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Materials and methods

Cells, Virus and Plasmids

Vero cells obtained from ATCC were cultured in Dulbecco's Modified Eagle Medium (DMEM, Gibco) supplemented with 10% Fetal Bovine Serum (FBS, Gibco) at 37 °C with 5% CO2. Synthetic virus F-Syn was generated and propagated in our laboratory 

(Xiao et al., 2024) ADDIN EN.CITE . All the viruses were propagated and titrated in Vero cells. Saccharomyces cerevisiae strain VL6-48, Escherichia coli strain EPI300, and the transformation-associated recombination (TAR) cloning vector pGF were kindly provided by Prof. Gengfu Xiao of the Wuhan Institute of Virology, Chinese Academy of Sciences, and maintained in our laboratory. The A1, A2, A3, A4, B2, and B3 plasmids were constructed and maintained in our laboratory 

(Xiao et al., 2024) ADDIN EN.CITE .

Synthesis of F-BAC

The BAC sequence with LoxP sites at both ends was generated as two segments (BAC-1 and BAC-2) by polymerase chain reaction (PCR) using the primers listed in Supplementary Table S1 and pGF plasmid as the template (Supplementary Fig. S1). The adjacent viral sequences and the GFP cassette were amplified as three segments using the primers listed in Table S1 and the pre-existing A4 

(Xiao et al., 2024) ADDIN EN.CITE  as the template (Supplementary Fig. S1). All these fragments were assembled into A4-BAC via TAR in yeast (Supplementary Fig. S1). The A4-BAC was linearized with PmeI and then combined with PmeI-linearized A1, A2, and A3 fragments 

(Xiao et al., 2024) ADDIN EN.CITE  to assemble B1-BAC in yeast via TAR. Subsequently, PmeI-linearized B1-BAC, B2 and B3 (800 ng each) were co-transfected into Vero cells. After 60 hours of transfection, total DNA was extracted from the cells and transformed into E. coli. BAC-containing clones were identified by chloramphenicol resistance. The correct clone was confirmed by restriction endonuclease digestion analysis and high-throughput sequencing of the BAC genome (see below). Purified F-BAC DNA (2.5 μg) was transfected into Vero cells (4 × 105 in 6-wells plates) using Lipofectamine 3000 reagent (Thermo Fisher, USA) to rescue F-BAC viruses. The supernatant was harvested at 96 h post transfection as the seed viruses to generate virus stock. And viral titer of the virus stock was measured by plaque assay (see below) with three biological replicates on Vero cells.

Genome sequencing of F-BAC

For next-generation sequencing, the DNA of F-BAC was extracted from the bacterial clone using the Plasmid Mid Kit (QIAGEN, Germany) and subjected to Illumina sequencing following the standard protocol at the Sequencing Platform of Huazhong Agricultural University (Wuhan, China). The reads were mapped using Bowtie2 (version 2.5.4) with default settings, and the assembled sequences were analyzed using Tablet (version 1.21.02.08). The final assembled genome sequence was deposited in GenBase and GenBank under accession numbers C_AA129720.1 and PX776338, respectively.
Synthesis of F-BACΔ

F-BACΔ was generated by Cre recombinase-mediated excision of the BAC sequence from F-BAC in vitro according to the previous publication 

(Grzesik et al., 2018) ADDIN EN.CITE . Briefly, 2.5 μg of F-BAC DNA was incubated with 10 U of Cre Recombinase (NEB) at 37 °C for 30 minutes, followed by heat inactivation at 70 °C for 10 minutes, according to the manufacturer's protocol. The entire reaction mixture of about 20 μL was then directly transfected into Vero cells (4 × 105 in 6-well plates) using Lipofectamine 3000 reagent. The supernatants were harvested at 72 h post transfection, and diluted 106-fold. 500 μL of the diluted sample was used to infect Vero cells in 12-well plates. A plaque assay was performed (see below) to isolate individual viral plaques. PCR and sequencing were used to verify the excision of the BAC sequence, and the positive plaque was subsequently amplified to generate virus stocks.

Infection and Growth Curve Assays

For the infection assay, Vero cells (1 × 105 in 24-well plates) were individually infected with the virus of F-syn, F-BAC, or F-BACΔ at a multiplicity of infection (MOI) of 3. The GFP fluorescence was observed continuously and photographed at 24 h p.i. 

For the growth curve assay, Vero cells (4 × 105 in 6-well plates) were infected individually with viruses of F-syn, F-BAC, and F-BACΔ at an MOI of 3 or 0.001. The supernatants of the infection were harvested at different time points, and the viral titer was determined using the plaque assay. Three independent biological repeats were performed and growth curves were plotted using GraphPad Prism 8.0.2 (GraphPad Software Inc., San Diego, CA, USA). Statistical differences between the growth curves of F-syn, F-BAC, and F-BACΔ were analyzed using the Tukey’s multiple comparisons test.
Western Blot Analysis of Viral Protein Expression

Vero cells (4 × 105 in 6-well plates) were infected with different viruses at an MOI of 3, and the supernatant and cells were collected at 12h, 24h, and 36 h post infection for western blot analysis. Mouse monoclonal antibody against HSV-1 gD (m27f), which was kindly provided by Prof. Hualin Wang 

(Du et al., 2017) ADDIN EN.CITE , and GAPDH mouse monoclonal antibody (Proteintech, 60004) were used as primary antibodies at a dilution of 1:5000. The HRP-conjugated goat anti-mouse IgG (proteintech, SA00001, 1:5000) was used as the secondary antibody. The blots were developed using the SuperFemto ECL Chemiluminescence Kit (Cat: E423-02). Images were then acquired with the MicroChemi2.0 chemiluminescence imaging system and processed using the Gelcapture Chemi software.

Plaque Assay

For the plaque assay, Vero cells (1 × 105 in 24-well plates) were infected with the infection supernatants at serial dilutions. After 2 h of incubation at 37 ℃, the supernatants were removed, and an isovolumetric mixture of 2 × MEM (Pythonbio, China) with 2% FBS and 2% methylcellulose solution was added to each well. Plaques were stained with crystal violet at approximately 80 h p.i. For statistical analysis of plaque size, a random selection of 20 plaques was measured using ImageJ. Statistical significance was determined using the Dunn’s multiple comparisons test.
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Figure. S1 Schematic flowchart of the generation of A4-BAC. The BAC sequence was amplified from pGF plasmid as two segments (BAC-1 and BAC-2) by PCR using the indicated primers. The GFP cassette (eGFP-T2A-eGFP) and the adjacent viral sequences were amplified as three segments by PCR from the A4 plasmid 

(Xiao et al., 2024) ADDIN EN.CITE  using the indicated primers. These five fragments were assembled into A4-BAC via transformation-associated recombination (TAR) in yeast, and the resulting A4-BAC contains a unique PmeⅠ between UL22 and UL23.
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Figure. S2 Restriction enzyme analysis of F-BAC. The DNA of F-BAC was digested individually with three restriction endonucleases: HindIII, NheⅠ, and PstⅠ, followed by electrophoresis for analysis. 1, Computational prediction results; 2, Experimental results.
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Figure. S3 Western blot analysis of the expression of viral protein gD. Vero cells were infected with the indicated viruses at an MOI of 3. The supernatant (Sup) and the cells (Cell) were collected at the indicated time points post infection for western blot analysis. The protein level of gD was detected using mouse monoclonal antibody against gD, while the GAPDH protein level from the cell samples was detected as a loading control. NC: samples from uninfected cells used as negative control.

Table S1. Primers Used in This Research

	Name
	Sequence (5′−3′)
	Description

	FH4-1F
	GGTCTGGTAGTTAGGACAACGACCGCAGTTCTCGgtttaaacGACGCCTCTCCGGGGGGGAAGGGAA
	to amplify  UL22 region for A4-BAC

	FH4-1R
	AAGCTTGCATGCCTGCAGGTCGACTCTAGATAACTTCGTATAATGTATGCTATACGAAGTTATACGCACGGGTGTTGGGTCGTTTGTTC
	

	pGF-F4F
	GAACAAACGACCCAACACCCGTGCGTATAACTTCGTATAGCATACATTATACGAAGTTATCTAGAGTCGACCTGCAGGCATGCAAGCTT
	to amplify BAC-1 

for A4-BAC

	pGF-R
	GTCTGCTCCCGGCATCCGCTTACAGAC
	

	pGF-F
	TCGTCTCGCGCGTTTCGGTGATGACG
	to amplify BAC-2 

for A4-BAC

	pGF-F4R
	CTGACACACATTCCACAGCTGGTTCGAGGATCCCGGGTACCGAGCTCGAATTC
	

	FH4-4F
	GAATTCGAGCTCGGTACCCGGGATCCTCGAACCAGCTGTGGAATGTGTGTCAG
	to amplify 
GFP cassette  

for A4-BAC

	FH4-4R
	GACGGCAATAAAAAGACAGAATAAACACTCGACCTCGAAACTTGGGATCC
	

	FH4-5F
	GGATCCCAAGTTTCGAGGTCGAGTGTTTATTCTGTCTTTTTATTGCCGTC
	to amplify  UL23-UL24 region for A4-BAC

	FH4-5R
	TTCCCTTCCCCCCCGGAGAGGCGTCgtttaaacCGAGAACTGCGGTCGTTGTCCTAACTACCAGACC
	

	Cre J-F
	CCCACGCAACGCCCAAAATAATAACC
	to detect the excision of BAC sequence

	Cre J-R
	CAACTTAATCGCCTTGCAGCACATC
	


Note: The sequence of the PmeⅠ restriction site is provided in lowercase letters.
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