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Methods for introducing genes into 

mouse embryos



I.傳統基因轉殖: 將欲探討的基因直接打入動物的受精卵

DNA injection into fertilized eggs (over-expression, 

multiple copies of transgene)

 To study gene control

 To change the physiology of mice

 To study oncogene function

II. 基因敲毀轉殖(knock out): 將欲探討的基因在胚胎種細
胞 (embryonic stem cells) 內先行破壞，在利用複雜的胚胎
轉殖技術，獲得基因敲毀轉殖動物。

Gene transfer using embryonic stem (ES) cells (gene 

knock-out, null mutation)

 To study gene function in vivo

 To change the phenotype of mice

 To examine the gene redundancy (gene knock-in) 



傳統基因轉殖:
將欲探討的基因直接打入動物的受精卵。
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Creating a Transgenic Mouse

(with a movie)
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Hoxb-2 b-galatosidase Hoxb-4 b-galatosidase

Transgenic mice with 

Hox gene promoter

and a reporter b-gal



阿茲海默氏病 (Alzheimer's disease)

基因轉殖動物模式
類澱粉前驅蛋白 (Amyloid Precursor Protein, APP)基因轉殖動物
(Nature 373:523-527, 1995; Nature 395:755-756, 1998)探討神經退化機制

Nature1998.pdf




Animal model for cerebellar atrophy (J. Neurosci. 19:2974-2986, 1999)

2974.pdf
internexinTg/2974.pdf


Gene transfer using 

embryonic stem (ES) 

cells (gene knock-out, 

null mutation)





ES cells microinjected into blastocyst



Germ-line 

transmission 

analysis

Aa x Aa:

¼   AA (wild type)

½   Aa (heterozygote)

¼   aa (homozygote)





Myostatin gene Knock-out

(Nature 387:83-90, 1997)



Nature KO mutants:

in the Belgian Blue

Belgian Blue Mutation 

at the myostatin gene



Positive and Negative Selection of ES cells

G418

GANC



Selection of Targeted  ES Clones



HSV-tk

neo

neo

Homologous Recombination



HSV-tk lost

Active

Thymidine kinase

GNAC GNAC-p

DNA polymerase

Inhibition of 

DNA polymerase 

activity

Cell can’t proliferate

Cell death

Targeted ES cell
G418 and GNAC 

resistant



e.g. Cell number

1x106 (10 plates)

PNS

1,000  ES colonies

1- 10 targeted clones

PCR or

Southern

Homology

(Longer is better)



Probe

Probe
Probe

Random integration 

No PCR product

4 kb

5 kb

Southern:

+/+   +/- -/-
5kb

4kb



neo pA
PGK

promoter

neo pA

Promoter Trap

Positive selectable neo cassette

neo pA

IRES

SA

(Replace the 1st Exon)

(Insertion in the intron)

PolyA Trap

neo
PGK

promoter

neo
PGK

promoterSA

Stop

SD
(Insertion in the intron)

(YFG highly expressed in ES cells)



Neo expressed

 ES cells are happy!

No promoter No Neo

 ES cells sensitive to G418

 Cell Death

(with polyA)

(with promoter)

Neo expressed

 ES cells are 

happy too!!

No polyA partial transcript degraded

No Protein 

Sensitive to G418

 Cell Death
No polyA



Useful Targeting Vectors

No polyA

HSV-tk 

promoter

HSV-tk 

promoter



Useful Targeting Vectors

PGK-1 promoter

PGK-1 promoter
PGK-1 polyA

PGK-1 polyA



PGK promoter is better than HSV-tk promoter!!



Aa x Aa:

¼   AA (wild type)

½   Aa (heterozygote)

¼   aa (homozygote)



Conditional Gene Targeting (KO)

Neuron specific

off on

Neuron specific



Deletion

Neuronal specific 

promoter cre

cre
Stage-dependent 

promoter

creInducible promoter

Tet-on/off



Cre- loxP system



Regulatory element tetracycline-controlled transactivator

Constitutive expressionInducible expression





Knock in approach



Myogenin KO: Muscle deficiency and neonatal death 

(Nature 364:501-506, 1993)

Myf-5 and Myf-6 double KO: alterations in skeletal muscle 

development  (EMBO J. 14: 1176-1186, 1995)

Myogenin knock-in in myf-5 KO mice: Functional 

reduundancy of the muscle-specific transcription factors Myf5 

and myogenin (Nature 379: 823-825, 1996)







Knock in reporter gene (b-geo) with IRES (Internal Ribosomal Entry Site)



隨機突變法 (Random mutagenesis)

將致使生殖細胞基
因突變藥物 N-ethyl 

-N-nitrosourea 

(ENU) 打入睪丸使
精母細胞產生基因
突變後，再針對其
衍生具有基因突變
動物做廣泛形態與
行為分析。

Nature Genetics
24: 314-317, 2000 (ES)

24: 318-321, 2000 (ES)

25: 440-443, 2000

25: 444-447, 2000

Nature2000ENU3.pdf
Nature2000ENU4.pdf
Nature2000ENU2.pdf
Nature2000ENU.pdf





