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Abstract

Transposon-based genetic transformation enables stable transgene integration in avian genomes and is increasingly used in
the development of transgenic chickens for enhanced disease resistance, productivity, and biopharmaceutical applications.
Conventional transformation techniques in avian biotechnology, including viral vectors and primordial germ cell (PGC)
manipulation, are limited by biosafety risks, low efficiency, and technical complexity. This protocol outlines a two-step
cloning approach for generating transposon-compatible gene constructs suitable for chicken embryo microinjection.
Topoisomerase-based (TOPO) cloning is used as the first step due to its ability to directly clone PCR-amplified products
without the need for restriction site-engineered primers while simultaneously producing an insert flanked with EcoRI
restriction sites. The insert is subsequently transferred into the transposon vector through EcoRI-mediated restriction
digestion and ligation. This approach simplifies construct generation by integrating the speed of TOPO cloning with the
precision of restriction cloning, while ensuring compatibility with transposon-mediated integration systems. The protocol is
efficient, reproducible, and does not require specialized equipment, providing a practical and scalable tool for gene construct
assembly in avian transgenesis research.

Key features

e Uses TOPO PCR cloning for initial gene insertion.

e  Applies restriction cloning to transfer inserts to the destination vector.
e  Employs pKTol2C-EGFP as the final transposon vector.

e  Suitable for generating constructs for chicken embryo transgenesis.

Keywords: Transgenesis, Animal biotechnology, Genetic transformation, Heat shock, Molecular biology, Restriction
cloning, TOPO cloning, Transposon vector, chicken embryo, PGCs
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Background

Genetic engineering in chickens has been used to create lines of chickens resistant to different poultry diseases and to
introduce desired traits for agricultural or biomedical uses [1]. Both viral and non-viral techniques have been explored for
generating genetically modified chickens. Historically, lentiviruses and retroviruses have been used as vectors to transfer
genetic material into host cells [2,3]. The first successful production of transgenic chickens was achieved through injection
of a retroviral vector carrying a transgene construct into chicken embryos at the blastodermal stage [4]. This strategy is
useful but has drawbacks, such as insert size restrictions, transgene silencing, low germline transmission efficiency, and
possible biosafety issues brought on by environmental viral shedding [5,6]. To address these drawbacks, non-viral
transfection methods involving primordial germ cells (PGCs) have been developed. PGCs are isolated from embryonic
tissues, cultured in vitro, genetically modified by transfection, and then reinjected into developing embryos or adult gonads
[7]. However, there are drawbacks as well, like poor transfection efficiency, difficulties maintaining PGCs in long-term
culture, and irregular germline transmission [8].

Transposon-based transformation has emerged as a potent tool for chicken transgenesis because it can mediate stable
transgene expression without tissue-specific repression and integrate into the host genome efficiently [5]. It introduces
genetic material into host cells by means of transposable elements, also known as "jumping genes." A transposase enzyme
introduces and integrates a transposon containing the desired gene into the genome in this system [9,10]. Stable transgenic
lines in chicken have been produced using this method with success [11-13]. Transposon systems have several advantages
over viral and non-viral transformation methods, such as stable gene integration, lower biosafety risks, increased transgene
carrying capacity, and compatibility with multiplexed gene delivery and insertional mutagenesis [14,15]. The procedure
outlined here provides a methodical approach to creating gene expression cassettes that are suitable for transformation in
chickens. It uses TOPO cloning as the initial cloning step to achieve high cloning efficiency and enable rapid insertion of
PCR-amplified fragments into an entry vector, eliminating the need for restriction site-engineered primers and laborious
ligation steps [16,17]. This technique makes use of DNA topoisomerase I, an enzyme that has dual roles as a ligase and a
restriction enzyme [18]. Topo PCR cloning takes advantage of the single A-overhangs generated at the 3’ ends of PCR
products when a non-proofreading DNA polymerase is used, allowing for direct ligation into the vector with complementary
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T-overhangs [19,20]. The procedure is simplified into three easy steps: mixing the PCR product with the TOPO vector,
incubating at room temperature for a few minutes, and transforming competent . coli cells [16]. This approach produces
inserts flanked by EcoRI restriction sites, enabling restriction ligation of the gene of interest into the transposon vector. The
transposon vector used in this protocol, pKTol2C-EGFP, employs a mini-CAG promoter to drive expression of the inserted
gene, while an EGFP reporter gene allows for tracking of transgene integration within host cells [21,22]. The vector is
flanked by Tol2 transposon sequences, positioned immediately upstream of the promoter and downstream of the f3-globin
poly(A) signal termination sequence. These Tol2 sequences are recognized by the host-derived transposase, facilitating
precise excision of the transgene and its stable integration into the host genome [22]. This hybrid strategy combines the
speed and reliability of TOPO cloning with the flexibility of restriction-based assembly. This protocol offers a flexible
approach for generating customized vectors suited to diverse applications, including gene expression, genome editing, and
functional genomics. It supports the efficient assembly of constructs encoding disease resistance or productivity-enhancing
traits, and is adaptable for use in chickens and other avian species relevant to research, biotechnology, and agriculture [13].

Materials and reagents

Biological materials

1. Blood from indigenous chickens (obtained from Embu and Makueni Counties)

2. One Shot Chemically Competent E. coli (Invitrogen, catalog number: K250020, preserved at -80 °C)
3. Plasmid pKTol2C-EGFP (Addgene, catalog number: 85598, preserved at -20 °C)

4. TOPO vector (Invitrogen, catalog number: K250020, preserved at -20 °C)

Reagents

1. UltraPure phenol:chloroform:isoamyl alcohol (Invitrogen, catalog number: 15593-049, stored at 4 °C)
2. SDS (Sigma-Aldrich, catalog number: 151-21-3)

3. Proteinase K (Promega, catalog number: V302B)

4. Chloroform (Sigma-Aldrich, catalog number: 67-66-3)

5. Isoamyl alcohol (Sigma-Aldrich, catalog number: 123-51-3)

6. Molecular-grade isopropanol (Scharlau, catalog number: 67-63-0)

7. Molecular-grade ethanol (Scharlau, catalog number: 64-17-5)

8. Nuclease-free water (Bioconcept, catalog number: 3-07F04-I)

9. SYBR Green I nucleic acid gel stain (MedChemExpress, catalog number: HY-K1004)

10. LE agarose powder (Cleaver Scientific, catalog number: 9012-36-6)

11. 5% TAE buffer (Glentham Life Sciences, catalog number: GB8437-11)

12. 6x DNA loading dye (New England Biolabs, catalog number: B7025SVIAL)

13. O'GeneRuler 1 kb Plus DNA ladder (Thermo Scientific, catalog number: SM1343)

14. MyTaq DNA Polymerase (Bioline, catalog number: BIO-21105)

15. Oligonucleotides: Insert Forward Primer: 5'-AGACGAGTACACCGAGTATCCA-3', Insert Reverse Primer: 5'-
GCACGGAGCTAACCTCACTT-3', Vector Forward Primer: 5'-GCAACGTGCTGGTTATTGTG-3'
16. Spectinomycin (Sigma-Aldrich, catalog number: 22189-32-8)

17. Kanamycin sulfate powder (Fisher Scientific, catalog number: BP 906-100)

18. LB agar Miller (Scharlau, catalog number: 01-385-500)

19. LB broth (Scharlau, catalog number: 02-384-500)

20. Calcium chloride (Oxford Labchem, catalog number: 10035-04-8)

Solutions

1. 0.1 M calcium chloride solution (see Recipes)
2.1 M Tris-HCI stock solution pH 7.5 (see Recipes)
3. 0.5 M EDTA stock solution pH 8.0 (see Recipes)
4. 10% SDS stock solution (see Recipes)
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5. 10 mg/mL proteinase K stock solution (see Recipes)
6. SDS Proteinase K Lysis Buffer (see Recipes)

7. 1x TAE buffer (see Recipes)

8. LB liquid media (see Recipes)

9. LB agar solid media (see Recipes)

10. Spectinomycin (see Recipes)

11. Kanamycin (see Recipes)

Recipes

1. 0.1 M calcium chloride solution

Reagent

Final concentration

Quantity or Volume

Distilled water
Calcium chloride

n/a
0.1 M

1L
14.7 ¢

2.1 M Tris-HCI stock solution pH 7.5

Reagent

Final concentration

Quantity or Volume

Distilled water
Tris-HC1

n/a
1M

500 mL
60.57 g

3. 0.5 M EDTA Stock solution pH 8.0

Reagent

Final concentration

Quantity or Volume

Distilled water
EDTA

n/a
0.5

500 mL
73.0625 g

4.10% SDS stock solution

Reagent Final concentration Quantity or Volume
Distilled water n/a 500 mL
SDS powder 10% 50g

5. 10 mg/mL Proteinase K stock solution

Reagent

Final concentration

Quantity or Volume

Nuclease-free water
Lyophilized proteinase K

n/a
10 mg/mL

10 mL
100 mg

6. SDS proteinase K lysis buffer

Reagent

Final concentration

Quantity or Volume

1 M Tris-HCI stock solution
0.5 M EDTA stock solution
10% SDS stock solution

10 mg/mL Proteinase K
Distilled water

0.1M

0.05 M

1%

100 pg/mL
n/a

10 mL
10 mL
10 mL
1 mL

69 mL

7. 1x TAE buffer

Reagent Final concentration Quantity or Volume
Distilled water n/a 980 mL
5x TAE 1x 20 mL
8. LB liquid media, pH 7.0
Reagent Final concentration Quantity or Volume

Distilled water
LB broth powder

n/a
25 g/l

1L
25¢g
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9. LB agar media, pH 7.0
Reagent Final concentration Quantity or Volume
Distilled water n/a 1L
LB agar 40 g/L 40 g

10. Spectinomycin

Reagent Final concentration Quantity or Volume
Distilled water n/a 10 mL
Spectinomycin 100 mg/mL lg

11. Kanamycin

Reagent Final concentration Quantity or Volume
Distilled water n/a 20 mL
Kanamycin 50 mg/mL lg

Laboratory supplies

1. Petri dishes (BoenMed, catalog number: 620201)

2. Corning PYREX round media storage bottles (Fisher Scientific, catalog number: 10462716)

3. Powder-free nitrile gloves (Medisolve, catalog number: E2022-06-01)

4. Parafilm (Amcor, catalog number: PM996)

5. PCR reaction strips (Genaxy Scientific, catalog number: GEN-0108-C-PCR)

6. 10 uL pipette tips (Genaxy Scientific, catalog number: GEN-UT-10-C)

7. 200 pL pipette tips (Genaxy Scientific, catalog number: GEN-UTG-200-Y)

8. 1,000 pL pipette tips (Genaxy Scientific, catalog number: GEN-UT-1000-B)

9. P10 micropipette (Eppendorf, catalog number: 4861000-0005)

. P1000 micropipette (Eppendorf, catalog number: 4861000-0001)

. P200 micropipette (Eppendorf, catalog number: 3123000055)

. 50 mL Falcon tubes (Thermo Fisher Scientific, catalog number: AM12502)

. 1.5 mL microcentrifuge safe-lock tubes (Genaxy Scientific, catalog number: GEN-MT-150-C)
. Cell spreaders (Chemglass Life Sciences, catalog number: CLS-1350-02)

. Spectrophotometer cuvettes (Thermo Fisher Scientific, catalog number: 14-955-127)
. Syringe microfilters 0.22 pm (Sigma-Aldrich, catalog number: SLGVR33RS)

. GeneJET Plasmid MiniPrep kit (Thermo Fisher, catalog number: K0502)

. pCR 8/GW/TOPO TA Cloning kit (Invitrogen, catalog number: K250020)

. ISOLATE 11 PCR and Gel kit (Bioline, catalog number: BIO52059)

. Zymoclean Gel DNA Recovery kit (Zymo Research, catalog number: D4007)

. EcoRI Enzyme (New England Biolabs, catalog number: RO101S)

. T4 DNA ligase (New England Biolabs, catalog number: M0202S)

. Shrimp alkaline phosphatase (New England Biolabs, catalog number: M0371S)

. O'GeneRuler 1 kb Plus DNA ladder (Thermo Scientific, catalog number: SM1343)
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Equipment

. Nanodrop (Thermo Fisher Scientific, Model: Nanodrop One C)

. Thermocycler (Cleaver Scientific, catalog number: GTC96S-230)

. Weighing scale (Adam Equipment, serial number: AEAAY68)

. =20 °C freezer (Haier Biomedical, model: DW-25192)

. Refrigerator 4-8 °C (Haier Biomedical, model: HLR-310F)

. Gel Doc (UVITEC Cambridge, model: UVIDOC-HD6T, TOUCH-PLUS)
. Biosafety cabinet (Haier Biomedical, model: HR1200-I1A2-S)

. Gel electrophoresis system (Cleaver Scientific, model: NANOPAC-300P)

0 3N L AW~
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9. Autoclave (Tuttnauer, model: T-LAB ECO V85)

10. Water bath (Cole-Parmer, model: BWS-8/78905-21)

11. Refrigerated microcentrifuge (Biobase, model: BKC-PCR16)
12. Microcentrifuge (Eppendorf, serial number: 5427L0534084)
13. Incubator with shaker option (Major Science, model: SI-200)
14. Spectrophotometer (Eppendorf, model: 6135)

15. Vortex (Thermo Fisher Scientific, catalog number: 9501200)

Software and datasets

1. NEBioCalculator v1.15.7 (20/8/2024)

Procedure

A. DNA isolation from chicken blood

1. Pipette 500 uL of EDTA-anticoagulated blood sample into a 2 mL Eppendorf tube.

Note: The starting sample volume can be adjusted as required. Maintain a 1.1 ratio between the sample and reagents.

2. Add 500 pL of 1% SDS lysis buffer containing proteinase K (100 pg/mL) and vortex to mix.

3. Incubate the sample at 65 °C for 30 min.

4. Add 500 pL of phenol/chloroform/isoamyl alcohol (25:24:1) to the tube.

Caution: Phenol/chloroform/Isoamyl (PCIA) mix is toxic and should be handled carefully in a fume chamber.

5. Mix by inversion 6—8 times until homogenous.

6. Centrifuge at 9,000 g for 10 min.

Note: After centrifugation, three distinct phases should be visible: a clear aqueous phase at the top (containing DNA), a
white interphase in the middle (containing denatured proteins), and a red-brown organic phase at the bottom (containing
phenol, chloroform, and lipids). See Figure 1.

7. Carefully transfer all the upper, clear aqueous phase to a new 1.5 mL sterile Eppendorf tube without disturbing the
interphase or the organic layer.

8. To the clear aqueous phase, add an equal volume of chloroform/isoamyl alcohol (24:1).

9. Mix gently by inversion 6-8 times until homogenous.

10. Centrifuge at 9,000x g for 10 min.

11. Transfer all the upper aqueous phase to a fresh 1.5 mL sterile Eppendorf tube.

12. Add an equal volume of cold isopropanol to the aqueous phase.

Note: Absolute molecular-grade ethanol can be used if isopropanol is not available.

13. Mix gently by inversion and incubate at -20 °C for 1 h.

Note: Cold temperature accelerates DNA precipitation.

14. Centrifuge at 9,000x g for 10 min to pellet the DNA.

15. Carefully pour out the supernatant without disturbing the pellet.

16. Wash the DNA pellet twice with cold 70% ethanol.

17. Air-dry the pellet completely at room temperature.

Note: Drying time may vary depending on laboratory humidity conditions.

18. Resuspend the pellet in 50 pL of nuclease-free water.

Note: The volume of nuclease-free water used for elution should be adjusted based on the size of the DNA pellet. It is
advisable to begin with a smaller volume to prevent excessive dilution of your DNA.

19. Quantify the DNA using a Nanodrop spectrophotometer.

Note: Gel visualization with a quantification ladder can be used as an alternative in labs without a Nanodrop.

Cite as: Kirimi, P. et al. (2025). A Simple and Adaptable Method for Cloning Genes Into Transposon Vectors 6
Using Topo and Restriction Systems for Chicken Embryo Transgenesis. Bio-protocol 15(16): e5416. DOI:
10.21769/BioProtoc.5416



bio-protocol Published: Aug 20, 2025

A

Aqueous phase with

DNA
Interphase
] DNA Pellet on
Organic phase addition of cold
isopropanol

Genomic DNA on
0.8% gel

Figure 1. DNA isolation from blood using the phenol-chloroform-isoamyl alcohol method. (A) Phase separation during
extraction. (B) Precipitated DNA pellet after cold isopropanol treatment. (C) Gel showing genomic DNA.

B. Gene preparation for TOPO cloning

1. Set up PCR to generate amplicons for Topo cloning.
a. Retrieve primers for the target gene from literature (Table 1) [23].

Table 1. Amplification primer sequences for the chicken 7VB Gene

Primer name Sequence
Target gene forward primer 5'-AGACGAGTACACCGAGTATCCA-3'
Target gene reverse primer 5'-GCACGGAGCTAACCTCACTT-3'

b. Set up a 50 pL PCR reaction according to the components listed in Table 2.

Table 2. 50 pLL PCR reaction setup with MyTaq DNA polymerase

Reagent Volume

5x MyTaq reaction buffer 10 uL

DNA template up to 50 ng
10 pM forward primer 2 uL

10 uM reverse primer 2 ulL

My Taq DNA polymerase 1L
Nuclease-free water up to 50 pL

c. Program the thermal cycler using the PCR conditions shown in Table 3.
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Table 3. Thermocycler temperature conditions

Step Temperature °C Duration No. of cycles
Initial denaturation 94 2 min 1
Denaturation 94 30s 25
Annealing 57 30s 25
Extension 72 30s 25

Final extension 72 5 min 1

Hold 4 o

Note: Annealing temperature is dependent on the primers used. Steps 2—4 are repeated for 25 cycles, followed by a final
extension and indefinite hold.

2. Prepare a 1% LE agarose gel for electrophoresis.

a. Weigh 0.5 g of LE agarose powder and dissolve it in 50 mL of 1x TAE buffer.

b. Heat the mixture in a microwave at 30-s intervals, gently swirling between heating cycles, until the agarose is completely
dissolved.

c. Allow the solution to cool down to a temperature where it can be safely handled by hand.

d. Cast the gel in a gel tray with a comb inserted and allow it to solidify at room temperature.

3. Load and run the gel.

a. Load 5 pLL of DNA marker into the first well.

b. On a piece of Parafilm, mix 1 pL of SYBR Green stain, 2 pL of loading dye, and 5 pL of the PCR product for each sample.
c. Load the stained PCR samples into the respective wells.

d. Set the electrophoresis apparatus to run at 100 V for 30 min.

e. Visualize the gel using a gel doc to assess the PCR product band size. See Figure 2.

Note: This gel visualization step is performed to confirm successful amplification of the gene during PCR prior to
purification of the PCR product for downstream Topo cloning.
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Figure 2. Gel image of PCR-amplified gene of interest (G.O.I). The target gene used in this study belongs to the Tumor
Necrosis Factor family (TNF) and determines susceptibility or resistance to avian leukosis in chickens. The amplified
fragment is approximately 700 bp. O'GeneRuler 1 kb Plus DNA ladder is used for size estimation.

4. Purification of PCR product

a. Purify the entire 50 pL PCR reaction product using the ISOLATE II PCR and Gel Kit, following the manufacturer’s
instructions.

b. Refer to Figure 3 for an overview of the purification workflow.
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Figure 3. PCR product purification using the ISOLATE II PCR and Gel kit

Critical: After generating the PCR product, it is necessary to either send the purified product for sequencing or perform
restriction digestion to confirm the correct gene before proceeding to cloning steps.

C. TOPO cloning

1. Preparation of chemically competent E. coli cells for TOPO cloning

a. Pick a single colony of E. coli One Shot TOP10 Chemically Competent cells and inoculate it into 40 mL of LB broth
without antibiotics.

Note: One Shot TOP10 Chemically Competent cells are supplied with the TOPO kit. Although these cells are pre-prepared,
they require storage at -80 °C, which may not be practical during kit transit. Therefore, it may be necessary to revive the
cells and prepare fresh competent cells in the laboratory. The cells are supplied as a 50 uL glycerol stock. For revival, lawn
the cells on freshly prepared LB agar plates without antibiotics under sterile conditions and incubate overnight to allow
selection of a single colony for further steps.

b. Incubate the culture overnight at 37 °C with shaking at 200 rpm.

c. Inoculate 1 mL of this overnight culture into 30 mL of fresh LB broth without antibiotics.

d. Incubate at 37 °C with shaking at 200 rpm until the optical density at 600 nm (ODgn) reaches approximately 0.4.
Critical: Start checking the OD after 2.5 h of incubation. It typically takes 3—4 h to achieve an OD of 0.4 under standard
conditions.

e. Prepare a 0.1 M solution of CaCl, and cool it at -20 °C.

f. Centrifuge the bacterial culture at 9,000 g for 2 min at 4 °C.

Note: 1t is essential to use a refrigerated centrifuge set to 4 °C to maintain low temperature and preserve cell competency.
g. Transfer the pellet into pre-chilled 2 mL sterile Eppendorf tubes.

h. Chill the tubes on ice for 1 h.

i. Resuspend the bacterial pellet in 1 mL of sterile, ice-cold 0.1 M CaCl,.

j- Incubate the suspension on ice for another 1 h.

k. Centrifuge at 9,000x g for 2 min at 4 °C.

1. Carefully discard the supernatant and resuspend the cells in 200 pL of sterile, ice-cold 0.1 M CaCl..

m. Aliquot 50 pL of competent cells into sterile 1.5 mL Eppendorf tubes and keep them chilled on ice, ready for
transformation.

Note: If the competent cells are not used immediately, add sterile glycerol to a final concentration of 50% and store the
aliquots at -80 °C for future use.
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2. TOPO cloning reaction setup

a. Use the entry vector pPCR8/GW/TOPO and the purified PCR product for setting up the cloning reaction.

b. Prepare the cloning reaction according to the reagent volumes listed in Table 4.

c. Mix the reaction components gently by flicking the tube and incubate the reaction mixture at room temperature
(approximately 24 °C) for 30 min.

Note: In laboratories with variable temperature conditions (below 20-25 °C), the reaction can be incubated using a thermal
cycler set to 24 °C for 30 min.

Table 4. TOPO cloning reaction setup for PCR product

Reagent Volume
Purified PCR product (10-20 ng) 1.5 uL
Salt solution (1.2 M NaCl, 0.06 M MgCl,) 0.5 uL
Topo vector (10 ng/uL) 0.5 uL
Nuclease-free water 2 uL
Total reaction volume 3ul

3. Transformation

a. Add 3 pL of the TOPO cloning reaction directly to the 50 puL of prepared chemically competent cells on ice and mix
gently by flicking the tube.

b. Incubate the mixture on ice for 30 min.

c. Heat-shock the cells at 42 °C for exactly 30 s.

d. Immediately transfer the tubes back onto ice and incubate for 2 min.

e. Add 250 pL of SOC media to each tube.

Note: If SOC media is unavailable, prewarmed sterile LB broth without antibiotics can be used as a substitute.

f. Incubate the mixture at 37 °C for 1 h with shaking or rotation to allow cell recovery and expression of the antibiotic
resistance marker.

g. Spread 50 pL of the transformation mixture onto prewarmed LB agar plates containing 100 mg/L spectinomycin.

h. Incubate the plates overnight at 37 °C.

Critical: Include positive control (transformation with the control template provided by the kit) and negative control (non-
transformed competent cells) to verify the success of the transformation process. It is important to plate non-transformed
competent cells onto LB-spectinomycin plates as a negative control to check the efficacy of the antibiotic and confirm the
suppression of non-transformants.

Note: The pCR 8/GW/TOPO vector carries a spectinomycin resistance gene. Therefore, spectinomycin is used to selectively
allow the growth of transformants while suppressing the growth of non-transformants.

4. Screening of transformants by colony PCR

a. Select 3—5 colonies from the LB agar plate containing spectinomycin and label them.

b. Set up the PCR reaction using gene insert primers as described in Table 1.

c. Use a sterile toothpick to pick a small amount of each labeled colony directly from the plate and place it into a separate
labeled PCR tube containing the PCR master mix, prepared as described in Table 5.

d. Run the PCR reaction using the conditions set in Table 3.

Table 5. 10 pL colony PCR setup

Reagent Volume
5% MyTaq reaction buffer 2 uL
DNA template (colony) 1 uL

10 uM forward primer 0.5 uL
10 uM reverse primer 0.5 uL
My Taq DNA polymerase 0.3 uL
Nuclease-free water 5.7 uL

5. Gel visualization
a. Stain 5 pL of the PCR product with 1 uL of SYBR Green and 2 puL of DNA loading dye.
b. Load the stained PCR product onto a 1% precast agarose gel in TAE buffer.
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c. Load 5 pL of DNA ladder (stained with 1 L of SYBR Green) into the first well.
d. Perform electrophoresis at 100 V for 30 min.
e. Visualize on a gel doc system. See Figure 4.

Figure 4. Successful TOPO cloning and transformation. (A) Negative control: no growth. (B) Positive transformants on
LB with spectinomycin. (C) Gel image of colony PCR. (D) Restriction digest of two positive colonies.

6. Plasmid isolation of Topo-GOI-recombinant vector

a. Inoculate two colony PCR-positive colonies into 20 mL of LB broth containing spectinomycin and incubate overnight at
37 °C on arotary shaker.

b. Centrifuge the culture at 9,000% g for 5 min, then discard the supernatant.

c. Perform plasmid isolation using the GeneJET Plasmid Miniprep kit according to Figure 5.

O] @

[ e Transfer the cell pellet to
H 1.5 mL eppendorf.

e Spin at « | ® Add 250 uL of
9000 xg, 5 i Resuspension Buffer (P1)
: mins. — and vortex to mix.
- e Discard {7 Add 250 uL of Lysis
supernatant Vv Buffer (P2) and Mix by

inversion 4-6 times.
e Add 350 uL of
Neutralisation Buffer and
Mix by inversion 4-6 times

% 5
(og

©

__—

‘:\(g‘? D — —
v W,
¢ Elute purified Plasmid U/
DNA.
e Transfer column to a new e Wash the Column. e Transfer the
1.5ml eppendorf. e Add 500 pL of Wash buffer supernatant
e Add 50 uL of elution and centrifuge for 30-60s. to Genejet
buffer to the column. e Discard Flow through. spin column.
Incubate at RT, 2min. e Repeat wash. ¢ Spin at 9000
e Spin at 9000 xg, 2 min to . Spin the column at 9000 xg, 1 xg, 1 min.
collect plasmid DNA. min to dry column.

Figure 5. Plasmid isolation protocol using GeneJET Plasmid Miniprep kit
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D. Restriction cloning of the gene of interest into pKTol2C-EGFP transposon vector
1. Restriction digestion of Topo-gene of interest recombinant vector
a. Perform restriction digestion using the EcoRI enzyme.

b. Prepare a 50 pL reaction in a PCR tube as in Table 6:

Table 6. Restriction digest setup with EcoR1

Reagent Volume
Digestion buffer 5 uL

DNA template up to 1 ug
Nuclease-free water up to 50 uL
EcoR1 enzyme 2 ul

c. Incubate at 37 °C for 1 h.

Note: It is a good practice to set the reaction in duplicate in order to obtain a good yield during gel purification.
d. Run the digested product on a 1% agarose gel at 100 V for 1 h.

e. Excise the gene of interest from the gel under UV illumination.

f. Purify the excised DNA fragment using the Zymoclean Gel DNA Recovery kit (Figure 6).

Excii:fel:gsntd of @ Dissolve agarose
Under UV % | * Add 3 Volumes \-‘
Light/Blue | * Weigh the —~ "l ADBBinding == |
Ligh}t] Filter, Fragment. W Incubate at 50
%ut El ef ‘ °C until agar
Ir?tré regt dissolves.

3) Bind DNA (® Wash Column (5) EluteDNA
to matrix

e Transfer the

dissolved DNA AN AN e Add 10 ul of

| e Add 200 ul | 1
Ny g ge o 7] Washbufler. o PURON
column in a <= ] —| * Spinat9000 — |} column
collecting tube 555'5 xg, . Xwgé sSI?iw ce | | Spinat 9000
30s : xg, Imin.
e Collect Flow
through

Figure 6. Gel purification of DNA using Zymoclean Gel DNA Recovery kit

2. Restriction digestion and gel purification of pKTol2C-EGFP

Preliminary steps:

a. Subculture the pKTol2C-EGFP plasmid from the supplied Addgene agar stab onto fresh sterile LB agar plates
supplemented with 50 pg/mL Kanamycin.

Note: Perform this step under sterile conditions.

b. Incubate the plates overnight at 37 °C.

c. Select a single colony from the plate.

d. Inoculate the colony into LB-Kanamycin broth (50 pg/mL).

e. Incubate the culture overnight at 37 °C with shaking at 200 rpm.

f. Isolate the plasmid DNA from the overnight culture using the GeneJET Plasmid Miniprep kit (refer to Figure 5).

Restriction digestion and gel purification of pKTol2C-EGFP
a. Set up a 25 pL digestion-dephosphorylation reaction as follows:
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Table 7. Digestion and dephosphorylation setup for pKTol2C-EGFP

Reagent Volume
Digestion buffer 2.5uL
DNA template uptol pg
Nuclease-free water up to 25 uL
EcoR1 enzyme (25 Units) 1.5 uL
Recombinant shrimp alkaline phosphatase (rSAP) 1 puL

Note: Restriction digestion and dephosphorylation are performed simultaneously because both enzymes work optimally in
NEB’s rCutSmart buffer. If using enzymes from different manufacturers, it may be necessary to perform digestion first and
then dephosphorylation separately.

Critical: Dephosphorylation is essential to prevent self-ligation of the linearized vector. Skipping this step could result in a
high background of empty vector colonies during cloning.

b. Mix gently and briefly spin down.

c. Incubate at 37 °C for 1.5 h.

d. Deactivate the enzymes at 65 °C for 20 min.

e. Run the digested product on a 1% agarose gel at 100 V for 1 h.

f. Excise the DNA fragment corresponding to the expected size of the vector backbone (~4.4 kb) under UV illumination.
g. Purify the excised DNA fragment using the Zymoclean Gel DNA Recovery kit (Figure 6).

h. Quantify the linearized vector using a nanodrop.

3. Ligation setup of pKTol2C-EGFP and gene of interest insert
a. Prepare a 20 pL ligation reaction as follows (Table 8):

Table 8. Ligation reaction setup

Reagent Volume
Ligation buffer 2 uL
Linearized vector DNA (pkTol2C-EGFP) 50 ng
Digested insert DNA (G.O.I) 37.5ng

T4 ligase enzyme 1L
Nuclease-free water Up to 20 pL

Critical: Before setting up the ligation reaction, it is important to quantify both the insert and vector DNA to accurately
determine the amounts required. Online tools such as the NEBioCalculator Ligation Calculator can be used to calculate the
appropriate insert-to-vector molar ratios. For this setup, a 1:3 molar ratio of vector to insert was used based on the DNA
sizes.

b. Gently mix and briefly spin down the reaction.
c. Incubate the ligation mixture overnight at 16 °C.
d. Heat-inactivate the ligase by incubating at 65 °C for 10 min.

4. Transformation

a. Thaw 50 pL of chemically competent E. coli cells on ice.

b. Add 5 pL of ligation reaction (from Table 8) to the competent cells and gently flick the tube to mix.

c. Incubate the mixture on ice for 30 min.

d. Heat-shock the cells at 42 °C for 30 s, then immediately return them to ice for 2 min.

e. Add 250 pL of SOC media to the cells and incubate at 37 °C for 1 h on a rotator shaker for cell recovery.
f. Spread 50 pL of the transformed culture onto prewarmed LB agar plates containing 50 mg/L kanamycin.
g. Include controls:

i. Positive control: Cells with the uncut plasmid onto a separate LB plate with kanamycin.

ii. Negative control: Competent cells without plasmid onto a separate LB plate with kanamycin.

h. Incubate the plates overnight at 37 °C for colony growth.

5. Screening of transformants
a. Ligation of insert
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1. Select 3—5 colonies from the LB agar plate containing kanamycin and label them.

ii. Use GOI primers to check for the presence of the insert (Table 1).

iii. Pick a small amount of each colony using a sterile toothpick and transfer it into the respective PCR tubes containing the
master mix prepared as in Table 5.

iv. Run the PCR reactions using the conditions outlined in Table 3.

b. Direction of ligation

Note: In this protocol, a single restriction enzyme, EcoRl, is used to generate identical ends, resulting in a 50% chance of
the insert ligating in either direction. Therefore, to verify the insert's orientation, directional PCR is required. This step is
usually not required when two distinct enzymes are used because ligation is directional by design.

i. Select 3—5 colonies from the LB agar plate containing kanamycin and label them.

ii. Use forward vector primer (p-CAG-F) and a reverse insert primer to check for direction of insertion (Table 9).

iii. Pick a small amount of each colony using a sterile toothpick and transfer it into the respective PCR tubes containing the
master mix prepared as in Table 5.

iv. Run the PCR reactions using the conditions outlined in Table 3.

Table 9. PCR primers for checking orientation of insert

Primer name Sequence
pCAG-F vector forward primer 5'- GCAACGTGCTGGTTATTGTG-3'
Insert reverse primer 5'-GCACGGAGCTAACCTCACTT-3'

6. Gel visualization

a. Stain 5 pL of the PCR product with 1 uL of SYBR Green and 2 pL of DNA loading dye.
b. Load the stained PCR product onto a 1% agarose gel in TAE buffer.

c. Load 5 puL of DNA ladder (stained with 1 uL of SYBR Green) into the first well.

d. Perform electrophoresis at 100 V for 30 min.

e. Visualize the gel under UV light. See Figure 7.

A

Figure 7. Successful restriction cloning of gene of interest into pKTol2C-EGFP transposon vector. (A) Negative
control; (B) Positive transformants on LB-Kan; (C) Gel image showing colony PCR (top) and directional PCR (bottom).

7. Plasmid isolation and restriction digest of pKTol2C-GOI-EGFP transposon recombinant vector

a. Colonies that test positive for both insert ligation and orientation by colony PCR are selected.

b. Each selected colony is inoculated into 20 mL of LB broth containing kanamycin (50 pg/mL) and incubated overnight at
37 °C on a rotary shaker.

c. The overnight culture is centrifuged at 9,000 g for 10 min at room temperature.

d. The supernatant is poured out, and the plasmid DNA is isolated using the GeneJET Plasmid Miniprep Kit (Figure 5).

e. A restriction digestion is set up as in Table 6 to confirm the successful ligation of the insert.

f. The digested product is analyzed by electrophoresis on a 1% agarose gel at 100 V for 1 h to check for expected band
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patterns. See Figure 8.

pkTol2C-G.O.I-EGFP
5086Bp

Gene of
Interest
NEGFP
' 2
— g
SES
5000Bp—
1500Bp—

Figure 8. Plasmid isolation and restriction digest of pKTol2C-G.O.I-EGFP transposon construct. (A) Recombinant
pKTol2C-G.O.I-EGFP construct. (B) Plasmid isolation. (C) EcoRI digest releasing the Gene insert.

Note: Colony PCR and restriction digestion are used as validation steps to confirm the successful ligation of the insert into
the vector, resulting in the generation of the pKTol2C-GOI-EGFP recombinant vector. Plasmid constructs that test positive
by both colony PCR and restriction digest can be sent for sequencing as a final verification step prior to microinjection into
chicken embryos.

Data analysis

Strict quality control procedures were used in this protocol's gene preparation. To verify the gene's identity after PCR
amplification, the PCR product was sent for sequencing. To guarantee that the right gene is cloned, this step is essential.
The number of transformant colonies that grew on selective media supplemented with spectinomycin for Topo vector and
kanamycin for destination vector was one of the data points gathered from transformation experiments. The TOPO cloning
approach relied on both colony PCR and restriction digest as validation checks to verify the successful ligation of the gene.
As a visual indicator of successful transformation, only distinct colonies from clear LB agar plates were taken into
consideration for additional analysis. Two PCR validation stages were carried out in restriction-based cloning: insert
screening PCR and directional PCR to confirm the insert's orientation. Restriction digest analysis served as an additional
confirmation step for the presence of the insert. In the transformation experiments, if the negative controls, which are used
to identify contamination, showed signs of colony growth, the plates were not included in the analysis. Similarly, samples
of plasmid DNA that were deemed low quality (defined as having an A260/A280 ratio that was not between 1.8 and 2.0)
were not processed further.

Validation of protocol

DNA isolation and PCR amplification were carried out in replicates. The resulting PCR product was sequenced using Sanger
sequencing to verify the target gene identity before cloning. All cloning steps were carried out in triplicate to ensure precision.
Colonies of transformants were screened using colony PCR and then confirmed by restriction digestion in TOPO cloning;
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only colonies that tested positive in both tests were chosen for further use. Three layers of validation were used in restriction
cloning: first, colony PCR with insert-specific primers to check for the gene, then directional PCR with a forward vector
primer (p-CAG-F) and a reverse insert primer to verify proper orientation, and finally, EcoRI restriction digestion to release
the insert. Plasmid isolation and final validation by Sanger sequencing were only performed on colonies that passed all three
checks. The transformation efficiency of the pKTol2C-GOI-EGFP recombinant vector was determined using the formula
described by Liu et al. [24]. The calculated transformation efficiency was approximately 14,400 CFUs/ug, which falls within
the expected and acceptable range for restriction-ligation cloning protocols using standard chemically competent E. coli
cells [25]. The bacterial transformation method described in this protocol has been used and validated by Chang et al. [26]
in the preparation of calcium-competent Escherichia coli and heat-shock transformation.

Tol2-based constructs have proven to be effective at integrating the genome and exhibiting consistent transgene expression
in avian systems. In chicken embryonic cells, Sato et al. [12] confirmed successful integration by reporting stable retention
of EGFP transgene expression in approximately 40% of transfected cells. Additionally, Tyack et al. [13] demonstrated that
Tol2 constructs facilitate germline transmission by achieving stable transgene inheritance in G1 progeny. These studies
demonstrate that Tol2 constructs have the ability to produce transgenic birds capable of naturally passing the transgene to
their offspring without the need for further genomic manipulation.

General notes and troubleshooting

General notes

1. DNA isolation: The anticoagulant used in this study is EDTA-anticoagulated fresh blood. In case of delays in processing,
store the blood vials at -20 °C to prevent poor DNA quality. While this protocol is used for DNA isolation from blood, it
can also be adapted for DNA isolation from soft animal tissues.

2. PCR design: Primers described in this protocol have been identified from the literature. However, for your target gene,
you can use primer design software such as Primer3 to design primers and run a virtual PCR on SnapGene or
https://www.bioinformatics.org/sms2/pcr_products.html to validate the primers.

3. PCR setup: Ensure that primer concentrations are maintained within the recommended range of 0.1-0.5 uM, depending
on the specific polymerase used. Using primers at excessively high concentrations may lead to the formation of primer

dimers or nonspecific amplification.

4. Restriction enzyme selection: Prior to cloning, it is essential to perform a restriction map of the gene of interest to ensure
that the chosen restriction enzymes do not cut within the gene sequence. Online tools such as restrictionmapper.org can be
used for this purpose. Additionally, review the multiple cloning site (MCS) of the vector you intend to use to confirm
compatibility with your selected enzymes. Vector maps used in this study are provided in the supplementary information.
5. Cloning preparations: Before cloning, it is important to test your E. coli cells against the antibiotic available in the lab.
This ensures that the antibiotic is still effective and that selection for transformants will be successful after transformation.
6. Ligation temperature: To maintain temperatures for ligation and avoid room temperature variation, you can set the
thermocycler to the recommended ligation temperature: 24 °C for Topo and 16 °C for T4 ligase. This helps maintain
consistency in the ligation process.

7. Validation of ligation: As an additional validation check for T4 ligation, you can run a quick gel check prior to

transformation to confirm ligation success. This can help ensure that the insert is ligated into the vector before proceeding
to transformation.

8. Transformants’ growth: Transformant cells may sometimes grow slowly and require 24—48 h for visible colony growth.
Ensure that you do not discard the plates too early, as slow-growing colonies can still be viable and successful transformants.

Troubleshooting

Problem 1: Poor yield or no DNA yield after PCIA isolation.

Possible cause: Low starting material, inefficient cell lysis, or loss of DNA pellet during wash steps.

Solution: Start with a minimum of 200 uL of blood. Ensure a 1:1 ratio of SDS lysis buffer to sample and use freshly prepared
lysis buffer with active Proteinase K. Incubate adequately for complete lysis. During ethanol washes, mark the tube to locate
the DNA pellet and carefully decant without disturbing the pellet.
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Problem 2: Poor A260/A280 or 260/230 ratio.

Possible cause: Carryover of organic extraction reagents due to inadequate washing.

Solution: Perform at least two washes with 70% ethanol. Allow complete air-drying of the DNA pellet to prevent ethanol
carryover.

Problem 3: No PCR product after amplification.

Possible cause: Incorrect annealing temperature, missing PCR components (e.g., Taq), or poor-quality DNA.

Solution: Use a gradient PCR to optimize annealing temperature. Confirm the addition of all PCR components, including
DNA polymerase. Start with 50 ng of DNA template per reaction. Include a housekeeping gene or a known positive control
to validate the PCR setup.

Problem 4: Primer-dimers.

Possible cause: High primer concentration, inappropriate annealing temperature, and excess magnesium ion concentration.
Solution: Use gradient PCR to determine the best annealing temperature. Lower the primer concentration to the
recommended concentration of 0.1-0.5 uM depending on your polymerase. Do PCR post purification procedures such as
gel purification to remove any dimers before downstream applications.

Problem 5: No colonies after TOPO transformation.

Possible cause: Failed ligation, incorrect antibiotic concentration, or improper heat shock.

Solution: Strictly follow recommended ligation volumes and conditions, using a thermocycler set at 24 °C. Confirm the
correct antibiotic and its concentration in selective media. Maintain 30 s heat shock at 42 °C and allow at least 1 h recovery
in SOC medium before plating.

Problem 6: No colonies after restriction cloning.

Possible cause: Unsuccessful ligation due to expired ligase, degraded ligation buffer (lacking ATP), incorrect insert-to-
vector ratio, or improper antibiotic selection.

Solution: Use fresh, active T4 ligase and buffer; supplement buffer with ATP if needed. Use online tools (e.g.,
NEBioCalculator) to calculate correct insert-to-vector ratios. Dephosphorylate the vector to prevent self-ligation. Set the
thermocycler to 16 °C for overnight ligation and ensure the correct antibiotic is used during plating.

Problem 7: Low transformation efficiency.

Possible cause: Poor-quality or degraded plasmid or insert DNA, suboptimal insert-to-vector ratio, improper
storage/handling of competent E. coli cells, and use of too much DNA, which can be toxic to cells.

Solution: Verify the concentration of plasmid and insert DNA prior to ligation procedures to avoid too low or excess DNA.
Use freshly prepared or commercially validated high-efficiency competent cells. Purify DNA to remove inhibitory
contaminants such as salts or ethanol before ligation procedures. Use 10 pg to 100 ng of plasmid DNA per transformation
to avoid overloading the cells.

Problem 8: Failed restriction digestion.

Possible cause: Expired enzyme, incorrect buffer or incubation conditions, excessive template or enzyme volume (leading
to star activity).

Solution: Use freshly supplied enzymes with compatible buffers from the same manufacturer. Quantify DNA to adjust the
enzyme amount properly. Do not exceed 10% of the total reaction volume with enzyme. Follow enzyme-specific incubation
temperature and time.

Supplementary information

The following supporting information can be downloaded here:

1. Figure S1. Annotated Map of the TOPO Cloning Vector Highlighting Key Features

2. Figure S2. pKTol2C-EGFP Vector Map with Annotated Features

3. Figure S3. Schematic Representation and Key Residue Positions of Functional Domains in the Chicken TVB Receptor.
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