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Document Type: Genetic diversity is vital for species adaptation and evolution, enhancing resilier
Research Paper environmental changes and improving desirable traits. Directed evolution simulates

selection in labs to engineer proteins and microorganisms, utilizingveatcles of genetic
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Keywords: Specific primers that included the gRNA sequence and provided homology on one sid
CRISPR, inserted into the EvolvR plasmid using the Gibson assembly mefhecconstructed plasmi
EvolvR, _ was chemically transformeidto E. coliD H 5 Bacterial resistance was evaluated by colc
Directed evolution, counting on culture media containing 50, 100, and 500 pl/ml of spectinorResnlts showec
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while no growth was observed at any antibiotic concentration. Théndoased EvolvR cells
did not grow in a medd. mhspectnomyair, buigrey at 200%0
CFU.mL'i n a medi w.mLVwantibidtic. IBddctian of the EvolvR system resulte
in a dramatic increase in spectinomyaoasistant mutants, yielding up to 42X0DFU.mL™ on

100¢ L™ *spectinomycin and a resistance frequency order of magnitude higher
previously reportedOur findings validate Gibson assembly as a robust and acce:
alternative to Golden Gate for constructing EvolvR systemseamhasizehe high efficacy
achievable with a strategically targeted single gRNA

1. Introduction simulates natural selection to engineer proteins, enzymes,
and microorganisms with desirable tra{i&/ang et al.,
Genetic diversity is essential for the adaptation anp21) This method results in biological entities with
evolution of species, serving multiple objectives such agnhanced characteristics or functions, developed through
enhancing resilience to environmental changes, improvinjterative cycles of genetic diversity, selection, and
agricultural traits, and facilitating scientific researchampnﬁcaﬁon (Chavhan et al., 2024; Saini et al., 2020)
(KhokharVoytas et al., 2023'he formal understanding The first step in directed evolution includes generating a
of genetic diversity emerged in the 19th century withjiprary of variable genes, which can be achieved through
Charles Darwin's theory of evolution, which emphasize¢andom mutagenesis or DNA shufflingurrin et al.,
the importance of diversity irthe process ofhatural  2021) This library can contain thousands to millions of
selection (Adams, 2024) In the modern era, targeted yariants, thereby increasing the likelihood of identifying a
evolutionary techniques haveeendeveloped, allowing variant with desirable trai@&umar & Singh, 2013)In the
scientists to apply natural evolutionary processes ilsecondstep these variants undergo screening to identify
laboratory settingso rapidly generatgenetic diversity those exhibiting favorable characteristics such as increased
and select beneficial traittMavrommati et al., 2022; activity or stability(Vidal et al., 2023)In the finalstep
Singer et al., 2021)This approach has led to significant the bestperforming variants from each round are selected
advancements in  biotechnology, including theand amplified to serve as templates for subsequent rounds
development of new enzymes and therapeutic proteinof mutagenesis and selection. This iterative process
underscoring the ongoing importance of genetic diversitcontinues until a satisfactory level of improvement is
in both natural ecosystems and human applicationachieved(igbal & Sadaf, 2022)Directed evolution is
(Fatima et al., 2024)Directed evolution is a laboratory particularly valuable as it does not require prior knowledge
technique in biotechnology and microbiology thatof protein structure or specific mutation effects, making it
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a versatile tool for various applications in proteinoverlapping DNA pieces in a single isothermal reaction,
engineering and microbial strain improveméWang et regardless of the length of the fragmefisilan, 2023)
al.,, 2023) EvolvR is an advanced technique in geneticby utilizing three enzymes:T5 exonuclease, Phusion DNA
engineering, particularly in the directed evolution of geneiPolymerase, and Taq DNA Ligaééaliyev, 2021)
and strains, which combines CRISPR technology with a In this study, gRNAA, designed by Halperin and
high-errorrate polymerase (Poll3M) to facilitate higate  colleagues in 2018, was selected to targetgbE gene of
mutagenesis in specific genomic regighslperin et al., theE.coiDH5U t o i nduce mutations
2018) Utilizing a nickase version of Cas9 (nCas9),to the antibiotic spectinomycin. This gRNA targeted 119
EvolvR generates singlgrand breaks in DNA, thereby nucleotides from the beginning of thesEgene (Table 1).
enabling the introduction of semandom mutations Four primers suitable for Gibson assembly with
within a defined editing window that can extend up to 35(overlapping regions of 28 and 30 bp were designed using
base pairgRao et al., 2021)This method achieves a high SnapGene software version 3.2.2. Two primers were
mutati on rate o f mutatiopsr pex iselected that contained overlapping regions corresponding
nucleotide per generation, significantly enhancing genetito the gRNA of inteest (Table 1). Using these primers, the
diversity compared to traditional methods. EvolvREvoIvR plasmid was amplified into two fragments of 5.2
supports continuous diversity over multiple generationskb and 6.5 kb, with PCRs conducted using the Spilifu
making it particularly useful for applications such asDNA polymerase kit (Parstous, C101101) (#gl) and
evolving new protein activities, studying cellular visualized by agarose gel electrophoresis against a 1kb
responses to environmental changes, and mapping protemolecular marker (SinaClon), due to the observation of
protein interactiongTou et al., 202Q)Additionally, the nonspecific bands in the amplified fragment¥he
modular nature of EvolvR allows researchers to customizannealing temperature for fragment 6.5 kb was set at
mutation rates and target multiple genomic site$ 0 AC, with 30 PCR cyd#bes anoc
simultaneously, positioning EvolvR as a powerful tool forseconds. For fragment 5.2 kb, the ealing temperature
synthetic biology, drug development, and the investigatowas adj usted to 67 AC, using
of complex geetic functionSadanand, 2018) cycles (30 cycles) and an identical annealing time of 45
Although the EvolvR system is a powerful tool for seconds.Gel extraction was performed on the PCR
directed evolutionthe insertion of gRNA into the plasmid products, followed by calculation of the required amounts
usingthe Golden Gate assembly in the original protocofor each fragment based on the concentration read using a
can be a barrier for the broad application of this methoNanodrop, as per the BioLabs instruction§he
due to the limited accessibility and higher price of relevantoncentrations of the larger and smaller fragments were
enzymes. This study aimed to adapt the EvolvR systetmnme a s ur e d using a Nanodrop a
using the more common and flexéblGibson assembly respectively. For the Gibson Assembly reaction, the larger
method. The efficacy of this adapted system was tested lfisagment wa assumed to be the vector, and the smaller

evolving spectinomycin resistance i coliDH5 U  bfragment was assumed to be the insert. According to the

targeting tle rpsEgene. Gibson assembly protocol and due to the similar size of the
fragments, 80 ng of the larger fragment and 180 ng of the

2. Materials and Methods smaller fragment were added to the ratabe to ensure a
vectorto-insert molar ratio of 1:2. Finally, the reaction

2.1.Culture medium, strain, and plasmid vol ume was adjusted to 20 el

reagents (ReNAP Magic Cloning Kit, ReNAP Biotech).

In this study, Luria Broth (LB) medium was utilized for Each microtube was incubated at 50 °C for 1 hour using a
pre-culture and cultivation throughout all experiments,thermocycle. This method was based on calculations from
with its composition consisting of 10 g'liryptone, 5 g.L  the biocalculator.com website and the standard principles
! yeast extract, and 10 grlsodiumchloride. The cultures  of Gibson Assembly. The Gibson reaction product was
were incubated and shaken at 150 rpm overnight at.37°tthen chemically transformed into the target strain by the
It is important to note that since the strain carried théheatshock method, and the presence of #ssembled
EvolvR plasmid during the experiments, 50 pg:inbf  plasmid was confirmed using primers listed in Table 2 and
kanamycin was also added to the culture medBemocci  Visualized in Figure ZT'he assay was performed with both
et al., 2018) Additionally, when solid media were positive and negative controls to ensure the reliability of
required, 1.5% agar was incorporated. FhecoliD H5 U the resultsThe inner circle demonstrates pEvolvR with its
strain was chosen for its high capability to accept andifferent components. The outer circle illustrates
maintain plasmid¢Vatanparast et al., 2024; Wang et al.,fragments A (6.5 kb) and B (5.2 kisgpresented in yellow
2020) The plasmid used in this study is pEvoleRCas9 and blue, respectively, for the large and small
PolI3M-TBD, which can be found under code 113077 orfragmentsThe insertion of gRNA would remove the black
the Addgene websitéGarciaGarcia et al., 2020)This  fragment in the outer circle that contains the GFP cassette
plasmid is classified as a low copy number with ar(bright green arroy)v GFP was used as a marker gene in

approximate length of 12.7 Kb. the plasmid construdk. colicolonies carrying the plasmid
exhibited a faint green coloratiomAlso, the primer
2.2.Gibson Assembly Method annealing sites for fragment amplification, gRNA

_ insertion, and plasmid asselplare indicated in the outer
The Gibson assembly method has proven to be &circle. The primers for gRNA insertion are represented in

efficient and effective method for plasmid constructionpurple, while copper shows primers for the homology
(De Munter et al., 2020)t allows the joining of several region in each fragment.
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Table 1L gRNA and Primers for the Gibson AssemblyMethod, Inserting gRNA into an EvolvR Plasmid

Primers & gRNA Sequence (56 to 308)
gRNA-A GCTCTGACTGTAGTTGGCGA
RgRNA-A tctaaaacTCGCCAACTACAGTCAGAGCgctagcattgtaccaagggctgagctagctataaacg*
FHR-A gccgcattcaagtacttcgacaccaccat
FgRNA-B GCTCTGACTGTAGTTGGCGAgttttagagctagaaatagcaagttaaaataagg*
RHR-B gatggtggtgtcgaagtacttgaat

Note. The gRNAA sequence is shown in capital letters. The leease letters annealed to the plasmid backbone for reconstruction of the EvolvR
plasmid by Gibson assembly.

Table 2 Primers used for Molecular Verification of the Assembled Plasmid

Primers Sequence (56 to 308)
RgRNA-A tctaaaacTCGCCAACTACAGTCAGAGCgctagcattgtaccaagggctgagctagctataaacg
pGEX3 GGAGCTGCATGTGTCAGAGG

Figure 1. pEvolvR and Gibson Assembly Method Figure 2. The Assembled Plasmid and Primers used

MolecularVerification (Note. The molecular confirmation of th:
plasmid was performed using the primers pGEX 3 and RgR
A)

2.3.Directed evolution experiments These dilutions were also transferred to solid LB media
without antibiotics to compargrowth behavior. All OD

The control strainE. coliD H 5 U trans f 0T values were measured at a wavelength of 600 nm.
original pEvolvR plasmid (lacking thepsEtargeting

gRNA), and the experimental strain, which contained th%. Results andDiscussion
newly constructed pEvolRNA plasmidwere cultured
in LB+Kan medium until an optical density (OD) of 0.5
was reached. Expression of enCas9 and PolTBD in
LB+Kan was induced by 400 ng.fletracycline (DAYA
EXIR) (Bertram et al., 2022) After setting up the PCR reactions, the plasmid was split
After 16 hours of incubation at 37 °C and 150 RPM, thento two fragments, designated as A and B, with molecular
OD of the samples reached 2.5 and 2.4, respectively. Easizes of 6.5 and 5.2 kbp, respectively. This was confirmed
sample was diluted to TOusing sterile physiological by running the PCR product on an electrophoresis gel and
saline (0.89% NaCl) in test tubes. From thé add 16  examining the resultingpands along with the ladder
dilutions, 100 pl was transferred to solid culture medig(Figure 3). Due to the presence of nepecific bands, the
containing spectinomycin at concentrations of 50, 100, anvolume of the PCR products for both fragments was
500 pg.mitrespectively. The cultures were incubated foradjusted to 8A00 pl, and then the relevant bands were
16 h, and then the viable cells were counted three timeextracted from the gel.
However, for better colony visibility, the medium wih0 The Gibson assembly process was successfully
ug.mit spectinomycin was incubated for a longer periodemployed to join the two desired DNA fragments,

3.1.Assembly of Plasmid Constructs and Their
Phenotypic and Molecular Validation



