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Early Mouse Development







Blastocyst hatching out and implantation







ES cell
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Pluripotent stem cells

Embryonic stem (ES) cells

Embryonic germ (EG) cells



Cell differerentiation

With combination of growth differentiation factors

Stem cell













Gene Targeting:

Knockout a gene via 

homologous recombination 

after a Positive-Negative 

Selection (PNS)











Selection of Targeted  ES Clones





ES cells microinjected into blastocyst







Chimeric mice generated by the ES cell injection



Germ-line 

transmission 

analysis

Aa x Aa:

¼   AA (wild type)

½   Aa (heterozygote)

¼   aa (homozygote)





Myostatin 

gene KO 
(Nature 

387:83-90, 1997)



Nature knockout mutants:

in the Belgian Blue

Belgian Blue Mutation 

at the myostatin gene



腫瘤抑制基因(Rb gene) 基因敲毀轉殖動物模式

基因轉殖突變促使胚胎生長缺陷 (Nature 359: 288-294, 1992)



腫瘤抑制基因(p53 gene)基因敲毀轉殖動物模式

P53基因轉殖敲毀後促使動物腫瘤發生(Nature 356: 215-221, 1992)



MyoD KO: normal in muscle development, yet leads to up-

regulation of the myogenic gene Myf-5 (Cell 71:383-390, 1992)

Myf-5 KO: abnormal rib development and perinatal death 

(Cell 71: 369-382, 1992)



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)





A knockout mouse model is a really good animal 

model for studying human genetic disease?

• CNTF (ciliary neurotrophic factor) KO 

mice: motor neuron degeneration (Nature 

365:27-32, 1993)

• A null mutation in the human CNTF

gene is not causally related to 

neurological diseases. (Nature Genetics 

7:79-84, 1994).

•CNTFR KO mice: die perinatally and display severe motor 

neuron deficits. (Cell 83:313-322, 1995)



細胞核轉殖與複製動物

利用胚胎或成體細胞細胞核，置換未受精或已受精卵
的細胞核，以製造出複製動物的技術。



複製羊 "桃莉" (Nature 385: 810-813, 1997)



複製牛 (Science 280: 1256-1258, 1998)

../../COURSES/TRANSGENIC2001/Science1998calf.pdf




多代複製鼠 (Nature 394: 369-374, 1998)
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人類基因與胚胎轉殖的可行性與相關道德倫理及法律問題



美國國家衛生研究院(NIH)對人類胚胎研究規範



Human pre-implantation embryo (in oviduct)





NIH Muller Panel’s Guidelines – in Gestation


