
Improving AAV Production with 
Minicircles
Introduction
AAV vectors are central to gene therapies, yet production remains costly and complex, hampered by ineffi  cient packaging and plas-
mid-related risks. PlasmidFactory provides innovative DNA technologies, including the Minicircle, to deliver higher titers, cleaner 
vectors, and faster, more cost-eff ective AAV production – enabling safer and scalable gene therapies.

Fig. 2 – ITR integrity drives vector quality.
(a) Intact AAV ITRs are essential for effi  cient 
genome rescue and replication. Plasmids with 
full-length ITRs generate higher titers, reduced 
backbone mispackaging, and more full cap-
sids compared to truncated or deleted ITRs. (b) 
PlasmidFactory’s ITRPROTECT & ITRRESCUE® 
technologies ensure stable, intact ITRs during 
plasmid production, thereby securing reliable 
yields, genomic purity, and consistent AAV per-
formance.
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Fig. 3 – Minicircle DNA boosts AAV productivity, purity, 
and transduction.  
(a) AAV titers measured 72 h post-transfection were 3–4× 
higher with minicircle DNA (MC.AAV-ssGFP + pDG, both 
PlasmidFactory) vs. plasmid DNA (pAAV-ssGFP + pDG, 
both PlasmidFactory). (b) Replacing both vector and hel-
per plasmids with Minicircles eliminated detectable an-
tibiotic resistance sequences from AAV preparations, 
resulting in bacterial backbone-free, cleaner vectors, 
enabling up to 30x higher transduction effi  ciency.

The Minicircle Advantage 
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 Conclusion & Outlook
PlasmidFactory drives AAV production with DNA solutions that unite today’s reliability 
and tomorrow’s innovation.

•  The 2-Plasmid System streamlines production and reduces complexity.
•  ITRRESCUE® protects ITRs, delivering higher yields, purity, and consistency.
•  Minicircle DNA enables bacterial backbone-free vectors with up to 4× higher titers 

and 30× stronger transduction, eliminating backbone packaging and meeting 
future regulatory needs.

These advances enable faster, safer, cleaner AAV manufacturing from research to GMP. 
PlasmidFactory’s expertise and unique portfolio make it the trusted partner for advancing 
gene therapies toward safer and more accessible patient treatments.

Faster, safer and cleaner AAV manufacturing

Fig. 1 – The 2-Plasmid System for AAV production.
PlasmidFactory’s exclusive 2-plasmid-system, licensed from 
DKFZ, combines helper and packaging functions on a single 
construct, reducing the requirement from three plasmids to 
two. This streamlines transfection, lowers production com-
plexity, and enables more effi  cient and cost-eff ective AAV 
manufacturing at scale.

 Effi  cient 2-Plasmid System
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enough association with the viral capsid to protect them 
from degradation. In ssAAV vector preparations, the TEC 
represent the main population (>98%), but up to 1.8% of 
plasmid backbone sequences were detected in our prep-
arations that underwent relatively elaborate purification 
protocols (Figure 1). These values as well as those deter-
mined for our side-by-side comparison are in the lower 
range of those which have been reported (1–8%) else-
where for ssAAV.9,10,19,21 In contrast, we found that scAAV 
vector preparations, which are preferentially used for in 
vivo gene transfer and modification of primary cells,6 do 
contain a much higher amount of encapsidated prokaryotic 
sequences (up to 26.1%, Figure 3).

Such sequences are transferred in vivo upon administration 
of the vector preparations and are delivered into target tissue, 
presumably with half-lives comparable to AAV vectors delivering 
the intended TEC.19 Although Hauck and colleagues provided 
evidence that these sequences are not being transcribed,21 it 
cannot be excluded that they trigger immune responses. The 
latter have been reported to limit long-term expression of TEC 
delivered by nonviral vectors.39,40 Furthermore, the long-term 
consequences of co-delivered antibiotic resistance genes can-
not be predicted. Accordingly, it is highly desirable to remove or 
at least extensively reduce these elements in vector prepara-
tions. As removal of DNA impurities from a vector preparation 
appears impossible, we here report a strategy that precludes 
packaging of these sequences in the first place. Precluding the 
packaging of plasmid backbone sequences, while following 
the transient transfection protocol for AAV vector production, 
has become possible through the invention of MC. The initial 
goal of the MC technology was the removal of antibiotic resis-
tance sequences from therapeutic nonviral vectors.26–29 Due 
to their significantly reduced size compared to plasmids and 
the absence of CpG motifs, MCs achieve an increased trans-
gene expression level.25 As they are considered as substantial 
improvement in nonviral vector technology they are currently 
employed in a number of in vivo studies.41

Here, the vector plasmid for ss- and scAAV and the com-
bined AAV/AdV helper plasmid were successfully produced 
as so-called parental plasmids from which respective MC 
constructs (Supplementary Figure S1) could be produced 
by a standard purification process.31 A side-by-side com-
parision revealed that MC constructs are at least as potent 
as plasmids in AAV vector production as each component 
of the standard dual plasmid system could be replaced by 
a MC without impairing total genomic particle yield, capsid 
titer, and genomic titer (Tables 1 and 4). Vectors produced by 
transfection of MC.AAV-ssGFP or MC.AAVscGFP and either 
helper (MC.DP2rs or pDP2rs) yielded preparations in which 
packaging of functional prokaryotic sequences was signifi-
cantly reduced or even avoided and thus in preparations with 
improved packaging efficiency compared to the dual plasmid 
system (Tables 1 and 4). Furthermore, regarding transduc-
ing titers and transduction efficiency, MC.AAV-ssGFP-based 
vector preparations did not differ for the worse (Table 1), 
while MC.AAV-scGFP-based vector preparations significantly 
outperformed vector preparations produced by the standard 
dual plasmid transfection system (Table 4).

Using the MC constructs as tools (Figures 2 and 3), we 
obtained data supporting Chadeuf and coworkers, who pro-
vided evidence for the vector plasmid being the main source 
of antibiotic resistance gene sequences found in AAV vector 
preparations, while the helper plasmid contributes, though 
only to a minor extent.19

To better understand what causes the packaging of plasmid 
backbone sequence, we quantified our ssAAV preparations 
not only for the presence of ampR, but also for the presence 
of ori and f1 ori located in the plasmid backbone neighbor-
ing either ITR (Supplementary Figure S1a). We found that 
f1 ori and pUC ori are present in AAV vector preparations 
to a similar extent as ampR (Table 2). Also in this case the 
vector plasmid was identified as main source, as their pres-
ence was significantly decreased when pAAV-ssGFP was 
replaced by MC.AAV-ssGFP (data not shown). Thus, it is 
unlikely that a specific sequence contained in ampR fosters 
its encapsidation. The more intriguing explanation would be 
that sequences of the plasmid backbone are being packaged 
by virtue of location in cis to the ITRs, as a side product dur-
ing vector genome rescue/replication from a circular plasmid 
(see below). In line with this assumption, we observed that 
the SCAR also becomes encapsidated. This sequence is the 
sole non-vector genome element in MC.AAV-ssGFP (Sup-
plementary Figure S1c). It does not contain a Rep-binding 
site or functional element, but is surrounded by the two ITR 
sequences.

The ITRs consist of a 125-nucleotide palindrome with six 
segments (A-A’, B-B’, C-C’) and a 20-nucleotide internal D 
sequence (Figure 4a). Between the A segment and the D 
sequence resides AAV’s origin of replication, the terminal 
resolution site (trs), that is recognized by the viral Rep pro-
teins.42 In order to replicate integrated AAV proviruses or—in 
case of vector production—to replicate AAV vector genomes 
provided on vector plasmids, viral/vector genome templates 
have to be rescued. The rescue process is postulated to be 
initiated by Rep-mediated nicking of one strand of the duplex 
DNA at the trs (Figure 4b).37 The partially single-stranded 
GC rich palindromic sequence of the ITR then forms a 

Figure 3 Replacement of both plasmids by minicircle results 
in ampR-free vector preparations. DNA isolated from vector 
preparations was quantified for ampR sequences by qPCR 
using specific primers (Supplementary Table S1). # < Limit of 
quantification. Analysis was performed in parallel for all vector 
preparations. Differences in ampR content between preparations 
were assessed using ANOVA (P < 0.0001) and subsequent Tukey 
post hoc tests.
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