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Why mice? 
Mice are evolutionarily close to humans. >95% of our genes have mouse orthologs. Our genomes 
have large stretches of synteny. Bonus question 1: What is synteny? 
 
Given the similarity, much of embryonic development, physiology and disease can be modeled in the 
mouse. 
 
Mice are genetically tractable. There are diverse tools to manipulate the mouse genome, allowing for 
precise tailoring. More below. 
 
Mice can be inbred. Inbred congenic strains eliminate the effect of modifier alleles, facilitating 
detection of subtle phenotypes. Bonus question 2: What is a congenic strain? 
 
Generation time is pretty short (12 weeks), similar to zebrafish. This makes it possible to breed 
complex genotypes and study phenotypes in old organisms in the lifespan we care about, the 
absolutely-not-more-than-six-years that you will be in grad school. 
 
An aside on the historical importance of mouse genetics 
Mendel 1865: “Der individual genes define phenotypes. If I do not carry der gene for der shriveled pea 
phenotype, mein progeny vill not and can not have der shriveled peas!” 
 
Galton 1890: “Ahem. That’s fine for peas, my dear chap, but does not hold true for more complicated 
organisms like you and me. If I, a tall English gentleman, produce a strapping lad with a short woman, 
I will wager my muttonchops that said son will be of medium height. Heredity in real organisms acts by 
blending phenotypes over several generations.” 
 
Cuénot 1902: “Mais non, Galton! Ze mouse coat couleur is inherited just wiz ze very same rules as ze 
shriveled peas of Monsieur Mendel. Zerefore, you are full of merde and what is true for ze peas is true 
for you and me aussi. Oh, ma chère, chère souris, you vill be ze key to unlocking ze awesome power 
of ze genetiques of ze vertebrates. Mon precious, mon precious…” 
 
Tools for studying mouse genetics 
 
Forward genetics: using mutagens like ENU, is pretty much just like fly genetics. 
 
Transgenesis: microinjection of one-cell eggs with foreign DNA. This DNA is randomly integrated into 
the genome. 
 
Knockouts: creation of a targeted mutation. Step 1: construct a targeting DNA vector in which the 
gene of interest has been disrupted with a positive selectable marker. Step 2: introduce the targeting 
vector into a culture of embryonic stem (ES) cells, derived and named by our very own Gail Martin. 
Step 3: select for the positive selectable marker, and identify clonal populations that have integrated 
the vector into the genome at the right spot via homologous recombination. Step 4: Inject the mutated 
ES cells into the inner cavity of a blastocyst, generating chimeric embryos. Bonus question 3: What is 
a chimera? Place these chimeric embryos back into foster mothers, and bring them to term. Step 5: 
Screen for transmission of the mutant allele via the sperm to the next generation. Bonus question 4: 
Does the sex of the chimeric embryo matter? Bonus question(s) 5: What will the genotype of the mice 
that have successfully received the mutant allele be? Will they be chimeric? This targeted 
mutagenesis is called reverse genetics to distinguish it from more traditional random forward genetics. 
 
Tissue specific conditional alleles: What if you want only part of your mouse to be functionally mutant 
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for a particular gene? This is do-able. Instead of creating a knockout in every cell, you want to use the 
same procedure to “knock in” recombinase sites (such as Lox sites) that surround (flank) a critical part 
of the gene of interest without interfering with any of the important bits of that gene. This conditional 
allele, when crossed with another transgenic strain that expresses a recombinase (such as Cre) under 
a tissue-specific promoter, will only delete your gene of interest in that particular tissue. 
 
Time and tissue specific conditional alleles: What if you to only delete your gene in a particular tissue 
and at a time of your choosing, say day 30 of life? This, too, is do-able. As above, we’ll need a 
conditional allele, but instead of introducing a transgene encoding a recombinase that is constitutively 
active (such as Cre), we’ll introduce a transgene encoding a recombinase (such as Cre fused to a 
mutant estrogen receptor –ERt) that is active only in the presence of a drug (tamoxifen). Thus, our 
conditional allele will only be converted into a deletion allele in the tissue in which Cre-ERt is 
expressed and only after we inject the mouse with tamoxifen. 
 
CRISPR: Just like everything else, Cas9-mediated recombination has come to mice. Instead of doing 
the recombination in ES cells and going through the tedious step of generating chimeras, it is now 
possible to do the genome editing via CRISPR in one cell eggs. Unlike more traditional transgenesis, 
sgRNAs target defined regions of the genome for mutation in CRISPR-mediated transgenesis. 
 
Want more? 
http://www.informatics.jax.org/silver/contents.shtml 
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Bonus answers 
Bonus answer 1: Not only do we and mice have many of the same genes, but the order, orientation 
and intervening sequences are often similar. These large blocks of conservation are called syntenic. 
 
Bonus answer 2: Mice bred to be genetically identical with an inbred strain except for a specific 
chromosomal segment are called congenic with that inbred strain.  
 
Bonus answer 3: Chimeras are monsters of Greek myth comprised of multiple animals, like a lion, 
goat, snake mashup or South Park Satan. In genetics, chimeras are animals that are comprised of 
cells of different genotypes. 
 
Bonus answer 4: Yes. Most ES cells that are used are male (XY). When contributing to a female (XX) 
chimera, they don’t develop correctly into germ cells (usually). Second order bonus question: When 
might male ES cells be able to contribute to a female germ line? Hint: Turner syndrome. 
 
Bonus answer 5: Heterozygous, non chimeric. 


