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Plasmid Features: 
 
Coordinates Feature 
194-348  Tn7L 
376-511  partial SV40pA 
718-826  AAV2 scITR (109bp) 
882-989  MCS  
996-1209  BgHpA 
1263-1381 AAV2 ITR (119bp) 
1949-2482 Gentamicin 
2773-2549 Tn7R 
4697-3837 B-lactamase (Ampicillin) 
 

Antibiotic Resistance: Ampicillin and Gentamicin 
 
Bacterial Backbone: pFastBac™ (Invitrogen) with 
Self-Complementary ITR’s.  
 
Note: To check the integrity of the AAV ITR’s 
perform single restriction enzyme digestions with 
XmaI, BssHII, and MscI 
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> G0978 pFBscAAVmcsBgHpA    5283bp 
CCATTCGCCATTCAGGCTGCAAATAAGCGTTGATATTCAGTCAATTACAAACATTAATAACGAAGAGATGACAGAA
AAATTTTCATTCTGTGACAGAGAAAAAGTAGCCGAAGATGACGGTTTGTCACATGGAGTTGGCAGGATGTTTGATT
AAAAACATAACAGGAAGAAAAATGCCCCGCTGTGGGCGGACAAAATAGTTGGGAACTGGGAGGGGTGGAAATGG
AGTTTTTAAGGATTATTTAGGGAAGAGTGACAAAATAGATGGGAACTGGGTGTAGCGTCGTAAGCTAATACGAAAA
TTAAAAATGACAAAATAGTTTGGAACTAGATTTCACTTATCTGGTTCGGATCTCCTAGGCGATATCAGTGATCAGAT
CCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTG
AAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATT
TTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGA
TTATGATCCTCTAGTACTTCTCGACAAGCTTGGCGTAATCACATTATTGAAGCATTTATCAGGGTTATTGTCTCAGAC
CTGCAGGTTTTACGATTACCGTTCATCGCCCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGG
CGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGAATCCACCCGTGG
ATCTTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCATGCCCATGGGCTAGCTTAATTAAGGGCCCACCGGT
ACGCGTGGTACCGTTTAAACCTCGAGGTCGACATCGATGATATCGAATTCGGATCCACTAGTTCTAGAGCGGCCGC
ACTAGACCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAA
GGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCT
GGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGAACTAGAG
CATGGCTACGTAGATAAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTC
CCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCGGCCTCAGTGAG
CGAGCGAGCGCGCAGCTGCCTGCAGGCATGCAAGCTGTAGCCAACCACTAGAACTATAGCTAGAGTCCTGGGCG
AACAAACGATGCTCGCCTTCCAGAAAACCGAGGATGCGAACCACTTCATCCGGGGTCAGCACCACCGGCAAGCGC
CGCGACGGCCGAGGTCTTCCGATCTCCTGAAGCCAGGGCAGATCCGTGCACAGCACCTTGCCGTAGAAGAACAGC
AAGGCCGCCAATGCCTGACGATGCGTGGAGACCGAAACCTTGCGCTCGTTCGCCAGCCAGGACAGAAATGCCTCG
ACTTCGCTGCTGCCCAAGGTTGCCGGGTGACGCACACCGTGGAAACGGATGAAGGCACGAACCCAGTTGACATAA
GCCTGTTCGGTTCGTAAACTGTAATGCAAGTAGCGTATGCGCTCACGCAACTGGTCCAGAACCTTGACCGAACGCA
GCGGTGGTAACGGCGCAGTGGCGGTTTTCATGGCTTGTTATGACTGTTTTTTTGTACAGTCTATGCCTCGGGCATCC
AAGCAGCAAGCGCGTTACGCCGTGGGTCGATGTTTGATGTTATGGAGCAGCAACGATGTTACGCAGCAGCAACGA
TGTTACGCAGCAGGGCAGTCGCCCTAAAACAAAGTTAGGTGGCTCAAGTATGGGCATCATTCGCACATGTAGGCT
CGGCCCTGACCAAGTCAAATCCATGCGGGCTGCTCTTGATCTTTTCGGTCGTGAGTTCGGAGACGTAGCCACCTAC
TCCCAACATCAGCCGGACTCCGATTACCTCGGGAACTTGCTCCGTAGTAAGACATTCATCGCGCTTGCTGCCTTCG
ACCAAGAAGCGGTTGTTGGCGCTCTCGCGGCTTACGTTCTGCCCAAGTTTGAGCAGCCGCGTAGTGAGATCTATAT
CTATGATCTCGCAGTCTCCGGCGAGCACCGGAGGCAGGGCATTGCCACCGCGCTCATCAATCTCCTCAAGCATGA
GGCCAACGCGCTTGGTGCTTATGTGATCTACGTGCAAGCAGATTACGGTGACGATCCCGCAGTGGCTCTCTATACA
AAGTTGGGCATACGGGAAGAAGTGATGCACTTTGATATCGACCCAAGTACCGCCACCTAACAATTCGTTCAAGCCG
AGATCGGCTTCCCGGCCGCGGAGTTGTTCGGTAAATTGTCACAACGCCGCGAATATAGTCTTTACCATGCCCTTGG
CCACGCCCCTCTTTAATACGACGGGCAATTTGCACTTCAGAAAATGAAGAGTTTGCTTTAGCCATAACAAAAGTCC
AGTATGCTTTTTCACAGCATAACTGGACTGATTTCAGTTTACAACTATTCTGTCTAGTTTAAGACTTTATTGTCATAGT
TTAGATCTATTTTGTTCAGTTTAAGACTTTATTGTCCGCCCACACCCGCTTACGCAGGGCATCCATTTATTACTCAAC
CGTAACCGATTTTGCCAGGTTACGCGGCTGGTCTATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATA
CCGCATCAGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCA
GCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGG
CCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCA
TCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGG
AAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGC
GTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACG
ACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTT
CGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAG
CAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACG
AAAACTCACGTTAAGGGATtTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAA
GTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATC
TCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTT
ACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCA
GCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCG
GGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCA
CGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTG
CAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTT
ATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAA
GTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACAT
AGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGA
GATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGA
GCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTC
CTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAAT
AAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTC



GCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGA
ATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAGAACGTGGACTCCAACGTCA
AAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGA
GGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAAC
GTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGC
GCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTC 
 
 
 
 
 
 
 
 
 
 



  
Information and Cloning Suggestions for Working with 

pFBscAAV Plasmids: 
 
Characteristics of AAV:  
Adeno-Associated virus (AAV) is a non-pathogenic helper dependant parvovirus.  This is one of 
the most promising vehicles for gene delivery. Recombinant AAV vectors have predominantly 
episomal gene expression. AAV has long term expression in terminally differentiated cells. It can 
infect a wide range of cells, including non-dividing cells.  
 
Advantage of the Self-Complementary AAV Plasmid: 
The efficiency of AAV vectors is “hindered by the need to convert the single-stranded DNA 
(ssDNA) genome into double-stranded DNA (dsDNA) prior to expression. This step can be 
entirely circumvented through the use of self-complementary vectors, which package an inverted 
repeat genome that can fold into dsDNA without the requirement for DNA synthesis or base-
pairing between multiple vector genomes. The increases in efficiency gained with self-
complementary AAV (scAAV) vectors have ranged from modest to stunning, depending on the 
tissue, cell type, and route of administration.” McCarty Molecular Therapy (2008) 16 10, 1648–
1656 doi:10.1038/mt.2008.171 
 
Insert Restrictions: 
The important trade-off for the efficiency of self-complementary vectors is the loss of half the 
coding capacity of the vector. The total package size from ITR to ITR should not exceed ~2.2kb in 
order to maintain the self-complementary package. Though published studies have indicated that 
there may be some latitude in packaging capacity for the self-complementary vectors, the 
University of Iowa Gene Transfer Vector Core will only prepare constructs that do not exceed 
~2.2kb in the self-complementary backbone. Small protein-coding genes (up to 55 kd), and any 
currently available RNA-based therapy can be accommodated. Larger constructs likely form 
single-stranded DNA or a mixture of single-stranded and double-stranded DNA upon packaging 
thus there is little advantage.  
 
AAV Production:  
The University of Iowa Viral Vector Core uses two systems for AAV production: A Triple 
Transfection System and the Baculovirus System.  
 

The Triple Transfection System may be used with any pAAV plasmid including the 
pFBscAAV plasmids.  A pHelper plasmid isolated from adenovirus, a Rep/Cap plasmid, 
and the AAV ITR plasmid package containing the gene of interest are transfected into 40 
x 150mm plates of adherent 293FT cells per prep.  This system is more labor intensive 
for production and purification but can be completed within three to four weeks of 
receiving the plasmid. 
The services provided for production are: 

• Transfection. 
• Large-scale amplification of AAV vectors. 
• The AAV vector is purified using either CsCl or an iodixanol gradient followed 

by ion-exchange or affinity chromatography. 
• A physical titer in viral genomes per ml (vg/ml) is assessed by QPCR.  
• Sample required: 550ug of AAV plasmid expressing the gene of interest at 

a concentration greater than 0.25ug/ul per prep. One disadvantage to the 
investigator  in the triple transfection system is having to provide 500ug of 
DNA for each subsequent prep and the possibility of recombination during 



the maxi prep process. Each maxi prep should be digested and evaluated for 
integrity.  

 
The Baculovirus System can only be used with pFBscAAV plasmids with transposable 
elements to incorporate the ITRs and gene of interest into the Bacmid DNA. This system 
also relies on the gentamicin selection marker within the transposable elements. The 
system was developed by Dr. Robert Kotin at the National Institute of Health. The system 
is described in the following publication: “Insect Cells as a Factory to Produce Adeno-
Associated Virus Type 2 Vectors” Human Gene Therapy 13:1935-1943 (November 1, 
2002). The Baculovirus System takes 5-6 weeks for production but has many 
advantages. The Baculovirus System can tolerate more toxic proteins driven by 
mammalian promoters as these promoters will not be active in the insect cells. This 
system is also generally more robust with higher titers, cost-effective, and less labor 
intensive for production. Once we have a Baculovirus stock of the investigator package, 
we can make additional preps readily and we have tested the Baculovirus stock to be 
stable for years.  
The services provided for production are: 

• Transposition of the gene interest into the DH10Bac bacmid DNA. Everything in 
the pFBscAAV plasmid between the transposable elements (Tn7, ITR, Promoter, 
gene of interest, pA, ITR, gentamicin resistance, Tn7) is incorporated into the 
large 135,000kb bacmid DNA. Your plasmid must be gentamicin resistant for the 
transposition to work. 

• Growth and midi prep preparation of Bacmid DNA.  
• Transfection of the Bacmid DNA with gene of interest into Sf9 cells. 

Approximately 12mls of the P1 stage Baculovirus is harvested 5 days later.  
• Titer of the Baculovirus P1 stock. We are able to make 1-3 preps of final AAV 

virus using the P1 stock depending on the titer of the stock and the desired MOI 
of infection for the final AAV prep. 

• For multiple AAV virus preps the P1 stock is amplified to a larger volume P2 
Baculovirus stock and titered.  

• The final AAV vector is prepared in bioreactor bags on a rocker platform by dual 
infection with the package Baculovirus and the desired Rep/Cap Baculovirus into 
Sf9 cells. The Baculovirus provides pHelper function. The culture is harvested 3 
days later.  

• The AAV vector is purified using either CsCl or an iodixanol gradient followed by 
ion-exchange or affinity chromatography. 

• A physical titer in viral genomes per ml (vg/ml) is assessed by QPCR.  
• Sample required: 10ug of  pFBscAAV plasmid expressing the gene of interest at 

a concentration greater than 0.25ug/ul. 
 

Bacterial Backbone: 
Invitrogen pFastBac™. For information on the pFastBac backbone and the Baculovirus System, 
please review the Invitrogen manual:  
http://tools.invitrogen.com/content/sfs/manuals/bactobac_topo_exp_system_man.pdf 
 
ITRs (Inverted Terminal Repeats): 
The ITRs for AAV were engineered into the Invitrogen pFastBac backbone by the Viral Vector 
Core.   
 
ITRs (Inverted Terminal Repeats):  
The yield of dimeric genomes in a scAAV prep is increased dramatically by inhibiting resolution at 
one terminal repeat. This is accomplished by mutating or deleting the terminal resolution site 
sequence from one ITR, such that the Rep protein cannot generate the essential ssDNA nick. 



The self-complementary vector contains one ITR of 119bp and one mutated ITR of 109bp. For 
discussion and illustration of this process, Self-complementary AAV Vectors; Advances and 
Applications by Douglas M. McCarty is a good basic reference. Molecular Therapy (2008) 16 10, 
1648–1656 doi:10.1038/mt.2008.171. 
 
Sequencing pscAAV plasmid ITRs 
The backbone  and ITRs of these plasmids were sequenced and confirmed by the University of 
Iowa DNA Facility in 2014. We do not recommend sequencing the pFBscAAV plasmid ITRs on a 
routine basis. They are extremely difficult to read through. We recommend that you sequence 
your insert from ITR to ITR and analyze the ITRs by digest. The insert can be sequenced 
normally. 
 
Recombination: 
Recombination is a possibility at both the transposable elements (Tn7L and Tn7R) and the 
Inverted Terminal Repeats (ITRs) in the pFBscAAV plasmid.  In order to check for and reduce the 
chance of recombination, we have the following recommendations. 
 

Antibiotic Resistance: 
The gentamicin resistant gene lies within the transposable elements and may be lost if 
the transposable elements recombine. We suggest using both ampicillin and gentamicin 
selection on plates and in your liquid media throughout the cloning process and during 
amplification to midi or maxi preps.  

Ampicillin concentration: 100ug/ml final 
Gentamicin Sulfate concentration: 7ug/ml final 

 
E. Coli Competent Cell Recommendations: 
We recommend using a stable E. coli strain such as SURE2, Stable2, or Stable3 for 
transformation of your final plasmid product. These competent cell strains have been 
engineered to stop unwanted rearrangement events and lack the components of the 
pathways that catalyze the rearrangement and deletion of nonstandard secondary and 
tertiary structures, including cruciforms (caused by inverted repeats) and Z-DNA, that 
occur frequently in eukaryotic cells. Cloning, however, can be difficult in these strains. We 
recommend DH5a competent cells for sub-cloning.  
 

Quality Control ITR Digest: 
We require a quality control digest of the plasmid upon submission to ensure that there is no 
recombination before vector production is started. The ITRs in the pFBscAAV plasmids have 
several convenient restriction sites to determine whether the ITRs are intact without sequencing. 
Sequencing the ITRs can be difficult due to their hairpin secondary structure. We suggest a single 
digest each of BssHII, MscI, and XmaI.  It is a good idea to also run un-cut and linearized plasmid 
next to these digests. Determine your fragment sizes for each digest and check carefully to see 
that you get what you expect and no extraneous bands. Be sure to check your final midi or maxi 
product (not just your miniprep) as recombination is possible during any amplification process.  
 
Please contact us with any questions: 
Viral Vector Core   
vectors@uiowa.edu 
University of Iowa   
500 Newton Road   
221 Eckstein Medical Research Building   
Iowa City, IA 52242   
Tel: (319) 335-6726   
http://www.medicine.uiowa.edu/vectorcore/ 
Updated 1/14/15 SJS 


