgdas Iy ofamvg gy st
A A7ba Aol FEE A% 025% s AR et
S codA FAATE A AE 0] S-feof it WS H ik
(Gleave et al. 1999).
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Re) Eold AxFAA ALUS Agsie] FAYRE
A MBS BEL B 2R gARe) 3 A
B AWEAE A gJete] et AP LA 7}
Hol Wasieh E3 Cre A2T 540 AAH FHT}
94 AUEAE Zo] At WHe duEa A7
Agol Wi A% Fo B 84 AunAe] AT
oz Zye Aedo] A8ai7] oyt ol EAIS
2u3ls] 95 oA Wero 2 Ash ek o] A
olrk. 7 A3 %)

R e Azdas HRE
=

= AEA A AT R
25 YAANY H5How ZgujFrAola HpolgA
S22 CaMV 35S L2 E (Califlower mosaic virus 35S
promoter)7} Eo] AREE QlTh e A 2F ATt A
e z2rE s 22 For AL Y e
Aol A As] AR FRAAZE A A=A hof ks
Al FRAR7E Foble= Al229F EA == 7] (chimeric)
3 Afo] EFAEE 4= Qlt) (Coppoolse et al. 2003). whehA] o]
£ ddstiA S E el TEREHY 24504 L
EREE Ao FAAS dAY A5 EFES A
i GA A Axgaio Fo] dojuf AHEA|7} A
AR EE st A47F =
Cre A=A s FAAZE AREH 2 A7k-Aeh
HH.© CLX (Cre/lox DNA excision) 252 A| Al O &2 Cre
Axgaas] o] ahotE A2 Frbes A5
It} (Zuo et al. 2001). &HFA] T-DNA Q] = loxP o1 4] H ¢
Atolofl AMFEA] QL npdl A} Cre A 9 Cre
AR AALS G=517] €35 XVE A AFQIA} (transcription
factor) 84S AAA T (C1FH 4A). Cre =Y A9
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ETES 2R Bestradiol® FEEHC} wabaA CLX HHA]

Al 2§l ol A= kanamycing ©]-§-5Fo] ArEl oA
o A MWATE FAZ B-estradiolo] H7HE B R o A o
A7) ropak ol A Cre7} /4 8hE]of & loxP Q14
A7F A dutg AT REAGHAATE AAEH FAY
A FEAASAE E& 5 Aok ALEA] AAE 5l of
71A ) (Zuo et al. 2001), ¥ (Sreekala et al. 2005) ¥ En}&E
(Zhang et al. 2006)°]] CLX 8HA| A]AHlo] &85 qlct.
2L} o HHE Bestradiolo] W7HE WA 4] A2k A
A7 71wt E sl waL, ArEol mek A
AAA B&o] 2pol7t A v2w, GIHA A EollA =
A8517) o2,

FLP/FRT : FLP & 4= 48 kDa Tl 2l & %= FRT <14]
?fofl 47]2] FLP ©=FA| (monomer)7} A5t} FRTO| ¥
S0l uel DNAS| Aeint o918 Zujaie. FRT 14
T 13 bpe] A7 o] At AYFo 2 39wt
BEE Yez oA glon, BHEAY Aol 8 bp
SZF Gz o Wakgo] AAYET M2 A EoA Y
FLPFRT A 23 A 299] 7] Rk wof o A2
7F o] & E UL Hhull, of7]F ) 5o AlEoA R /o]
B L AT} (Lyznik et al. 1993; Kilby et al. 1995; Sonti et
al. 1995).

A2 Bt Sold A4R

A<

= T

YA lox-FRT AA E& QA -2 AHE-sHH FLP
Hoz

Ea

N
—_- =

U

x 1o

o
=

E= Cre Af2Fa o] &3 DNA Ao 58&0] =
2ol 4 9t} (Luo et al. 2007). E3 Ho] A
EY A G4 FLP &3 A& (29 4B) A A3
o HAYst= AEH A 313 (hydrogen peroxide)
Ao oJsf MdeAor AUHAE AAYT 4 Qo] A
WA AA o] TrHsk L GFHA A E = AT
4 AT} (Woo et al. 2009).

R/RS : R/RS A|2~B-2 Zygosaccharomyces rouxii®] pSR1

Zepan|Sol A BelE £9-Bold YxPaL ALY

(A} loxP loxP
-« -«
RB “ P35S | XVE | Ter| Pass | npti | Ter] O.... | creint | Ter! P35S | Trat_| Ter JJ] LB
‘ Excision region '
(B) FRTm FRT
- -
RE . P355 ' hpt | ter | podP | FLP | ter ! Trait | ter . LB
Excision region '
© RS RS
-« -
re P35S | Trat [ Ter ! GSTP | R [ Ter [ P35s | jpt | Ter !] LB

Excision region

Fig. 4 Schematic diagram of the T-DNA regions of auto-excision vectors using the site-specific recombination system. (A) CLX
vector system, (B) Stress-inducible marker-free vector system, (C) MAT vector system
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O & 56 kDa R A2 G40 F 7] RS Q1A H 97 2
/dElo] qlth RRS A|2F2 ool off 7]t of A A=A
U &AJo] 2l % 9]l (Onouchi et al. 1991, 1995) & &5
2 AErEA] A7 A]AE el MAT (multi-auto transformation)
EREA] Al 2"l A 8-E ot

MAT &HHA| A 2" = 749 Axgas AR
RS Atolofl Azt a i R FAAARet A &S] YAl &
AL yre s of 1 2ube] 2] 89 29k} (oncogene) ipt
(isopentenyl transferase)-FAAE YA A A ipt FHAAE A
A2 o]§oltt (1F 40). A2Fa s R A Ed
2 3}gtE safenerd] 93| Wd o] FE5+= GST (glutathione
S-transferase) L2 W E| o Qo A E T MAT HEA] A
2do g AZAE PJAASSHHE Aol E7]d (cytokinin)
ATAE WL pr §ARe] BRAOE HridzF
(extra shooty phenotype)o] LHerFTh @ Fo] ¥ G4 Q)
YA =225 safener7t H7HE v Aol &A=
GST Z2HE 9 S-S st Axgdas 44 R
o] Z/4JstE|o] = 7| RS AR 7F AHEHA ipr &
Aok R AZTEL AN BT AAY B4 A
O] Alz7} AAHE T} (Sugita et al. 2000). MAT A| AHS o
Hll, ¥ (Sugita et al. 1999, 2000; Endo et al. 2002) ¥ o} e}
Al ER B2 5 ke Al AgH gt
(Khan et al. 2006; Ebinuma and Komamine 2001; Matsunaga
et al. 2002; Zelasco et al. 2007; Ballester et al. 2007). “L&{ 1}
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Adb & 2 A3} (non-selected transformation) ¥H -2 Al
2 GARE AEEA] G BRGARE A EH 9
2EGAN =dE AR ddFEn
PCR) 28 A4 B4 ol g3ke] 4ushe A
ol ofs A K 3
AR AE T AR g2 HgE Tk (De Vetten et
al. 2003; Jia et al. 2007).
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Ut A E 990 A FAAA (To) 5 607HA oA 3
QAR WA UohA e LubAel WE (backbone)
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o) 7hu FAABA HL-E oF 3%t (Li et al. 2009).
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