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31 SUMMARY:
32  Herpesvirus of turkeys (HVT) is widely used as a vector platform for the generation of
33  recombinant vaccines against a number of avian diseases. This article describes a simple and
34  rapid approach for the generation of recombinant HVT-vectored vaccines using an integrated
35  NHEJ-CRISPR/Cas9 and Cre-Lox system.
36
37  ABSTRACT:
38  Herpesvirus of turkeys (HVT) is an ideal viral vector for the generation of recombinant vaccines
39 against a number of avian diseases, such as avian influenza (Al), Newcastle disease (ND), and
40 infectious bursal disease (IBD), using bacterial artificial chromosome (BAC) mutagenesis or
41  conventional recombination methods. The clustered regularly interspaced palindromic repeats
42  (CRISPR)/Cas9 system has been successfully used in many settings for gene editing, including the
43  manipulation of several large DNA virus genomes. We have developed a rapid and efficient
44  CRISPR/Cas9-mediated genome editing pipeline to generate recombinant HVT. To maximize the
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potential use of this method, we present here detailed information about the methodology of
generating recombinant HVT expressing the VP2 protein of IBDV. The VP2 expression cassette is
inserted into the HVT genome via an NHEJ (nonhomologous end-joining)-dependent repair
pathway. A green fluorescence protein (GFP) expression cassette is first attached to the insert
for easy visualization and then removed via the Cre-LoxP system. This approach offers an efficient
way to introduce other viral antigens into the HVT genome for the rapid development of
recombinant vaccines.

INTRODUCTION:

Marek’s disease (MD) is a lymphoproliferative disease of chickens induced by serotype 1 (Gallid
Herpesvirus 2 [GAHV-2]) of the genus Mardivirus in the subfamily of Alphaherpesvirinae.
Mardivirus also includes two nonpathogenic serotypes: serotype 2 (GaHV-3) and serotype 3
(MeHV-1, historically known as HVT) which are used as vaccines against MD. Live HVT vaccine
(FC-126 strain) is the first generation of MD vaccine used in the early 1970s and is still being used
widely in bivalent and polyvalent vaccine formulations to provide an enhanced protection against
MD. HVT is also widely used as a vaccine vector to induce the protection against a number of
avian diseases due to its versatility and safety for both in ovo and subcutaneous hatchery
administration and capability to provide a lifelong immunity. The strategy to generate
recombinant HVT vaccines is based on either conventional homologous recombination in virus-
infected cells, overlapping cosmid DNAs, or BAC mutagenesis’>. However, these methods are
generally time-consuming and labor-intensive, requiring the construction of transfer vectors, the
maintenance of the viral genome in Escherichia coli, plaque purifications, and the removal of the
BAC sequence and selection marker from the edited viruses*.

CRISPR/associated (Cas9) is the most popular gene editing tool in recent years due to its
versatility and specificity. The CRISPR/Cas9 system has been successfully used in the efficient
generation of genetically modified cells and animal models®9, as well as in the manipulation of
several large DNA virus genomes'!-2°, After reporting a simple and efficient method using the
CRISPR/Cas9 system to edit the HVT genome?!, we developed a pipeline for the rapid and
efficient generation of recombinant HVT?2

In order to extend the potential application of this method, we describe the detailed
methodology for the generation of recombinant HVT vaccine expressing the VP2 gene of IBDV at
the UL45/46 locus in this report. The approach combines NHEJ-CRISPR/Cas9 to insert the VP2
gene tagged with GFP reporter gene and a Cre-LoxP system to remove the GFP expression
cassette later. Compared to traditional recombination and BAC recombineering techniques, we
demonstrate that NHEJ-CRISPR/Cas9 together with a Cre-Lox system is a rapid and efficient
approach to generate recombinant HVT vaccine.

PROTOCOL:
1. Preparation of Cas9/gRNA Expression and Donor Constructs

1.1. Construction of Cas9/gRNA expression plasmids
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1.1.1. Design a gRNA sequence targeting intergenic region between UL45 and UL46 genes of HVT
as described previously?2. Align the guide-RNA target sequence against the HVT genome to rule
out any potential off-target sequences in the HVT genome. Synthesize and clone the gRNA
sequence targeting UL45/46 region and sg-A sequence from published data?® into pX459-V2 as
described previously??. Verify the cloned gRNA sequence by Sanger sequencing using the U6-Fwd
primer?4,

1.2. Construction of donor plasmid

1.2.1. To generate a donor plasmid containing the VP2 expression cassette tagged with a
removable GFP reporter cassette, design oligos Donor-F and Donor-R containing the following
elements (Figure 1A and Figure 3A): an sg-A target sequence at both ends, a Pacl site flanked
with two LoxP sequences for the GFP reporter cassette cloning and excision, and two Sfil sites for
the cloning of the VP2 expression cassette.

1.2.2. Clone the sequence into a pGEM-T-easy vector and, then, clone the GFP and VP2 gene
cassettes into the resulting vector to generate the donor plasmid designated as pGEM-sgA-GFP-
VP222,

Note: Any cloning vector can be used to construct donor plasmid.
1.3. Plasmid DNA preparation

1.3.1. Prepare both donor plasmid and Cas9/gRNA expression plasmid DNAs using a commercial
DNA extraction kit according to the manufacturer’s instructions.

2. CRISPR/Cas9-mediated Knock-in: Transfection and Infection

2.1. The day before transfection, prepare chick embryo fibroblasts (CEFs) for the
transfection/infection, using 10-day old embryos in M199 medium supplemented with 5% fetal
bovine serum (FBS), 10% tryptose phosphate broth, 100 U/mL penicillin-streptomycin, and 0.25
ng/mL fungizone. Seed 1.3 x 108 cells per well into each well of a 6-well plate in 2.5 mL of medium.

Note: CEF cells can be kept for 3 d at 4 °C.

2.2. Transfect CEF cells (prepared in step 2.1) with 0.5 pg of UL45/46-gRNA, 0.5 pg of sg-A, and 1
pg of pGEM-sgA-GFP-VP2 using an appropriate transfection reagent according to the
manufacturer’s instructions. Incubate the cells for 12 h in an incubator (at 38.5 °C with 5% CO5).

2.3. 12 h posttransfection of Cas9/gRNA and donor plasmids, dilute the HVT virus stock with
M199 culture medium to 1 x 10> pfu/mL. Add 130 pL of the diluted virus into each well of the
transfected cells and set one well of untransfected cells as a negative control with the same
quantity of virus. Incubate the transfected/infected cells for 3 d at 38.5 °C with 5% CO,. Carry out
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all procedures using the Joint Code of Practice (JCoPR) approved by the funders.

3. Harvesting and Purification of the HVT Recombinant Virus

3.1. Fluorescence-activated cell sorting

3.1.1. Prepare two 96-well plates preseeded with 2 x 10* CEF cells per well the day before sorting.
3.1.2. Trypsinize transfected/infected CEFs 3 d postinfection. Aspirate the medium from each
well and rinse the cell sheet with phosphate-buffered saline (PBS). Add 1 mL of 0.05% trypsin-

EDTA (0.48 mM) to trypsinize the cells in the 38.5 °C incubator for approximately 5 min.

3.1.3. Resuspend and transfer the cells into a 1.5 mL microcentrifuge tube with 50 uL of FBS.
Centrifuge at 200 x g for 5 min.

3.1.4. Resuspend the cells in 1 mL of PBS with 1% FBS. Count the cell numbers using a
hemocytometer and adjust the number of cells to 1 x 10° cells/mL.

Note: Cells can be kept onice for 1 -2 h.

3.1.5. Transfer the cells to a polystyrene sorting tube through its strainer cap. Sort the single cells
expressing GFP into 96-well plates seeded with CEFs using the cell sorter according to the
manufacturer’s instruction. Incubate the sorted cells for 5 d at 38.5 °C with 5% CO,.

Note: One passage of the recombinant virus may be needed before sorting if there are too many
single GFP-expression cells and few GFP-positive plaques in the original well.

3.2. Passaging of recombinant viruses

3.2.1. Prepare 6-well plates seeded with 1.3 x 10° CEF cells per well the day before the passage.
5 d postsorting, check the 96-well plates under a fluorescence microscope. Mark the wells
containing a single GFP-positive plaque.

Note: See Figure 2A for a representative GFP-positive plaque.

3.2.2. Trypsinize each GFP-positive well with 50 uL of trypsin-EDTA for 3 min, add 50 pL of culture
medium, resuspend and transfer the cells into one well of a 6-well plate with CEFs. This will be
the first generation of recombinant HVT.

3.2.3. Harvest the first generation of recombinant viruses 3 d later, freeze down one vial of each
in 1 mL of freezing medium containing 10% fetal calf serum (FCS), 10% dimethyl sulfoxide
(DMSO0), and 80% culture medium, and store the viruses in liquid nitrogen.
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Note: The harvest time varies from 2 - 4 d depending on the amount and proliferation capacity
of the virus.

3.2.4. Collect 1 x 10° cells of each first generation of viruses, centrifuge them, and discard the
supernatant. Store the cells at -20 °C for DNA extraction.

3.3. Detection of genomic insertion by polymerase chain reaction

3.3.1. For the DNA extraction, defrost and resuspend the cell pellet from step 3.2.4 with 50 pL of
squishing buffer (10 mM Tris-HCI [pH 8], 1ImM EDTA, 25 mM NacCl, and 200 pg/mL Proteinase K)
and lyse the samples at 65 °C for 30 min and, then, at 95 °C for 2 min to inactivate the Proteinase
K.

3.3.2. Perform a polymerase chain reaction (PCR) with 3’ junction primers (Table 1) using 1 pL of
DNA sample. For each sample, prepare the following 20 L reaction mix on ice: 2x PCR Master
Mix (10 pL), 10 uM upstream primer (0.5 pL), 10 uM downstream primer (0.5 pL), DNA template
(1 pL), and nuclease-free water (8 uL). The amplification program is: 95 °C for 2 min; 95 °C for 30
s, 55 °C for 30 s, and 72 °C for 40 s for 35 cycles; 72 °C for 7 min. Load 2 pL of the amplification
products to one well of 1% agarose gel for gel electrophoresis.

Note: See Figure 2A for a representative result of the 3’ junction PCR.

4. Excision of the Fluorescent Reporter Gene via the Cre-lox System

4.1. To remove the GFP gene from the recombinant virus, transfect 2 pg of Cre recombinase
expression plasmid into the 6-well plate preseeded with CEF cells, using a transfection reagent
following the manufacturer’s instruction.

4.2. 12 h posttransfection, defrost one vial of recombinant virus from liquid nitrogen, resuspend
gently, seed 50 pL into each well of transfected cells, and set one well as the negative control
with the same amount of virus. Incubate for 3 d at room temperature.

5. Plaque Purification

5.1. Fluorescence-activated cell sorting

5.1.1. Seed two 96-well plates with 2 x 10* CEF cells per well the day before sorting.

5.1.2. Follow the procedures described in step 3.1 72 h postinfection (from step 4) to prepare the
infected cells for sorting. Sort the single nonfluorescence cells into 96-well plates seeded with

CEFs.

5.2. Passaging of the recombinant viruses and PCR confirmation
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5.2.1. Choose 5 - 10 single nonfluorescence plaques 5 d postsorting, trypsinize them with 50 plL
of trypsin-EDTA at 38.5 °C for 3 min, and add 50 pL of culture medium to resuspend the cells.

Note: See Figure 2B for a representative GFP-negative plaque.

5.2.2. Pass half of the cells into each well of a 6-well plate preseeded with CEFs as the second
generation.

5.2.3. Centrifuge the remaining cells of each clone at 200 x g for 5 min, discard the supernatant,
and resuspend the cells with 50 uL of squishing buffer for DNA extraction.

5.2.4. Perform PCR with 5’ junction primers (Table 1) using 1 uL of DNA template with the same
PCR reaction condition as described in step 3.3.2.

Note: See Figure 2B for a representative result of 5" junction PCR.

5.2.5. Based on the PCR results, choose three to five positive clones of recombinant HVT for
further passages and verification.

6. Verification of the Recombinant HVT
6.1. Indirect immunofluorescence assay

6.1.1. Infect CEFs with the second generation of recombinant HVT obtained from step 5.2 in the
24-well plate seeded with 2.5 x 10° CEFs the day before infection. Remove the cell culture
medium 48 h postinfection and add 500 uL of 4% paraformaldehyde in PBS to fix the cells.
Incubate the plate at room temperature for 30 min and, then, remove the fixative and wash the
cell layer 3x with PBS.

Note: The cells may be stored at 4 °C at this step for several weeks.

6.1.2. Remove the PBS and add 500 pL of 0.1% Triton X-100 to permeabilize the cells for 15 min.
Woash the cell layer 3x with PBS.

6.1.3. Block nonspecific binding by adding blocking buffer (5% bovine serum in PBS) for 1 h.

6.1.4. Dilute the primary antibody anti-VP2 monoclonal antibody HH7- or HVT-infected chicken
serum at 1:200 in blocking buffer, add 200 uL per well, and incubate at room temperature for 1
h. Wash the cell layer 3x with PBS.

6.1.5. Dilute the secondary antibody goat anti-mouse IgG Alexa 568 or goat anti-chicken 1gG
Alexa 488 at 1:200 in blocking buffer, add 200 uL per well, incubate at room temperature for 1 h,
and wash the cells 3x with PBS. Check the protein expression under the fluorescence microscope.
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Note: See Figure 4 for a representative VP2 staining result.
6.2. Sequencing of the VP2 gene

6.2.1. Amplify the DNA sequence spanning the UL45 and UL46 intergenic region with high-fidelity
DNA polymerase and primers UL45-F1 and UL46-R1 (Table 1) to detect the whole insertion.

6.2.2. Prepare the following 50 pL reaction mix: 5 uL of 10x Pfx Reaction Mix, 1.5 pL of 10 uM
upstream and downstream primer mix, 1 pL of 10 mM dNTP mix, 1 puL of 50 mM MgSOs, 1 ul of
DNA template, and 0.5 pL of Pfx DNA polymerase, and add nuclease-free water to 50 uL. The
amplification program is: 95 °C for 2 min; 95 °C for 15 s, 55 °C for 30 s, and 68 °C for 3 min for 35
cycles. Load all of the PCR product to 1% agarose gel for gel electrophoresis.

6.2.3. Purify the PCR product following the instruction of a DNA gel purification kit. Send 10 pL of
the PCR product (30 ng/uL) to a sequencing company to confirm the knock-in of the VP2 gene.

7. Stability of the Recombinant Virus
7.1. Seed 2.6 x 10° CEF cells into each T25 flask the day before the virus expansion.

7.2. Thaw at least three positive clones from step 5.2; add one vial of cells/viruses into each T25
flask. Incubate at 38.5 °C with 5% CO; until a 50% cytopathic effect is observed.

7.3. Harvest the cells in 2 mL of culture medium; infect 50 pL to a new T25 flask preseeded with
CEF cells for the next generation. Keep passaging the recombinant virus for at least 15
generations. Analyze each generation of viruses by PCR for the presence of the VP2 sequence
and by indirect immunofluorescence assay (IFA) for VP2 expression to assess the stability of the
recombinant viruses.

REPRESENTATIVE RESULTS:

The strategy used for the generation of the recombinant HVT vaccine is outlined in Figure 1,
which includes how the donor plasmid is constructed (Figure 1A) and procedures to generate the
recombinant HVT (Figure 1B). Five to thirty GFP-positive plaques surrounded by wild-type
plagues can be observed in gene knocking-in wells under the fluorescence microscope 3 d
posttransfection and -infection. The purified virus obtained after single-cell sorting (Figure 2A)
was analyzed by 3’ junction PCR, which shows a PCR product of the expected size (Figure 2A,
bottom panel). After the excision of the GFP reporter by Cre recombinase, over 50% of the
plagues lost their GFP expression. The purified plaque after the GFP excision (Figure 2B) by single-
cell sorting was further confirmed by 5’ junction PCR, which shows the right-sized PCR product
(Figure 2B, bottom panel). Figure 3 shows the sequencing results of both junction PCR products
with different colored elements. In Figure 4, the protein expression was confirmed by IFA with
VP2-specific monoclonal antibody and anti-HVT chicken serum. As expected, cells infected with
the parental HVT can only be stained by anti-HVT serum (green), while recombinant HVT-infected
cells clearly showed the expression of VP2 gene (red).
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FIGURE LEGENDS:

Figure 1: Strategy for the generation of a recombinant HVT-vectored vaccine. (A) This panel
shows a schematic representation of the cloning strategy for donor plasmid construction. The
key elements include two Cas9 target sites (sgA) for releasing insert, a reporter GFP cassette
flanked with LoxP sequences for the excision of GFP, and the VP2 expression cassette. (B) This
panel shows an overview of a two-step gene knock-in strategy. The insert fragment of the GFP
and the VP2 expression cassettes is released by Cas9/sgA cleavage and inserted into the HVT
genome at UL45/46 loci via NHEJ-CRISPR/Cas9. The GFP-positive recombinant virus is then sorted
and purified by single-cell fluorescence-activated cell sorting (FACS). Subsequently, the GFP
reporter gene is excised by Cre recombinase and the recombinant virus is purified and
characterized.

Figure 2: Verification of the recombinant HVT. (A) This panel shows a GFP-positive plaque (HVT-
GFP-VP2) visualized under the fluorescence microscope (top panel) and the PCR verification of
HVT-GFP-VP2 with primers VP2-F & UL46-R1 for the 3’ junction. (B) This panel shows a plaque
(HVT-VP2) visualized after the GFP excision of HVT-GFP-VP2, using Cre recombinase and PCR
verification of HVT-VP2 with primers UL45-F1 and VP2-R1 for the 5’ junction.

Figure 3: Sequence analysis of the recombinant HVT virus. (A) The sequences of the key
elements in different colors in this panel are the HVT intergenic region between UL45/46 with
the gRNA target sequence underlined and an arrow showing the Cas9 cleavage site, the VP2
expression cassette with the end sequences in italic lowercase, the sg-A target sequence in red
with the arrow showing the Cas9 cleavage site, the LoxP site sequence in green, and two Sfil sites
sequences in blue. (B) This panel shows the sequencing results of the 5’ and 3’ junctions and a
schematic presentation of HVT-VP2 with key elements with corresponding colors presented in
sequences.

Figure 4: Characterization of the recombinant HVT-VP2. This panel shows the confirmation of
the successful expression of VP2 in infected CEFs by indirect immunofluorescence assay (IFA)
with anti-VP2 monoclonal antibody HH7 (red). HVT infection is confirmed by IFA with HVT-
infected chicken serum (green). The scale bar = 20 um.

DISCUSSION:

The CRISPR/Cas9 system has become a valuable tool in gene editing. The traditional technologies
for recombinant HVT vector development, such as homologous recombination!® and BAC
mutagenesis technology?>, usually involve several rounds of vector cloning and selection, as well
as large-scale screening, which may take several months. The protocol described here using an
NHEJ-CRISPR/Cas9-based strategy combined with the Cre-Lox system and single-cell sorting is
more a convenient, efficient, and faster approach in recombinant vaccine generation. Using this
pipeline, the recombinant virus can be obtained within only 1 - 2 weeks?*, and plaque purification
steps can also be reduced to a single-round separation using fluorescence-activated cell sorting!’.
The whole process, from gRNA design and donor construction to obtaining the purified
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recombinant HVT virus, can be achieved within 1 month. The critical steps for successful
recombinant HVT generation include the high-efficiency gRNA selection for targeting the viral
genome to ensure efficient cleavage for the foreign gene insertion, the high transfection
efficiency to maximize the chance for Cas9/gRNAs and the virus to meet in the same cell for
editing, and the 12 hour interval between the transfection of the donor and gRNA plasmids and
the viral infection to allow Cas9 and gRNA to be expressed at a reasonable level before the virus
gets into the cells.

The limitation for the HVT recombinant generation is the complexity of the identification of GFP-
positive clones by junction PCR. The GFP-VP2 cassettes could be inserted in either orientation.
The junction PCR described here is only for the identification of the insert in the sense
orientation. In case of the insert in antisense orientation, PCR using the primer pairs described
would not work, and the internal primers could be swapped for this purpose. Another potential
problem is that the donor construct can only be used for one gene insertion in the same virus
due to the existence of the remaining LoxP sequence after the GFP removal by Cre treatment. A
new donor construct with a variant LoxP sequence could be used instead for a multiple insertion
purpose.

NHEJ and HDR (homology-directed repair) are the two pathways to repair the double-stranded
breaks (DSBs) created by Cas92%?7. NHEJ is more efficient as it occurs throughout the cell cycle?,
whereas HDR is less efficient and only occurs during S and G2 phases®??3, We exploited the more
efficient NHEJ repair pathway here to introduce the foreign genes into the targeted locations.
Although the NHEJ repair may introduce indels by joining noncompatible or damaged DNA ends
through a homology-independent mechanistically flexible process33? between the cleaved
donor sequence and genomic DNA, the indels can only occur at the cleavage sites of sgA, and the
foreign gene-expression cassette is not affected. Another advantage of this approach is that NHEJ
is free from the restriction of homology arm construction, making the cloning step very
straightforward. This prompts a great potential for the application of NHEJ for foreign gene
insertion. The introduction of a universal gRNA target site at both ends of the foreign gene
cassette makes the process more rapid as the donor template could be constructed straightaway
with no need for the specific gRNA selection. The backbone of the donor plasmid containing sgA
target sites, LoxP sites, and Pacl and Sfil sites can also be shared widely between different
reporter genes, foreign gene-expression cassettes, and different virus vectors, giving this new
approach the advantage of customization.

The HVT-harboring VP2 insert was used to describe the protocol in this manuscript; however, the
same approach can be used to insert more viral genes at different genomic locations of the HVT
genome using the gRNA targeting the desired corresponding sequence for the development of
multivalent recombinant HVT vectored vaccines. Other MDV vaccine strains, such as SB-1 and
CV1988, other avian herpesviruses, including infectious laryngotracheitis virus and duck enteritis
virus, and also other avian DNA viruses, such as pox viruses and adenoviruses, can also be
engineered using the same approach for multivalent recombinant vaccine development. The
development of new multivalent vectored vaccines using the CRISPR/Cas9 system platform
described here will be highly beneficial for the poultry industry to protect against multiple poultry
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diseases.
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Table 1

Primer
UL45/46-gRNA-T
UL45/46-gRNA-B
sg-A-gRNA-T
sg-A-gRNA-B
UL45-F1
VP2-5'R2
HVT-UL45-F3
UL46-R1
Donor-F

Donor-R
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sequence

CACCGATAATGTCTATGGTGTGAT
AAACATCACACCATAGACATTATC
CACCGAGATCGAGTGCCGCATCAC
AAACGTGATGCGGCACTCGATCTC
TGTCGGCAGACTGTCCTGTA

GTGCATGACCGTGCTGATTC

TGTCGGCAGACTGTCCTGTA

ACGTAGGCTGAAAGTGTCCAG
GAGATCGAGTGCCGCATCACCGGATAACTTCGTATAATGTATGCTA
TACGAAGTTATTTAATTAAATAACTTCGTATAATGTATGCTATACGA
AGTTATGGCCGCCTAGGCCGGCGCGCCGTTTAAACGGCCATTATGG
CCGAGATCGAGTGCCGCATCACCGGA

CCGGTGATGCGGCACTCGATCTCGGCCATAATGGCCGTTTAAACGG
CGCGCCGGCCTAGGCGGCCATAACTTCGTATAGCATACATTATACG
AAGTTATTTAATTAAATAACTTCGTATAGCATACATTATACGAAGTT
ATCCGGTGATGCGGCACTCGATCTCA
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Comments/Description
guide RNA

guide RNA

guide RNA

guide RNA

5' junction PCR primer
5' junction PCR primer
3' junction PCR primer
3' junction PCR primer
donor cloning oligos

donor cloning oligos
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Name of Material/ Equipment
M199 medium, Earle's Salts
Fetal Bovine Serum
Penicillin and Streptomycin
Fungizone
Tryptose Phosphate Broth
HVT Fc126 strain
pX459-v2
pGEM-T Easy Vector Systems
Subcloning Efficiency DH5a Competent Cells
Pacl
Sfil
T4 DNA Ligase
QlAprep Spin Miniprep Kit
TransIT-X2
Cell Culture 6-well Plate
GoTaq Master Mixes
Platinum Pfx DNA Polymerase

Goat anti-Chicken IgY (H+L) Antibody, Alexa Fluor 488
Goat anti-Mouse IgG Antibody, Alexa Fluor 568

Confocal laser scanning microscope
FACS cell sorter

Paraformaldehyde (4% in PBS)
Triton X-100

Company
Life technology
Sigma
Life technology
Sigma
Sigma
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Catalog Number
11150059
F0926
15140148
1397-89-3
T8782

Avian Disease and Oncology Laboratory

Addgene
promega
Invitrogen

NEB

NEB

NEB

QIAGEN

Mirus
Thermofisher
Promega
Thermofisher
Invitrogen
Invitrogen
Leica Microsystems
BD biosciences

Santa cruz biotechnology

GeneTex

Plasmid #62988
A1360
18265-017
rR0547S
R0123S
M0202S
27106

MIR 6004
140675
M7123
11708021

A-11039

A-11004

Leica TCS SP5 LASAF
BD FACSAria
SC-281692
GTX30960

*
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Comments/Description
cell culture medium
cell culture medium
antibiotics
antifunigal
cell culture medium
wildtype HVT virus
Cas9 and gRNA expression vector
donor vector cloning
transformation
donor vector cloning
donor vector cloning
cloning
plasmid extraction
transfection
cell culture
junction PCR amplification
PCR amplification of full insert

immunoflourescence staining
immunoflourescence staining
immunoflourescence

single cell sorting

cell fixation

permeabilization
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Item 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: I:I Standard Access @ Open Access

ltem 2 {check one box):

:ZI The Author is NOT a United States government employee.

D The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

D The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEQ LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “"Agreement” means this Article and Video License
Agreement; "Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; "Author” means the author who is a
signatory to this Agreement; “Collective Work"” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with
a number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons

Attribution 3.0 Agreement (also known as CC-BY}, the terms
and conditions of which can be found at:
http://creativecommons.org/licenses/by/3.0/us/legalcode;
"Derivative Work” means a work based upon the Materials or
upon the Materials and other pre-existing works, such as a
translation, musical arrangement, dramatization,
fictionalization, motion picture version, sound recording, art
reproduction, abridgment, condensation, or any other form in
which the Materials may be recast, transformed, or adapted;
"Institution” means the institution, listed on the last page of
this Agreement, by which the Author was employed at the
time of the creation of the Materials; “JOVE” means Mylove
Corporation, a Massachusetts corporation and the publisher of
The Journal of Visualized Experiments;

"Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; "Video"” means any video{s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background. The Author, who is the auther of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this
Agreement the respective rights of each Party in and to the
Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto} license {a} to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations, summaries,
extracts, Derivative Works or Collective Works and

{(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. tf the “Open
Access” box has been checked in item 1 above, JoVE and the
Author hereby grant to the public alt such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

4. Retention of Rights in_Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
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Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the

Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-capyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This_Sectlon 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. in
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights
of any nature, including, without limitation, all copyrights, in
and to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open_Access. This_Section 6
applies only if the “"Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digita! and
electronic form) throughout the world, (b} to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in {a} above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Warks and [c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated In Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.5.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
statute. In such case, all provisions contained hereln that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
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shall be deemed to be amended 50 as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9, Author Warranties. The Author represents and warrants
that the Article Is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agraement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all pgovernment, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. if the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one author
is listed at the beginning of this Agreement, JOVE may, in its
sole discretion, elect not take any action with respect to the
Article untii such time as it has received complete, executed
Article and Video License Agreements from each such author,
JoVE reserves the right, in its absolute and sole discretion and
without giving any reason therefore, to accept or decline any
work subritted to JoVE. JoVE and its employees, agents and
independent contractors shall have full, unfettered access to
the facilities of the Author or of the Author's institution as
necessary to make the Video, whether actually published or
not. JoVE has sole discretion as to the method of making and
publishing the Materjals, including,
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without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, guality, content
and the like.

11. Indemnification. The Author agrees to indemnify loVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein, The Author further agrees to indemnify and
hald harmless loVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the

Author's institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JOVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author's
expense. All Indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
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damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or amissions of JoVE, its employees, agents or
independent contractors.

12, Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review appraval will result in a US51,200 fee to
cover pre-production expenses incurred by JoVE, If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
recejved.,

13. Transfer, Governing_Llaw. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder, This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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