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The demand for synthetic DNA fragments in the
biological and pharmaceutical R&D is getting
larger every day. The synthesis of DNA frag-
ments is more frequently handed over to
 special service providers, both by the industry
and academic institutions. This not only reduces
time and cost, but also results in a better out-
come from the experiments and processes.
Advanced techniques and optimized processes
enable a fast and reliable double stranded DNA
synthesis. All synthetic sequences, from short
DNA fragments of 100 bases to long genes with
a couple thousand bases and even small geno-
mes, can be synthesised in high quality by
experts in a timely and cost efficient manner.
If gene sequences, for example from human ori-
gin, were to be used in a heterologous expres-
sion system, like E.coli, an optimization at DNA
or amino acid level would be needed.
The Gene Synthesis Service of Eurofins MWG
Operon has this optimisation as standard. In
cooperation with BioLink GmbH, Planegg –
Martinsried, Germany, Eurofins MWG Operon
has developed a new software for this purpose.
Several years of experience in gene synthesis
was used to develop new sequence optimisati-
on algorithms for the software. The resulting
software is called GENEius, an intelligent opti-
misation software with enhanced functions
that enable a perfect sequence adjustment.

A big advantage of GENEius is the automatic
adaptation of codon usage, for instance to
adapt DNA sequences for Protein Expression in
a target organism. Researchers that use hetero-
logous expression systems to express cDNA’s
often encounter low expression levels. A reason
for that could be the change in codon prefe-
rence from organism to organism, although the
genetic code is the same in all organisms with
minor exceptions. As 61 triplets code for only
20 amino acids, most of the amino acids are
coded by 2, 3, 4 or even 6 triplets. This leads to
different frequencies of codons in different
organisms. For instance, the codons AGG and
AGA used to code Arginine are used in a fre-
quency of 21% in humans, whereas the same
codons are used in a frequency of 2 and 4% in
E.coli, respectively. Thus, if a gene from human
origin is inserted into an E.coli expression
system, the tRNA’s of the codons AGG and AGA
will be used up very quickly, yielding a very low
level of expression.

Adaptation of Codon Usage

The GENEius software from Eurofins MWG
Operon uses DNA or amino acid sequences as a
starting point and adjusts the coding sequence
exactly to the codon usage of the destination

organism. The result after several optimisation
steps, is a codon frequency that is nearly iden-
tical to the natural conditions. It is also possi-
ble to exclude certain codons with low frequen-
cy or to select a single codon per Amino acid.
Another advantage of GENEius is the preven -
tion of direct or indirect repeats and hairpin
structures in the optimised sequence, which
could cause problems during transcription or
translation. Moreover, GENEius distributes the
GC content in the optimised sequence evenly,
thereby increasing the efficiency of tran s crip -
tion and translation.
Once a synthetic DNA fragment is synthesised,
it must often be subcloned into a suitable vec-
tor using unique restriction sites. GENEius can
avoid chosen restriction sites in the optimised
sequence, ensuring that 5' and 3' cloning sites
will be unique. Other user specific motifs e.g.
splice donor and acceptor sites or transcription
factor binding sites can be added to the list of
„bad motifs” and will be avoided in the optimi-
sed sequence. Unlike other codon adaptation
programs, GENEius does not compromise codon
adaptation quality when optimising for the
other features.
Another very important feature is the pos -
sibility of introducing restriction sites or other
„good motifs” at certain positions within the
final DNA sequence. GENEius screens for amino
acid combinations in the protein sequence that
allow introduction of e.g. an XhoI site (CTC
GAG). Protein sequences LSS or PSR could be
coded by NNC TCG AGN. If LSS or PSR is present
in the protein sequence, introduction of an XhoI
site at that position is easily possible. By using
this feature, long protein coding DNA sequen-
ces can be designed in such a way that unique
restriction sites are present in the newly syn-
thesised DNA fragment e.g. for further subclo-
ning of single protein domains. Once the
sequence has been optimised, GENEius can also
be used for designing the gene synthesis pri-
mers. 
A light version of GENEius is available for free
on our website. The full version of GENEius is
exclusively used by scientists at Eurofins MWG
Operon for optimising sequences for gene syn-
thesis.
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