
Sleeping Beauty Primer 
 
The Sleeping Beauty (SB) transposon is a cut-and-paste transposable element which was 
reconstructed from ancient teleost fish sequences in 1997 [1] and has since been used as a 
tool for gene delivery [2] and mutagenesis [3-7] in laboratory vertebrates. The SB 
transposon system consists of two parts - 1) a transposon, which is defined as any genetic 
cargo flanked by two inverted terminal repeats (ITRs) of ~230 bp, and 2) a catalytic DNA 
recombinase, called a transposase, which can recognize and bind the ITR sequences of 
the transposon and catalyze transposition from a chromosome site to a new position in the 
host genome. SB transposons belong to the Tc1/mariner superfamily of transposable 
elements and always insert into TA dinucleotides. We have now developed the SB 
system for insertional gene trap mutagenesis in rats for the purpose of mutating genes and 
creating mutant strains [7]. 
 
SB gene trap mutagenesis in rats is described by Lu et al. 2007 and is accomplished with 
two independent strains of Fisher F344 transgenic rats [7]. The first strain of rat, called 
the Pgk2-SB11 rat, expresses the SB transposase under the control of the germ cell-
specific phosphoglycerate kinase 2 (Pgk2) promoter. The transposase is only expressed 
and can catalyze transposition in developing gametes. The second strain carries multiple 
copies of the Bart3 gene trap transposon at a single position on a rat chromosome called 
the donor site.  
 
 
 

The transposase and transposon transgenes. Fisher F344 transgenics were produced by 
standard pronuclear injection with each transgene. The transposase is expressed only in 
the germ cells of Pgk2-SB11 transgenic rats. The Bart3 transposon is a gene trap 
transposon which can mutate genes upon insertion into an intron or exon in either 
orientation by virtue of splice acceptor and polyadenylation (pA) sequences on both 
strands. The transposon also contains a loxP recombination site and the murine 
tyrosinase minigene, which rescues the albino phenotype of F344 rats (Lu et al. 2007).  
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SB transposon-mediated gene knockout (TKO) is accomplished by breeding the Pgk2-
SB11 and Bart3 transgenic rats together to generate bigenic animals. In the developing 
sperm of bigenic males, one or more transposons “jump” from the donor site to new 
positions in the sperm genome. These mutant sperm fertilize wild-type F344 embryos by 
outcross to generate mutant offspring. Like chemical mutagenesis with ENU, transposon 
insertion is essentially random, though more insertions occur on the donor chromosome 
than other chromosomes. In practice, we observe ~1.2 insertions per gamete in offspring 
of bigenic males [7] and identify insertions in known rat genes (Refseq or Ensembl genes 
with validated homology to human and/or mouse genes and/or supporting EST 
information) in about 5% of these offspring. A TKO mutant, therefore, harbors a copy of 
the Bart3 transposon within its transcription unit. The splice acceptor sequences will 
intercept splicing from the nearest upstream exon and incorporate gene trap sequences 
including a premature polyA sequence.  
 
 
 
 

The Bart3 transposon can mutate genes by interfering with the normal splicing pattern. 
Incorporation of gene trap sequences into the nascent messenger RNA will prematurely 
truncate the message and disrupt the function of the gene. The insertion site of the Bart3 
gene trap transposon within genes is random, meaning it can lead to various truncations. 
Even truncated messenger RNAs could encode functional, though truncated peptides. 
 
 
 
 
The TKO mutants listed were identified by cloning the insertion sites of Bart3 
transposons in the offspring of bigenic males using PCR techniques and sequencing [7]. 
The mutant animals may harbor more than one transposable element on one or more 
chromosomes. Because transposons can jump locally to the same chromosome as the 
donor site, mutations on the donor site chromosome can be linked to other transposon-
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induced mutations [4]. Conversely, jumps to other chromosomes are not likely to be 
tightly genetically linked to any other mutations and should be able to be segregated in a 
single outcross generation.  
 
We can identify carriers of individual insertions by three-primer PCR because we know 
the precise location of the transposon insertion in each case. This protocol can also 
distinguish hemizygous and homozygous carriers among intercross generations. 
 
 
 
 

 

Three primer PCR, designing two primers (gray arrows) which flank a mapped insertion and 
specific to rat genomic sequence and a third universal transposon primer specific to one of 
the ITRs, can be used to genotype animals for the presence and zygosity of any particular 
insertion.  Of course, care must be taken to avoid designing genomic primers which amplify 
repetitive DNA sequences. If they were designed and tested, the primer sequences to 
genotype TKO mutants are listed in the table.  

 
 
 
As with any mutant generated by the PGA, animals should be independently genotyped 
and verified for the presence of the mutation by PCR or Southern blot analysis. Also, 
because Bart3 insertion into an intron of a gene does not directly disrupt the coding 
sequence, assays should be performed to ensure that the gene is entirely disrupted. 
Splicing around the Bart3 gene trap sequences may occur in some instances, leading to 
full-length, functional gene messenger RNAs and peptides. RT-PCR using primers 
specific to flanking exons, or protein assays should be used to confirm the true level of 
gene disruption for any mutation. 
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Integrated sequence of Bart3 transposon (sense orientation shown) 
 
The Bart3 transposon inserts as a 6028-bp element (lowercase) into a TA dinucleotide of 
the host chromosome. The genomic TA site (bold) is duplicated upon insertion. The ITR 
sequences and other features of the transposon sequence are highlighted and annotated. 
Yellow - ITR sequences, Blue - Splice Acceptor sites (actual splice site underlined), 
Magenta – polyA signals, Green – Tyrosinase ORF, Red – loxP site. The positions of the 
ITR-specific primers which are routinely used for three-primer PCR are underlined. 
Either primer can be combined with primers specific to the genomic sequence flanking 
the insertion site as described above to genotype carriers. 
 
GENOMICSEQUENCENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNTAcagttgaagtcggaagtttacatacacttaagttggagtcattaaaactcgtttttcaactactccacaaatttcttg

ttaacaaacaatagttttggcaagtcagttaggacatctactttgtgcatgacacaagtcatttttccaacaattgtttacagacagatt

atttcacttataattcactgtatcacaattccagtgggtcagaagtttacatacactaattgactgtgcctttaaacagcttggaaaattc

cagaaaatgatgtcatggctttagaagcttgatcgcgctagggcgcagtagtccagggtttccttgatgatgtcatacttatcctgtc

ccttttttttccacagctcgcggttgaggacaaactcttcgcggtctttccagtatagataactgaacgcgtcttccctttagtgaggg

ttaatgcttcgagcagacatgataagatacattgatgagtttggacaaaccacaactagaatgcagtgaaaaaaatgctttatttgtg

aaatttgtgatgctattgctttatttgtaaccattataagctgcaataaacaagttaacaacaacaattgcattcattttatgtttcaggttc

agggggagatgtgggaggttttttaaagcaagtaaaacctctacaaatgtggtaaaatccgataaggatcgataagctttaattca

agaactcattctctagaagtttaaacaactcctattctgctcttctatcactctttaacatgtctctcaaaatatgttttctcccagaaaac



tctcctcaactttcttcaaaattaatagactacattttgccccacagaaattcttctataggaacttcaatttttttatttaatccaggaaaa

catatttaaacatacttagctataaatattaagattaaattgtgataaaaacttatttttgacagtggtggaaactgtcctattaaatttac

catatcattccaattttatcctcagaaaatgcccaatagatgatcaataaatatttgcagtatacttattgcattcccagctatagctaat

atagattgcattaagactgtcttagggtagacaatagtcaaacagaattggatagggcatattcaaattctgtagctaccaaatgtgt

atacaagggaaaaatgtgtaaatgaatacttacatagaaagagcaggactggtgataagattgtcatgtaaataagttggtggaga

cttgagttacattgcagaggaataaagagagcttttaatttaagagaatcagtcctatgaagaaaacaaagacagcaaactacact

tcagtcattctctcatgaggctctacagattttgaaaatgagcatgggaaagnccttagaaaatgagcatgggaaagcccttagaa

agagtgatgaggattttctganaattttgctaagatgcctgatagtagaacaagggaaagaaaaagttgttaattaagtttaacagg

agaagctggattccacctgcaactaggtgggaaagagttacaaaaggccccatgtagctacaagtaatacataacaaaaaatcc

ccaggggaaacgaggtcctgtgttaatctactatgggctttaagagaagaaaaacaaaaaaggactaagactctgaaggaaatc

atgtgagagcttccttattccagcaagagacaaaatctccatggaaacttctctttcctgcacccacacactgttctttctacctcgca

aggctgccttgaatctcaagagaatcctatggagcagtcaacacattttaaatactgaaacaaaccctagggaagaaaagaagc

agagcaggctgacattccagcattatcaggaaagcaatgattttcctagatttccgcagccccagtgttcagataaacggtttcctc

aaaccttcacttcctttctcctacagtataaattaaaagaaccactcagcttttagtatgaagcagcatagagaagggagttccaaa

gagacgtttgtttcttgaccattctcattatccttctttcatggagcagtgctattcaaaccatccagtaagtccattactcacttccaca

ttttatgagcaaaataataaaagagagatagagtaagaatgaaggagagagagagagagagagagagagagagagagagag

agagagagagagagaggaagagagagagagagagagagagagagagagagagagagagagagagagagagagagag

agaggtgttttcttaactagaaactttatgcattgaagcagttcaccaaaataacaaagtaacaaagtaagatatctttggaataatca

attcaagataatcaaggaaaaatgagaggcaactattttagactgattacttttataaaataaataagctcagcttagccagatataa

gcaatattctgagttctgaagaaaaatttttgacaaaatgagttctataaatgttattgtctacttatgatctctaaatacaacaggcttgt

attcagaatctagatgtttcatgacctttattcataagagatgatgtattcttgatactacttctcatttgcaaattccaattattattaatttc

atatcaattagaataatatatcttccttcaatttagttacctcactatgggctatgtacaaactccaagaaaaagttagtcatgtgctttg

cagaagataaaagcttagtgtaaaacaggctgagagtatttgatgtaagaaggggagtggttatataggtcttagccaaaacatgt

gatagtcactccaggggttgctggaaaagaagtctgtgacactcattaacctattggtgcagattttgtatgatctaaaggaatgttc

ttggctgttttgtattgccttctgtggagtttccagatctctgatggccattttcctcgagcctgtgcctcctctaagaacttgttggcaa

aagaatgctgcccaccatggatgggtgatgggagtccctgcggccagctttcaggcagaggttcctgccaggatatccttctgtc

cagtgcaccatctggacctcagttccccttcaaaggggtggatgaccgtgagtcctggccctctgtgttttataataggacctgcc

agtgctcaggcaacttcatgggtttcaactgcggaaactgtaagtttggatttgggggcccaaattgtacagagaagcgagtcttg

attagaagaaacatttttgatttgagtgtctccgaaaagaataagttcttttcttacctcactttagcaaaacatactatcagctcagtct

atgtcatccccacaggcacctatggccaaatgaacaatgggtcaacacccatgtttaatgatatcaacatctacgacctctttgtat

ggatgcattactatgtgtcaagggacacactgcttgggggctctgaaatatggagggacattgattttgcccatgaagcaccagg



gtttctgccttggcacagacttttcttgttattgtgggaacaagaaattcgagaactaactggggatgagaacttcactgttccatact

gggattggagagatgcagaaaactgtgacatttgcacagatgagtacttgggaggtcgtcaccctgaaaatcctaacttactcag

cccagcatccttcttctcctcctggcagatcatttgtagcagatcagaagagtataatagccatcaggttttatgcgatggaacacct

gagggaccactattacgtaatcctggaaaccatgacaaagccaaaacccccaggctcccatcttcagcagatgtggaattttgtct

gagtttgacccagtatgaatctggatcaatggatagaactgccaatttcagctttagaaacacactggaaggatttgccagtccact

cacagggatagcagatccttctcaaagtagcatgcacaatgccttacatatctttatgaatggaacaatgtcccaagtacagggat

cggccaacgatcccatttttcttcttcaccatgcttttgtggacagtatttttgaacaatggctgcgaaggcaccgccctcttttggaa

gtttacccagaagccaatgcacctatcggccataacagagactcttacatggttcctttcataccgctctatagaaatggtgatttctt

cataacatccaaggatctgggatatgactacagctacctccaagagtcagatccaggcttttacagaaattatattgagccttacttg

gaacaagccagtcgtatctggccatggcttcttggggcagcactggtgggagctgttattgctgcagctctctctgggcttagcag

taggctatgccttcagaagaagaagaagaagaagcaaccccaggaggaaaggcagccactcctcatggacaaagacgacta

ccacagcttgctgtatcagagccatctgtgaacatcctaggaaacagagtgggactgaaaggttttacctcactcgacctatttgtt

ggtgtttctacaaatttaaactagtataaaacatagaccatagctgtttggctttttttcagacccatgttttttcctaagtcctagtttcta

agaaatgactgggatttgctaaaatatatatatatataaataataacttactaatagctaaataaaatttcctcttccccctaaaaaaaa

aaaaaaaaaaaaaaaaaaaaggaattcctgcaggtttaaacgaattcgtttaaacataacttcgtataatgtatgctatacgaagtta

taattctttcggacttttgaaaggatggtggtgggggaaggattcgaaccttcgaagtcgatgacggcagatttagagtctgctccc

tttggccgcccgggaaccccaccacaggtaatgcttttactggcctgctcccttatcgggaagcggggcgcatcatatcaaatga

cgcgccgctgtaaagtgttacgttgagaaagaatttcacacaaaaaaccaacacacagatgtaatgaaaataaagatattttattgc

ggcccggggaattcgcggccgccccgggccgcggtcagttatctatcagcgtctggtacttggtgtaggggcagcgcttcttcc

ttgtggaacgggcgtggatccagttggccacggggttgcctggagggacaaacacgggcaagggtcagtaaagttcccttcca

gctcaggacctctgtcatcccaccctaggtttagtcaagctccccaaactcaataattgaacctgaatttggacacattttgctttag

gcatctcctcctttctcttttgcatccagccccctccctatatcccctccctgttcagcttccagcacctaaaactgtagtaaaatttaa

gctaccaaagctcccacagtctggtccttagcttcaagagtagtaattcgagaatatcctcataaaaagtccaaattcccaaccattt

cataggcccataaacgcttccctctcttgttttttatttttatagcaaggtccctctcctccccacctccctcctcctctgccccctccca

tcctcacagacacgaccaagtcctgagagtccctgaaccctcacttctttccagtacccatctccggctcaggcgcgatccatgg

aattcactagtgcgcgcggccgctctagatggccagatctaagcttgtggaaggctactcgaaatgtttgacccaagttaaacaat

ttaaaggcaatgctaccaaatactaattgagtgtatgtaaacttctgacccactgggaatgtgatgaaagaaataaaagctgaaatg

aatcattctctctactattattctgatatttcacattcttaaaataaagtggtgatcctaactgacctaagacagggaatttttactaggat

taaatgtcaggaattgtgaaaaagtgagtttaaatgtatttggctaaggtgtatgtaaacttccgacttcaactgTANNNNNN

NNNNNNNNNNNNNNNNNNNGENOMICSEQUENCE 


