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Abstract  15 

Infectious laryngotracheitis virus (ILTV) encodes several unique genes, including a pair 16 

of unique nuclear proteins UL0 and UL[-1] that are expressed during replication in cell 17 

culture. Although the UL0 gene has been shown to be dispensable for replication, the 18 

role of UL[-1] has not been elucidated. In this study a deletion mutant of ILTV lacking 19 

the UL[-1] gene was constructed using homologous recombination. The coding 20 

sequences of the gene were replaced with the gene for enhanced green fluorescent 21 

protein and the cytomegalovirus major immediate early promoter element. The progeny 22 

virus carrying the reporter gene was readily identified using fluorescent microscopy, but 23 

was unable to propagate in the permissive cells in the absence of wild type ILTV. Even 24 

after plaque purification and fluorescent associated cell sorting the recombinant virus 25 

deficient in UL[-1] gene could not be successfully isolated. Our findings suggest that 26 

the UL[-1] gene has an important role in ILTV replication. 27 

 28 
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 29 

Introduction 30 

Infectious laryngotracheitis (ILT) is an economically significant respiratory disease of 31 

chickens that is caused by infection with infectious laryngotracheitis virus (ILTV). The virus 32 

is taxonomically designated as Gallid herpesvirus-1, a member of the subfamily 33 

Alphaherpesvirinae, in the family Herpesviridae [1].   34 

 35 

The genome of ILTV encodes for 80 predicted open reading frames [2]. Although many ILTV 36 

gene products have not been characterised directly, often their possible function can be 37 

inferred by their homology to genes in other alphaherpesviruses that have been characterised 38 

more comprehensively. Some ILTV genes have been used in vectored recombinant ILTV 39 

vaccines that use other viruses to express ILTV proteins [3,4]. The function of other ILTV 40 

genes has been studied directly, typically through the creation of defined ILTV mutants that 41 

lack the target gene [5-15]. The availability of suitable continuous cell lines, such as the 42 

chicken hepatoma LMH cell line [16], has facilitated the genetic manipulation of ILTV by 43 

homologous recombination [17]. The ILTV genome exhibits several unique features such as 44 

absence of a UL16 homologue, a large internal inversion within the unique long (UL) region 45 

that includes UL22 to UL44 genes, presence of iltovirus-specific genes (ORF A to ORF E) 46 

and translocation of UL47 to the UL region [8,12,18,19]. Apart from these, previous sequence 47 

analysis identified the presence of unique genes in the ILTV genome, such as UL0 and UL[-48 

1] genes that are iltovirus-specific genes [20]. 49 

 50 

In a recent transcription profiling experiment, the transcription levels of ILTV genes were 51 

compared between wild type ILTV and an attenuated gG deletion mutant of ILTV. When 52 

compared to the expression in wild type virus, the expression of UL[-1] was reduced in the 53 
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attenuated gG deficient ILTV in vivo, implying a role in virus pathogenicity [21]. The main 54 

objective of this study was to examine the role of UL[-1] by performing homologous 55 

recombination to delete the coding sequences of the UL[-1] gene and to subsequently 56 

characterise this deletion mutant.  57 

   58 

Materials and methods 59 

Virus and cells  60 

The ILTV strain CSW-1 was used as the parent virus in this study [22]. Cultures of LMH 61 

cells were used for virus propagation and plaque assays [16]. Cell monolayers were cultivated 62 

in growth medium (GM) containing Dulbecco’s Minimal Essential Medium (DMEM, Sigma), 63 

10% (v/v) fetal calf serum (FCS, CSL) and 50 µg/ml ampicillin. Cells were incubated at 37°C 64 

in a humidified atmosphere of 5% (v/v) CO2
 
in air.  65 

Generation of UL[-1] deficient ILTV (∆[-1].eGFP+ve.ILTV) 66 

The UL[-1] gene in ILTV CSW1 was replaced with the gene for enhanced green fluorescent 67 

protein (eGFP) under the cytomegalovirus (CMV) promoter [23], by the construction of a 68 

plasmid using pGEM-T (Promega) containing both the upstream and downstream regions of 69 

the UL[-1] gene, flanking the eGFP gene with a CMV promoter (eGFP.CMV) (Fig. 1A). The 70 

sizes of the upstream DNA sequences ([-1] up) and downstream DNA sequences ([-1] dw) 71 

were 858 bp and 799 bp respectively. Both of these regions and the eGFP.CMV coding 72 

sequence (1400 bp) were assembled using splice overlap extension (SOE) PCR [24]. The 73 

details of the primers used are listed in Table 1. This final construct ([-1]up-cGFPp-[-1]dw) 74 

was then ligated into the pGEM-T vector (Promega) to form p[-1]up-cGFPp-[-1]dw and the 75 

plasmids were transformed into Escherichia coli (E. coli) DH5α cells. The plasmid was then 76 

extracted from cultured E. coli transformants using a plasmid midi kit (Qiagen). 77 
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 78 

For co-transfection experiments 2 µg of CSW1 ILTV DNA extracted from LMH cells as 79 

previously described [25], 2 µg of linearised p[-1]up-cGFPp-[-1]dw and 2 µg of pRc-ICP4, 80 

immediate early trans-activator protein to increase viral infectivity [10] were used to transfect 81 

sub confluent monolayers of LMH cells grown in 6 well plates using XtremeGENE HP DNA 82 

(Roche) transfection reagent. The plates were incubated at 37 °C in a humidified atmosphere 83 

with 5% (v/v) CO2 in air for 5 to 7 days until the cells showed cytopathic effects (CPE). The 84 

cells and supernatant were harvested and stored at -80 °C. 85 

Plaque purification of ∆[-1].eGFP+ve.ILTV and characterisation using PCR and DNA 86 

sequencing 87 

The progeny virus from co-transfections was stored at -80°C prior to in vitro analysis. LMH 88 

cells were infected with the transfected cell lysate under an overlay medium containing 1% 89 

(w/v) methylcellulose. Using an inverted microscope, the required plaque phenotype (eGFP  90 

positive or negative) was carefully picked and maintained as separate samples for three 91 

rounds of plaque purification, as described previously [5]. After three rounds of plaque 92 

purification, the plaques resulting from purification of eGFP-expressing plaques continued to 93 

produce plaques both with and without fluorescence. Viral DNA was extracted from plaques 94 

generated using these plaque-purified viruses using the QIAamp Viral RNA mini kit 95 

(Qiagen), according to the manufacturer’s instructions.  96 

 97 

The viruses present in the different samples were characterised using PCR and DNA 98 

sequencing. The details of the primers used for in vitro characterisation are listed in Table 1. 99 

Nested PCRs were performed on the DNA extracted from eGFP-expressing plaques and 100 

plaques lacking eGFP expression. The first round of the PCR was designed to target the 101 

region of the ILTV genome across the entire recombination site. For this the primer pairs -1rF 102 
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and -1rR were used.  The amplified products of the first round PCR were used as templates 103 

for the second round PCR using a primer pair (-1rF and aR) specifically targeting the ILTV 104 

region upstream of the desired target gene and a sequence in the eGFP gene (Fig. 1B). The 105 

products were visualised on an agarose gel using SYBR safe buffer (Invitrogen), purified 106 

(Qiagen gel extraction kit) and sequenced using Big Dye Terminator v3.1 (Applied 107 

Biosystems). 108 

Fluorescent activated cell sorting (FACS) of ∆[-1].eGFP+ve.ILTV and 109 

characterisation using PCR  110 

In order to further investigate whether ∆[-1].eGFP+ve.ILTV could be isolated and grown 111 

independently of wild type ILTV, FACS was applied to the infected cells. Briefly LMH cells 112 

were infected with lysate containing mixed populations of ∆[-1].eGFP+ve.ILTV and wild 113 

type ILTV and incubated until the formation of 100% CPE. The infected cells and supernatant 114 

were harvested and then washed twice with sterile phosphate buffered saline (PBS) using 233 115 

 g for 5 min in an AllegraX-12R centrifuge (Beckman) to remove traces of growth medium. 116 

The final cell pellet was resuspended in sorting buffer (PBS containing  1 mM EDTA, 25 mM 117 

HEPES pH 7.0, 1% v/v FCS) and sorted using a Beckman Coulter Astrios Cell Sorter PC2 118 

with a 100 µM nozzle tip (Flow Cytometry facility, Department of Microbiology and 119 

Immunology, The University of Melbourne). The cells were sorted into two populations; 120 

fluorescence-positive cells and fluorescence-negative cells. These populations of cells were 121 

collected in individual wells of 96-well trays at a rate of 1, 5, 10 and 50 cells per well and 122 

then the remaining cells (approximately 1ml) were sorted into larger (bulk) tubes. The cells in 123 

the 96 well plates were incubated at 37°C until the formation of CPE. The DNA of cells 124 

within the 96 well plates, and the bulk-sorted cells was extracted using QIAamp Viral RNA 125 

mini kit, according to the manufacturer’s instructions, for PCR analyses. 126 

 127 
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Three different primer pairs (Table 1) were used for PCR amplification from the extracted 128 

DNA. One set of PCR primers was designed to differentiate the presence/absence of the eGFP 129 

gene in cells sorted based on their eGFP fluorescence. The other set of PCR primers were 130 

designed to amplify a sequence from the particular gene of interest (eGFP or UL[-1]) along 131 

with adjacent sequence in the ILTV genome (ILTV UL0 gene). More specifically, the [-132 

1]rF/aR primer pair (detecting a region of the eGFP.CMV gene and also binding to and 133 

amplifying a portion of the ILTV UL0 gene, generating a 3 kbp amplicon) and the aF/aR 134 

primer pair (targeting only the eGFP region, generating a 1 kbp amplicon) were used to detect 135 

the eGFP gene in the UL[-1] deficient ILTV. To detect the UL[-1] region in the extracted 136 

DNA, the [-1]rF/[-1]qR primer pair (detecting part of the UL[-1] gene and also binding to and 137 

amplifying a portion of the ILTV UL0 gene, generating a 2 kbp amplicon) was used. 138 

 139 

Prediction of UL[-1] protein structure  140 

The secondary structure of the UL[-1] protein sequence was predicted using I-TASSER 141 

(http://zhanglab.ccmb.med.umich.edu/I-TASSER/). This software uses the multiple protein 142 

database (PDB) structures and predicts the best model based on C-score. The C-score is a 143 

confidence score for estimating the quality of predicted models by I-TASSER, typically in the 144 

range from −5 to 2, where higher values signify a model with high confidence. TM-score is a 145 

recently proposed scale for measuring the structural similarity between two structures. A TM-146 

score > 0.5 indicates a model of correct topology and a TM-score < 0.17 indicates a random 147 

similarity. Root mean square deviation (RMSD) is an average distance of all residue pairs in 148 

two structures [26-28]. 149 

http://zhanglab.ccmb.med.umich.edu/I-TASSER/
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Results  150 

Plaque purification and subsequent characterisation of viruses using PCR and DNA 151 

sequencing  152 

A recombinant virus was selected based on eGFP-expression in infected cells, and then 153 

underwent 3 rounds of plaque purification in an attempt to generate a homogeneous 154 

population of the recombinant virus. After three rounds of plaque purification, the resulting 155 

infected cells continued to show two different forms of CPE; (1) plaques containing only non-156 

fluorescent cells (Fig. 2A) and, (2) plaques containing a mixed population of fluorescent and 157 

non-fluorescent cells (Fig. 2B). 158 

 159 

The initial PCR, applied to DNA extracted from these different plaque types, was designed to 160 

amplify across the recombination region that contained either eGFP or UL[-1] genes using the 161 

primers [-1]rF and [-1]rR (Table 1). Using these primers, DNA from wild type ILTV would 162 

be expected to yield a 4827 bp product, while a 4627 bp product would result from ∆[-163 

1].eGFP+ve.ILTV. Template DNA from the two plaque types generated products of 164 

approximately 4.8 kbp in length (Fig. 3A), which were sequenced to confirm the presence of 165 

recombination sequences on either end of the product, by using primers -1rF and -1rR 166 

respectively (data not shown). Since the difference in size between the products from ∆[-167 

1].eGFP+ve.ILTV and wild type ILTV DNA was difficult to accurately identify, these PCR 168 

products were subjected to semi-nested PCRs that were designed to target either the eGFP 169 

region using the primer pair [-1]rF/aR, or the UL[-1] region using the primer pair [-1]rF/[-170 

1]qR (Table 1). These PCR assays identified differences in the DNA extracted from the 171 

different plaque types. Semi-nested PCRs targeting the eGFP region amplified a product of 172 

the expected size for ∆[-1].eGFP+ve.ILTV (approximately 3 kbp) in samples corresponding 173 

to plaques containing the mixture of fluorescent and non-fluorescent cells. These primers did 174 
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not amplify a product from plaques that contained only non-fluorescent cells (Fig. 3B). A 175 

second product from this nested PCR (approximately 1.7 kbp) was also amplified from these 176 

plaques and shown by sequence analysis to be contaminating vector sequence from the initial 177 

co-transfection. Semi nested PCRs targeting the UL[-1] region (Table 1) amplified a product 178 

of the expected size for the wild type virus (approximately 2 kbp) from all samples (Fig. 3C). 179 

The sequence analysis of the 3 kbp amplicon from the eGFP-targeted PCR showed the 180 

sequence expected after homologous recombination and replacement of the UL[-1] gene with 181 

eGFP gene and the CMV promoter (data not shown). Sequence analysis of the 2 kbp 182 

amplicon from the UL[-1] targeted PCR showed sequence identical to wild type DNA, and 183 

had no evidence of recombination in this region (data not shown). Despite a number of 184 

attempts to overcome the contaminating product in the semi-nested PCR assays, the negative 185 

control from the first round PCR continued to produce a band of approximately 1.3 kbp (Fig. 186 

3). Sequence analysis determined that this amplicon was derived from non-specific binding of 187 

Bradyrhizobium sp., which has been shown in other publications to be a common PCR 188 

contaminant [29]. 189 

 190 

Cell sorting and subsequent characterisation of viruses using PCR  191 

 192 

Cell sorting produced 96 well plates containing replicate wells with 1, 5, 10 and 50 cells per 193 

well of either fluorescence-positive sorted cells or fluorescence-negative sorted cells. 194 

Uninfected LMH cells were added to these wells, and after 3 days all wells showed CPE. No 195 

fluorescence was detected in the resulting CPE of either plate using fluorescence microscopy. 196 

Despite this finding, eGFP DNA was detected by PCR in the plate containing fluorescence-197 

positive sorted cells, but not in the plate containing fluorescence-negative sorted cells. Sorted 198 

cells from both plates were PCR positive for UL[-1] DNA. In addition to the 96 well plates, 199 
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infected cells were also sorted into larger samples, and each of these pooled samples of sorted 200 

cells (fluorescence-positive sorted cells and fluorescence-negative sorted cells) were positive 201 

for the presence of eGFP and UL[-1] DNA by PCR, as was the DNA extracted from the 202 

infected cells prior to sorting (data not shown). The results indicate fluorescent activated cell 203 

sorting was not able to isolate ∆[-1].eGFP+ve.ILTV, which may be a consequence of dual-204 

infected cells (cells infected with both wild type and ∆[-1].eGFP+ve.ILTV). The detection of 205 

eGFP DNA in the large pooled sample of fluorescence-negative sorted cells may be due to the 206 

presence of a small number of cells that contained ∆[-1].eGFP+ve.ILTV but for which 207 

expression of eGFP was not present or below the threshold of detection by the cell sorter at 208 

the time of cell sorting.  209 

 210 

Prediction of UL[-1] protein structure 211 

 212 

The in vitro characterisation of UL[-1] mutant by semi nested PCR and FACS analysis 213 

demonstrates the inability to isolate this mutant.  This finding suggests the mutant is unable to 214 

replicate in the absence of wild type DNA and therefore suggests an important role for the 215 

UL[-1] gene in ILTV replication. In an attempt to identify the UL[-1] gene product, in the 216 

absence of significant nucleotide or amino acid homology with other known genes, the UL[-217 

1] amino acid sequences were submitted to I-TASSER to determine whether any structural 218 

homologues could be identified. The UL[-1] protein had the highest C-score with one 219 

proposed model. The estimated accuracy of model 1 was: C-score: -1.60, TM-score: 0.36 ± 220 

0.12 and RMSD: 15.3 ± 3.4 Å. The best model was used for structural similarity simulation 221 

and UL[-1] was found to have highest similarity with the mitochondrial ATP binding cassette 222 

(ABC) family of transporters.  223 



 11 

Discussion  224 

The aim of this study was to characterise the role of UL[-1], a unique ILTV gene, by creating 225 

an ILTV deletion mutant lacking the UL[-1] gene. The transcription of this gene was shown 226 

to be down regulated in an attenuated gG deficient ILTV, when compared to wild type ILTV 227 

[21]. Although sequence and PCR analysis in our study showed that a recombinant ILTV 228 

deficient in the UL[-1] gene was generated by homologous recombination, the resultant ∆[-229 

1].eGFP+ve.ILTV could not be isolated from wild type ILTV, even after three rounds of 230 

plaque purification. Although individual plaques of wild type ILTV could be re-isolated, this 231 

was not possible for the UL[-1] deficient ILTV mutant, even following fluorescent activated 232 

cell sorting. 233 

 234 

The presence of eGFP positive cells suggest that ∆[-1].eGFP+ve.ILTV can enter and begin 235 

transcription and translation of the viral genome in the LMH cells, but was unable to establish 236 

infection independently, without wild type ILTV. Presumably this occurred because of the 237 

presence of UL[-1] gene product provided by the wild type ILTV, which was sufficient to 238 

enable replication of the UL[-1] deficient mutant. The inability of ∆[-1].eGFP+ve.ILTV to 239 

infect cells independent of wild type ILTV is consistent with a critical role for UL[-1] in viral 240 

replication. The finding that the UL[-1] deficient virus cannot grow independently of wild 241 

type ILTV is similar to results seen previously, in the construction and characterisation of a 242 

gI/gE deficient recombinant ILTV [5]. However, unlike the gI/gE mutant, we were unable to 243 

separate the recombinant DNA from wild type ILTV DNA.  244 

 245 

The UL[-1] gene is unique to ILTV and generates a spliced mRNA transcript containing 501 246 

codons [30]. The resultant 73 kDa protein is primarily detected in the nuclei of infected cells 247 

at later stages of replication, suggesting that the products of UL[-1] gene may be associated 248 



 12 

with host gene expression or with cleavage and encapsidation of viral DNA [30]. The 249 

positional homologue of ILTV UL[-1] ORF in HSV1 is the trans-activator protein infected 250 

cell protein-0 (ICP0) gene, which is conserved in other herpesviruses, including equine 251 

herpesvirus-1, bovine herpesvirus-1 and pseudorabies virus [31-34]. The genome of ILTV 252 

lacks the ICP0 gene, which is dispensable in other herpesviruses and no ICP0 homologues 253 

have been identified in other avian herpesviruses such as Marek’s disease virus-1 and 254 

herpesvirus of turkeys [35,36]. Unlike the UL[-1] protein, the ICP0 protein has a conserved 255 

zinc binding motif and is expressed early in the infection [31,37]. The BLASTp analysis of 256 

the UL[-1] protein shows no amino acid similarity to homologues of ICP0 trans-activator 257 

family and instead the closest protein in the existing database is the UL0 protein of ILTV, 258 

consistent with previous reports [30]. It has been proposed that the UL0 and UL[-1] genes 259 

might have resulted from an ancient duplication of one gene, as indicated by their amino acid 260 

homology and common features, including mRNA structure and localization of the protein 261 

products [30]. The deletion of the ILTV UL0 gene showed that, unlike UL[-1] in this study, 262 

UL0 is dispensable for replication in cell culture. Whether the presence of the UL[-1] gene 263 

complements the missing function of UL0 in UL0 deletion mutants is not known. However if 264 

true, the results of the present study suggest that the reciprocal might not be true, since UL0 265 

could not complement for the missing UL[-1] gene.  266 

 267 

Further searches for homologues of UL[-1] used secondary protein structure prediction and 268 

homology based 3D modelling in the PDB library. Five predicted models were obtained for 269 

the UL[-1] protein. According to this model, the UL[-1] protein has the best available 270 

structural similarity with a mitochondrial ABC transporter and a predicted biological function, 271 

based on enzyme active sites and ligand binding sites, which relates to eukaryotic P-272 

glycoprotein (Pgp), mitochondrial cytochrome-b complex and E. coli DNA polymerase III. 273 
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Since the predicted homologies generated by I-TASSER have low identities with the protein 274 

structures in the PDB library, the function of the UL[-1] gene at the amino acid level still 275 

remains inconclusive. Hence the function of UL[-1] in viral pathogenesis is unclear and 276 

requires further investigation. The multidrug resistance gene product, Pgp acts as a defense 277 

mechanism against toxins and is expressed in all animals including chickens, bacteria and 278 

fungi [38]. This protein belongs to the ATP binding cassette (ABC) family of transporters 279 

which are efflux pumps present on the plasma membrane of the cells and are involved in 280 

peptide transport [39]. Studies have reported the interactions of Pgp and enveloped viruses 281 

such as influenza, vesicular stomatitis virus (VSV) and human immunodeficiency virus-1 282 

(HIV-1). These studies show that Pgp blocks the entry of these viruses through the plasma 283 

membranes of infected cells [40,41]. However, the presence of ABC efflux pumps in viruses 284 

has not been reported.  285 

 286 

The ILTV gD gene has been shown to have an essential role in viral replication since a gD 287 

deficient virus could not be isolated on trans completing cells [15]. Further insight into 288 

functional aspects of the ILTV UL[-1] gene is difficult to obtain at this time, as the newly 289 

developed mutant is unable to infect cells without wild type ILTV. Future studies should 290 

focus on characterising the UL[-1] deficient virus on trans-complementing cell lines 291 

expressing the UL[-1] protein.  A bacterial artificial chromosome (BAC) technology has been 292 

applied to characterise the role of essential genes for several herpesviruses, including Marek’s 293 

disease virus-1 and herpesvirus of turkeys, viruses that have been successfully cloned as 294 

infectious BACs [42,43]. Such a robust and reliable technique needs to be developed in order 295 

to better understand the biology of ILTV and to perform more efficient genetic analysis. 296 
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 455 

Figure 1: Targeted homologous recombination strategy used to create ∆[-1].eGFP+ve.ILTV. 456 

(A) The coding sequence of UL[-1] gene was replaced with eGFP.CMV to generate Δ[-457 

1].eGFP+ve ILTV (B) Schematic representation of the different primer pairs used to examine 458 

the recombination region by nested PCR.  459 

 460 

Figure 2: Photomicrographs of LMH monolayers after infection with progeny virus 461 

obtained from co-transfection experiments. After 3 rounds of plaque purification for plaques 462 

showing expression of fluorescence two different types of CPE could be observed. (A) 463 

Plaques containing only non-fluorescent cells. (B) Plaques that contain a mixed population 464 

of fluorescent and non-fluorescent cells. Monolayers were visualised using semi-dark field 465 

fluorescence microscopy at 100  magnification.   466 

 467 

Figure 3: PCR characterisation of viruses obtained from co-transfection experiments. DNA 468 

was extracted from different samples of CPE and used as a template in a series of PCRs. (A) 469 

PCR products from the first round of PCR using the primer pair [-1]rF and [-1]rR which 470 

target the entire recombination region. (B) PCR products from a semi-nested PCR utilising 471 

the amplicons from above and the primer pair [-1]rF and aR, targeting the GFP sequence. (C) 472 

PCR products from a semi-nested PCR utilising the amplicons from above and the primer pair 473 

[-1]rF and [-1]qR targeting UL[-1] sequences. Lanes are: 1 = DNA extracted from a plaque 474 

containing fluorescent and non-fluorescent cells (high proportion of fluorescent cells). 2 = 475 

DNA extracted from a plaque containing fluorescent and non-fluorescent cells (low 476 

proportion of fluorescent cells). 3 = DNA extracted from a plaque containing non-fluorescent 477 

cells only. 4 = DNA extracted from wild type ILTV (positive control).  5 = No template 478 
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control from first round of PCR. 6 = No template control for semi-nested PCRs. The Marker 479 

(M) is Hyperladder I (1 kbp, Bioline). 480 

 481 

482 
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Table 1. Primers used for generation and in vitro characterisation of UL[-1] deficient ILTV 491 

 492 

 a 
Primers used for SOE PCR are italicised and are represented in both upper and lower case lettering. The lower 493 

case sequence in a primer is complementary to the upper case sequence of the next and is designed to anneal 494 

different PCR templates together.  495 

Primer name Orientation Primer sequence 5’-3’ Target sequence
b
 Purpose  

[-1]upF (Ra) Forward TATCCGCTAGGGTGATTCGT 109019-109038  

 

 

Generation of  

[-1].eGFP+ve.ILTV 

[-1]upR
a 

Reverse atgaccccgtaattgattactaCGAATGTTTATTATTTTGGCGCATA eGFP, 109876-109852 

[-1] GF
a Forward tatgcgccaaaataataaacattcgTAGTAATCAATTACGGGGTCAT 109852-109876, eGFP 

[-1] GR
a Reverse ggcccgttcgttgaaatTTATCTAGATCCGGTGGAT 111522-111538, eGFP 

[-1] dwF
a 

Forward atccaccggatctagataaATTTCAACGAACGGGCC eGFP, 111538-111522 

[-1]dwR (Rb) Reverse AGCCCTAGCCCCCACTATAC 112320-112301 

-1rF Forward ACCTAGGTCTCCGTTCACGA 108079-108098  

 

 

In vitro characterisation 

for nested PCR 

-1rR Reverse TAGACGCTGCAGGAAAAGCA 112906-112887 

q-1F Forward CTGTGGGGCCCAATTCTTCT 109970-109989 

q-1R Reverse AGCGCGGATGAAGGAGAAAA 110103-110084 

aF Forward AACGCCAATAGGGACTTTCC eGFP.CMV 

aR Reverse TGCTCAGGTAGTGGTTGTCG eGFP.CMV 
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b
 Indicates the target sequence for each primer. Primer positions that bind to ILTV are based on the target 496 

sequences of CSW-1 ILTV strain used as reference with Genbank accession number JX646899. 497 

 498 
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