
1. Background
Epstein–Barr virus (EBV), also named as human 
herpesvirus 4 (HHV-4), is a ubiquitous herpesvirus with 
the property of being universally spread in the human 
population, inducing a perpetual, and to a large extent 
asymptomatic infection. It was shown that EBV is 
associated with the infectious mononucleosis and various 

malignancies, including Burkitt Lymphoma (BL), 
Hodgkin Lymphoma (HL),  post-transplant lympho-
proliferative disease (PTLD), as well as an epithelial 
tumour, T/NK cell lymphomas, and nasopharyngeal 
carcinoma (NPC) (1-3). However, the exact pathogenic 
mechanism of the EBV infection is still less understood.

As a potential tegument protein, EBV BGLF2 is 
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Background: Epstein–Barr virus (EBV) is a universal herpes virus which can cause a life-long and largely asymptomatic infection in the 
human population. However, the exact pathogenesis of the EBV infection is not well known.
Objective: A comprehensive bioinformatics prediction was carried out for investigating the molecular properties of the BGLF2 and to afford 
a foundation for future research of the role and instrument of BGLF2 in the course of EBV infection.
Materials and Methods: A 1011-base-pair sequence of BGLF2 gene from the Epstein-Barr virus (EBV) Akata strain genome was amplified 
using polymerase chain reaction and was further characterized by cloning, sequencing, and subcellular localization in the COS-7 cells. 
Results: The bioinformatics analysis demonstrated that EBV BGLF2 gene encodes a putative BGLF2 polypeptide which contains a 
conservative Herpes_UL16 domain. It was established that the polypeptide shows a close relationship with the Herpes UL16 tegument protein 
family and is extremely conserved among its homologues proteins encoded by UL16 genes. Multiple sequence alignments of the nucleic 
acid and amino acid sequence showed that the gene product of EBV BGLF2 contains a comparatively higher homology with the BGLF2-
like proteins of the subfamily Gammaherpesvirinae than that of other subfamilies of the herpes virus. Moreover, the phylogenetic analyses 
suggested that EBV BGLF2 has a close genetic relationship with the member of Gammaherpesvirinae; in particular with the members of 
Cercopithecine herpesvirus 15 and Callitrichine herpesvirus 3. An antigen epitope analysis indicated that BGLF2 contains several potential 
B-cell epitopes. In addition, the secondary structure, as well as the three dimensional structure prediction suggests that BGLF2 consists of 
the both α-helix and b-strand. Besides, the subcellular localization prediction revealed that BGLF2 localizes in both nucleus and cytoplasm.
Conclusions: Illustrating the relevance of the molecular properties and genetic evolution of EBV, BGLF2 will offer the perspectives for 
further study on the role and mechanism of the BGLF2 in course of EBV infection. These works will also conduct our understanding of the 
EBV at the molecular level as well as enriching the herpesvirus database.
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important for re-envelopment in the cytoplasm or plasma 
membrane, which can be detected in the mature EBV 
virions. BGLF2 is also related to EBV reactivation via 
stimulation of p38 mitogen-activated protein kinase (1-
3). However, the accurate functions of BGLF2 gene and 
its product BGLF2 are not well known. 

2. Objectives
For sake of deciphering the role of BGLF2, the 
BGLF2 gene was amplified from the DNA template of 
the EBV Akata strain by employing polymerase chain 
reaction (PCR) followed by cloning, sequencing, 
and expressing in the COS-7 cells. Subsequently, 
a comprehensive bioinformatics prediction was 
carried out to investigate the molecular properties 
of the BGLF2 and to offer a foundation for future 
investigation of the role and the mechanism of 
BGLF2 in the course of EBV infection. The prediction 
included various bioinformatics tools such as clone 
manager professional suite 8.0, Conserved Domains, 
SignalP-4.0, DNAstar 7.0, NetPhos 2.0, Bioedit 7.0, 
PSIpred, and CPHmodels 3.2. 

3. Materials and Methods

3.1. Cloning and Sequencing of EBV BGLF2 
The primers for PCR amplification of EBV Akata 
strain BGLF2 (accession No. KC207813) were 
designed using clone  manager professional suite 8.0 
and afforded by Sangon biotech (Shanghai, China). 
The forward primer BGLF2-F: 5′-TTGAATTCC 
ATGGCATCCGCCGCGAACAG-3′ is complementary 
to the initial 20 nucleotides of BGLF2 and introduced 
with an EcoRI restriction site (underlined) 
for cloning. The reverse primer BGLF2-R: 
5′-AAGGATCCTCAATAAGAATGTAAGACCTGAC 
G-3′ anneals to the 23 terminal nucleotides of BGLF2 and 
introduced with a BamHI restriction site (underlined). 

The BGLF2 gene was amplified with KOD-plus-Neo 
DNA polymerase (TOYOBO) via PCR using the EBV-
BAC (bacterial artificial chromosome) of Akata strain 
(AK-BAC) (a generous gift from Dr. Teru Kanda) as the 
template DNA (4). PCR profiles implicated initial pre-
denaturation for 10 min at 94 °C followed by 30 cycles 
of denaturation at 95 °C for 50 s, annealing at 54 °C for 
45 s, and extension at 72 °C for 70 s. The final extension 
step was implemented at 72 °C for 10 min. Then, the 
PCR product was purified and digested with EcoRI and 
BamHI and inserted into the corresponding digested 
eucaryotic yellow fluorescent protein expression vector 
pEYFP-C1 (Clontech, USA) to generate pEYFP-
BGLF2. The existence of the proper fragment in the 
attained plasmid was then verified by the restriction 
analysis, PCR, and sequencing (5). 

3.2. Western Blot Analysis
To further verify the validity of pEYFP-BGLF2, COS-7 
cells were seeded at 2.5×105 cells per well in a 12-well 
plate and at 80% confluence after overnight incubation 
cells were transiently transfected with the expressing 
plasmid pEYFP-BGLF2 or empty vector pEYFP-C1 by 
the standard calcium phosphate precipitation process. 
The transfection efficiencies of the different plasmids 
in COS-7 cells were evaluated by enhanced yellow 
fluorescent protein (EYFP). Twenty-four hours later 
the transfected cells were harvested and fractionated 
by 10% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE), and subsequent Western 
blot analysis was carried out as described previously 
using monoclonal antibody (mAb) against YFP (Santa 
Cruz Biotechnology, Santa Cruz, CA) (6-12). 

3.3. Plasmid Transfection and Fluorescence Microscopy
Transfection and fluorescence microscopy procedures 
were carried out as reported in our previous researches 
(6-8, 13-15). For duplicate the assay, each transfection 
was manipulated at least three times. Results presented 
are from one representative assay. Results were analyzed 
by a Zeiss Axiovert 200 M microscope (Germany). All 
the photomicrographs were captured at an enlargement 
of ×400. Each picture shows an enormous majority of 
the cells with analogous subcellular localizations. The 
light-translucent images indicate cellular morphology. 
Fluorescence pictures of the EYFP tagged fusion proteins 
are indicated in pseudocolor green. Figures were refined 
with Adobe Photoshop software.

3.4. Nucleotide Sequence Bioinformatics Analysis of 
EBV BGLF2
To determine the nucleotide sequence similarity, the 
National Center for Biotechnology Information (NCBI) 
nucleotide Basic Local Alignment Search Tool (16) 
was applied. Subsequently, Clustal V in the MegAlign 
program of DNAStar (version 7.0, DNAStar, Inc.) was 
employed to analyze the nucleotide sequence homology 
of the 55 BGLF2-like proteins of herpesviruses 
(Supplementary File). 

3.5. Bioinformatics analysis of the Deduced Amino Acid 
(AA) Sequence of EBV BGLF2 
For AA sequence comparison, homology search, and 
conserved domain analysis, the AA sequence of BGLF2 
was analyzed with protein BLAST (16), FASTA (17), and 
the Conserved Domains search tool (18), respectively. To 
compare BGLF2 with BGLF2-like proteins of the other 
herpesviruses (see Supplementary File), we analyzed the 
AA sequence homology and phylogenetic relationships 
using DNAstar 7.0. To predict transmembrane domain, 
the signal peptide sequence, glycosylation site, 
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phosphorylation site, hydrophobic and hydrophilic 
regions, B-cell epitope, secondary structure, and the 
3-dimensional (3D) structure of the BGLF2, TMHMM 
(19), SignalP-4.0 Server (20), NetNGlyc 1.0 (21), 
NetPhos 2.0 (22), Bioedit 7.0, DNAstar 7.0, PSIpred 
(23), and CPHmodels 3.2 (24) were applied, respectively. 

4. Results 

4.1. PCR Amplification and Cloning of EBV BGLF2 
To get BGLF2 gene, we performed PCR on the basis of 
the DNA template from the purified BAC DNA of the 
EBV Akata strain. As shown in Figure 1, no specific 
band was amplified from the negative control (Fig. 1, 
lane 1), while a target fragment of 1011 bp, which is 
consistent with the expected size was amplified from 
EBV BAC DNA (see Fig. 1, lane 2). The DNA fragment 
was then ligated into the eukaryotic expression vector 
pEYFP-C1, transformed into E. coli, and characterized 
by colony PCR (Fig. 1, lane 3 and lane 4). Subsequently, 
the identified pEYFP-BGLF2 plasmid was extracted 
from the positive colony (see Fig. 1, lane 5), which was 
further verified by restriction digestion analysis (Fig.1, 
lane 6 and lane 7) and DNA sequencing. Compared 
to that of the EBV Akata strain, the sequencing result 
indicated that there was no AA mutation existing in the 
clone (data not shown).

4.2. Expression of EBV BGLF2 in Eukaryotic Cells
After sequence confirmation, the recombinant plasmid 
pEYFP-BGLF2 and the empty vector pEYFP-C1 were 
transfected into the expression host; the COS-7 cells. 
After 24 hours, the expression of EYFP-BGLF2 and 
EYFP were examined via Western blot using anti-YFP 
mAb. As a result a distinct band of approximately 66 
kDa molecular weight, corresponding to the expected 
size of EYFP-tagged BGLF2 fusion protein (Fig. 2a), 
was detected. However, a band with only about 27 kDa 
was observed in the control COS-7 cells transfected with 
pEYFP-C1 (Fig. 2a). This result assured that the open 
reading frame of the BGLF2 was properly expressed in 
the transfected COS-7 Cells

4.3. Subcellular Localization of BGLF2 in the 
Transfected Cells 
It’s well known that determination of the subcellular 
localization is one way to evaluate the potential roles 

Figure 1. Cloning and verification of the plasmid pEYFP-
BGLF2. Lane 1 to lane 4, PCR amplification product of no 
template control (lane 1),  Akata-derived EBV-BAC DNA (lane 
2), PCR product of pEYFP-BGLF2 (lane 3) or PCR product 
of the empty vector of pEYFP-C1 (lane 4) colony by primers 
BGLF2-F and BGLF2-R; lane 5, plasmid pEYFP-BGLF2; 
lane 6 and lane 7, restriction digestion product (approximately 
4700 and 1018 bp, respectively) of the pEYFP-BGLF2 or 
restriction digestion product (approximately 4700 and 31 bp, 
respectively) of the pEYFP-C1 with EcoRI and BamHI. Lane 
M, DNA marker (TaKaRa). Samples were electrophoresed 
using a 1% agarose gel and stained with ethidium bromide. 

Figure 2. Protein expression and subcellular localization of 
the EBV BGLF2 in transfected cells. (a) Expression analysis 
of the EBV BGLF2 in transfected cells using anti-YFP mAb 
through Western blot. Lane 1, COS-7 cells transfected with 
plasmid pEYFP-C1; lane 2, COS-7 cells transfected with 
plasmid pEYFP-BGLF2; lane M, protein marker (Thermo 
Scientific PageRuler Prestained Protein Ladder). (b) The 
subcellular distribution of EYFP and EYFP-BGLF2. Each 
fluorescence image is representative of the vast majority of 
the observed cells.
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of some specific proteins. To further investigate the 
subcellular distribution of BGLF2 in transfected live 
cells, fluorescence microscopy was employed. The 
plasmid pEYFP-BGLF2 encoding BGLF2 fused to the 
C terminus of EYFP was transfected into COS-7 cells 
to study the subcellular localization of the BGLF2 in 
absence of other viral proteins. As shown in Fig. 2b, 
the control EYFP fluorescence was evenly distributed 
throughout the cytoplasm and the nucleus in the cells 
transfected with pEYFP-C1. Moreover, EYFP-BGLF2 
also exhibited a similar subcellular distribution pattern 
with that of EYFP (Fig. 2b).

4.4 Bioinformatics Analysis of the EBV BGLF2 
Nucleotide Sequence
The nucleotide sequence similarity search using NCBI 
BLASTN yielded 5 nucleotide sequences (accession 
Nos. DQ279927, JQ009376, HQ020558, AJ507799, 
and AY961628) with strong identity to the EBV Akata 
strain BGLF2 (up to 98.5, 99.8, 99.8, 99.9, and 100%, 
respectively) (see Table 1 and Fig. 3); these accessions 
were corresponded to the BGLF2 gene of the EBV 
AG876, HKNPC1, GD2, B95-8, and GD1 strains, 
respectively. Multiple alignments of EBV BGLF2 

with 54 homologous reference herpesviruses revealed 
a remarkably high similarity of 82.2% and 54.5% 
with the members of subfamily Gammaherpesvirinae, 
that is Cercopithecine herpesvirus 15 (CeHV-15) and 
Callitrichine herpesvirus 3 (CalHV-3). However, a 
relatively low similarity was detected between EBV 
and other members of the subfamily Betaherpesvirinae 
and Alphaherpesvirinae (Table 1 and Fig. 3). 

4.5 Bioinformatics Analysis of the EBV BGLF2 
Polypeptide Sequence
An AA sequence similarity search using NCBI BLASTP 
yielded 5 AA sequences (accession Nos. ABB89265, 
AFJ06878, AEM00649, CAD53441, and AAY41138) 
that completely matched with the target sequence of 
the EBV Akata BGLF2 (accession No. AFY97879; all 
reach to 100%), and these sequences corresponded to 
the BGLF2 protein of EBV AG876, HKNPC1, GD2, 
B95-8, and GD1 strains, respectively (Table 1 and 
Fig. 4). In addition, multiple sequence alignments of 
the BGLF2 with its homologs in the 54 references for 
the herpesviruses showed a high similarity of 60.4% 
or 87.8% between BGLF2 and its CalHV-3 or CeHV-
15 counterparts of subfamily Gammaherpesvirinae. 

Table 1. Multiple nucleic acid sequence and amino acid sequence alignments of EBV BGLF2 gene with its reference 
species .

Virus name AlHV-1 AnHV-1 AoHV-1 AtHV-3 BBHV BoHV-1 BoHV-4 BoHV-5 CalHV-3 CavHV-2 CeHV-1

PNHa (%) 35.3 23.2 25.1 36.8 22.8 24.4 38.7 25.4 54.5 21.9 22.7

PAHb (%) 32.5 13.4 14.0 36.7 16.7 15.2 38.6 16.4 60.4 16.5 15.2

Virus name CeHV-2 CeHV-5 CeHV-9 CeHV-15 CeHV-16 CeHV-17 CMCMV EEHV EHV-1 EHV-2 EHV-4

PNH (%) 22.9 23.8 20.2 82.2 23.7 34.8 21.4 22.1 22.3 39.4 22.7

PAH (%) 14.6 16.4 14.3 87.8 14.3 35.1 15.8 16.1 13.4 35.1 13.7

Virus name EHV-8 EHV-9 FeHV-1 GaHV-3 HHV-1 HHV-3 HHV-5 HHV-6 HHV-7 HHV-8 McHV-3

PNH (%) 22.1 21.7 22.4 22.1 23.1 22.8 22.5 20.8 21.5 35.2 22.8

PAH (%) 13.4 13.1 14.6 14.3 13.7 12.5 14.3 15.2 16.1 30.8 16.1

Virus name MFRV MuHV-1 MuHV-2 MuHV-4 MuHV-8 OvHV-2 PLHV-1 PLHV-2 PLHV-3 PnHV-2 RHVP

PNH (%) 35.8 23.9 20.3 32.9 24.1 39.9 42.4 42.8 42.5 21.7 35.2

PAH (%) 34.8 15.2 14.9 29.4 16.1 36.0 42.3 42.6 42.6 14.3 28.7

Virus name SaHV-1 SaHV-2 SaHV-3 TuHV-1 WMHV HHV-4
AG876

HHV-4
HKNPC1

HHV-4
GD2

HHV-4
B95-8

HHV-4
GD1

PNH (%) 22.0 39.1 20.8 24.0 33.4 99.5 99.8 99.8 99.9 100

PAH (%) 15.2 39.1 16.4 15.8 29.4 100 100 100 100 100

a PNH indicates the multiple nucleic acid sequence alignment of BGLF2 gene of EBV Akata strain with its homologous genes of 54 selected species (Table 1) by using the 
MEGALIGN program in LASERGENE (DNAStar 7.0) with Clustal V Method, and sequence distance was calculated using weight matrix Identity. Gaps had been introduced by 
the alignment program to maximize the homology.
b PAH indicates the multiple aa sequence alignment of BGLF2 of EBV Akata strain with its homologous proteins of 54 selected species (Table 1) by using the MEGALIGN program 
in LASERGENE (DNAStar 7.0) with Clustal V Method, and sequence distance was calculated using weight matrix PAM250. Gaps had been introduced by the alignment program 
to maximize the homology. 
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ATGGCCACC--------GGCG-TAGG-ATCAGAA---ATAGAGA-AA-----------------------CTGAGGCA-----ATTTCTTAACAAGGAATGTCTATGGGTGCTAA-ACTCTG--CTTCAAATCAGCGACTAAAAAT-CTAC-ACCTCCACTACATC-GGTTTCC--GCCGCGTTCTCCCCGCATT-TAGGAGGTAGGA----------GGAG-GACG-----TTCATG-AATGTCACCATGTTGATTCTGAAGCCCAGGGACAGGGGCCTGTATGTTAC-TGTTTACATCAACGGGGTTCTTATGGCCTGTGCACGGC--CGGAGGCACTGT-TCACACGTGAAGTTCCGGGCCCACATAAAGTGTACCTGATCTATCTTGGAAT-GTTTGTAGATGTGGTAGA---TGAACAGGTTCCAGTAGAATCAATTGGTTCACCT---GTGATAACCAACCT-CCACTTG-AGAACGTCAGACATCTATTCTTCCT--CAACA-CCCGT-TACATCGATAGAAG
------------------------------------TTGAGGTCCCTGAAGCTGTTT-------------CTCGAAAGGGAGTGCGTATGGCGCACCGTCGTTAACGCCCAGTACTACAAGCAGCTGTGCGCCGTGGCCACCAAGT-CGGCCTTCT---TCGAGGC--GGGCGTCGGCGACCGG--AATCTCTGC-TACACCGTGGTCAACGTCATAATCCTCAAGAGGGACGGCGAG-AACGTTCTATGCATCAGCGTGAACGGGAAACCGTACGCGCAGCT--GG-CGGGCCGG-GTCAGACGCGTGAAGAAGCG-CATCGTCGAC--ATGGAT--CCCTTTTACCTGCTTCGCC-TG-ATACAGG-----TGAGGCCCGCGGATCTCGACTTCTCTCCGATGTTCGCCACCC-CGTCGAGCGCGGCGGGCGCG-GGCG--CGATGT--CGCCCATGTTCCTCTACGAACACTGTAGCCTCGTCGGCCCCGAGGAGGCCTCCGGGTTCGTCACGCGAGGCGGCGACGA
ATGGCCGGGCGCGCCCCCGGGCGGCGCCTGGCGCCGCCCTGCCCCCCCGTGGGGCCCTCGGCCCGC--GGCCCCGCAGGCGGGGCCGGCTCGCCCGCGGCCCCGGGCATCGTGGAGCTCGACACCTGCGCGGACGCCGTGGCGTCCGTCGCCAACTCCATCTTCGTGTGGCGGCTCGTCCGCGGGGACGAGCGAATCAAGATATTCCGCTGCGTGACGGCCCTGACGGGGGCGCTGTGTCAGGTGGCGGTCCCGCCGCCCGACCCCCGGCGGGCGCTCTTCTGCGAGGTCTTTCTGTACCTGACGCGGCCGCGCGCCCTGCGCCT-GCCCCCCGGCGCCTTCTTCGCGATCTTTCTGTTCAACCGCGAGCGCCGC-TACTGCGCGACGACCCACGTCCGCAGCGTCAACCACCCGC---TGGCCCCCTCGCTCCGCGCCCTGACCTTCACGTGCCTGAAGGCCGCCGCGCCCCCGGAGGAGAGCCCCGACCCG--GCCGCCGAGCGGCTCGACGC-GACG-CCGCTGG-C
ATGGCGTCC--------GCCG-C-AG-GCAATGA---GCGGGAGCTG-----------------------CTGCGCAA-----GTTCCTTAACAAGGAATGCCTATGGGTGCCGA-GCGACG--CCTCCACGAACCAGATGAAGGT-TTAC-ACGGCCACTACAGC-CGTGTCG--GCCGTGTACATGCCCAGGA-TAGCCGGAGCCC----------CGCG-GACC-----CACATG-AACGTCACCCTCATCGTGCTCAAGCCGAAGAAGAAGCCCACATATGTGAC-GGTGTACATCAATGGAACCCTGGCCGCCGTGGCCAGGC--CGGAGGTTCTCT-TCACCAAGTCCGTCCAGGGGCCACACAACCTGACTCTTATGTACTTTGGGGT-GTTTTCAGATGCGGAGGG---TGAGGCTGTGCCTGTGGAGGTTAGGGGCAACCCA---ATACTGAGCTCCCA-GGAGCTG-ACGACCTCCCATGTTTTCGCCACTT--CAACC-GCCGT-TAAAACAGTAGAAG
ATGACCGAACGCGCCCCCGGGCGGCGCCCGGCGCCGCCCTGCCCCCCGGTGGGGCCCGAGG--------GCCCCGACGGCGG---CGG---------GGCGGCGCGCATCGCGGAGGTCGACGCCGACGCGGACGCCGTGGCGTCCGTCGCCAACTCCGTCTTCGTGTGGAGGCTCGTCCGCGGGGACGAGCGGATCAAGATCTTCCTCTGCGTGACGGCCCTGACGGGGGCGCTGTGTCGGGTGGCGGTGCCCCCGCCCGACCCCCGGCGGGCGCTCTTCTGCGAGGTCTTCCTGTACCTGACGCGCCCCCGCGCCCTGCGCCT-GCCGCCCGGCGCCTTCTTCGCCATCTTCCTGTTCAACCGCGAGCGCCGC-TACTGCGCGACGGCGCACGTGCGCAGCGTGAACCACCCCC---TGGCCCCCGCGCTCCGCGCCCTGACCTTCACGCGCCTCAAGCCCGCGGCGCCCCCGGAGGAGAGCCCCGACCCC--GGCGCCGAGCGCGTGGAGAC-GACG-CCGCTGG-C
ATGGC------CACCCAGCGTC---G--TCACAT---TCTTAAATCG-----------------------TTT--------------TTAAACAAGGAATGCATATGG-TTGCGACACCCGG--GTACGTCCGCGTTTGTTCGGGT-ATAC-ACCGCGACCACTGC--GCATTCTGCCG-TTTTTGACCC----GCCGGTAACTAGCGAAAATG-CGATGTC-ACTTAACTTTTTA---AATGTTATGATCGTAATCATGAAACCAAAAGAATTTGGCCCGTGCGTTAC-CGTGTACATGAATGGAGATATTCTAGATTTTTGTGCCA--CGG-AATCTGTCGCCATAAGGGACGTGCCTGGTAGGGCGGACCTGTGTTTAATTCGTTTTGGTAC-CCTTTCTAATGCGCCGAGGAGCGTTCCGATACCCGGGCCGTTGAACCCACATC--CGCGAG--AAACCGTGCCCGGGCTA-ACAAAACAGGAAATTATATACACTT--CG-CAAACAGTGCCAAGA----GGAC
ATGGCCGGGCGCGCCGCCGGACAGCGCCCGGCCCCGCCCTGCTCCCCGGCGGGGCCCGAGG--------GCCCCGACGGCGG---CGG---------GGCCGCGCGCATCGCGGAGGTCGACGCCGACGCGGACGCCGTGGCGTCCGTCGCCAACTCCGTCTTCGTCTGGAGGCTCGTCCGCGGGGACGAGCGGATCAAGATCTTCGTCTGCGTGACGGCCCTGACGGGGGCGCTGTGCCGGGTGGCGGTGCCCCCGCCCGACCCCCGGCGGGCGCTGTTCTGCGAGGTCTTCCTGTACCTGACGCGCCCCCGCGCCCTGCGCCT-GCCCCCGGGCGCCTTCTTCGCCATCTTCCTGTTCAACCGCGAGCGCCGC-TACTGCGCGACGGCGCACGTGCGCAGCGTGAACCACCCCC---TGGCCCCCGCGCTCCGCGCCCTGACCTTCACGCGCCTCAAGCCCGCGACGCCCCCGGAGGAGAGCCCCGACCCC--GGCGCCGAGCGCCTCGAGAC-GACG-CCGCTGG-C
ATGGC-GTCG--GGA---GGGATCACTTCGAACGATTCCAGATGTCTGCGCCAGTTC-------------TTACAAAAAGAATGCTGCTGGAGGGAGGTCGGCCGAGGCCAAAAGTTCCGGGAGTTTCAGTGTATAGCTTGTAGGT-CGGCCATCT---TCTCCGT--AGAGGGGGAC----AATGCC----TACATGGCGTGTCAATTAT-ACTTGTTCAAGCGAAGCGGG---GAG-AACATCATCTGTCTCGCCTGCAACGGCCGCTTCGTGGGAACCTTCTCC-TGCCCTCGAGTACAGAGGGTAC-GACAGGAGCTTGTTGGA--TTGCCTACAACGTACAAGTTGGTATTTTTGGGGAATCTAGGTCCTGCTATTATGGACTTTATACCTGCGTTTTCGCCCATGATGAGTGTGGTGCCTCGGTGTTGTATTAATCCACAGTTAATTTACGACGTG-TGTACCTTGGTAGCTCCA-GAGGAAGCCGAGCGAGTTAGAGTGAAAGGTTGCACAGGGTCTTATGAA
ATGGAT----ATGTTATTACCCTC--GGAGATA-TATAT---------GCCAGGT---AAATCATCTGCGC----------GAAT--ACTAACACCTTGTGCGGCTGAACGTTTAACGAAT-GCTTTAACTCTAGATATGGGAT---TG--TGG--AAATCCGTCC-TTACAGACTCCCGGGTAAAAATTATAC-----GATCT--ACTGCATTCATCACGTCAAAAATTGCACCATTTATTCCTCCGCCTACATTGGAT--TCTCAACATCCTGGTGTTATTATAG-CAACGGTGTATATTACAAGGCCGCGACAACTAA-ATTTACCGCAGAAACACTTTCATGTAATTGTTAACTTTAATTATGAAA-TCTCCTACTGTTTAACGGCGTTGTTAAGAATCTATCCCATTGACGGTATGGATAATGTCGTTGGAGCAACATTTGGAGAACCAACAGCTTTAGCCCT---TCCAGAATGTATACCAGATCCACGG--GCGGATCCTACACCAGTTTCAAATGATGCGTA
ATGGC-GTCG--GGA---GGGATCACTTCGAACGATTCCAGATGTCTGCGCCAGTTC-------------TTACAAAAAGAATGTTGCTGGAGACAGGTTGGACGAGGACAGAAGCATCGGGAGTTCCAATCTGTGGCCTGTAGAT-CGGCTATTT---TTTCCCC--AACCGGGGGC----GATGCCAG-TTGCTTGGCATGTCAGCTGT-TGCTGTTCAAGCGAGAAGGA---GAA-AATCTGATCTGCTTTTCTTGTAATGGCAATTACATGGGGACATTTTGC-TGTCCTCGAATACAGAGAGTGC-GACAAGATCTCGTAGGT--TTACATACAACGTACAAATTGGTGTTTTTGGGACAGCTAGGTCCGGCACGTGTTGATTTTGTGCCGGCCTTTTCTCCTATGACGAGCGTGGTGCCTCGATGTTCCATTACTCCCTCCCTCCTTTACGAGGTG-TGTACTCTGGTGCCTCCA-GAAGAAGCTGAGAAGATTCGAGTGAAAGGATGCTCGGGTTCTTACGAA
ATG-------TCGACCTC-----ATCAGGGCCGTATTTGGAGCCCCTTCGACTCTTT-------------TTGAATAAAGAGTGTATATGGAGGAAGACCGGAAAAGGAGCTAAACATAGGGAATACCGATGTCTCTCATCGTCTT-CGCCGTGGTCGATTTTACCACATCAGGCGGCACGTCGCGTATGGAAATATGAGATCAATATAA--TCATTGTAAAAAAAAGAAACGATGAC-TACATAATCAGTATGGCGATAGAAGGACTGCACTACCAACAGATTT-TATGCCCTAAAGTTGTGACACAGTTATTTTTTATATTACACA--GTCACGGTGGGGCA-AAATTCTATAAACTTACATTTGATTCCTTTAAACCTATGGACGCTGAACTTGCTGTACCTCTCTATGATA-CGAC-TCCATTGCCA-CATATGAC-T-----ATGCAAGGACTTTCTATTTATGACCATTGCAGCATTGT-------GGGAAAACCAATATGCGCACAGGTAGCTGGTTCTATTA
ATGATGGCCGCCGCCT-CAGACAGC---------TGTTTGAGTTTATGGGAGGGGTCCGCGTC------GTCCCCCAACCG---CCAACTAACCCCGGAAGCGGTGAACTGTTTAA-CGGAGGCGCTCACGGAAGACGTC-GCCGTGCTAC--GCCTCAT----ACGCAGCGATCCCCGCGTTAAGATTTTTATGGCGGTTAGCGTTTTGACCCCCAGGC--TGGCTAGGT--TTGCGCCTCCCCCGCCCAAGCTCACCCACACCGCCAAGTGCGCCGTGAT-CATGA---TC---TACCTGACTCGCCCCAAGGCCCTGGCGCT-ACAACCCAAACAGTTTCACATGCTGGTAACCTTCAAC-AAGGCCAGCGTATACTCTCTGGTGGTGCGGGTGAAGA-CAAAGCCCTTTCCCGTA-GGCACCCAGAGATTCCGCGCCGTGTTTCAAG-ACCCCGAGTTTATTGGGCTACCGTCCGACATCCCTGACCCG--GCAGCAGAGAACATCCCAACCGA-GATTAACGACC
ATGGC------TAGCGGGGGAGTAGG--CGGCAC---CCGAGAGCTG-----------------------TTTAGGCA-----ATTCCTCAACAAGGAATGCATCTGGAAAAAGAGCCCCAA--CTCC-TCGCCCTACCTCAAGAT-CTAT-GTGGCCACGACCGC---TATCTCGCCCGTGTTCAAGCCA-GATGTGGGAG--GGCGAGGGCGGCCGGGCA-GCGCACACGCCATC--AACGTGACTGCCCTGTTCATGAAGCCCAAGGGACGCAGGACGTGCGCCGC-CTTCTACGTGAACGGGCTGCTGCTGGAGGCGTGCGTCC--CCGAGGT-CATCTTCACAAAGGTCGTCCCCGGGGTCCTGGGTCTGTTTCTGATCTACTTTGG-GC-CCTTCGCGGAGC-CCAGGCGGCCCTTCCCCATCCCCACCG--AGCCCGCCATCTCCGCGCCCCAGAACGTGCAGCTGTTG-AACAGGATGGAGATGCTGGACACAT--CCACCCACATTGCGCT-C----TCGG
A---TGGCTGCCGACT-TAAATAGC---------TACTCGAGTATATGGGAGGGGTCCTCGTT------GTCCCCCAACCG---ACAACTCACCATAGAAGCCGCTAATTGTTTAA-CAGAGGCGCTCACAGAAGATATT-GCAGTGCTAC--GCCTTAT----TCGCAGCGACCCACGCGTCAAAATTTTTATGGCGGTGAGTGTTCTTACTCCCAGGC--TGGCGCGGT--TTGCCCCACCCCAATCTAAACTAACACACACTGCCAAGTGTGCCGTGAT-AATGA---TA---TACCTAACTCGCCCGAAGGCCCTGGCTCT-ACAACCCAAGCAGTTTCACGTGCTAGTAACCTTTAGC-AAGAGCAGCGTATACTCTCTGGTAATGAGAGTGAAAA-CAAAGCCGTTTCCTATA-AGCCCACAGAGATTTTGTGGGGTGTTTCAAG-ACCCTGAACCAATCGGGCTACCGTCCGACGTGCCCAACCCT--GCCACAGAAAATATTCCCACTGA-AATTAACGACC
A---TGGCAGCCGCCC-AGGACAGC---------TGTTTGCGCTTATGGGAGGGGTCCGCGTC------ATCCCCCAACCG---CCAACTAACCCCGGAAGCGGTCAACTGTTTAA-CGGAGGCGCTTACAGAAGACATC-GCTGTGATAC--GCCTCAT----ACGCAGTGACCCCCGCGTGAAGATTTTTATGGCGGTTAGCGTTTTAACCCCCAGAC--TGGCTAAGT--TTGCGCCGCCCCCGTCCAAGCTCACCCACACAGCCAAGTGCGCCGTGAT-CATGA---TT---TACCTGACGCGCCCCAAGGCCCTGGCCCT-TCAACCCAAACAGTTTCACGTGCTGGTGACCTTCAAC-AAGGCTAGCGTATACTCCCTGGTGGTGCGGGTAAAGA-CAAAGCCCTTTCCGGTG-GGCACCCAGAGATTTCGCGCCGTGTTTCAAG-ACCCCGAACCTATCGGACTGCCGTCCGACGTACCGAACCCT--GCGGCAGAGAACATCCCCACCGA-GATTAACGACC
A---TGGCAGCCGCCT-CAGACAGC---------TGTTTGAGATTATGGGAGGGGTCCGCGTC------CTCTCCCAACCG---CCAACTAACCCCGGAAGCGGTCAACTGTTTAA-CGGAGGCGCTCACGGAAGACATC-GCCGTGCTAC--GCCTCAT----ACGCAGCGACCCCCGCGTTAAGATTTTTATGGCGGTTAGCGTTTTGACCCCAAGAC--TGGCTAGGT--TTGCGCCGCCCCCGGCCAAGCTCACCCACACAGCCAAGTGCGCCGTGAT-CATGA---TC---TACCTGACGCGCCCCAAGGCTCTGGCGCT-CCAACCCAAACAGTTTCACGTGCTGGTGACCTTCAAC-AAGGCCAGCGTATACTCCCTGGTGGTGCGGGTGAAGA-CAAAGCCCTTTCCCGTG-GGCCCCCAGAGATTCCGCGCCGTGTTTCAAG-ACCCAGAACCTATCGGGCTGCCGTCCGACGTACCGAACCCG--GCAGCAGAGAACATCCCCACCGA-GATTAACGACC
ATGG--------------AGAGAGC---------T-TCCCATCCTATATGGACAG-CTACAGG------A---CCGGAACG---ACGGTTGACACAAGATGCCGTTGAGCTTCTAA-TAGAAGCTCTTTCGGACGATATCTGTTCTCTTAA--GCCG-AT----CCGCAGTGACTCGCGGATTAAAATCTACAAGGGGGTAGGTCTGCTAACACCGAGGC--TCGCTCCAT--TTACTCCAGCTCCATCTCAACTTTCATCCATCAAAAACTATTGTGTATC-CGTGACATTG---TACATAACTCGACCAAAGGCGCTCAAGTT-ATCTAAGGGTCAATTTCATATCCTAGCTTTATTCGGT-ATATCCACAGCATATGCGTTTATATCCAATGTCATCC-TGAAACCTATGCTTCCC-GACAGTACGATTCTAGGGGCTTCGTTTTACG-ACGCTAGTGCCATCCCCCTCCCAAAGGAGGTTCCAGACCCC--ACCGCGGAACTGATTATATGTGATGATCCATTAC-
ATG------------ACTACGCG-----------------------------AA---GACGAAGGACGCCC----------GGAT-CGCCG-CGTCGTTCAGAACGGACTTGCGATACGGCGGCAGTTGAGTTCGTTAATAAGT---TAAATGACCGCATTTGCGTATGGCGCACGCTTCGGGCCGAATCGCGTCTAGCTGTGTTGGTCGCATTAACCACGTTAGACTTTACGTTATGTACGTACGTACCGCTGGGCGCTCGGCCGCAAAAGACGAAATGGGTGGAGATATTCATGTACCTTACGCGACCAAAGGAGAT-GTACTTGGACAGAAACACTTTTCAACTCTTGTTCTTAGTCAACGGGACGC-GCGCCTATTCCGTGACTGCCGCTTTACGCAT--AACCCCCATTCTGCGCGACGGATCTTCCGCAGATCTTATTTTCTTTTCTGACGTCGCTCCTAGTAGGACCTGTATCGGTCTTCCGGACGTCGCCATAGAACCTTTGTCAACTATCTCTTGTATC-G
ATGGCGCAGCTGGGACCCCGGCGGCCCCTGGCGCCGCCTGGTCCCCCGG--GGACCTTGCCCCGGTCGGATTCCCGGGCCGGAGCTCGCG-GCACGCG-CGACA-GAGTCGACGACCTGGGGACGGACGTCGACTCTATCGCGCGCATTGTCAACTCCGTCTTTGTGTGGCGCGTCGTTCGGGCGGACGAGCGGCTCAAGATCTTTCGGTGTCTAACGGTCCTCACCGAGCCTTTGTGTCAGGTGGCCCTTCCTAACCCAGACCCCGGGCGCGCCCTCTTCTGCGAGATTTTTCTGTATCTGACGCGCCCCAAGGCGCTGCGGTT-GCCCCCGAACACCTTCTTTGCCCTCTTTTTCTTTAACCGCGAGCGCCGC-TACTGCGCGATCGTCCACCTCCGGAGCGTGACGCACCCCC---TGACCCCGCTCCTGTGCACCCTCACGTTCGCCCGCATACGGGCGGCCACCCCCCCGGAGGAAACCCCCGACCCA--ACCACCGAACAGCTCGCGGA-GGAG-CCAGTGG-T
ATGGA-------ATTACAACGCAT--ATTTCCGCTGTAC---------ACC-GCT---ACGGGTGCAGCGC----------GCAA--ATTAACCCCCGAGGCAGTTCAGAGACTCTGCGAT-GCATTAACGCTGGATATGGGAT---TA--TGG--AAGTCCATCC-TGACCGATCCCCGGGTGAAAATAATGC-----GATCA--ACTGCTTTTATAACTTTAAGGATCGCTCCGTTTATCCCCCTTCAAAC---GGAT--ACTACTAATATTGCCGTTGTTGTAG-CCACAATTTACATCACGCGCCCACGTCAGATGA-ACTTACCTCCGAAGACTTTTCATGTAATTGTAAATTTTAATTACGAGG-TCTCGTACGCAATGACGGCGACTTTAAGAATTTATCCGGTTGAAAACATAGACCATGTTTTTGGAGCAACGTTTAAGAACCCGATCGCGTACCCCCT---TCCAACATCTATTCCGGATCCTCGA--GCAGATCCCACCCCCGCAG-ATCTTACACCAA
ATGGCATCC--------GCCG-C-GA-ACAGTAG---CCGGGAACAG-----------------------CTTCGCAA-----GTTCCTCAACAAGGAGTGCCTCTGGGTGCTGA-GCGATG--CCTCTACGCCCCAGATGAAAGT-CTAT-ACGGCCACAACCGC-CGTGTCA--GCTGTGTACGTGCCTCAGA-TAGCCGGACCTC----------CTAA-AACC-----TACATG-AATGTTACCCTCATTGTGCTGAAGCCCAAGAAGAAGCCCACCTATGTGAC-CGTCTACATCAATGGAACCCTAGCCACCGTGGCCAGGC--CCGAGGTTCTCT-TCACTAAGGCAGTCCAGGGGCCACACAGCCTGACTCTCATGTACTTTGGGGT-ATTCTCAGATGCCGTGGG---TGAGGCGGTGCCTGTGGAGATTAGGGGAAACCCT---GTAGTCACCTGCAC-AGATCTG-ACCACGGCCCACGTCTTTACCACCT--CAACC-GCCGT-TAAAACAGTAGAAG
ATGGCATCC--------GCCG-C-GA-ACAGTAG---CCGGGAACAG-----------------------CTTCGCAA-----GTTCCTCAACAAGGAGTGCCTCTGGGTGCTGA-GCGATG--CCTCTACGCCCCAGATGAAAGT-CTAT-ACGGCCACAACTGC-CGTGTCA--GCTGTGTACGTGCCTCAGA-TAGCCGGACCTC----------CTAA-AACC-----TACATG-AATGTTACCCTCATTGTGCTGAAGCCCAAGAAGAAGCCCACCTATGTGAC-CGTCTACATCAATGGAACCCTAGCCACCGTGGCCAGGC--CCGAGGTTCTCT-TCACTAAGGCAGTCCAGGGGCCACACAGCCTGACTCTCATGTACTTTGGGGT-ATTCTCAGATGCAGTGGG---TGAGGCGGTGCCTGTGGAGATTAGGGGTAACCCT---GTAGTCACCTGCAC-AGATCTG-ACCACGGCCCACGTCTTTACCACCT--CAACC-GCCGT-TAAAACAGTAGAAG
ATGGCATCC--------GCCG-C-GA-ACAGTAG---CCGGGAACAG-----------------------CTTCGCAA-----GTTCCTCAACAAGGAGTGCCTCTGGGTGCTGA-GCGATG--CCTCTACGCCCCAGATGAAAGT-CTAT-ACGGCCACAACCGC-CGTGTCA--GCTGTGTACGTGCCTCAGA-TAGCCGGACCTC----------CTAA-AACC-----TACATG-AATGTTACCCTCATTGTGCTGAAGCCCAAGAAGAAGCCCACCTATGTGAC-CGTCTACATCAATGGAACCCTAGCCACCGTGGCCAGGC--CCGAGGTTCTCT-TCACTAAGGCAGTCCAGGGGCCACACAGCCTGACTCTCATGTACTTTGGGGT-ATTCTCAGATGCAGTGGG---TGAGGCGGTGCCTGTGGAGATTAGGGGTAACCCT---GTAGTCACCTGCAC-AGATCTG-ACCACGGCCCACGTCTTTACCACCT--CAACC-GCCGT-TAAAACAGTAGAAG
ATGGCATCC--------GCCG-C-GA-ACAGTAG---CCGGGAACAG-----------------------CTTCGCAA-----GTTCCTCAACAAGGAGTGCCTCTGGGTGCTGA-GCGATG--CCTCTACGCCCCAGATGAAAGT-CTAT-ACGGCCACAACTGC-CGTGTCA--GCTGTGTACGTGCCTCAGA-TAGCCGGACCTC----------CTAA-AACC-----TACATG-AATGTTACCCTCATTGTGCTGAAGCCCAAGAAGAAGCCCACCTATGTGAC-CGTCTACATCAATGGAACCCTAGCCACCGTGGCCAGGC--CCGAGGTTCTCT-TCACTAAGGCAGTCCAGGGGCCACACAGCCTGACTCTCATGTACTTTGGGGT-ATTCTCAGATGCAGTGGG---TGAGGCGGTGCCTGTGGAGATTAGGGGTAACCCT---GTAGTCACCTGCAC-AGATCTG-ACCACGGCCCACGTCTTTACCACCT--CAACC-GCCGT-TAAAACAGTAGAAG
ATGGCATCC--------GCCG-C-GA-ACAGTAG---CCGGGAACAG-----------------------CTTCGCAA-----GTTCCTCAACAAGGAGTGCCTCTGGGTGCTGA-GCGATG--CCTCTACGCCCCAGATGAAAGT-CTAT-ACGGCCACAACCGC-CGTGTCA--GCTGTGTACGTGCCTCAGA-TAGCCGGACCTC----------CTAA-AACC-----TACATG-AATGTTACCCTCATTGTGCTGAAGCCCAAGAAGAAGCCCACCTATGTGAC-CGTCTACATCAATGGAACCCTAGCCACCGTGGCCAGGC--CCGAGGTTCTCT-TCACTAAGGCAGTCCAGGGGCCACACAGCCTGACTCTCATGTACTTTGGGGT-ATTCTCAGATGCAGTGGG---TGAGGCGGTGCCTGTGGAGATTAGGGGTAACCCT---GTAGTCACCTGCAC-AGATCTG-ACCACGGCCCACGTCTTTACCACCT--CAACC-GCCGT-TAAAACAGTAGAAG
ATGGCATCC--------GCCG-C-GA-ACAGTAG---CCGGGAACAG-----------------------CTTCGCAA-----GTTCCTCAACAAGGAGTGCCTCTGGGTGCTGA-GCGATG--CCTCTACGCCCCAGATGAAAGT-CTAT-ACGGCCACAACCGC-CGTGTCA--GCTGTGTACGTGCCTCAGA-TAGCCGGACCTC----------CTAA-AACC-----TACATG-AATGTTACCCTCATTGTGCTGAAGCCCAAGAAGAAGCCCACCTATGTGAC-CGTCTACATCAATGGAACCCTAGCCACCGTGGCCAGGC--CCGAGGTTCTCT-TCACTAAGGCAGTCCAGGGGCCACACAGCCTGACTCTCATGTACTTTGGGGT-ATTCTCAGATGCAGTGGG---TGAGGCGGTGCCTGTGGAGATTAGGGGTAACCCT---GTAGTCACCTGCAC-AGATCTG-ACCACGGCCCACGTCTTTACCACCT--CAACC-GCCGT-TAAAACAGTAGAAG
ATGGC-TTGG--CGCAGCGGGCTTTGCGAGACCGATTCCAGAACTTTGAAGCAGTTC-------------TTGCAAGAGGAATGCATGTGGAAGCTGGTCGGCAAGAGCCGGAAACACCGCGAGTATCGGGCCGTCGCTTGCCGTT-CGACGATCT---TTAGTCC-----GGAGGAC----GACGGCTC-GTGTATCTTGTGCCAATTGC-TGTTGCTCTACCGCGACGG---CGAA-TGGATCCTCTGTCTTTGCTGCAACGGCCGTTATCAAGGCCACTATGGCGTGGGC-CAGGTACATCGGCGTC-GTCGACGCATCTGTCAT--TTACCTACCTTGTACCAACTGAGCTTCGGAGGTCCTTTGGGTCCAGCCAGCATTGATTTCTTGCCAAGCTTTAGCCAGGTGACCAGCAGTATGACGTGCGATGGTATTACGCCCGACGTGATTTACGAGGTC-TGCATGTTGGTGCCCCAG-GATGAAGCCAAGCGCATCCTGGTCAAGGGTCAC----GGTGCCATGGA
ATGGC-GATATCGACTTT-----TTCAATTGGCGATTTGGGTTATCTTAGAAATTTT-------------CTGCAGAATGAATGTAACTGGTTCAGAATTTGTAAAAAAACATTCTATCGCGAATATCGCAGCGTTGCGACATCGT-CTCC----TACATTCT----CGTTGAATAATAAGCC---TAAGAAATTTTGCATGCATTGCGAGATTGTAATATTCAAGCGAAGTGAAGAA-TTTATGTTCAGCCTTGCGGTAAATGGCATACATTTTGGGCAGTTTT-TAA---CCGGAAAAATGAAAT--TTAAT---AAGAAAGCAGT--TCCG-GAAGGGCTC-TATTACTATATATTGGAATTGGGAAGCATAACCCCTATCGAT-TTGGGCTT--TATTCCGAGATATAATTCCGAC-TGTGTTACAAACATGCGTTGT-----GTTACACCGGAGGTTATTTATGAAAATTGCTCTATTGTGTGTCCCGAAGAGGCAAATCGCCTCACGGTAAAAGGGTCCGGGGA
ATGA-----ATT--TTTC-----TTCGATTGGCAATTTGGGATGTCTTAGGAGTTTT-------------TTACAAAATGAGTGTAATTGGTTTTCGGTGTGTAAAAAAAAGTTGTACCACGAATATCGTTGTGTGGCAACATCTT-CTCC----TG--TTTT----CGCTGT-TGATAAATT---TAAAGA---TTGCTTGCACTGTAATATAATTATTTTAAAAAAGAATTTGGAT-TTTGTTTTTAGCTTGGCCATAAACGGAATACATGCCGGACAGTTTG-CAA---CAAATTCCATTAAAC--TAAAA---AAAATTATAAT--AACA-AACGATTTG-GTGTACTACATATTAGAATTGGGATCTTTAACGGTAACGGAT-TTACATTT--CATTCCAAAATACAATAGTGAA-CATGTGCTGAATGTGCGACCT-----ATTACGCCAAATCTAATTTATGATACTTGTTCAATTGTTAGTTATGACGAAGCTAAACTTTTAACTGTTAAAGGACCTGGAGA
ATGGC------TAGCCGGAGGC---G--CAA-AC---TTCGGAAT-------------------------TTC--------------CTAAACAAGGAATGCATATGGACTGTTA-ACCCAA--TGTCAGGGGACCATATCAAGGT-CTTT-AACGCCTGCACCTC---TATCTCGCCGGTGTATGACCCT-GAGCTGGTAACCAGCTA---CG-CACTGA--GCGTGCCTGCTTAC--AATGTGTCTGTGGCTATCTTGCTGCATAAAGTCATGGGACCGTGTGTGGC-TGTGGGAATTAACGGAGAAATGATC-ATGTACGTCGTA--AGCCAGTGTGTTTCTGTGCGGCCCGTCCCGGGGCGCGATGGTATGGCGCTCATCTACTTTGG-AC-AGTTTCTGGAGGAAGCATCCGGACTGAGATTTCCCTAC-ATTGCTCCGCCGCCGTCGCGCG--AACACGTACCTGACCTG-ACCAGACAAGAATTAGTTCATACCT--CC-CAGGTGGTGCGCCGC----GGCG
ATGGC-GTCG--GGA---GGGATCACTTCGAACGATTCCAGATGTCTGCGCCAGTTC-------------TTACAAAAAGAATGTTGCTGGAGACAGGTTGGACGAGGGCAGAAGCATCGAGAGTTCCAAGCTGTGGCCTGTAGAT-CGGCTATTT---TTTCCCC--ACCCGGGGGC----GATGCCAG-TTGCTTGGCGTGTCAGCTGT-TATTGTTCAAACGAGGAGGA---GAA-AATCTGATCTGTTTTTCTTGTAATGGCAATTACATGGGGACATTTTGC-TGTCCTCGAATACAGAGAGTGC-GACAAGATCTCGTAGGT--TTACACACAACGTACAAATTAGTGTTTTTGGGACAGCTAGGGCCGGCACGTGTTGATTTTGTACCGGCCTTTTCTTCTATGACGAGCGTGGTGCCGCGATGTTCTATTACTCCCTCCCTCATGTACGAGGTG-TGTACTCTGGTGCCTCCA-GAAGAAGCTGAGAAGATTCGAGTGAAAGGATGCTCGGGTTCCTACGAA
ATGGC------CACCCAGCGGC---G--TGACAT---TCTTAAATCG-----------------------TTT--------------TTAAACAAAGAATGCATATGG-TTGCGACACCCGG--GTACGTCCGCGTTTGTTCGAGT-TTAC-ACCGCGACCACGGC--GCATTCCGCCG-TCTTTGACCC----GCCAGTAACTAGCGAAGATG-CGATGTC-ACATAACTGTTTA---AATGTCATGATTATGCTCATGAAACCAAAGGAGTTTGGACCGTGCGTTAC-CGTGTACATAAATGGAGATATTCTAGATTTTTGTGCTA--CGG-AATATGTCGCCATAAGGGAAGTGCCTGGTAGGGCGGACCTATGTTTAATTCGTTTTGGTAC-CCTTTCCAATGCGCCGAGGAGCGTTCCGATACCCGGGCCATTAAACCCACATC--CGCGAG--AAAACGTGCCCGGGCTA-ACAAAACAGGAAATTATATACACTT--CC-CAAACCGTGCCCAGA----GCGC
ATGGC-GACGTC-----CAGACTATCCGTGAAAAGTTTGAGAAGCATCAGTAGGTTC-------------GTCCAGTGGGAGTGTTGTTGGATCCTCGTCAACAAGAGCGCGCGCTACCGAGAGTTCCGCGCCGTCACCAGCCAGT-CGCCGGGGC---TGGGG---AAGGTCTCCTCCACCGACGACGGG--AGATGTCTCGCCGCCTCCATGATGCTTTTCAGACGTGACGGTAAT-TTCGTCTTCTGTCTGGTCGTCAATAAGGAGCCGGTGGGTCAGTTCGGC-TGCAGTGGCATGCGGCGCGAGAAGATG-GTCATCGATGGA--CTCCAGGAGCCCGTC---TACGTGATGCGTCTCCTGGCCCCCATCATCCCCGTCAAGCTAGGATTCTCGCCC-TACATGTTGCCGCCTAAGAGCATCGGCGG-----CTCCAGCGGTCTGGACCCCAGCGTCATCTACCAGAACGCGAGTGTGGTCACGCCCGAAGAGGCCGCCACCGTCACTATGCAGGGTTCCGGCAT
ATGCC-GACGCC-----CAGGTTATCCGCGAAAAGTTTGAAGAATGTTAAGGCCTTC-------------GTCGAGCGGGAGTGCACCTGGCTGCTCGTCCGCCGGGGACAGAGGCACCGCGAGTACCGCGCCGTCTGCTGCGGCT-CGCCCTACC---TCGGC---CGGGTCTCGGAGACCGACGACGGC--CGGTGCCTCGGCGCCTGCATGATGCTGTTCAAGAGGTCGGACGGC-TACGTCCTGAGCCTGACCGTCAACGGGGAGTCGGCCGGGCAGTTCGGC-TGCCACGGCGTCCTGCGCGAGAGGCTG-GTCGTCGACGGG--CTCGAGGACGTCGCCATGTACGCGGTCAAGATCATGTCCCCCCTGGTGCCGGTCAAGCTCGGCTTCACCCCC-TACATGCTGCCGCCCAAGAGCGTCGCCGG-----GTCGATGGGTCTGAACCCCGCCGTCATCTACGCCAACTCCTACCTCGTCGGCGAGGAGGAGGCCCGGGACGTCAAGA-GCGACGCCCTGTC-C
ATGGCAACCAAAGA---------AGATATAA----------------------------------------TTCAGAC-----ATTTCTGAATAAAGAGTGTATATGGATTGTAA-ATAAAG--CTTCATGTTGCAGAAAGAAGGT-CTTT-ACATGCACCACGTC-CATTTCACCAAGCCTGAAACACCAC---TTTGGTGTGCCAGACGATGGGGCATG----------GTGCCTA-AACGTCACTGTGTTGATTCTGAAGCCTAAACAATCTCCATTTTCTGTTAC-AGTGTTTATAAATGGGAAACCCATACTCTGCTCCAAT---TCACAGTTAATTTCTATCCAGAAGGTATCTGGCAGAGAGCATATGGCTGTGATATATTTTGGAAA-ATTTACAGGGAAGTCAG---CCATTCCAGTACCTATGGATCCTACAATTCTAGATCCTGGTTCTGACAGCCCACACATTT-TGTGTT-CAGATGTAATGGAGTCCT--CCACGT--------------TGGTTG
ATGGC-GACGTC-----GAGACTGTCCGCGAGAAATTTAGTCAATGTCAGGAAATTC-------------ATAGAACGGGATTGTAACTGGTTTCGGATTCGTAAAGGTGAACACCATCGAGAATTCAAAGCCGTGACTTCATCGT-CTCCGTATC---TTGGT---AGGGTTTCAGAGGAAGATGATGGG--AGCTGCCTAGTTGCCATCCTTTTGATATTCAAACGGAATGATGGA-TATGTGATGTGTATGTCGGTGAACGGAAAACATTTAGGACCGTTCATG-TGTGCCGCCGTCAGACGCCTCAAGTAT-AATGTAGAGTGT--GTCGGAAAA------GTGTATGTTATACATTTGTTATCTCCGCTTATGCCGGCGACGCTTGCGTTTTCTCCG-GTTCTCTCTTCGTTTAAGGAACTGGCCGG-----GGCATCTGGACTGTCCCCCAGTGTGATCTACAATAATTCGATTGTTGTAAAGCCAGAAGATGCCGGTCGCATTGAGATGCACGGGAATAACGA
ATG---------------------------GCCA---CTAGAGAGTTTAGGCGCCTC-------------TTCAGGCA-----GTTCCTGAACAAAGAGTGCCTGTGGGTCAGGA-ATCCTG--CCTGCGGACCACATGCCAAGGT-ATAC-ACAAGTACTACCGC-CCGGTCCCCGCTCTGGATGAACCAGACGCCCGGCGGGACCCGAGCTAAGTCCCAG-AGCGGCGGACCCACT-AACCTGACCTTGATACTGATGAAGCCTAAGCAGAGCCGAATGTTCGCTAC-CTTTTACGTGAACGGGGTACTAGCTGACTGTTGTGCCC--CCGATG---TCTGTT-TTGTGAGGCCCGTGACTCGCTACCAAATGTATCTGATCTACTTTGGTGA-GCTCAGCGCCATGGAGCACTCCCCGACTATACCTG-GGAACATTTCTGTTCATGA---TCCGGAGGCCCTGAGACAGCTC-AGCATCTTGCAGGTCGTGAATGCCT--CCACC-ATTGTGAAGAGCTCCAG-CG
ATG---------------------------GCAG---CTAAAGATAGAAGACAACGT-------------TTTAGACA-----ATTCCTAAACAAGGAATGCATCTGGGTTCCAA-ATGGAG--CTACCACAAAACATATGAAAAT-CTTC-ACGTGTACTACAGC-TGTGTCTCCGTACTGGAAAACTCAAGGAATAACTGGACCACATGGAGAAGGTCAA-AACCAT---TTCATC-AACATCACAATGATGTTGATGAAACCAAAAAATGAGAAACCATGTGCTAC-ATTTTATGTGAACAATATTCTCGTCGACTGCGTGACTC--CAGAAGTGATCT-TCACTAAACATTTACCAAGACCTTATAACATGTGTTTGATATATTTTGGAGA-CCTACTGGACCAACCTGTGCCAACTATCATACCAGCTGAGCTACGAAGCTTTTCA---TCC-AATCTATCACAAGATTTT-ACAATGTTGGACTTGGTCAACACAT--CAAAG-TCGATACGAAGTTGTAAA-G
ATGATATGCAGTATTTGGTTGACAGATATGGCAG---CTAAAGATAGAAGACAACGT-------------TTTAGACA-----ATTCCTAAACAAGGAATGCATCTGGGTTCCAA-ATGGAG--CATCCACAAAACACACGAAAAT-CTTT-ACATGTACTACGGC-CGTGTCTCCGTACTGGAAAACTCAAGGAATAACTGGACCATATGGAG---GTCAA-AACCAC---TTCATC-AACATCACAATGATGTTGATGAAACCAAAAAATGGGAAGACATATGCTAC-TTTTTACGTGAATAATATTCTCGTCGACTGTGTGACTC--CCGAAGTGATCT-TCACTAAACATTTACCAAGACCCTATAACATGTGTTTGATATATTTTGGAGA-TCTACTGGAACCACCTGTGCCAACTATCATACCAGCTGAGCTAAGAAGCTTTTCA---TCC-AATCTATCACAAGATTTT-ACAATGTTAGACTTGGTCAATACAT--CAAAG-TCTGTACGAAGTTATAAA-G
ATG---------------------------GCGG---CTAAAGACAGAAGACATCTG-------------TTTCGACA-----ATTTTTGAACAAGGAGTGCATTTGGGTTCCAA-ATGAGG--CATCGACGAAACATACAAAGAT-TTTC-ACTTGTACTACAGC-TGTCTCTCCTTATTGGAAAATGCACGGGCATATGGAGCCTCCCGGAGGTGGCAGA-AACCAC---TTTATC-AACATCACAATGATGGTTATGAAGCCTAAAAATGAGAAGACATGTGCGAC-ATTTTATGTGAACGGTATTCTGCTTGACTGTGTTACAC--CTGAAGTCATTT-TTACCAAAAAGGTGCCTCGTCCTTACAATATGTGTCTGATTTACTTTGGAGA-CCTGATGGACCCACCAATGCCTACGATCATCCCTGCAGAGCTTCGCAGCTTTTCA---TCT-GAATTGTCAAAAAACTTG-ACCATGCTGGACTTGGTGAATACAT--CCAAG-TCTATAAGAAGCAGCAAA-G
ATGGC-CTGG--GGCAACGGGGTCTGCGCGAACGATTCCAGGTCGGTGAGGCAGTTT-------------TTACAAGAGGAATGCATCTGGCGACTGGTCTCCAAGGGCCAGAAGCACCGCGAGTATCGGGCAATCTGCTGCAAGT-CGGCGATCT---TTAGCAC-----CCAGGAC----GACAGCTC-TTGCATCCTATGCCAGCTCA-TCCTGCTGCGCCGTAACAGGCACGAG-TACATCATCTGCCTCAACGCCAACGGCAAGTACCAGGGGCACTACT-CGTCCCCGCGCGTGCATCGCCGGC-GGCGCCACATCTGCCAC--CTGCCGCCCGTCTACCAGCTGATCATCACGGGCCCGCTGGGTCCGGCGCACCTCGACTTCTTGCCGCGCTTCAACCACGTCGTCAGCAGCATGTCGTGTCGCGGCATCTCGCCGGACACCATGTACGAGGTG-TGCCAGGTAGTCTCGGAA-GACGAAGCCAAACGCGTCGTCATCAAGGGAGAC----GGGGCGGTGAG
ATGG---CCAACAA---------AGATAAAA----------------------------------------TCAGGAG-----ATTTTTAAACAAGGAATGCATATGGGTATTGA-ATGATG--CTTCTTGCACAAAGAAAAAAGT-TTAC-TCTGCCACTGTTGC-CAAGTCTCCCTTTTTAGAGGGCCTG---GACGGTATTCCAGATAATGATAAATT----------TTATCAA-AATGTGACTGCACTTATAATGAAGCCAAAGGATGCCCTGCCCTGCGTGAC-TGTGTTTCTGTCAGGAGCTCCTATAGTTTGTAGCAATG--TCACCACTG-TGTCAATCCAGCAAGTTCCTGGGACACAG---ATGTTCTTGATATACTTTGGAGA-ATTTATTGGATCGCCTG---CTATGCCAATACCTATGGATCCCAGTATCCCATGTACAAAGGGTACATATACTGAGCCAG-GCTGGA-CTGATATTGTAAACTCTG--CAATGC--------------TTACAG
ATG----AGTCTGTCTGAAGACGACGCC-GGC-TCGCCCGGCCTCC-------GCTT--CGCCTG-CGGGCTA-GAGACCGGAACCGG-------G-GGCGCTAAG-ATCTCTGGTCTAAGCGCCCCAGCCTCTACCGTAGAGAACGCGACCAACTCCCTGCTCTCGTGGCGGCTCGTGCGCGGAGACGAGCGCCTGAAGATCTTTCGCTGCATCACCGCTCTCACCGAGCAGCTGGCAGAGATAGCGCTCGTCTTGCCGGACCCACAGAAGGCTCTGTTCTGCGAAGTGTTGGTGTACCTGACGCGCCCTCGGGCGATGCGGCT-CCCGACCGGGACGTTCTACGCCATGTTCGTCTTTAACCGGAGCCATCGC-TTCTGCGCTACGGTTGCGGTGCGCAGCACCGGCCACCCTCGCGCGGGCCAAGAGGTAGCTACGCTCGTCTTCTCTAACCTAAAGGCCGCTGAGCCCCCGGGAGAAAACCCGGACCCG--GCCGCGGAGGTCTACCCGGA-GACC-CCACTCG-C
ATGG------ATGATT---------------------TTAGGAATAAG----------------------TTACGCAA-----TTTTTTAAACAATGAATGTCTATGGGTTAAAA-ATGTAG--CTTGCACCTCTTTTACAAAAGT-ATAT-TGTGCTACTACTGC-TGTGTCTCCCTT---------TTTTAAGCCTATTTCACCACAAGGTGTGCCAGAT-AAACAC---TATATT-AATGTAACTCTCATAATCTTAAAGCCAAAAAAATCACATCCTTATATTAC-TGTTTATATAAATGATCTTGCTGTAGACTGTTGCAGTA--CTGAA--ATTTTGCAAGTAAAGCC-TGTACCTTGTTCTCATT-TTAGTTTAATTTATTTTGGGCC-GCTCATAGCCCCACCACATAATGTACAGATACCAGCTAACTTAAGCATCAA-AGC---ATCG-AA--AAAATCTCATCTA-ACAAAAAACCAAGTAATTTTTACAT--CAA-A-A-GTTAT-TCACCCTGAGCG
ATGGC-GTCG--ACCTCGGTTTGCTGTACGAGAGATTTAAGACTCCTGAAGTACTTT-------------TTACAACGTGAATGTGTCTGGAGAAGAGTAGGTGCAAGTTCGAAACACCGAGAATATGTGGCTATAGCTTCGAAAT-CGGCAACTT---TTGACAT--GG---ATGGTCAA-GATAGTCG-TTGCTTATTGTGTCGTATCA-TCGTTCTTTCTAAAGACGG---AGTT-AACGTTGTGTGCTTGAGCATTAACACGACCTACATGGGATCCTATT-CGACTAAAT---TGCATCGTGTAA-AACATGATGTTGGGGGG--GTAGAAACGTTTTACAGTTTTAAGATCGATGATGAATTGTGTCCCAAGACGGTACCTTTTGCTCCGACCTTCACACCTGTTCGCAGCACAGTTTCTTTTAATGGGATGTCGGCGGAATTTTTTTACGACGTC-TGTAGTCTACCCTCGGCA-GAAGAACTAAAAAGTATTATGGTGAAGGG------AGG---T---GAG
ATGGCCGCCGCCACCTCCGCCCTATCCGTGAGAGATTTGCGCTCCCTGCAGGCTTTT-------------TTGGAACGTGAGTGCGTGTGGCGGCTGGTCGCGGAGCAGGCGTACCACCGGGAGTACCGGGCCGTGTGCACGAAGC-CGGTGGACT----CGAGCCTCGAGCTCCTTCGGACGGCGGAGCCCTGCCTGTGCTGCGGGCTG-ATCCTGCTGCGGCCGAACGATGGCGGC-CGCCTGCTCTGCCTCTACCTCGAAGGCCGGCCGTTGGCGCAGTTCCGC-TGCAGCGGCGTGAAGCG-GCGCCGCTGCCTCGTCGAGGGC--TTCGAG--CCCTTCTACGT-CTTGACCATGGACTCGAGCC---TGACGCCGGCGAGCGGCGGCTGCTCCCGCTGGCCGGCCATCAGCGCCGTGCCCAGCACGCACTCGGCGTCCGGCGTGACGCCGAAGCTGCTGTACGACCACTGCACGCTCGTCGGGTCGGAGGAG---CGCGCGGCGGTCGC-CCAGCCGGCGCCGG
ATGGCGACCAGAGA---------AGATATAA----------------------------------------TTCAGAC-----TTTTCTGAATAAAGAGTGTATATGGATTGTAA-ATAAAG--CATCATGTTGCAGAAAGAAGGT-GTTT-ACATCCACTACCGC-CCTCTCACCCCGCCTGAGGCACCAC---TTTGGTGTGCCAGGCGATGGTGCCTG----------GTGCATA-AATGTCACTGTCTTGATTCTGAAACCTAAACAATCTCCATTTTCTGTTAC-TGTGTTTATCAATGGGAAACCCATACTCTGCTCAGAT---TCAAAATTAATTTCTATTCAGAGGATATCTGGCAAAGAACGTATGGCGGTGATATATTTTGGAAA-ATTTACTGGAAAGTCGC---CCATTCCAGTACCTATGGACCCCACAATTCTAGAGCCTGGTACTGGAAGTGCACAGATTT-TGTGTC-CAGAGGTCATGGATTCCT--CAACCT--------------TGGCTG
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ATGGC---C---G------GG-------CGACAG---CCAGAAACCT------G-T--------------TTTCGAAA-----GTTTCTGAACAAGGGGTGCCTATGGGTGGTGA-ACCGAG--CTTCGAGGCCTCTCATGAAAGT-CTAC-ACCTCCATTACCGC-CGGGTCCCCGCGCGGGACGACCCTCAGGTTGGTATGTCCCCTTG-TGCTGCTCAA-AACCACG--TTTGTG-AATGTCACCCTCATGGTGCTGAAGCCCAAGAAGGCGCCGCCGTTTGTGAC-TGTCTATATCAATCGCGCCCTAGTGCCCTGTGGCTGGC--CCGAAGTCCTTTTACACCATGGTGGTCTTGGGCCCAGACCGCCTGATTCTGATGTATTTTGGGGT-ACTCATCGACGCGCCAGCCCCTGTGGCCCTACCTGTGGAGTTACGGCGTTTCTCA--CGCGGTGTCCTGCACGCGACCTG-ACAATGGCCGAACTCGT-GACACCTA-CAACT-GCGGT-CAAGGCCGTAGAAG
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ATCTACCAA---AACCACATGTTGAAGTAGTTCCTCTGGGTCCTTTTGGA-CCCTG-GAT-GGCCA-ACGGGAGCCTGCTACAG-TATACCATCAACCCTGACCTGCTGATATGCTGTCCCAGTATT---GGAACTTTACCAACAATG-AGCAACATCATCACCTGGATCACTAAGTGTGAAA------ATGAAGAATGTGAATCTTGTCATGGCAATTCAGATCATGCCT-GCGTTTTAAGGGGTGTGACACTCGCTGACCAGAACTATGGTTCTGACACTTGT------C-----CCTGTG------TAGCCCCGTGTTCCATGAGGCATGGTA---ACATAGCTAGGATAACTACCA---GCAGCAACCTACTGGGATTTCTCTTCCCCCCAGAATCACAGAATGACATAGTTGCCATCAGAGCTAAATCTAATAAACTAACTTTGAATG-TTCAAGATATCTTCTGTGGGGTGA-CTAGAGAAGGAGAA-GAGGTGGCCTGTCTGCAGTCCCC---CTGGCTGCTT
TCCTAAATCTAGAAGACCATACGG-AAAATATAAC---GCCGCCAAGGGATCCTCATAAC-TGTAGAATGGTATCTGTTGGGGCGTGGTGGTCTTTTCCCAAACGAAGGCTCTACTATTTACGAATGGATACACCACTTTTAGCTATATGCCCGGCGGGATGGAAAGCAAGAACGCTTGGAGACGTTCTAGCGAGACTCGTAGACCATACACCAGGTTGCGAGACCTGCATTA-GCGGCCACGA---TCACGTGGATTCGTATAATGCCATATGGAAGCCTGGCGAAGTCGCAGAGGCATGTTTATGTAAAGGACCATGCCTGTGGCTCAAATCAAAACAGCGGGATATGATAGTAGAAGGGGATGTGAGTATGTGTCGCGTTTTGTTCATGGACGCTGTAGATACTATACGACTTGTATCTAACCGTAATC-C--ACGTATTT-CTGCAAATTTGGCCGAAGTAATTTCCGCCTTTGGTT-CAGCCAG---ACAAGTACCTGTCAATGCGGCCGGATGGCA-CTTGGTG
CCAGGTACG-AGAAGAGCCATCAAGCTTGGCGGCCCCGGTACGTGGGCTGT-AAAA-CATCAAACG-GGAATGGATCTCTACTTCTTTTTGCTGGCGTACGACCTCTATACCACCTGTACGGGTAAA---CACCTGCTGCCTTCCATG-GCCAAACTGATGGCCATTTCCACGGCTTGTGGGG------AAATGAGCTGTCCGTTCTGTAAAGACCACGGGACTCACGTCG-ATCCCACGGGACGTTATGTCGGGCTGGTGCCCGACAGGGGCTTGTGCTTTTGCTACGCTC-----CCTGTCGGACGCCCACCGCG---CCGATTACTAACGAAG---AATACGTACCTTTCTTCTGTGACGATGCCAACTCGGCTACACACATGTCGGTGACGAGCGCCGTTAGGCAGCACGGTCTGGTCACGCTGGCCTCTTCTCTGGAAAGTCACATTGCGGTGTATAGCGGGTCGGGAGTGCCGCTACCTCTAAAACGCGCATGTTGGCAGCTGGTGAAGCTGGCCCACCCCGTG
-TCTTCCTAATG-GATA---TGAAAATGTGATTC--GAATTGGGGCCTGT-GCGTG-GTA-TGCAA-ACGGCG-CAATATTTCAACACTTTCTTTCCACAGACTATATGTCATTATGTCCAGCTTTT---AAAGAGTTTCCCTCTCTT-TCTAGAATTCTCAGTTTACTCACTAGATGTGATG------ACCAGTCATGTGTGCCATGCTATGGAGAAAAAATACATGTAA-ATTGCCAGAGCGGATATACAGATTCTAATTGTGATGGCAAATCAAATTCATGT------C-----CATGTA------TCATCTCCTGTTCAGCACTAAAAAGTA---AAAATGTATCTATTACAGGAA---ACAGAAATTTACTCAGTCTGTTATTTGATGCAACTCTACAAAGTAGTATTGTGAGCCTCAAATTTTTTT-CGCCGAAGGCCCCAACGGTAGTAAATAAAGTTTTTTGTGGCGTGT-TAGAAACAGGGGAA-ATGGTAGAATGTACATGTGAAGC---CTGGAATCTG
GCAAA-GTCGTGTC---CC-GTTTAGGC---GGGGTGGGTGCGTGGGCGTTGTATG-ATGGTGACG-AGATCGTT-CTGTACGCTTTCGTGCTGGCGTTCGATCTGTTTACAGCCTTCTGCGACAGA---AATTGGTTCCCTTCCCTG-GCCTACATGTTCTCTCGGTCGGTGTTGTGTGACG------ACGTTAAGTGTATCTTTTGTACGGATAACGGTAAACACGTCG-ACCCCATGGCGGGATTCGTCGGATGCAAGCCGGACGAGGGACTCTGCATGTGTTACGCTC-----CCTGCAGG---A--GTCCCATAGCCGAGATAACGTGCGA---CGATCATGTGCCATTTCT-TACCGATAGCGACGACGCAGCGTTTTTG-ATGACTAAGACGCGA-ACCGCAACCGCGGTGGGC-GT-GGACGTGGAC----G----CGCATATAGGCGTGATGGACAGAGACGGTCGTGAGCTGCCGGTGAAAACGGCCGCGTGGACGCTAGTGAAATGGGATCCCTACATA
ATGTGGACCCCTTCGCCTTTACG---GCCTTCGCGCGC-CCGCCGCGCGACGCCGCAG-ACTGCTTCCAGCTGGCGCCGGGCGTGTGGTGGTCGTACGCAGACCGGCGCCTCTACCTCGTGCAGATGGACGAAGCCCTGCTGGCCCTGTGCCCCGCAGGCTGGCGCTCGCGCAGCCTCGGGGGCGTGCTCGGGCGGCTGCTGAGCCACCCCGGAGGCTGCGCGGCGTGCACCGC-CAAATGGCACATCGAC-GCGCTTAACGCGGCGCCGGAG-CCGG-GCGCGT-GC-----GACGTGTGCCCGTGCGCCGCGCCGTGCCTGTGGAAGAAGGCCCGCCGCCAGGACGTGCCCGTCGCGGGGGACTCGAGCCTGTTTCGAGTGCTTTTTACGGACGCGGTCGCGCGGGTGCGCATTCTGGGCTCGCGACGCCGGCCGCGGAT-CACGGGCGCGCTCCCCGAGCTGCTAGCCGGCGTCGGGC-CGCGCGGCGAAGCGGTGCCGGTGAACGGCGCCGGCTGGCAGCTGCGCG
-TTGAGGACCTG-GATG----AAACATGTATCTCATGTATTGGAAAATGT-GCATG-GTA-TGCAC-ATGGGA-CCTTGTTTCTACCTTTTCTTTCTATAGATTATATGATGTTTTGTCCCTCCCTT---AAGGAATTTGTATCTCTC-CCAAGATTCATTAATCTGTTAACACGGTGTGAAG------ACAAGCAGTGTGTTCCATGTTATGGGTATAAGATTCACGTGA-ACTGTTGTATGGGATATACGAGTGGGGAAGAAGATGGTTGTTCTAACTCATGT------C-----CTTGTA------TTCTGTCTTGTACTGCCATACAACAAG---ATTATGCACCCATTACTGGTA---ATAGAAATCTACTTAGTCTCCTTTTTGAACCAGAGTATCAAAAAGATATTGTGGCCCTTAAGTTTTTCAGCAATACAAGACCCTGCAGTGCTAA-TGATATTTTTTGTGGTGTGC-TAGAAAATGGGAAT-GAGGTGCCCTGTAACAATACTCC---ATGGGAACTA
ACGTGGACCCCTTCGCCTTCACG---GCCTTCGCGCGC-CCGCCGCGCGACGCCGCGG-ACTGCTTCCAGATCGCGCCGGGCGTGTGGTGGTCCTACGCGGACCGGCGCCTCTACCTCGTGCAGATGGACGAGGCCCTGCTGGCCCTGTGCCCCGCCGGCTGGCGCTCGCGCAGTCTCGGGGGCGTGCTCGGGCGGCTGCTGAGCCACCCGGAGGGCTGCGCGGCGTGCGCCGC-CAGGTGGCACATCGAC-GCGCTCAACGCGGCGCCGGAG-CCGG-GCGCGT-GC-----GACGTGTGCCCGTGCGCCGCGCCGTGCCTGTGGAAGAAGGCCCGCCGCCGGGACGTGCCCGTCGCGGGGGACTCGAGCCTGTTCCGCGTGCTCTTCGCGGACGCCGTCGCGCGGGTGCGCATCCTGGGCTCGCGGCGCCGGCCGCGGAT-CACGGGCGCGCTCCCCGAGCTGCTGGCGGGCGTCGGGC-CGCGCGGGGAGGTCGTGCCGGTGAACGGCGCCGGCTGGCAGCTGCGAG
ATCTTAAAGGCATTAAAAAGTCTGATATTATTCCACTTGGCCGTGGGGGA-GCATG-GAT-GGTCT-C-GGGAATTTTGTACACATTCTTTATCAATATGGATATGATGATGTGTTGCCCCAATATT---CCAACATTTCCCTCACTA-ACTCACTTTGTTAACTTACTAACTAGATGTGATG------ACACTGGATGCATTTCTTGTTATGGGGCAAGAGTTCATGTTA-ATGTGTTTAGCGGGTGGACAGGAGAGGAAAGTCCGGGAACATCCGGAACCTGT------C-----CCTGTC------TACTACCCTGCTCGGCGATGCATAGCG---AGTATGTGCCTGTAACAGGAA---ACAAGAATCTCCTGGGACTAATTTTTAAACCTGAATATGTAAAAAATATTGTGGGTCTACGTTTTAAGCACGGGTCGCTACATCCAGACA-TTTCCAACGTGTTGAGCGGCGTAT-TAGCCACCGGTGAA-GAGGTGGATTGTACACCTAAAAC---ATGGACACTA
GCACG-GCGACGTCAGGCT-GCGGAGAC-TCGGGGTCGGCTCGTGGGTTCTGGTGC-AGGGAGACA-CCTACACG-ATCTACTGCTTCGTGCTCTCCTGCGACCTGTACGTGGCCTGCTGCGACCGT---CGCTTTTTCCCGTCGGCG-GCCAGGATGGTCGCCAAAACGACGGCGTGCGACA------GCGAGACCTGTTCCTTCTGTCGTGATCATGGCAAACACGTGG-ACGTGACCGGGAAATTCATCGGTTGCGTTCCCGAGAGGGGCTGTTGCCTGTGTTACACCT-----CGTGCGGGATCA--GGATCACGCCCG-GACAGAGCGAGA---CCATCCTGCCCTTCCTATGCGACGACGACGAATCCGTCGAGGCCGTA-CAGGCGACCGTGCGCCAGGAC-ACCAGACTCAGC-AC-CAAGCTCAGC----G----ATTACGTGTGTTTCAAGAACGTGAACGGCGAGAACGTCCCCGTGAAAGACGAGGCGTGGAACCTCATGAAGATCGATCCCGACCTT
GTTCGAGCTCGCGGGGCCGTTC-CTGGTGCCCGCGGAGGTCCCCAGGG-ACCCCTCGGCG-TGCTGCGCCCTGGGCCCGGGGGCGTGGTGGCACTTCCCCAGCGGCCAGATCTACTGCTGGGCGATGGACGAGGCGCTGGGGGAGCTGTGCCCCCCAGGCAGCCGCGCGCGGCACCTAGGTTGGCTCCTGGCCCGGCTGACCAACCACCCCGGGGGCTGCGGGACGTGCGCCCCGCAGCCC-CACGCCGAC-TCGGTGAACGCCCTGTGGGAG-TCCGCCGCCGT----CGCCGAGGCGTGCCCCTGCGTCGCCCCGTGCATGTGGGCCAAGATGGCCCAGCGCGTCCTGGCCATCGAGGGCGACGGCAGCCTCCGGCAGCTGCTGTTCGCGCGCCCCGTCGACGCCGTCGTGCTGCTCGGCTCCACCCGCGGGCCGCGCAT-CGCGGCCCACCTGCACGAGGTGGTCGGGGG-ACAGCG--GG-GCGCGGAGAGGATCCGGCCTCAGGCCACCGGGTGGCGCCTCTGCG
AACTGCAAGATCTCACACCCTCGGAGATTACTCCACTTGGGCGAGGCGGG-GCTTG-GTA-CGCAG-A-AGGGGCCCTGTACATGTTTTTCATCAACATGGACATGTTAATGTGCTGCCCCAATATG---CCAACATTCCCATCTCTG-ACCCATTTTATCAACCTGCTCACGCGATGTGAGA------ATGGGGACTGTGTGACTTGTTATGGATCCGGGGGGCATGTGA-ACGTCCTGAGTGGCTGGACGGCAGATGACAGCCCTGGCACCTCCGGTATCTGT------C-----CCTGTC------TGCTGCCCTGCTCTGCCCTAAACAATG---ATTATGTGCCGGTAACTGGGC---ACAGGGCCCTCCTGGGGCTCATGTTTAAACCAGAGGACGCCCCCTTTGTAGTGGGACTGAGATTCAGCCCACCAAAAATGCACCCGGATA-TGTCTCGTGTTCTGCAGGGAGTTC-TGGCTAATGGGAAA-GAGGTCCCGTGCACGCCGCAGCC---CTGGACCCTG
GTTCGAGCTCGCGGGGCCCTAC-CTGGTGCCCGCGGAGGTCCCCCGGG-ACCCCTCGGCG-TGCTGCGCCCTGGGCCCCGGCGCCTGGTGGCACTTTCCCAGCGGCCAGATCTACTGCTGGGCCATGGACGAGGCGCTGGGCGAGCTGTGCCCCCCCGGCAGCCGCGCGCGCCACCTGGGGTGGCTCCTGGCCCGGCTGACCAACCACCCCGGGGGCTGCGAGACGTGCGTCCCGCGGCCC-CACGCGGAC-TCGGTCAACGCCCTGTGGGAC-TCGGCCGCCGT----CGCCGAGGCGTGTCCCTGCGTCACCCCGTGCATGTGGGCCAAGATGGCCCAGCGCGTCCTGGCCATCGAGGGCGACGGCAGCCTCCGGCAGCTGCTGTTCGCGCGCCCCGTCGACGCCGTGGTGTTGCTGGGCTCCGCCCGCGGGCCGCGCAT-CGCGGCCCACCTGCACGAGGTGGTCGGGGG-GCAGCG--GG-GCGCGGAGCGGATCCGGCCCGAGGCCGCCGGGTGGCGCCTCTGCG
AGATACCAGATGCCAT-AAAGGGGAAAGAGTTCCACCAAATAAATCCGTTTTTGTG-GTT-TG-AC-GGAGGGGCGTTTTGGCAACTGTTCCTCTCTGTGGATTTTATGCTGCTCTGTCCCGCACTC---GACACAGTTCCGTCCCTG-GCCAGAATCGTTGGGCTTCTTACACAGTGCGATA------AGAGCACGTGTAAAATTTGTACGGGGGCCCACGTACACGTTA-ACCCGTATCGCGGATACACGCCACCTGACTCGCAAGGGACCTCACCCTCGTGC------C-----CCTGCC------TTATCTCGTGCGGGGCCAGGCGCGCGG---CGGATGTCCTGGTTACCGGAC---ACGTTAATCTTTTGGGCCTGCTCTTTGACCCCAAAGCCTCCCCCAAAGTGACCAAGCTGCGTTTAAAAAGAAACCCAC-GCCCGGTACCGATAGAGGACGCCATGTCGGGCGTCA-CGGCCG-AAGGGACCGAGGTGCAACCCACTTCGCTACC---GTGGGCCCTC
GTTCGAGCTCGCGGGGCCCTAC-CTGGTGCCCGCGGAGGTCCCCGGGG-ACCCCTCGGCG-TGCTGCGCCCTGGGCCCCGGGGCGTGGTGGCACTTTCCCAGCGGCCAGATCTACTGCTGGGCCATGGACGAGGCGCTGGGCGAGCTGTGCCCCCCCGGCAGCCGCGCGCGCCACCTGGGGTGGCTCCTGGCCCGGCTGACCAACCACCCCGGGGGCTGCGAGACGTGCGTCCCGTCGGCC-CACGCGGAC-TCGGTCAACGCCCTGTGGGAC-TCGGCCGCCGT----CGCCGAGGCGTGCCCCTGCGTCACCCCGTGCATGTGGGCCAAGATGGCCCAGCGCGTCCTGGCCATCGAGGGCGACGGCAGCCTCCGGCAGCTGCTGTTCGCGCGCCCCGTCGAGGCCGTGGTGCTGCTCGGCTCCACCCGCGGGCCGCGCAT-CGCGGCCCACCTGCACGAGGTGGTCGCGGG-GCAGCG--GG-GCGCCGAGAGGATCCGGCCCGAATCCGCCGGGTGGCGCCTCTGCG
CCTGGAGT-CGAAAAAGCTATCAGTCTCGGCGGAGCTGGCGCGTGGCTGGTAAATA-GCAGGGAAG-GCTACATAT-TATATTTTTACTTGCTTTGTTACGATCTCTTCGCGGTATGTGGCAACGAC---AACGAGCTGCCTTCCATG-GCGAGACTTATGTCCTTGGCGACTGCTTGCGGGC------AGGTGGGTTGCAGCTTCTGCAAGGACCACGGAGGACATGTAG-ACCCTACTGGATGCTACGTGGGACCTGTACCGGATCGTGGCAATTGCCTATGCTACACTT-----TATGTAATTCTCCCTCCATGAATCCCATCACCAACGAGC---ATCCTGTGGCTTTTTTTTG---TGACGTGGAACTTGCACAT--TATCTCTGTGCTGTGGGTTCAAAGACAAAG-TCCAAGATCACTTTGGCGGATGGTTTGGACTACCACATCGGCGCCAAGAATGAGGCCGGGGACTGGGTACCGTTAAACTCTAACGCTTGGCAGCTGGTGAGACTGGATGAACCCATA
TGT-GAATTTAAATAATTATTTAC-AAGCACCTCG---TCTTCCTAAAAATGTCTACGCA-TGTAAAATGTTATCACCGGGAGTATGGTGGTCGGACGAGAAGAAGCGATTATATGTTTTAGCAATGGATTCTCAGTTGCTGGGTTTATGCCCTGCCGGATGGCAAACCCGAATTTTAGGAGCTGTTCTGGGTCGGCTTTTAAGCCACTCAAATGGGTGCAGCGAGTGTTACG-GAAGAAAACACGTTGG-GTCTTTGTTGGCAACACCAACAGTAC---CCAATCA--CACAGAAAGCTGCGTTTGTTGGGCACCGTGTATGTGGAGAAAGGCCGGGCGGCGAGATTTGAAGGTACAGGGAGACATTGGAAATACGCAGGTGCTTTTTATGGATGCTGTTACTTCAATACGCATTATATCAAGCAATAAAAATCCTCGCAT-TACATCTAATTTATCGGACATTATTTCAGGAACAAACA-TATCGGGAATGTCCATACCCGCAAACGTATCTGGATGGCAACTGTATA
TCTGGAAT-GGAAAAGGCCATCAGCCTCGGTGGAGCCGGGGCCTGGCTGGTGAACA-ACAGCAGTG-GGTACACGT-TGTATTTTTACATACTGTGTTATGATCTTTTCACTGTATGTGGCAACGAT---CAGGAAACGCCTTCCATG-GCCAGGCTGATGGCCTTAGCGACCGCTTGCGGAC------AAGTGGGTTGCACCTACTGTAAGGATCATGGAGGACACGTGG-ATCCTACCGGTTGTTACATAGGCCCTGTGCCAGACAAGGGGAATTGCTTGTGCTACACGT-----TATGTAATTCTCCTACCATGAACCCAATCACTAATGAGA---ACCCTGTAGCATTTTTCTG---CGATGTGGAGAGAGCAACC--TATCTGTGCGCCGTGGGCTCGAAAACCAAG-AGCAAAGTTACGTTGGCAGATAGCCTGGACTATCATATCGGTGCCAAGAATGAAACCGGAGACTGGCTGCCGCTGAATACGAGTGCCTGGCAGTTGGTGAGGGTGGAAGAACCCGTG
C---------ACCAA-TCGGGACATGTGGC---GTGTGGACGGTGACGACCGGAGC-ACAA------ACTA-ACATA-GTTTG-TTTTGCGCTCAGATACGATCTCGCGGTGTGTATATCAGATCCA---AAAGTATTTCCATCTATG-GCCAGATGTATGGCGTCTGCAGTTGGGTGCGCAC------AAGACACGTGTAGTTACTGTACCGGACATAACAAACACGTGG-AAGTGTTCGATGTGAATGGTGATTATGGGAAAAATAAGGAGCTGTGTTTCTGTTCTACGC-----CGTGTGGTGATTGGGATTTTAGA---GATGAAAGTATGA---AAC---CTCTTTTTTCAAAGAACGAGGAAATGGTTGGAATACGAGTT-------AGAGAGCCGCCCAATAGCGA----AAATACCATCTTTGCCAAA-GCCAGCGATTATTTTTATGGTATAACGCGCGATGGTAAAGAAGTGGGTTTAAGCGATGAAAACTTCATATTATTAAAAATAGATCCGCGACTC
GCCTGGACGTGAGCAATTTTGCA---ACCCCGGCACAA-CCCCCCAAAGACAAGTACG-ACTGTTGCGTCCTGGCTCCTGGCGTCTGGTGGTCTAACGCAAACAAGGCTATATACTTTCTACAGATGGACGTAGCTCTGCTGGCTCTTTGCCCGGCTGGATGGAAAGCCAGGGGTCTGGGGATCATTCTTGGGCGTCTGCTTAACCACCAAGAGGGTTGTGCTACGTGCCGCTT-CACCGAACATTCAGAT-CCGCTGAATGCAACGGCAGAC-TCGGTGGCTA----CCCCCGAATCGTGTCTATGCTGGGCGCCGTGTCTGTGGCGAAAGGCACACCAGCGAGAGTTAACCGTGGAGGGGGATCGATATCTGTTTCGAGTTCTCTTTATGGATGCGGTGGAGCGAGTGCGTTTGACTGGCCTGAGGCGCAGCCCAAAGAT-AACAGCCAATCTCGCCGACTTGGTTGTGGGGATTGGGC-CGCACGGACAGCAGATTCCCGTCAACAACGCCGGATGGAAACTGGTGG
ACCTGGGGGAGGCCGT-CGCGGGCAGGGAGTTCACCTCCGTGGGCAAGCTCGTGTG-GTG-GG-AC-GGGGAGGCCTTTTTCTTTTACTACCTGTCTATGGAGTACATGATGTGCTGCCCCACCATC---AGCGAGCACACCACCCTG-AGCAGGTTCATCACCCTGCTGACGCAGTGCGATG------ACCGCGGGTGCGTCCCCTGCCACGGGAGGAAGATCCACGCCA-ACGTGGCCGGGGGCTACACGGACCCGGGGAGCGACGGCGTCTCCACCACCTGC------C-----TGTGCA------CCCTTTCCTGCGCGGCCCTGGAGAAGG---AGCTGGTGCCGGTGACCAAGA---ACAAGAGCCTGCTGTCCCTGATGTTCGGACCAATGACCTACCAGCAGGTGACGCACCTCAGGTTCACGCCCTCCACTC-GCCCCGCGAGGATCCAGGACATTATCTCTGGCGTCA-CGGAGACGGGGGACCGAGTGGATGTCAGGGACGGCACC----TGGAACCTG
GTTTGGACGTAAGTAATTTTGCA---ACTCAGACGCAG-CCCCCAAAGGACAAGTACG-ACTGTTGCGTTCTGGCACCGGGTGTTTGGTGGTATAAGGCGCAAAAAGCTATATACTTTTTGCAGATGGACGAAGCTCTGTTGGCTCTGTGCCCAGCTGGGTGGAAGGCCAGAGGTTTGGGAATTATTCTCGGGCGTTTGCTTAACCACCAGGAAGGCTGTTCTACATGTCGCTT-TACTGAACACTCGGAT-CCGCTCAACGCAACCGCGGAC-TCTGTGGCTA----CACCCGAATCGTGTTTATGCTGGGCTCCATGTTTGTGGCGTAAGTCACGCCAGCGAGAGTTAAAGGTGGAGGGGGATCGCTATTTATTTCGCGTTCTCTTTATGGACGCCGTGGAGCGAGTGCGTCTAACGGGATTGCGACGCAGCCCAAAAAT-CACAGCTGATCTCGCAGACCTTGTCGTGGGTATAGGGT-CACATGGACAACAAATTCCAGTTAATAGCGCTGGATGGAAACTGGTGG
GCCTGGACGTGAGCAATTTTGCA---ACCCCGGCACAA-CCCCCCAAGGACAAGTACG-ACTGTTGCGTTTTGGCTCCTGGCGTTTGGTGGTCTAACGCAGACAAGGCTATATACTTTTTACAGATGGACGTAGCTCTGCTGGCTCTCTGCCCGGCTGGATGGAAAGCCAGAGGTCTGGGAATCATTCTGGGACGTTTGCTTAACCACCAAGAGGGTTGTGCTACGTGCCGCTT-TACCGAACATTCAGAT-CCGCTGAACGCAACGGCAGAC-TCAGTGGCTA----CACCCGAATCGTGTTTGTGCTGGGCGCCGTGTTTGTGGCGAAAGGCACACCAGCGAGAGTTAACCGTGGAAGGGGATAGATATCTGTTTCGCGTTCTCTTTATGGATGCAGTGGAGCGAGTGCGTTTAACCGGCCTGAGGCGCAGCCCAAAGAT-AACAGCCAATCTCGCCGACTTGGTCGTGGGAATTGGGC-CACACGGACAGCAGATTCCCGTTAACAGCGCCGGATGGAAACTGGTGG
GCCTGGACGTGAGCAATTTTGCA---ACCCCGGCACAA-CCCCCCAAGGACAAGTACG-ACTGTTGCGTTATGGCTCCTGGCGTCTGGTGGTCCAACGCAGACAAGGCTATATACTTTCTACAGATGGACGTGGCTCTGCTGGCTCTCTGCCCGGCTGGATGGAAAGCCAGAGGTCTGGGAATCATTCTGGGGCGTTTGCTTAACCACCAAGAGGGTTGTGCTACGTGCCGCTT-TACCGAACATTCAGAT-CCGCTGAACGCAACGGCAGAC-TCGGTGGCTA----CCCCCGAATCGTGTCTGTGCTGGGCGCCGTGTTTGTGGCGAAAGGCACACCAGCGAGAGTTAACCGTGGAGGGAGATCGATATCTGTTTCGCGTTCTCTTTATGGATGCAGTGGAGCGAGTGCGTTTGACCGGCCTAAGGCGCAGCCCAAAGAT-AACAGCCAATCTCGCAGACCTGGTCGTGGGAATAGGGC-CGCACGGACAGCAGATTCCCGTTAACAGCGCCGGATGGAAACTGGTGG
ATCTAGATGTGAGTATGTTTGCG---ACGCCCGCACAG-CCTCCAGATCAACGCTATG-ATTGTTGTGTTCTAGCTCCGGGGGTATGGTGGTCATATCGAGAATGTTCTATATACTATCTCTGTATGGATACCACGCTCCTCGCCCTATGCCCCTCGGGATGGAGATGTAGAAGCTTATGCGGTATATTGGCCAGATTACTTAATCATCGGGAAGGTTGTGGATTGTGTCAATT-CGAGGGACATGTCGAC-GCGCTTAATGCATCATCCGAA-CCATCGAACAT-ACCACCAGAGTCATGTCTATGCTGGGCGCCCTGTTTATGGCGCAAGGCCGGTCAACGTGATCTTCCCGTGGAGGGGGATCACGTCTTATTCAGAGTGTTGTTTATGGATGCAGTGGACCGTATTAGATTACCAGGATCGCCGCGGAATCCAAAAAT-TACCAACAACATCTCTGATGTTATCAGTGGAATTGGCT-CAGATGGACGACAGATCCCAGCCAATGGGGCTGGTTGGAACCTAGTTG
CACCGGACATAAATTCCCTAGTCC-AACGCACGCA---GCCGCCAGACGATCCACACAAC-TGTATAGCGATATCTATTGGAGCTTGGTGGTCCCTTTCCAAACGCAGGTTTTATTACCTCAGGATGGAAGAGAGTTTGCTATCTATATGTCCCGCCGGTTGGCAGCAACGTTCTCTGGGCGCTACTCTAGCAAAATTTCTTAACCACCGGAGCGGCTGTGCGGAATGCCGTG-GGCATTTCGACCTTCACGTGGATGTTTGTAACGTGAGATGGGAGTGCGGATCGCTCGGGCAGGCTTGTGTTTGCAGAGGTCCGTGTATGTGGATGAAAGCCCGACAGACAGATATACAAGTCAAAGGGGAAAAAAGCCTCTGTTGCGTTTTATTCATGGACACGGTAAATGCCGTCCGAGTGGTCGGTAATAGCGGCA-CGAAGGCGTGCATTACAGAACGGCTCGAAGAGTTAATCGAAGCCGAGG-TAGACAGTAGGAAGATTCCCGTAAATTCATGCGGATGGCA-TTTGGTC
CGGCGAGCTGGATGGCGCGTAT-CTGGTCCCCGCGAAGACCCCCCCGG-AGCCGGGCGCG-TGCTGCGCCTTGGGCCCGGGGGCCTGGTGGCACCTCCCCAGCGGCCAGATCTACTGCTGGGCCATGGACAGCGACCTGGGGTCGCTCTGTCCACCGGGAAGCAGGGCCCGCCATCTGGGATGGCTCCTGGCCAGGATCACTAACCACCCGGGGGGCTGCGAGTCCTGCGCCCCGCCGCCC-CACATCGAT-TCCGCCAACGCACTGTGGCTC-TCCTCCGTCGT----AACGGAGTCCTGTCCCTGCGTCGCCCCGTGTCTGTGGGCCAAGATGGCCCAGTGTACCCTGGCGGTCCAGGGGGATGCTAGCCTGTGTCCGCTTCTCTTTGGCCATCCCGTGGATACGGTCACCCTGCTGCAGGCCCCCCGCCGTCCTTGCAT-CACGGACCGTCTGCAAGAGGTCGTCGGGGG-ACGGTG--CG-GCGCGGACAACATCCCCCCGACCAGCGCCGGGTGGCGCCTGTGTG
CGCCAAACTTAAGCAACTACTTAC-AACCCCCGCG---GCTTCCGAAAAATCCATACGCA-TGTAAAGTTATTTCTCCGGGAGTGTGGTGGTCAGACGAACGAAGGCGTTTATATGTACTGGCTATGGAACCTAATTTAATAGGGCTATGTCCCGCCGGATGGCATGCTCGGATACTTGGCTCTGTATTAAATCGACTCCTCAGCCATGCGGACGGATGTGATGAATGTAATC-ATAGAGTTCACGTGGG-GGCACTGTATGCGTTACCCCATGTCA---CAAATCA--TGCGGAAGGTTGTGTGTGTTGGGCTCCGTGTATGTGGAGAAAGGCCGGTCAGCGGGAATTAAAAGTGGAGGTAGACATTGGCGCCACGCAGGTTCTTTTTGTAGATGTCACCACCTGCATTCGAATTA---CGAGTACTAAAAATCCTCGCAT-TACCGCAAATCTTGGCGACGTTATAGCGGGAACCAACG-CCAGTGGTCTCTCTGTACCAGTAAATTCATCTGGGTGGCAGCTTTATA
AACTGCAAGATATCACACCCTCGGAGATCATCCCACTGGGACGGGGTGGT-GCCTG-GTA-TGCAG-A-AGGGGCCCTGTACATGTTTTTCGTTAACATGGACATGCTGATGTGCTGCCCCAATATG---CCAACCTTTCCATCACTG-ACCCATTTTATCAACCTGCTAACCAGATGTGATA------ACGGGGAATGTGTGACATGCTATGGTGCCGGGGCCCACGTGA-ACATCCTGCGTGGCTGGACGGAGGACGATAGCCCAGGCACATCTGGCACCTGT------C-----CTTGTC------TGCTACCATGCACGGCCCTGAACAACG---ACTACGTACCCATAACTGGGC---ATCGGGCTTTGTTGGGTCTGATGTTCAAACCGGAGGATGCCCCCTTTGTGGTGGGACTGAGATTTAACCCACCCAAAATGCACCCGGACA-TGTCACGCGTCCTGCAGGGGGTTC-TTGCTAATGGGAAA-GAGGTCCCATGTACAGCACAACC---TTGGACCCTG
AACTGCAAGATATCACACCCTCGGAGATCATCCCACTGGGACGGGGTGGT-GCCTG-GTA-TGCAG-A-AGGGGCCCTGTACATGTTTTTCGTTAACATGGACATGCTGATGTGCTGCCCCAATATG---CCAACCTTTCCATCACTG-ACCCATTTTATCAACCTGCTAACCAGATGTGATA------ACGGGGAATGTGTGACATGCTATGGTGCCGGGGCCCACGTGA-ACATCCTGCGTGGCTGGACGGAGGACGATAGCCCAGGCACATCTGGCACCTGT------C-----CTTGTC------TGCTGCCATGCACGGCCCTGAACAACG---ACTACGTACCCATAACTGGGC---ATCGGGCTTTGTTGGGTCTGATGTTCAAACCGGAGGATGCCCCCTTTGTGGTGGGACTGAGATTTAACCCACCCAAAATGCACCCGGACA-TGTCACGTGTCCTGCAGGGGGTTC-TTGCTAATGGGAAA-GAGGTCCCATGTACAGCACAACC---TTGGACCCTG
AACTGCAAGATATCACACCCTCGGAGATCATCCCACTGGGACGGGGTGGT-GCCTG-GTA-TGCAG-A-AGGGGCCCTGTACATGTTTTTCGTTAACATGGACATGCTGATGTGCTGCCCCAATATG---CCAACCTTTCCATCACTG-ACCCATTTTATCAACCTGCTAACCAGATGTGATA------ACGGGGAATGTGTGACATGCTATGGTGCCGGGGCCCACGTGA-ACATCCTGCGTGGCTGGACGGAGGACGATAGCCCAGGCACATCTGGCACCTGT------C-----CTTGTC------TGCTGCCATGCACGGCCCTGAACAACG---ACTACGTACCCATAACTGGGC---ATCGGGCTTTGTTGGGTCTGATGTTCAAACCGGAGGATGCCCCCTTTGTGGTGGGACTGAGATTTAACCCACCCAAAATGCACCCGGACA-TGTCACGTGTCCTGCAGGGGGTTC-TTGCTAATGGGAAA-GAGGTCCCATGTACAGCACAACC---TTGGACCCTG
AACTGCAAGATATCACACCCTCGGAGATCATCCCACTGGGACGGGGTGGT-GCCTG-GTA-TGCAG-A-AGGGGCCCTGTACATGTTTTTCGTTAACATGGACATGCTGATGTGCTGCCCCAATATG---CCAACCTTTCCATCACTG-ACCCATTTTATCAACCTGCTAACCAGATGTGATA------ACGGGGAATGTGTGACATGCTATGGTGCCGGGGCCCACGTGA-ACATCCTGCGTGGCTGGACGGAGGACGATAGCCCAGGCACATCTGGCACCTGT------C-----CTTGTC------TGCTGCCATGCACGGCCCTGAACAACG---ACTACGTACCCATAACTGGGC---ATCGGGCTTTGTTGGGTCTGATGTTCAAACCGGAGGATGCCCCCTTTGTGGTGGGACTGAGATTTAACCCACCCAAAATGCACCCGGACA-TGTCACGTGTCCTGCAGGGGGTTC-TTGCTAATGGGAAA-GAGGTCCCATGTACAGCACAACC---TTGGACCCTG
AACTGCAAGATATCACACCCTCGGAGATCATCCCACTGGGACGGGGTGGT-GCCTG-GTA-TGCAG-A-AGGGGCCCTGTACATGTTTTTCGTTAACATGGACATGCTGATGTGCTGCCCCAATATG---CCAACCTTTCCATCACTG-ACCCATTTTATCAACCTGCTAACCAGATGTGATA------ACGGGGAATGTGTGACATGCTATGGTGCCGGGGCCCACGTGA-ACATCCTGCGTGGCTGGACGGAGGACGATAGCCCAGGCACATCTGGCACCTGT------C-----CTTGTC------TGCTGCCATGCACGGCCCTGAACAACG---ACTACGTACCCATAACTGGGC---ATCGGGCTTTGTTGGGTCTGATGTTCAAACCGGAGGATGCCCCCTTTGTGGTGGGACTGAGATTTAACCCACCCAAAATGCACCCGGACA-TGTCACGCGTCCTGCAGGGGGTTC-TTGCTAATGGGAAA-GAGGTCCCATGTACAGCACAACC---TTGGACCCTG
AACTGCAAGATATCACACCCTCGGAGATCATCCCACTGGGACGGGGTGGT-GCCTG-GTA-TGCAG-A-AGGGGCCCTGTACATGTTTTTCGTTAACATGGACATGCTGATGTGCTGCCCCAATATG---CCAACCTTTCCATCACTG-ACCCATTTTATCAACCTGCTAACCAGATGTGATA------ACGGGGAATGTGTGACATGCTATGGTGCCGGGGCCCACGTGA-ACATCCTGCGTGGCTGGACGGAGGACGATAGCCCAGGCACATCTGGCACCTGT------C-----CTTGTC------TGCTGCCATGCACGGCCCTGAACAACG---ACTACGTACCCATAACTGGGC---ATCGGGCTTTGTTGGGTCTGATGTTCAAACCGGAGGATGCCCCCTTTGTGGTGGGACTGAGATTTAACCCACCCAAAATGCACCCGGACA-TGTCACGCGTCCTGCAGGGGGTTC-TTGCTAATGGGAAA-GAGGTCCCATGTACAGCACAACC---TTGGACCCTG
CCTGACCTGTCAGAAGGCAGTGACGCTAGGCGGCGCCGGCGCCTGGTTGCTGCCGC-GTCCCGAAG-GCTACACGC-TTTTCTTTTACATTCTGTGCTACGACCTGTTTACCTCATGCGGCAATCGG---TGCGATATCCCTTCCATG-ACGCGCCTCATGGCGGCGGCCACGGCCTGCGGGC------AGGCGGGTTGCAGCTTTTGCACGGATCACGAGGGACACGTAG-ATCCCACTGGCAATTACGTGGGTTGCACCCCCGATATGGGCCGCTGTCTTTGTTACGTGC-----CCTGTGGGCCCATGACGCAGTCGCTCATCCACAACGAGG---AACCCGCGACTTTTTTCTG---TGAGAGCGATGACGCCAAG--TACCTATGTGCCGTAGGTTCTAAGACCGCG-GCGCAGGTCACACTGGGAGACGGCCTGGATTATCACATCGGTGTCAAGGATTCTGAGGGCCGATGGCTGCCCGTCAAGACCGATGTGTGGGACCTGGTTAAGGTAGAGGAACCTGTG
C---------AATAAATTGACTCCCTTAGGTGGGTGTGGAGCATGGTGTCTGAAAA-ATGGTGGCG-ATCT-GTATATCTATACTTTTGCACTCGCTTACGATCTTTTCCTAACTTGTTATGACAAA---TCCACCTTTCCATCTCTG-GCAAAAATTATTTTTGATATGATAGCTTGCGAAT------CCGAAGATTGTGTCTTTTGTAAAGATCACAACAAACATGTAT-CGCAAGCTGGACAGATTGTAGGGTGCGTCTCTAATCAAGAAACCTGTTTTTGCTACACAT-----CGTGTAAGAAAAAAATGGCTAAT---ATTAACAATCCGG---AGT---TAATCTCTCTGCTCTGTGATCAGGAAATTAATAAGATAGAT-------ATTATGTATCCCAA-AATAA----AAGCATCGTTATCACTGGACATTAATTCTTACGCTCATGG-GTACTTCG--GTGACGACCCTTATGCGTTAAAATGTGTTAATTGGATACCAGTCAGGATCAGCGCAGCTCTG
A---------AATAAATTAATTCCTTTGGGT---TGTGGTTCTTGGTGTCTCAACA-ACATTGGAC-GTTA-TTATGTGTACACTTTTGTCCTGGTGTACGATTTATATCTGGCTTGCTTTGAAAAA---AACACTTTGCCATCATTA-TCTAAAGTAGTTTTTGATATGATTTCCTGCAATA------ATAAACATTGTGTTTTTTGTAAGGATCATAGTAAACACGTAG-AACAAACTGGCAAAACCGTTGGATGCACTGATAATCAAGAAACATGTTTTTGTTACACCC-----CATGCAAGAAAAAAATGGCTAAG---ATTTCCAACCAAG---ATC---TGTCTTCATTATTATGTGATCAAGAGCTCGATTTACTTGAT-------CTAATTTACCCTGA-AAAGC----CCACTAGTCTTTCAACTGATATAAATGCTTACGTACATGG-ACATAAGA--ATCAAGAACCAGTCGTTTTAAGGAATACAAACTGGATATTAATTCGTCTTGACCCAGCAATT
ACCTGACCAATTGCAC-TATGGGTCTCGAATTCAGGAATGTGAACCCTTTTGTTTG-GCT-CG-GG-GGCGGATCGGTGTGGCTGCTGTTCTTGGGCGTGGACTACATGGCGTTCTGTCCGGGTGTC---GACGGAATGCCGTCGTTG-GCAAGAGTGGCCGCCCTGCTTACCAGGTGCGACC------ACCCAGACTGTGTCCACTGCCATGGACTCCGTGGACACGTTA-ATGTATTTCGTGGGTACTGTTCTGCGCAGTCGCCGGGTCTATCTAACATCTGT------C-----CCTGTA------TCAAATCATGTGGGACCGGGAATGGAG---TGACTAG---GGTCACTGGAA---ACAGAAATTTTCTGGGTCTTCTGTTCGATCCCATTGTCCAGAGCAGGGTAACAGCTCTGAAGATAACTAGCCACCCAA-CCCCCACGCACGTCGAGAATGTGCTAACAGGAGTGC-TCGACG-ACGGCACCTTGGTGCCGTCGTCCAAGGCACC---CTGGGTCCTC
CCTGGAGT-TGAAAAGGCCATCAATCTCGGTGGAGCCGGGGCTTGGCTGGTGAGCA-ATAGCAGCG-GGTACACGT-TGTATTTTTACATACTGTGTTTTGATCTTTTCACTGTATGCGGCAATGAT---CAGGAAATGCCCTCTATG-GCCAGATTGATGGCCTTAGCGACCGCTTGCGGAC------AAGTGGGTTGCACCTACTGTAAGGATCATGGAGGACACGTGG-ATCCTACCGGTTGTTACATAGGCCCTGTGCCAGACAAGGGGAATTGCTTGTGTTACACGT-----TGTGTAATTCTCCTACTATGAACCCAATCACTAATGAGA---ATCCTGTAGCATTCTTCTG---CGATGTGGAGAGAGCGAGC--TATCTGTGCGCCGTGGGCTCAAAAACCAAG-AGCAAAGTTACGCTGGCAGATAGCCTGGACTATCATATCGGTGCCAAGAATGAAACCGGAGACTGGCTGCCGCTAAATGAAAGTGCCTGGCAGTTGGTGAGGGTGGAAGAACCCGTT
AGATACAAGATGCCAT-CAAGGGGAAAGCGTTCAAACAAATAAATCCGTTTGTGTG-GTT-TG-AT-GGAGGAGCGTTTTGGCAACTGTTCCTCTCTGTGGATTATATGCTGCTCTGTCCCGCCCTC---GAGATAGTTCCGTCTCTG-GCCAGAATCGTTGGCCTCCTCACGCAGTGCGATA------AGAGCACGTGTAAGATATGCACGCTGGCCCACGTACACGTTA-ACGCGTATCGCGGATACACGCCTCCTGACTCGCAAGGGACCTCCCCCTCGTGC------C-----CCTGCC------TTATCTCGTGCGGGGCCAGGCACGCGA---CGGATGTCCTGGTTACCGGAC---ACGTAAATCTCTTGGGCCTGCTCTTTGATCCAAAAGTACTCCCCAAAGTGTCCAGACTGCGTTTAAAAAGAAACCCCC-ACCCGGTGCCGATAGAGGACGCCATGTCTGGCGTTA-CGGCCG-AAGGGACCGAGGTGCTACCCACTTCGCAACC---GTGGGCCCTC
-----CGTGACCGTGGGGC-TCAGTGGCGTTGGCTCCTGGGTGCAGATC---AAGG-ATGGTGGGA-ACATGAAG-CTCTTCGTCTTCGCCCTCTGCTTCGACGTCTTTACCGCCTGCTGTGATCGG---CTCGCCTTCCCGTCCCTG-GCCAAGATCTACAGCGAAACTGTGTACTGCGAGG------CCGACAAGTGCGGATTCTGTCGAGATTCCGGCAGGCACGTCG-ACCCCACCGGCCGCTTCGTCGGCTGTGTCCCCGACAGTGGCGTGTGTCTCTGTTACTCGC-----CGTGTCGCGGGAC-G-GATGCCGTGGTCAGCGTCAGAAG---CTGGT-TACCTTACCTGGAACTGGAAGACGGTGCGAACACGCACAGC-CTCTTCGTGCGGCGCTACGACGGCAGGAAAGGACTGC-CGGCCACGATATCTG----ACTACCTCGGCGCCAGGAACAGCGAGGGCAAGGAGATCCCGCTGAGGACCGAGCCCTGGCAGCTCTTGAAGATAGAACCGACGCTG
-----CTCGTCTTCGGCG--TCGGCGGCGTCGGCGCCTGGATCCGGGT------GC-GCGGCGCGG-CGCTCACG-CTGTACGCCTTCGCGCTCAGCTCGGACCTCTACACGGCCTGCTGCGATCGG---ATCATGTTCCCCTCCCTC-GCCAAGATCTACACGGCGTCCGTCGGGTGCGGCG------ACGACGGGTGCGAGGGCTGCCGGGACCCGGGGAGACACGTCG-ACCCGACCGCCGGCTTCTTCGGCTGCGTGCCGGACACCGGGACCTGTTTCTGCTACATGA-----CCTG-CGCGGGGC-TCGACGCGCCCGTGCGGAACCCGGG---CTACC-TCCCCTACCTCGAGGCGGACC-CGGCGTCGAT-CTCCCGAC--TCTACGTCAAGAAGTTCGACGGCAAGAAGGGACTGC-CCTGCAGGGCGTCGG----AGTGCATCGGGGCCAGGGACGCCCGCGGGGCCGAGGTCGCCGTGAGGGACGATACCTTCCGCCTCGTGAGGGTGGACCCCGCCCTG
ACCTGCCAGTTGTTGGTTCAAGT------AAGCAAGTAGGATATA----CTGCCTG-GCT-TGCGA-ATAACAGTATC-TATGAATACATGTTGAGTACAGAACATCAGATGATGTGTCCGTCCCTA---CCAGTGTTTCCCTCCCTG-TCTAAGATCCTCAATATTATGACGTCCTGCACAA------GTCCAACCTGTAAAAAATGTGCAGGATATCGGAGGCACTGTA-AGGTCTGCAGTGGTTATACTGATGCTACTGGAGATGGGTATTCGCCTTCATGT------C-----CCTGCA------CAACATCATGCGCTCTCAAACCAGGTG---ACATCATCCCCATAACTGGAC---ACCATACTTTGCTGCCATTGTTGTTTGATCCTGTCAATGCCCACAGTGTCACACGGCTCAGAATCACCCC-TACCAGTTCACCTCAGCCCTTGGATCAAATTATTACTGGTATCA-CCGAGTCAGGGGAGAGTGTTCCAAT-TACCCTGGAGGC---GTGGAAACTC
-----AGTTACGTTCGGTG-TCGGTGGCGCGGGGGCGTGGGTGAATGTC---AAG----GATAAGA-TTGTCACG-TTGTACGTGTATGCATTGTGTCACGATCTTTTTATGGCGTGCTGTGATAGG---ATAGCTTTCCCGTCTCTG-GCTAAAATTTTTACTGAGAGTACACGCTGTGCGA------AAGACTCCTGTATGTTTTGTTCTGATTCCGGAAAACACGTTA-ACTGCCTTGCAGAATATGGTGGATGTGTACCGGACAACGGTCTGTGTTTCTGCTACACGG-----CTTGTAACGGT-T-GCGACGCAACCGTTACGCAGACAGC---ATATA-TGCCCTATCTGGAGGCTAA---TGATGC---CATCTACAGT-ATGTTCATTCGTCGCCATGATGCTCCG--GGTATT-C-CCGGTACCATTTCTG----CCTGTATTGGAGCTAGAAATCAACAGGGGGGTGAGGTGTGTATGAGAACTGAACCTTGGTGTCTTTTCAAAGTTGATTGTGCATTA
ACCTACCCC---CAGCCCCCAGGACTATCATTCCATTGGGAGTCTGTGGG-GCCTG-GAT-GGTCA-ACGATAGCTTGCTACAG-TATGCCGTGCACCCGGACATGCTGATCTGCTGTCCCAACATT---CCAACATTTCCTTCCCTC-TCCCATGTGCTGAACCTGCTCACCAAATGCGAGG------ACGAGCTTTGCCCTTCCTGCTGTGGCGGCGGCCACCATGCTG-CGGTAATGAACGGGGTGACCCGCTCTGAGAGTGACAGCTGCTCTACCACCTGC------C-----CCTGCG------TGCGCCCCTGTTCTCTGGATCACAGCG---AAGTGGCCCCAGTCACAGGTC---ACCGCAATATACTGGGGCTTCTCTTCCCACCCGATAAGCTCAATGATGTTGTAGCAATTAAGTTCTATTCTAACAACCTCACTCTAGACG-TGCAGGGCTTGTTCTGCGGAGTGA-CCAGCAGCGGGGAG-GAGATACTGTGCAACCCAGATCC---CTGGGTCCTG
ATTTACCAG---TGACTCCGAGAAGCATTGTACCATTGGGAAAAGGGGGT-GCATG-GAT-GGTAA-ATCATAACCTGATACAT-TTTGTAGTGTCGCCAGATATGCTATTGTGCTGTCCAGGGCTC---CCTAGCTTTCCATCACTT-ACACACATCATCAATCTTCTAACTAGATGTGACA------ATGAGGATTGCATTCCTTGTTATGGAGCCGGTATTCATGTAA-ATGTGATGGATGGTATGACAGATGCAGGTAGTACAGGAAAGTCTCATCATTGT------C-----CGTGCC------TGATGCCATGCTCTGCCAAAAATTCAG---ACTATGCGCCTGTCACAGGTA---ATTACAACCTGCTTAGTCTCCTGTTTGATCCAGAACATCATCGAAGTATTGTTGGCCTGAGATTCCTTAGCAGTTCCCTGACACTTAATA-TACAAAATATATTTGTTGGAGTAA-CGTCATCTGGAGAT-GAGATTTTATGCAAAAAAGAACC---CTGGGAGCTC
ATTTACCAG---GGACGCCACGAAGTATTGTACCATTGGGAAAAGGAGGT-GCGTG-GAT-GGTAA-ATCATAACCTAATACAT-TTTGTAGTGTCACCAGATATGTTATTGTGCTGTCCAGGACTC---CCTAGCTTTCCATCACTT-ACACACATCATCAATCTTCTAACTAGATGTGACA------ATGAGGATTGCATTCCGTGTTATGGATTTGGTATTCATGTAA-ATGTGATGGATGGTATGACAGATGCGGGAAGTTCAGGAAAGTCTCATCATTGT------C-----CGTGCC------TGATGCCTTGTTCTGCCAAAAATTCAG---ACTATGCGCCTGTCACGGGTA---ATTACAACCTGCTTAGTCTACTGTTTGATCCAGAACATCACCGCAGTATTGTCGGGCTGAGATTCCTTAGCAGTTCCCTGACACTTAATA-TACAAAATATATTTGTTGGAGTAA-CCTCATCTGGAGAT-GAAATTTTATGCAAAAAAGAACC---TTGGGAGCTC
ATTTGCCAT---CAGCGCCCCGAAGCATCGTACCCCTTGGAAAGGGTGGT-GCGTG-GAT-GGTGA-ACAATAACTTAATCCAT-TTTGTGGTATCTCCCGATATGCTAATGTGTTGTCCCGGCTTG---CCAAGCTTTCCATCACTC-ACGCATATCATAAACCTCTTAACAAGGTGTGAAA------ATGAAGACTGTATACCCTGTCATGGAGCCGGGATTCATGTAA-ATGTAATGGATGGAGTTACAGAAGCTAAAAGTACGGGAAAATCTCATCACTGC------C-----CATGCC------TCATGCCTTGTTCGGCCCGAAGTTCAG---ATTACGCACCTATTACCGGGA---ATCATAATTTGCTGAGTCTACTATTTGATCCCCAACATCACAGGAATATTGTGGGATTAAGGTTTGTAAGCAACTCCCTTACACTAAATA-TTCAAAATATCTTTGTGGGGGTAA-CATTATCTGGAGAT-GAAATTATGTGTAGAAAGGAACC---TTGGGAGCTG
CCTCACCGGCGACAAGGCCGTGAGCCTGGGCGGCACGGGCGCCTGGCTGGTGGTGC-GTCCGGAGG-GTTACGTGC-TCTATTTCTACATCCTCTGCTACGACCTCTACACCTCGTGCGGCAACCGC---CAGGAGATGCCCTCCATG-GCGCGCCTGATGGCGGCGGCTACGGCCTGCGGCC------AGATGGGCTGCACCTTCTGCGTGGATCACGGCGGCCACGTGG-ACCCCACCGGCGAGTACGCCGGCTCGGTGTCGGACCACGGCGGCTGCTTCTGTTACATCC-----CCTGCGGACCCATGACGCAGTCCGCCATCCACAACCCGG---AGCCCGCCACCTTCTTCTG---CGAAGACGAGAAGGCCCAG--TTTCTCTGCACCTGCGGCTCCAAAACGGCG-CCGCAGATCACCCTGGCCTCGGGGCTGGACTACGTGTTCGGCGTGAAGGACGCCGAGGGGGGTTGGTTGCAGGCCAAGCAGGACGTGTGGGATCTGGTGAAGGTGGAGGAGCCGGTG
AACATGCCAGTGGTGGTTCAGGTGCCTTCACACCAATAAGTCCTT----TCTGCTG-GTA-TGAGC-CCCACAAGCTG-TGTGAATATGTCATTCACAAAGATTGTATGGTCATGATTCCAACTCTG---CCAGTTTTTCCATCTATG-ACAAAAATAATAACTGCCATGACCAGATGTGAGA------ACCTGTTGTGTGCTAAATGTGCAGGATACAGGAGACATGCTA-CTGTCAGAAAGGGATTTACATGTGAGGCTAGTTCTGGCACGTCCATCCAATGT------C-----CATGCT------CCATAAGTTGCAACCTAAA---AAATG---GGTCAGTCCCTATCTTAAAAA---ATGCAAATCTATTATCCCTACTGTTTGATCCCGTTGTGGCCCCCTCAGTGAAGAGCCTCCACATTACCCAATATCCAT-CGCCCAGGCCCCTGGATGATATCATCTATGGGGTCA-CTAATGATGGAAAACGGGTGAATGT-GGAGTCTTCCTC---TTGGAATCTG
GTTCGACCTGGAAGAGGCGTACGCCCGCCCGGTCTCTGGCGTCCCGGATGCGCCTAACCACTGCTACCAATTGAGCCCCGGGGCGTGGTGGCATTTTCCCAGCGGACAGATCTACTGCTGGCACGCAGACGAGAGTCTGTTGCCTCTGCTCCCCCCGGGTAGCCGCGCGCGCCACCTGGGGTGGCTGTTGGCCCGCATCGCTAACCACCCGAACGGCTGCGAAGACTGCG-CGGGCAGCGTGCACGCAGAC-CCTGTGAACGCGCTGTGGGAC-TCGCGCGAGAT----AGCCGGGGTGTGCCCGTGCGTCGCTCCGTGCGCGTGGATGAAGCTGGCGCGTAGAGACGTGCCGGTAGAGGGCGACGGCAGCCTCGCCGCGTTGCTATTTCGACACCGCATCGACTCTATCTATCTCATGGGATCGCTCCGCGCCCCGCGTAT-CACAGACGACCTGTCCGAAGTCGTCCGGGG-GCGATAT-CA-GCAC-ACCAACGTCCCCCTAAACCCCCGCGGCTGGCACTTGACCG
-TCTTCCTGATG-GATA---TAAAAGCGCATCTC--TAATTGGAGCTTGT-GCATG-GTA-TTCAG-AAGGTG-CAATATTTCAACACTTTCTTTCAACAGACTATATGTCTTTATGCCCAGCATTC---AAAGAGTTTCCATCTCTG-TCTAGAATTCTTAGTTTACTAACTAGATGTGATG------ACCTATCATGTGTGCCATGTTATGGCGAAAAAATACATGTCA-ACTGCCAAAGTGGATATACAGATTCTGATTGTGATGGCAAATCAAATTCATGC------C-----CTTGTA------TAACTTCTTGCACAGCCTTAAAAAAAG---ACATTGTACCTATTACAGGAC---ATAGAAATTTACTCAGTTTGTTATTTGATGCAACTATCCAACACAATATTACTAGCATAAAATTTTTTT-CTCCACAAACCCCAACAACAGTAAATAATGTTTTCTGTGGTGTGT-TAGACACAGGTGAA-ACAGTAGAATGTACATGTGAAGC---ATGGAACTTG
CAGAGTAAC-AAGAAAGCTATTCGACTTGGCGGTCCCGGCGCCTGGGCCGTGAAAA-CGTCGT-TG-GGTGTAGATCTCTATTTCTATCTTTTAGAATACGATCTGTATACCACGTGTACGGGGAAA---GATTTTTTGCCTTCTTTG-GCTAGAATTGTTTCAGCTACCACGTGTTGTGGGG------AAATGTCTTGTCCATTTTGTAAGGATCACGGAACTCATGTTG-ATTGTACTGGAAAATATGTGGGTCCCGTGCCGGATAAAGGTATGTGTTTCTGCTATATGT-----TGTGTAAAATGCCGACAGCC---CCCATTACTAATGATA---GATATATGCCTTTTTTATGTGAC--T-CGGAGGAAGCGACGCATATTTCTGTTTCTGGGGCTGGAAAGT--CAAAG----GTGACTTTGGAAGATCCTCTAGAGAGTTATATCACCGTTTACAACAGTGCTGGAAAAGCGTTACCTCTAAAAAGCGGATGTTGGAAACTGGTCAAGTTGAGTCACCCTGCG
G-ACGCGCGGCGCCGATCT-GCG------TCGGGGTCGGGGCCTGGGTCGTGCGGG-ACCGCGACG-AGCTGAGC-CTCTACACGTACGTCCTGGCCTACGATCTCTACGCCGCCTGCTGCGACCGG---AGCTGCTTCCCGTCCCTC-GTCCGCCTGTTCGCCGAGACCGTGTACTGCGGCC------GCTCGACCTGCGCGTTGTGCCGCGACCACGGCCGCCACGTGG-ACCCGGCGGGCTGCTTCGTGGGAACCGTGCCGGACGGCGGGGTCTGCTTCTGCTACACCC-----CGTGTCGCTTC----GACCACTGTCC-GATCGTTCGGGA---CGACCACGTGCCGTTCTT-CACCGACTGCGAGGACGAAGACCTGACC-CTGGCGATCGGGCGGCAGTGCGACCTGCGCCAGG-AG-CTG--TCGGA----G----CTCGTGC-TGGTGCGGGATCGGCGAGGGC-AGCCGGTGCCGTTCAAGGAGCAGGTGTGGCAGCTGGTGAAGCTCGACCCCGGGCTG
AACTTCCTGTTAGTGGGGCCAGT------AAGCAAGTGGGATATA----CTGCCTG-GCT-TGCAA-ATAACAGCATT-TATGAATACATGTTGAGTACAGAACATCAGATGATGTGCCCTTCTCTG---CCAGTGTTCCCCTCCCTT-TCTAAGATCCTTAATATCATGACGTCCTGTACAA------GTCCAACATGTAAAAAATGTACTGGGTATCGCAGACACTGTA-ATGTATGCAGTGGATATACTGCTCTCGATGAAGATGGATACTCTCCCTCATGT------C-----CTTGCA------CAACATCCTGCGCCATCAAGCCAGGCG---ACCCTGTTCCCATAACTGGAC---ACCGCACGCTGTTGCCATTGTTGTTTGATCCAGTCAATGCCCACCGTGTCAAAAGTCTCAGTATTACCCC-TGCCAGTTCACCTCAGCCTTTGGATCAAATTATTACTGGACTAA-CAGAGGCTGGGGACAGGCTTCCAAT-TACCCTGGTAGC---GTGGAAACTT
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TTTGGCCTGTCCCACCTTGTGAGCA-----------GGAT-GGTCATGTACGGT-----TGTGAA---------AGCATCAA---GAGGAAGTGCTTACGTTC----TTA---TTGA
GCGTTATCGGAAATTGCTA--GTTCGATCAT-----GATAT---CTGGTTGCGCG----CGTC-------TTAGAC------GTCTAT--GTTATCCCAAAACA----------TAA
AGCAGCCTCATAGTTCGCTCTTGTCCCGTGGTGAAAAGCGTGGTCAT------------------------------------------------------------------TTAG
ATTATGTTCTCAGACTTTGTAACTA-----------GACA-AATAATATGTAAC-----TGCCAA---------ATAATGAA---AAGATGCTGCTTACGTTC----TTG---TTGA
AGCAGATTGCTTGTCTTGTCGTGCCCTATCATGAAACGGTTAACACT-----------GTGCC-------------------------------------------------CTTAA
TCATGGACGACGACGTCACGCGACTGCTCGCGAGCAGCTGCCGCGCGATGCGAAGC-TGTG--CGG---------CAGCG--CGCGGCTCGCCGT--GGGGCTGA
TTACAAATCTCTGATTTTTATACAA-----------GGTT-GATGATCTACAAC-----TGTCAA---------GTACTGAA---AAGAATATGCATACGTTC----TTA---TTGA
TCATGGACGAGGACGTCGCGCGGCTGCTCGCGAGCAGCTGCCGCGCGATGCGGAGCGTGTG--CGG---------CGGCA--CGCGGATCGCCGT--GGGGCTGAGCGCGTAC-TAG
TTACGCTTTTCAACATTTTACAGCC-----------GGGT-TATGCTGTATAAC-----TGCCAG---------GTCCTAAA---AAAGCAGTGCCTACATAG----TTA---CTAA
AGCCTACTCATCATCCTGTCGTGTCCGGTCCTGAAGAGGTTGAC--CCTGAGCCACA-GCGCC--CGG----------------------------------------------TGA
CGCTCTCGTCGTACGCGAGCCGTCTGTTTGCCACCAGCTGCCCGACCAT----------CGCCCGTGT-----GGTGGCGAGG-------------------------------TAG
CTACGCTTTTCTGACTTTTACAGCC-----------GGGT-AATGCTCTACAAC-----TGCCAA---------GTACTGAA---ACGTCAGGTCTTACATTC----TTA---TTGA
CGCTCTCGTCGTACGCGAGCCGTCTCTTTGCCACCAGCTGCCCGACGAT----------CGCCCGTGC-----GGTGGCGCGGG---------------------------AG-TAG
ATTCGCCTGCCGGATTTAGCCAGTC-----------GCGT-GATGCTATACGGC-----TGCCAG---------AACTTAAA---AAGCATCTGCTTACGTTC----TTA---TTGA
CGCTCTCGTCCTACGCGAGCCGTCTCTTCGCCACCAGCTGCCCGACGAT----------CGCCCGCGC-----GGTGGCGAGGG---------------------------AG-TAG
TCTCGTATGATGGTGTGTGCCTGTCCCGTGTTAAAGAATTTAGTGCA------------------------------------------------------------------TTGA
TGTTTGGTGAAAGTGTAAGTCGTGCCATAATTAATGGATGTGCGCTTCTTCAGCGATTATGTCA---CTTTT---CC-TATAAGTC------TAA--CGAAACCCAC-------TAA
TCTCGAATGATTGTGTGTGCTTGCCCGGTACTGAAGAACTTAGTGCA------------------------------------------------------------------TTAA
AGCCATATGATAATAGTCGCATGCCCTATACTGAAACGCAT-----------------GTGT--ATGAT----GAA---------------------------------A-AGTTAG
CGCTAGACGCTGATATCAGCAGACTAATCGTTTGCGGATGCTACGCCCTGCGATACATCTGTCCG--CCCACAAACAGCAAACACCAACCGTCTTCCCCAGACGAGTACGCA--TAA
CTCAAGATGTCCTCCCTCTACTCCC-----------GCTG-CACCCTGTACGAG-----TGCCAG---------ATCCTGAA---GAGACAATGCTTACGTTC----TTA---TTGA
CGCTCGATGCTAACATTAGTAAACTTATCGTTTGTGGATGCTACTCTCTACGCTACCTCTGTCCT--TCGACTGACTGCAAAACCCAACAGTTATCAACGAGCGAGGACGCA--TAA
TGTTAGACGCGGATATCAGCAGACTAATTGTTTGTGGATGCTATTCCCTGCGGTACATCTGTCCG--CTCACAAACAGCAAATACCAACCGTCTTCCCCAGACGAATACGCA--TAA
CGCTAGACGCTGATATCAGCAGACTAATTGTTTGCGGATGCTACGCCCTGCGGTACATCTGTCCG--CTCACAAACAGCAAACACCAACCGTCTTCCCCAGACGAGTACGCA--TGA
TCCTAGACGAGAATATCACTAAGGCTCTAATATGCAGCTGTTTTCACCTAAGGAGATTATGTATGGATTCCCCACCCTCGGACAATA--TATCTACCACGGAT-----------TGA
TACCTGCCGGAGATGTGGA--GTTCGATACT-----GGT---------TCAAGGG----TGTA-------TTAGAC------TATCAC--GG-GTGT--GTGTA----------TAG
TCTTCTCTTCGTACATCAGTCGCCTATTTGCTACGAGTTGCCCCACCGT----------TGCCCGGGC-----CGTTGCCCGGGCC--------TCCTCAAGCGATCCCG-AA-TAA
TGTTTGGAGAAACATTAAGCCGGGCTATTATTAACGGCTGTGGTCTGCTTCAGCGAATTTGCTT---CCCCGAGACA-CAAAGATTATCGGGTGAACCGGAACCTACAACCACCTAG
CTGCGATTTTCTGACCTTTACAGCC-----------GGGC-TATGCTCTACAAT-----TGCCAA---------GTACTGAA---ACGTCAGGTCTTACATTC----TTA---TTGA
CTGCGATTTTCTGACCTTTACAGCC-----------GGGC-TATGCTCTACAAT-----TGCCAA---------GTACTGAA---ACGTCAGGTCTTACATTC----TTA---TTGA
CTGCGATTTTCTGACCTTTACAGCC-----------GGGC-TATGCTCTACAAT-----TGCCAA---------GTACTGAA---ACGTCAGGTCTTACATTC----TTA---TTGA
CTGCGATTTTCTGACCTTTACAGCC-----------GGGC-TATGCTCTACAAT-----TGCCAA---------GTACTGAA---ACGTCAGGTCTTACATTC----TTA---TTGA
CTGCGATTTTCTGACCTTTACAGCC-----------GGGC-TATGCTCTACAAT-----TGCCAA---------GTACTGAA---ACGTCAGGTCTTACATTC----TTA---TTGA
CTGCGATTTTCTGACCTTTACAGCC-----------GGGC-TATGCTCTACAAT-----TGCCAA---------GTACTGAA---ACGTCAGGTCTTACATTC----TTA---TTGA
TCACGTATGATAGTGTGTTCCTGTCCGGTGCTTAAGAACCTAGTGCA------------------------------------------------------------------CTAA
AGCAGGCTGATTGTTTTGTCGTGTCCTGT-GTGTAA----------------------GCGT--GTGGT----AAT---------------------------------G-GACTAA
AGCAGATTAATACTCCTTTCCTGTCCAGT-CTGTAA----------------------ACGC--ATAGT----AAG---------------------------------T-AGGTAA
TTACGAATGTCTGACTACTTCAGCC-----------GCTT-GCTGATATATGAG-----TGTAAA---------AAACTTAA---GGCCCTGGGCTTACGTTC----TTA---TTGA
TCTCGAATGATTGTGTGTGCCTGCCCGGTACTGAAGAACTTAGTGCA------------------------------------------------------------------TTAA
ATTCGCCTGCCGGATTTAGCCAGTC-----------GTGT-AATGCTATACGGC-----TGCCAG---------AATTTAAA---AACAATCTGCTTACGTTC----TTA---TTGA
TCCGCCATGATCATCATGGCCTGTCCCTTACTCAAAAAGAT--CGTTCTCGAGCACA--TG-----------------------------------------------------TGA
TCGAGGTTGATCGTGCTGGCCTGTCCCGCGCTCAAGATGAT--GGTCATGCAGCACG--CG-----------------------------------------------------TGA
GTGAGGCTATCTGACCTTTACTCCC-----------ATCTCTATATTATATCA------TGTAAG---------GCACTTAA---ATCA---CACTTACATTC----TTG---TTGA
TCTAGGCTTATCGTGTTATCGTGCCCGACATTAAAGAGACT--CGTTACTGATTATC--TA-----------------------------------------------------TAA
TTCAGTCTGTCTGAGCTGCTGAGCC-----------GGAT-GGCCATGTATGCC-----TGTGAC---------AACATAAA---AAAGCTCTGCTTACGTTC----TTA---TTGA
CTTCGTGTATCTGCACTGTTCACTA-----------GGCT-TTTTATATACAAT-----TGTCAA---------ATTTTGAA---AAGGAAGTGCTTACATTC----TTA---TTGA
CTTCGTGTATCTGCACTATTCACCC-----------GGCT-TTTTATATACAAC-----TGTCAA---------ATTTTGAA---GAGAAAGTGCTTACATTC----TTA---TTGA
CTGAGGGTGTCTGCTTTGTTTAGCA-----------GACT-TTTTATATACAAT-----TGTCAA---------ATTTTAAA---GAGAAAGTGCTTACATTC----TTA---TTGA
TCGCGCATGTTGGTCTGCTCCTGCCCCGTGCTGAAAAACCTGGTGCA------------------------------------------------------------------CTGA
GTCACCTTGTCTGATATTCAGTCAC-----------AGATATACATTACTGGG------TGCAAA---------AAAATAAA---AAAGAAGTGCTTACATTC----TTA---TTGA
CGTACACCGCCCGTGCCAGCCGCGTGTTCGCCTGTGCGTGCCCTGCCGT----------GTCTCGCAT-----CG---------CC--------TCCGTATGC-----------TAA
CTTATGTTCTCAGACTTTATATCTA-----------GACA-AATGATATATAAC-----TGCCAA---------ATAATGAA---ACGGTTCTGCTTACGTTC----TTG---TTGA
AGTCCCTTACTTTTGTGTGCCTGTCCTGTTTTAAAGGGCGTGGTGCT------------------------------------------------------------------TTAA
TCGCGGTTGATCGTCGTCTCGTGCCCCGTCCTGAAACGCCTGGCGCTCCGCGCGACG-GCGCCGACGGC----GGCTTCGGGCTCGGGCTCGGGCTCGGGCTCGGCCTCG-GCTTGA
GTGAGACTATCTGACTTTCACTCCC-----------ATGTCTATGTTACATCC------TGCAAA---------AAACTAAA---ATCA---CACTCACATTC----TTG---TTGA
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TTCCGGTTGTCTGTCTTTTCCTGCC-----------GGTT-TATGCTCTACAA------TGCCAA---------ATA-TGAA---A--------CTTACATTC----TTA---TTGA
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Figure 3. The m
ultiple nucleic acid sequence alignm

ents of the EB
V

 B
G

LF2 gene against its reference species (supplem
entary file) by using the M

EG
A

LIG
N

 program
 

in LA
SER

G
EN

E (D
N

A
Star 7.0) w

ith C
lustal V

 M
ethod, and sequence distance calculated using w

eight m
atrix identity. G

aps had been introduced by the alignm
ent 

program
 to m

axim
ize the hom

ology. (The original file is available at w
w

w.ijbiotech.com
).
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However, BGLF2 shared low similarity with the 
BGLF2-like proteins from the members of the 
Betaherpesvirinae and Alphaherpesvirinae subfamilies 
with values lower than 20% (Table 1 and Fig. 4). 
The phylogenetic analyses of the EBV and other 
herpesviruses were performed based on the sequences 
of BGLF2 and the BGLF2-like proteins of the 54 
reference herpesviruses (Table 1). As the results 
showed, the proteins were preliminarily separated 
into different subfamilies, i.e. Alphaherpesvirinae, 
Betaherpesvirinae, and Gammaherpesvirinae (see Fig. 
5), which is corresponded with the existing classification 
for the subfamily of herpesvirus. The general branching 
pattern is also in line with previously published 
phylogenetic analyses (25, 26). Furthermore, the EBV 

Akata, AG876, HKNPC1, GD2, B95-8, and GD1 strains 
were different from the other Gammaherpesviruses. 
They clustered together and formed a separate branch 
and then clustered with members of the subfamily 
Gammaherpesvirinae such as CeHV-15 and CalHV-3. 
Subsequently, they clustered with other members of the 
subfamily Gammaherpesvirinae (Fig. 5). Therefore, 
EBV might have a closer evolutionary relationship with 
the member of subfamily gammaherpesviruses. 

The transmembrane domain and the signal polypeptide 
prediction showed no transmembrane domain (Fig. 6a) 
and the signal polypeptide cleavage site (Fig. 6b) in 
BGLF2. However, N-linked glycosylation site (Asn-
X-Ser/Thr) prediction demonstrated that there are 3 

Figure 5.  The evolutionary relationships of the EBV BGLF2 
protein with its 54 reference herpesviruses from different 
species (see supplementary file). The phylogenetic tree of 
these proteins was generated using the Megalign program in 
LASERGENE (DNAStar 7.0) with the Clustal V method and 
the sequence distance was calculated using weight matrix 
PAM250. Gaps were introduced by the alignment program to 
maximize the homology.

Figure 6. The prediction of transmembrane domain, signal 
peptide sequence, glycosylation site, and phosphorylation 
site of the EBV BGLF2 using TMHMM program (a), 
SignalP-4.0 (b), NetNGlyc 1.0 program (c), and NetPhos 2.0 
program (d), respectively. 
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potential N-glycosylation sites in the BGLF2 (Fig. 6c). 
Interestingly, 15 potential phosphorylation sites were 
observed in the BGLF2 (Fig. 6d) including 6 serine, 5 
tyrosine, and 4 threonine residues.

In addition, the conserved domain analysis indicated 
that BGLF2 contained an apparently conserved domain 
of the Herpes_UL16, which is closely related to the 
Herpes UL16 tegument protein family (Fig. 7a). The 
hydrophobicity analysis revealed several potential 
hydrophobic regions located at the AAs 17-26, 35-48, 
56-63, 75-144, 155-164, 168-201, 212-221, 236-278, 

289-300, and 314-327, respectively (Fig. 7b). Compared 
to the hydrophobic region, the proportionality of the 
hydrophilic region was smaller than the hydrophobic 
region (Fig. 7c). Furthermore, analysis of a potential 
B-cell epitope determinant demonstrated several 
potential B-cell epitopes in the BGLF2 situated in or 
adjacent to the AAs 7-19, 27-34, 52-57, 65-71, 121-
126, 147-165, 204-211, 226-237, 266-272, 277-289, 
and 296-305, correspondingly (Fig. 7d). Moreover, the 
secondary structure analysis (Fig. 8a) suggested that 
the AA sequence of BGLF2 is composed of the random 

Figure 7. The conserved domain, hydrophobicity, hydrophilicity, and antigenic analyses of the EBV 
BGLF2. (a) The conserved domain analysis of the BGLF2 using NCBI Conserved Domains search tool. 
(b) The hydrophobicity or (c) hydrophilicity profile was determined using the values of Kyte and Doolittle 
(Kyte and Doolittle, 1982) or Hopp and Woods (Hopp and Woods, 1981), respectively, with a 13-amino-
acid window. The peaks pointing up represent the most hydrophobic (b) and hydrophilic (c) regions, 
respectively. (d) Antigenic analysis of the BGLF2 was carried out through determination of its primary 
structure using the PROTEAN software of the DNAStar based on its flexibility, antigenic index, and 
surface probability. 
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coils (58.63%), b-strand (25.30%), and α-helices 
(16.07%). Besides, the three dimensions (3D) structure 
prediction for the BGLF2 demonstrated that a known 
3D structure model with a relatively high homology 
with the BGLF2 was searched (Fig. 8b), which was 
predominantly consisted by 81 H-bond, 7 α-helix, 2 
β-strand, and 16 β-turn.

5. Discussion

The BGLF2 gene of the EBV Akata strain was confirmed 
by PCR amplification, cloning, and sequencing. 
In addition, in an attempt to further exploring the 
biological functions of the BGLF2, an expression 
plasmid pEYFP-BGLF2 that drives expression of the 
BGLF2 protein fused with EYFP-tag was constructed 
in this investigation, since the GFP (green fluorescent 
protein) or its mutant such as EYFP has been employed 
as a probe to detect protein expressed in the living cells 

in the previous work (27, 28). After characterization of 
the EBV BGLF2 expression in the eukaryotic cells by 
Western blot, the molecular properties of the BGLF2 
was analyzed by several bioinformatics tools. 

Since viruses are generally conserved and only a few 
genes go through mutation in the process of evolution, 
viral evolution thus can be assessed at the molecular 
level. Our analysis uncovered that the nucleotide 
sequence similarity of the EBV BGLF2 of the Akata 
strain to that of AG876, HKNPC1, GD2, B95-8, and 
GD1 strains was up to 99.5% to 100%, and the AA 
sequence similarities were all up to 100% (Table 1), 
respectively, clearly indicated that GD1 is the most 
closely related strain to that of the Akata strain. These 
results also manifested a close relationship among these 
studied EBV strains. 

It is well known that the mutation of the virus may 
be caused by environmental pressure. Thus, a limited 
extent of gene mutation among different strains may 
render the variance of EBV virulence. Carrying our 
multiple nucleotide and AA sequence alignments of 
the BGLF2 and the BGLF2-like proteins, it was shown 
that BGLF2 is conserved throughout all the herpesvirus 
families and has greater similarity with the members of 
subfamily Gammaherpesvirinae, especially CalHV-3 
or CeHV-15 (54.5% and 60.4% or 82.2% and 87.8%, 
respectively). Therefore, BGLF2 has high homology 
with the subfamily of Gammaherpesvirinae, but not 
Alphaherpesvirinae or Betaherpesvirinae. Accordingly, 
phylogenetic analysis (Fig. 5) obviously indicated that 
EBV belongs to the subfamily Gammaherpesvirinae, in 
line with the conclusions of a previous report (25). 

Conserved domain analysis demonstrated that EBV 
BGLF2 encompasses a conserved domain Herpes_
UL16 (Fig. 7a) which encodes herpesvirus tegument 
protein UL16. Therefore, EBV BGLF2 may belong to 
the Herpes_UL16 superfamily. HSV-1 UL16, a member 
of the Herpes_UL16 superfamily that is conserved 
among all the herpesviruses, may be involved in the 
viral DNA packaging, virion assembly, budding, and 
egress by providing an interaction with the membrane-
bound UL11 protein, UL21 protein and glycoprotein 
E (29). Another UL16 homologue is HCMV UL94 
which is a nucleo-cytoplasmic shuttling protein that 
may play important role in the virion assembly and 
budding (30, 31). Besides, tegument protein ORF33 
of the murine gammaherpesvirus 68 (MHV-68) is 
also a member of Herpes_UL16, which is required for 
the viral lytic replication, virion morphogenesis, and 
egress (32). Indeed, the subcellular localization study 
of EBV BGLF2 suggests that in the transfected cell 
EBV BGLF2 is predominantly dispersed throughout 
the cytoplasm and the nucleus which is similar to the 
subcellular localization of the MHV-68 ORF33 and 

Figure 8. The secondary structure and three dimensional 
(3D) structure prediction of the EBV BGLF2. (a) The 
secondary structure of the BGLF2. The secondary structure 
was predicted by using the PSIpred program and the letters h, 
e, and c indicate alpha Helix, extended (beta strand) and Coil, 
respectively. (b) The 3D structure of the BGLF2. The 3D 
structure was predicted by employing the protein modeling 
server database CPHmodels 3.2 Server. The number of 
H-Bond, Helice, Strand and Turn included in this model were 
81, 7, 2, and 16, respectively.
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confirms again the previous report (33). However, the 
future study needs to be carried out to determine whether 
BGLF2 possess similar functions with its homologues. 
It is reported that almost every protein is labeled with 
a correct subcellular localization signal, and various 
subcellular localizations of a specific viral protein may 
play diverse roles in the course of infection (34). Since 
BGLF2 is a capsid binding protein, in the future works, 
of course, it is crucial to identify the functions of the 
potential subcellular localization signal (including 
nuclear localization signal and nuclear export signal) of 
the BGLF2 in the process to virus replication, especially 
in the encapsidation process or viral assembly.

Protein phosphorylation is one of the most normal 
and essential types of protein modifications and 
certain aspects of the cell process, for instance, 
signal transduction, proliferation, differentiation, and 
metabolism, all of which are prone to be regulated 
by the activities of certain protein kinases and protein 
phosphatases upon pivotal target proteins. Applying 
phosphorylation site prediction we have shown that 
there are 15 potential phosphorylation sites in the EBV 
BGLF2, including 6 serine, 5 tyrosine, and 4 threonine 
residues. It is well known that tyrosine phosphorylation 
is associated with the modification of the protein 
translocation from the cytoplasm to the nucleus 
during the course of productive viral infection (35). 
Phosphorylation is also implicated in the replication 
of many herpesviruses (36). Indeed, modification by 
the phosphorylation has been described for several 
herpesvirus tegument proteins such as the process of 
tegument dissociation from the incoming nucleocapsids 
likely occurs as a result of phosphorylation by cellular 
and viral kinases (32). Thus, phosphorylation of EBV 
BGLF2 may also play an important role during EBV 
infection, perhaps in modulating its proper localization 
(37, 38), stable capsid structure assembling (39), or 
playing a potential regulatory role in the affinity for 
DNA (40), as well as virion morphogenesis, and egress 
(32).

In addition, sequence analysis indicated no potential 
transmembrane domain and signal peptide in EBV 
BGLF2, but it contained three N-linked glycosylation 
sites (Asn-X-Ser/Thr). In conformity with this 
prediction, pseudorabies virus UL16 was predicted to 
contain one potential N-linked glycosylation signal, but 
N-glycosidase F treatment experiment demonstrated 
that it is not N-glycosylated (41). Therefore, more 
works are required to establish whether BGLF2 is 
N-glycosylated.

The hydrophobicity and hydrophilicity analyses 
demonstrated that in BGLF2 the proportion of 
hydrophobic region was larger than the hydrophilic 
region, which might represent the internal and surface 

regions of the protein, respectively. Furthermore, 
the B-cell epitopes of BGLF2 were predicted using 
DNAStar PROTEAN programs based on its flexibility, 
antigenic index, and surface probability by the 
determination of its primary structure (42-44). The 
results indicated that the improved knowledge of the 
antigenic and structural features of the BGLF2 resulting 
from this work might generate suitable approaches 
for developing new antibodies and immunoassays 
for the application in the clinical diagnosis of EBV. 
Besides, the secondary structure prediction revealed 
that BGLF2 contained 7 potential α-helix regions and 
several possible random Coil and β-strand. Moreover, 
its 3D conformation also found to consist of the 7 
potential α-helix and two potential β-strands (linked by 
β-turn) and a number of hydrogen bonds. Therefore, 
we speculated the component of these structures of 
BGLF2 might be engaged in its self-association or the 
interactions with other components of the nucleocapsid 
(45-47), tegument (46-48), envelope (29), or the host 
proteins (49).

Conflict of Interests
The authors declare that there is no conflict of interests 
regarding the publication of this paper.

Acknowledgments 
This work was supported by grants from the National 
Natural Science Foundation of China (81772179, 
31400150, and 31200120); the Natural Science 
Foundation of Guangdong Province (2015A030313473); 
the Training Program for Outstanding Young Teachers in 
Universities of Guangdong Province (YQ2015132); the 
Medical Scientific Research Foundation of Guangdong 
Province, China (A2017055 and B2012165); the 
Science and Technology Plan Projects of Guangzhou 
City, China (201607010088); the Scientific Research 
Projects in Colleges and Universities of Guangzhou 
(1201430024, 1201610025 and 1201610024); 
Innovation and entrepreneurship training program in 
colleges and universities in Guangzhou (2017224104); 
High-Level Universities Academic Backbone 
Development Program of Guangzhou Medical 
University; Nanshan Scholar of Guangzhou Medical 
University; Thousand Hundred Ten Projects of 
Guangzhou Medical University, Guangdong; and 
Laboratory Opening Program for College Students of 
Guangzhou Medical University (2018). We thank Dr. 
Teru Kanda for the generous gift of AK-BAC (EBV 
Akata strain-derived BAC).

Supplementary Files
This manuscript includes supplementary file accessible 
on http://www.ijbiotech.com.



95Iran J Biotech. 2018;16(2):e1610

Chen T et al.

References 
1. Johannsen E, Luftig M, Chase MR, Weicksel S, Cahir-

McFarland E, Illanes D, et al. Proteins of purified Epstein-Barr 
virus. Proc Natl Acad Sci U S A. 2004;101(46):16286-91. doi: 
10.1073/pnas.0407320101

2. Chen MR, Hsu TY, Lin SW, Chen JY, Yang CS. Cloning and 
characterization of cDNA clones corresponding to transcripts 
from the BamHI G region of the Epstein-Barr virus genome and 
expression of BGLF2. J Gen Virol. 1991;72 ( Pt 12):3047-55. 
doi: 10.1099/0022-1317-72-12-3047

3. Liu X, Cohen JI. Epstein-Barr Virus (EBV) Tegument Protein 
BGLF2 Promotes EBV Reactivation through Activation 
of the p38 Mitogen-Activated Protein Kinase. J Virol. 
2015;90(2):1129-38. doi: 10.1128/JVI.01410-15.

4. Kanda T, Shibata S, Saito S, Murata T, Isomura H, Yoshiyama 
H, et al. Unexpected instability of family of repeats (FR), the 
critical cis-acting sequence required for EBV latent infection, 
in EBV-BAC systems. PLoS One. 2011;6(11):e27758. doi: 
10.1371/journal.pone.0027758.

5. Miyashita T, Takami A, Takagi R. Molecular cloning and 
characterization of the 5’-flanking regulatory region of the 
carbonic anhydrase nacrein gene of the pearl oyster Pinctada 
fucata and its expression. Biochem Genet. 2012;50(9-10):673-
83. doi: 10.1007/s10528-012-9510-8.

6. Li ML, Jiang S, Mo CC, Zeng ZC, Li XW, Chen CK, et al. 
Identification of molecular determinants for the nuclear 
import of pseudorabies virus UL31. Arch Biochem Biophys. 
2015;587:12-7. doi: 10.1016/j.abb.2015.09.024.

7. Cai MS, Jiang S, Li XW, Zeng ZC, Li ML. Characterization of 
the nuclear import mechanisms of HSV-1 UL31. Biol Chem. 
2016;397(6):555-61. doi: 10.1515/hsz-2015-0299.

8. Cai MS, Huang ZB, Liao ZM, Chen T, Wang P, Jiang S, et al. 
Characterization of the subcellular localization and nuclear 
import molecular mechanisms of herpes simplex virus 1 UL2. 
Biol Chem. 2017;398(4):509-17. doi: 10.1515/hsz-2016-0268.

9. Li ML, Cui W, Mo CC, Wang JL, Zhao ZY, Cai MS. Cloning, 
expression, purification, antiserum preparation and its 
characteristics of the truncated UL6 protein of herpes simplex 
virus 1. Mol Biol Rep. 2014;41(9):5997-6002. doi: 10.1007/
s11033-014-3477-y.

10. Li ML, Li Z, Li WT, Wang BY, Ma CQ, Chen JH, et al. 
Preparation and characterization of an antiserum against 
truncated UL54 protein of pseudorabies virus. Acta Virol. 
2012;56(4):315-22. DOI：10.4149/av_2012_04_315.

11. Cai MS, Jiang S, Mo CC, Wang JL, Huang JL, Zeng ZC, et 
al. Preparation and identification of an antiserum against 
recombinant UL31 protein of pseudorabies virus. Acta Virol. 
2015;59(3):295-9. DOI：10.4149/av_2015_03_295.

12. Cai MS, Li ML, Wang KZ, Wang S, Lu Q, Yan J, et al. The herpes 
simplex virus 1-encoded envelope glycoprotein B activates NF-
kappaB through the Toll-like receptor 2 and MyD88/TRAF6-
dependent signaling pathway. PLoS One. 2013;8(1):e54586. 
doi: 10.1371/journal.pone.0054586.

13. Li ML, Jiang S, Wang JL, Mo CC, Zeng ZC, Yang YJ, et al. 
Characterization of the nuclear import and export signals of 
pseudorabies virus UL31. Arch Virol. 2015;160(10):2591-4. 
doi: 10.1007/s00705-015-2527-7.

14. Cai MS, Chen DX, Zeng ZC, Yang H, Jiang S, Li XW, et al. 
Characterization of the nuclear import signal of herpes simplex 
virus 1 UL31. Arch Virol. 2016;161(9):2379-85. doi: 10.1007/
s00705-016-2910-z.

15. Cai MS, Jiang S, Zeng ZC, Li XW, Mo CC, Yang YJ, et al. 
Probing the nuclear import signal and nuclear transport 
molecular determinants of PRV ICP22. Cell Biosci. 2016;6:3. 
doi: 10.1186/s13578-016-0069-7.

16. NCBI BLAST website 1997 [cited 2016 Feb 12]; Available 
from: URL: http://www.ncbi.nlm.nih.gov/BLAST/.

17. FASTA website 2016 [cited 2016 Feb 12]; Available from: 
URL: http://www.ebi.ac.uk/Tools/sss/fasta/.

18. Conserved Domains search tool website 2005 [cited 2016 
Feb 12]; Available from: URL: http://www.ncbi.nlm.nih.gov/
Structure/cdd/wrpsb.cgi.

19. TMHMM website 2001 [cited 2016 Feb 12]; Available from: 
URL: http://www.cbs.dtu.dk/services/TMHMM/.

20. SignalP-4.0 Server website 1997 [cited 2016 Feb 12]; Available 
from: URL:  http://www.cbs.dtu.dk/services/SignalP/.

21. NetNGlyc 1.0 website 2004 [cited 2016 Feb 12]; Available 
from: URL: http://www.cbs.dtu.dk/services/NetNGlyc/.

22. NetPhos 2.0 website 1999 [cited 2016 Feb 12]; Available from: 
URL: http://www.cbs.dtu.dk/services/NetPhos/.

23. PSIpred website 1999 [cited 2016 Feb 12]; Available from: 
URL: http://bioinf.cs.ucl.ac.uk/psipred/.

24. CPHmodels 3.2 website 2010 [cited 2016 Feb 12]; Available 
from: URL:  http://www.cbs.dtu.dk/services/CPHmodels/.

25. Ehlers B, Spiess K, Leendertz F, Peeters M, Boesch C, Gatherer 
D, et al. Lymphocryptovirus phylogeny and the origins of 
Epstein-Barr virus. J Gen Virol. 2010;91(Pt 3):630-42. doi: 
10.1099/vir.0.017251-0.

26. Shi P, Du Y, Yang H, Huang H, Zhang X, Wang Y, et al. 
Molecular characterization of a new alkaline-tolerant xylanase 
from Humicola insolens Y1. Biomed Res Int. 2015;2015:149504. 
doi: 10.1155/2015/149504.

27. Li ML, Cui W, Mo CC, Wang JL, Zhao ZY, Cai MS. Cloning, 
expression, purification, antiserum preparation and its 
characteristics of the truncated UL6 protein of herpes simplex 
virus 1. Mol Biol Rep. 2014;41(9):5997-6002. doi: 10.1007/
s11033-014-3477-y.

28. Chalfie M, Tu Y, Euskirchen G, Ward WW, Prasher DC. Green 
fluorescent protein as a marker for gene expression. Science. 
1994;263(5148):802-5.

29. Owen DJ, Crump CM, Graham SC. Tegument Assembly and 
Secondary Envelopment of Alphaherpesviruses. Viruses. 
2015;7(9):5084-114. doi: 10.3390/v7092861.

30. Liu Y, Cui Z, Zhang Z, Wei H, Zhou Y, Wang M, et al. The 
tegument protein UL94 of human cytomegalovirus as a binding 
partner for tegument protein pp28 identified by intracellular 
imaging. Virology. 2009;388(1):68-77. doi: 10.1016/j.
virol.2009.03.007.

31.  Phillips SL, Bresnahan WA. The human cytomegalovirus 
(HCMV) tegument protein UL94 is essential for secondary 
envelopment of HCMV virions. J Virol. 2012;86(5):2523-32. 
doi: 10.1128/JVI.06548-11.

32.  Guo H, Wang L, Peng L, Zhou ZH, Deng H. Open reading 
frame 33 of a gammaherpesvirus encodes a tegument protein 
essential for virion morphogenesis and egress. J Virol. 
2009;83(20):10582-95. doi: 10.1128/JVI.00497-09.

33.  Cai MS, Liao ZM, Chen T, Wang P, Zou XM, Wang YF, et al. 
Characterization of the subcellular localization of Epstein-Barr 
virus encoded proteins in live cells. Oncotarget. 2017; 8(41), 
70006-34. doi: 10.18632/oncotarget.19549.

34. Feng ZP. An overview on predicting the subcellular location 
of a protein. In Silico Biol. 2002;2(3):291-303. DOI: 



96 Iran J Biotech. 2018;16(2):e1610

Chen T et al.

10.1002/0470857897.
35.  Pomeranz LE, Blaho JA. Modified VP22 localizes to the 

cell nucleus during synchronized herpes simplex virus type 
1 infection. J Virol. 1999;73(8):6769-81. doi: 10.1126/
science.8303295.

36.  Geiss BJ, Tavis JE, Metzger LM, Leib DA, Morrison LA. 
Temporal regulation of herpes simplex virus type 2 VP22 
expression and phosphorylation. J Virol. 2001;75(22):10721-9. 
doi: 10.1128/JVI.75.22.10721-10729.2001.

37.  Knopf KW, Kaerner HC. Virus-specific basic phosphoproteins 
associated with herpes simplex virus type a (HSV-1) particles 
and the chromatin of HSV-1-infected cells. J Gen Virol. 
1980;46(2):405-14. doi: 10.1099/0022-1317-46-2-405.

38.  Vales-Gomez M, Winterhalter A, Roda-Navarro P, Zimmermann 
A, Boyle L, Hengel H, et al. The human cytomegalovirus 
glycoprotein UL16 traffics through the plasma membrane and 
the nuclear envelope. Cell Microbiol. 2006;8(4):581-90. doi: 
10.1111/j.1462-5822.2005.00645.x.

39.  Henson BW, Perkins EM, Cothran JE, Desai P. Self-assembly 
of Epstein-Barr virus capsids. J Virol. 2009;83(8):3877-90. doi: 
10.1128/JVI.01733-08.

40.  Wilcox KW, Kohn A, Sklyanskaya E, Roizman B. Herpes 
simplex virus phosphoproteins. I. Phosphate cycles on and off 
some viral polypeptides and can alter their affinity for DNA. J 
Virol. 1980;33(1):167-82.

41.  Klupp BG, Bottcher S, Granzow H, Kopp M, Mettenleiter TC. 
Complex formation between the UL16 and UL21 tegument 
proteins of pseudorabies virus. J Virol. 2005;79(3):1510-22. 

doi: 10.1128/JVI.79.3.1510-1522.2005.
42.  Cai MS, Zhao ZY, Cui W, Yang L, Zhu JY, Chen YL, et al. 

Molecular properties of the Epstein-Barr virus BFRF3 gene. 
Virol Sin. 2013;28(6):368-72. doi: 10.1007/s12250-013-3351-4.

43.  Li ML, Cui W, Zhao ZY, Mo CC, Wang JL, Chen YL, et al. 
Molecular cloning and characterization of pseudorabies virus 
EP0 gene. Indian J Biochem Biophys. 2014;51(2):100-14.

44. Cai MS, Deng SX, Li ML. Comparison of the immune responses 
in BALB/c mice following immunization with DNA-based and 
live attenuated vaccines delivered via different routes. Vaccine. 
2013;31(9):1353-6. doi: 10.1016/j.vaccine.2012.09.009.

45. Ohta A, Yamauchi Y, Muto Y, Kimura H, Nishiyama Y. 
Herpes simplex virus type 1 UL14 tegument protein regulates 
intracellular compartmentalization of major tegument protein 
VP16. Virol J. 2011;8:365. doi: 10.1186/1743-422X-8-365.

46. Meckes DG, Jr., Wills JW. Dynamic interactions of the UL16 
tegument protein with the capsid of herpes simplex virus. J 
Virol. 2007;81(23):13028-36. doi: 10.1128/JVI.01306-07.

47. Oshima S, Daikoku T, Shibata S, Yamada H, Goshima F, 
Nishiyama Y. Characterization of the UL16 gene product of 
herpes simplex virus type 2. Arch Virol. 1998;143(5):863-80.

48. Benach J, Wang L, Chen Y, Ho CK, Lee S, Seetharaman J, et 
al. Structural and functional studies of the abundant tegument 
protein ORF52 from murine gammaherpesvirus 68. J Biol 
Chem. 2007;282(43):31534-41. doi: 10.1074/jbc.M705637200.

49. Uesugi M, Nyanguile O, Lu H, Levine AJ, Verdine GL. Induced 
alpha helix in the VP16 activation domain upon binding to a 
human TAF. Science. 1997;277(5330):1310-3.


