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Abstract
In the next generation of genome sequencing, sequence annotation 

plays an important role with respect to genome evaluation. The aim 
of annotation is to identify key features in the genome, such as genes 
and their products. Although annotation tools are available and some 
sequence features have been published, annotation information for 
many complete and partial genomes of Human T-Cell Lymphotropic 
Virus Type 1 (HTLV-1) remains unavailable from GenBank. Sequence 
analysis is critical to the understanding of the pathogenesis of HTLV-1, 
and a well-annotated reference sequence is an essential component in 
this analysis. More accurate and complete information about the HTLV-1 
genome can assist the scientific community in investigations on possible 
therapeutic and prophylactic vaccines, as well as aid studies on the 
pathogenesis of HTLV-1-associated diseases. Here we describe for the 
first time the complete nucleotide position annotation of the frequently 
used HTLV-1 reference sequence, ATK1 (accession number: J02029.1).
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Introduction
Human T-cell lymphotropic virus type 1 (HTLV-1) is present 

throughout the world and it is estimated that 5–10 million 
individuals are infected [1]. This retrovirus has been mainly 
linked to Adult T Cell Leukemia/Lymphoma (ATLL), Tropical 
Spastic Paraparesis/HTLV-associated myelopathy (HAM/TSP) and 
infective dermatitis [2–4]. 

One of the challenges faced by researchers in the development 
of an HTLV-1 vaccine is to determine why some individuals develop 
pathological processes, while others remain asymptomatic. 
Genomic studies have indicated that HTLV-1 mutations may be 
associated with infection outcome, yet the GenBank database 
contains relatively few complete genomes available [5–8]. In 
addition, the most used HTLV-1 genome (ATK1) is incomplete with 
regard to the start and end nucleotide position of each gene. ATK1 
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was the first human retrovirus genome described and to date has 
not been fully annotated [9]. Here, we performed the complete 
nucleotide position annotation of the full ATK1 genome available at 
GenBank. We hope that this information will support future HTLV-1 
research efforts by the scientific community.

Materials and Methods
To perform the complete nucleotide position annotation of the 

most used HTLV-1 genome (ATK1), this sequence was downloaded 
from GenBank (accession number: J02029.1) and all available features 
were recorded. Next, we identified in GenBank other complete and 
partial HTLV-1 sequences with some nucleotide position information, 
through the “HTLV-1 complete sequence; HTLV-1 and LTR; HTLV-1 and 
HBZ; HTLV-1 and p12; HTLV-1 and p30” keywords. 

After downloading these sequences, Clustal X 2.0 software was 
used to align all sequences, including ATK1 [10,11]. The alignment 
was manually edited and the correct nucleotide positions of the 
HTLV-1 genes in the complete and partial sequences was analyze 
in relation to ATK1 sequence. The nucleotide position annotation 
of ATK1 was performed using Geneious R6 software [12]. Finally, 
Universal Protein Resource (UniProt, www.uniprot.org) was used 
to confirm coding region annotations through the alignment of 
HTLV-1 protein sequences available in the UniProt and the ATK1 
sequence translated based on our annotations [13]. Figure 1 
explains the workflow of ATK1 nucleotide annotation.        

Results and Discussion
Complete nucleotide annotations provide the scientific 

community with the necessary data to better interpret biological 
processes. In the case of HTLV-1, this information is particularly 
important since the literature is controversial with respect to the 
nucleotide position of each of the protein products, especially those 
produced by pX. 

Figure 1: The workflow of ATK1 nucleotide position annotation. The ATK1 accession numbers is J02029.1. The accession numbers of the HTLV-1 
complete and partial sequences downloaded are NC_001436, Y16487.2, U19949, JX184913.1 and KM436104.1.
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To establish a localization standard for the HTLV-1 genes and 
proteins, we analyzed the ATK1 sequence and performed the 
complete nucleotide annotation of this sequence. As shown in figure 
2, the HTLV-1 genome is composed of genes gag, pol, env and the pX 
region, flanked by two Long Terminal Repeat (LTR) regions at both 

5’ and 3’ ends. The gag precursor protein is cleaved into products. 
The pol gene encodes polymerase p95 (reverse transcriptase) and 
an integrase, although the sites of translation initiation have yet to 
be determined. A frameshift occurs at the 3’ gag termination and the 
beginning of the pol gene, which encodes p14 (protease). The env 
precursor protein is also cleaved to generate two products: gp46 
and gp21. The pX region contains four overlapping open reading 
frames (ORF) that encode regulatory and accessory proteins and 
an antisense mRNA that generates the basic leucine zipper (HBZ) 
protein and the isoform of HBZ (HBZ-SI). ORF-I produces the p12 
protein, which can be further cleaved into p8 protein, while ORF-II 
produces two proteins: p13 and p30, with part of the p30 protein 
being coded by env. ORF-III and ORF-IV produce proteins p27 (Rex) 
and p40 (Tax), respectively, both also partially coded by env. The size 
of this genome is approximately 9 kilobase (kb) and the start and end 
nucleotide positions of each gene are described below in Table 1.

The RefSeq database of GenBank suggests another sequence as 
reference (accession number: NC_001436). However, most of HTLV-
1 papers used the ATK1 as reference sequence in their analysis [14–
16]. Nevertheless, both of these sequences do not have information 
about all the HTLV-1 products, as p14, p12, p8, p30, p13 and HBZ. 
Therefore, our complete results can be used as a reference for the 
alignment and annotation of other HTLV-1 genomes. 

Conclusion 
The present study attempted to perform a complete nucleotide 

annotation of the most used HTLV-1 complete genome, ATK1. 
There are many questions that remain to be answered in the field 
of HTLV-1 research, and we hope that these data will assist other 
investigations carried out by the scientific community.   

Availability of Data and Material
All sequences are available in the GenBank database (accession 

numbers: J02029.1; NC_001436; Y16487.2; U19949; JX184913.1; 
KM436104.1). 

Figure 2: The fully annotated genome of human T-cell lymphotropic virus type 1 (HTLV-1). (The complete HTLV-1 genome is represented as a box. The 
LTR promoter regions and the genes encoded by sense mRNA are shown in different colors. Each protein is represented by a line with a color specific 
to its corresponding gene. HBZ and HBZ-SI are encoded by an antisense mRNA, represented by a dotted line. Proteins labeled with asterisks (*) are 
encoded by more than one gene).  

Region Repeat Features Location

5’ LTR
U3 23…374
R 375…603
U5 604…777

3’ LTR U3 8301…8652
R 8653…8881
U5 8882…9055

Gene Mature Peptides CDS Location

gag gag-pro-pol
p19 824…1213
p24 1214…1855
p15 1856…2113

pro gag-pro-pol p14 1960…2778
pol gag-pro-pol p95/IN -…5210

env gp63
gp46 5203…6138
gp21 6139…6669

pX

p12 p12 6857…7156
p8 p8 6944…7156
p30 p30 5203-5206…6853-7574
p13 p13 7311…7574
Rex p27 5147-5206…7325-7834
Tax p40 5203-5206…7325-8382
HBZ HBZ 7312…6686
HBZ SI HBZ SI 7290-6686…8702-8690

Table 1: Nucleotide positions of HTLV-1 genes in the ATK1 sequence 
(accession number: J02029.1). (The sites of reverse transcriptase (p95) 
and integrase translation initiation have not been determined; LTR = long 
terminal repeat).
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