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A Current Advance of Gene Targeting and Gene Trapping Methods As Tools
of Making Transgenic Mice

Hae-Mook KangT
Dept. of Genetic Engineering, College of Science and Engineering, Cheongju University, Chungbuk 360-764, Korea

ABSTRACT : The construction of transgenic mouse using embryonic stem (ES) cells has been crucial in the functional
studies of gene on mouse genome. Gene knockout mice have been powerful for elucidating the function of genes as well
as a research model for human diseases. Gene targeting and gene trapping mathods have been the representative tech-
nologies for making the knockout mice by using ES cells. Since the gene targeting and the gene trapping methods were
independently developed about 20 years ago, it's efficiency and productivity has been improved with a advance of molecular
biology. Conventional gene targeting method has been changes to high throughput conditional gene targeting. The combi-
nation of the advantage of gene targeting and gene tapping elements allows to extend a spectrum of gene trapping and
to improve the efficiency of gene targeting. These advance should be able to produce the mutant with various phenotype
to target a certain gene, and in postgenome era they have served as crucial research tools in understanding the functional
study of whole genome in mouse.
Key words : Transgenic mouse, Gene targeting, Gene trapping, Insertional mutagenesis, Embryonic stem (ES) cells.
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> Neo [ 7K ]

Fig. 1. A conditional gene targeting vector. After retrieving the
interest gene from BAC into a retrieval vector by homo-
logous recombination in E. coli, a Neo cassette containing
two loxP site is introduced into the retrieved DNA frag-
ment. Next, the second cassette containing Frt-Neo-Frt-
loxP is targeted to the DNA fragment by homologous
recombination. Finally, the gene targeting vector is elec-
troporated into ES cells, and clones with floxed exons
produced with homologous recombination are selected.
(Black arrow head: loxP site; Arrow: Frt site; Large
Box: exon)
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A. PolyA trap vector

{ PaK [ Puo ]
B. Dicistronic trap vector

ATG(-)

[Neo | REs | Lacz  [NNPANN

C. RET trap vector

loxP

Fig. 2. Gene trap vectors for insertional mutagenesis. A: PolyA
trap vector consists of two units. The first unit has a splice
acceptor (SA) sequence, S geo and polyA (pA) signal.
B geo as a reporter and a selection marker is the fusion
gene of Neo and LacZ gene. The second unit contains a
PGK promoter, Puro and a splice donor (SD) signal. B:
Dicistonic trap vector consists of promterless Neo with-
out ATG codon, IRES, LacZ and pA signal. C: RET trap
vector contains GFP as a reporter and is flanked by 2
loxP site for Cre recombinase.
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Fig. 3. Conditional targeted trapping method. Homologous recom-
bination in ES cells leads to an insertional mutation
similar to gene trapping. FLP recombinase induces to the
deletion of a selection cassette including the trapping
elements to generate a conditional allele. Cre recombi-
nase yields the deletion of critical exon like in a con-
ventional knockout.
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tgen & Ghyselinck, 2007; Schnutgen et al., 2008). Cre AAZHEAE 7H A7 A AT Fop-Ant, o7t
25 e = g 229 2l xE AHIMHES 2 HEE PHOR o] AR HME o AT Frest F3 AL
391, o] FHEE W wkeko 2 ] 49| A4 EolF A o]o] OPE(osteoponin enhancer element)& 4¢3t 4
ZHEL F27h A ATk Fresh F32 FLP A 2334 07 2 HHA g A 483 & 9lth OPEE A
£ 9% F ZHAL0), loxP9} lox5171& 27} Cre A% AE A7) BHS SAstelr] sl dARIAe] 2G4
Faae BAG . o] WHE iy $ T HY 4E A3 dth(Schnutgen et al., 2008).
AR A zke] QIEZe AFYHTh SAS 71 WA
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olth 12/® FLP7} Frt B F3 A4S E3) WH Y 2 xH
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ApEke] W Zo) 9X]317] witel HlEAWe] futAolt),

A. Gene trapping allele

Frt F3 loxP jox5171
/

B. Conditional allele

C. Tissue specific mutation

Fig. 4. Conditional gene trapping method. A: After insertion in
ES cell, the trapped allele has a selection reporter ca-
ssette with four pairs of site-directed recombinase site.
B: Conditional allele generated by FLP recombinase has
a reversed selection cassette. This is non-mutagenic be-
cause the SA signal is ineffective in producing a fusion
transcript. C: Tissue specific mutation induced by Cre
recombinase. The trapping vector is reinverted and results
in a conditional mutation.
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PB donor

PB transposase helper

— CMmBase [ pAP——

Fig. 5. Insertional mutagenesis vector using PiggyBac trans-

poson. This vector consists of two vectors. PB donor
has two repeated termini, PBL and PBR for transposi-
tion. PB helper provides PB transposase. PGK and CMV
represent the promoter of respective gene.
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