EMBRYONIC MANIPULATIONS

knockouts and transgenics

ANALYSIS OF GENE EXPRESSION


IN-SITU HYBRIDIZATION (RNA)


cross link proteins and remove lipids to allow access


use radioactivity, fluorescence or colorimetric assays


can be used to figure out TIMING of gene expression


IMMUNOHJISTOCHEMISTRY (PROTEIN)


location and timing of protein expression


MARKER/REPORTER GENES


product must be low BACKGROUND (specific) and low IMPACT (non-toxic)



lacZ (product is blue)



GFP – can be toxic, but also expressed as fusion-proteins



- requires that promoter for normal gene expression is known



- ligate reporter gene to the upstream controlling elements



- introduce marker gene/promoter to all cells (i.e. transgenesis)
TRANSGENESIS:  PRONUCLEAR DNA INJECTION


insert 300 copies of linear DNA (10-100kb) into ONE-CELL embryos


rarely will insertion alter other genes, but its possible

disadvantages:  random insertion sites 




any number might insert




proper regulation is difficult


advantages: 
faster than ES (no cell culture, no selection, no characterization)




preferred when SITE of integration is not crucial to understanding

PROCEDURE


1.  mating of superovulating female mice and harvest of zygotes


2.  use 400X microscope to microinject linear tgn DNA into pronucleus


3.  transfer embryos to PSEUDOPREGNANT female (mated with a vasectomized 

male mouse)


4.  obtain tissue samples after pups are born and analyze with PCR

5.  mate tgns to controls to establish mouse lines



mosaicism can occur if recombination takes place after one-cell stage

EXPERIMENTAL APPLICATIONS


1.  analyze use of regulatory sequences (attach markers to promoters)


2.  analyze effect of differential gene expression (muscle promoter for gene 

normally expressed in fat)

3.  DOMINANT-NEGATIVE tests of gene function (if dimers are required, a 

mutated version of the gene will associate to prevent normal function)


5.  models of dominantly inherited diseases (one copy can cause disease)

CHIMERIC MODELS (2 different zygotes to make 1 embryo)
1)  AGGREGATION chimeras – use acid to remove ZP from embryos at MORULA stage and allow them to fuse and form a single blastocyst, then transfer to psuedopregnant female

can join male and female cells and if chimera is phenotypically female, the XY 

oocytes germ cells may produce viable eggs 

if chimera is phenotypically male ( XX sperm germ cells won’t 

2) BLASTOCYST INJECTION – microinject ES 
cells into blastocyst cavity ( they will intermingle with ICM

features of chimeric mice:


- extensive intermingling occurs in all organs


- can use coat color, eye color, lacZ, GFP, etc. to identify presence of chimericism


- each TISSUE TYPE is unique as to the extent of intermingling


- each chimera is unique

ES TECHNOLOGY (Embyronic Stem Cells)


derived from the ICM and can proliferate UNDIFFERENTIATED in cell culture



can be manipulated and may contribute to germ cells in chimeric models


usually are male embryos that survive

ES manipulation and positive/negative selection (for KNOCKOUT mice)


1.  clone gene of interest and insert NEOR AND TK (thymidine kinase) genes


2.  electroporate and hope that recombination occurs


3.  treat with G418 ( genes that did not recombined will die


4.  treat with GANCYCLOVIR ( genes that still have TK will die


5.  PCR/Southerns of ES cells to verify that KO gene is present



(cells will be HETEROZYGOUS)

**this ensures that only the knocked out gene and nothing more is present**
6.  blastocyst injection


7.  mate chimeras to wt to determine if knocked out gene was transferred to the 

germline

8.  F1 (produced above) matings to obtain homozygous mice



F1 matings of non-lethal mutations:  1:2:1  (AA:Aa:aa)


F1 matings of lethal mutations:  1:2 (no aa)




analyze fetal development to understand WHEN gene was required 


SITE-SPECIFIC RECOMBINATION – use of the Cre/loxP system



tissue-specific expression of Cre to allow for excision of DNA between 

articfically inserted loxP sites


OTHER APPLICATIONS OF CHIMERAS

- mouse models of human genetic disease caused by loss of function



**important to remember mouse physiology is different from human**



(mouse knockout of HPRT alone did NOT cause Lesch-Nyhan)


- KNOCK-IN strategy 




can use knockout strategy to insert reporter gene instead of NEOR
**BETTER CONTROL OF SITE OF RECOMBINATION THAN TGN MICE**
