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MINI REVIEW

The genomic organization and
complete sequencing of the human

T-cell receptor 3 locus

Geraldo A.S. Passos Jr.

In 1996, human genome research was marked
by a milestone from Leroy Hood’s group who publish-
ed the largest contiguous human DNA sequenced to
date, i.e., the 685 kb of DNA of the T-cell receptor (TCR)
B locus (Rowen et al., 1996). This achievement resulted
from a combination of physical mapping and
automated DNA sequencing methodology and the
correct previous choice of DNA region to be analyzed.
The human TCR B locus spans about 0.7 Mb, the
appropriate size for current large-scale DNA se-
quencing. Moreover, this locus plays a vital role in
immunity.

T-cell receptors are heterodimeric polypeptides
expressed on the surface of T-cells held together by
covalent disulfide bonds. TCR o/ is present in both
T-helper cells (CD4+) and T-cytotoxic (CD8+) and TCR
y/d is expressed in a minority of lymphocytes (10% of
circulating lymphocytes) that recognize Mycobacterium,
tumor cells and stressed cells (Raulet, 1989; Kabelitz,
1992). Similar to an immunoglobulin molecule, the TCR
chains contains a variable region that interacts with the
antigen (amino terminal) and a constant region
(carboxy terminal) attached to the cell membrane. The
recognition of a non-self antigen by TCR o./p is made
in association with the self major histocompatibility
complex (MHC) molecules expressed by
antigen-presenting cells (APC) such as macrophages,
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monocytes, B-cells and dendritic cells. T-cells do not
recognize a soluble antigen directly but only those
present on the surface of APC or target tumor cells
(Kersh and Allen, 1996). The essential role of the
immune system is the discrimination between the self
and non-self antigens. So, TCR «/p represents a
“conceptual molecule” of current immunology, since it
recognizes simultaneously the self (MHC) and the
non-self (antigen). Each individual T-cell expresses a
clonally distributed TCR. The constant region of a TCR
chain is coded by a C gene and the variable region
results from the junction of non-contiguous DNA
segments (V gene and ] segment for o and y chains; V
gene, D-] segments for B and  chains). The maturation
of a T-cell depends on the somatic recombination V-J
and V-D-J] DNA segments assembling an active TCR
gene. The V(D)] recombination is mediated by the
recombinases RAG-1 and RAG-2 (Oettinger et al., 1990;
Mombaerts et al., 1992). The generation of the diversity
in TCR is based on i) the multiple germline V, D and ]
elements, ii) combinatorial joining of these elements
during T-cell maturation, iii) N diversity, i-e, the
addition of non-germline nucleotides to the gene
segments by terminal deoxynucleotidyl transferase,
and iv) the combinatorial heterodimeric associations
between a and f chains.

Organization of the TCR f3 locus

The human TCR B locus maps to chromosome
7q35 (Isobe et al., 1985) and comprises about 65 Vf3
genes. Until recently, the data contributing to the partial
organization of the TCR B family were derived from the
c¢DNA analysis of ~270 different B transcripts (Con-
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cannon et al., 1986; Tillinghast et al., 1986; Kimura et al.,
1987) and from a few cloned germline DNAs of the
locus (Li et al., 1991; Slightom et al., 1994; Zhao et al.,
1994). The VB gene segments have been divided by
cDNA analysis into 26 subfamilies, whose members
exibit 75% DNA sequence homology. cDNA analysis
has provided only a partial idea of the genomic organi-
zation because it analyzes only the active genes. Thus,
alimited picture for the TCR B locus emerged as follows;
5’-(unknown number and order of VB elements)-
(DB1-JB1.1-1.6-Cp1-DB2-JB2.1-2.7-CB2-VB20). Today,
with the complete sequence of the 685-kb TCR B locus
(Rowen et al., 1996) we can have insights into the
organization, evolution and diversification of this gene
cluster. Eighty-one TCR elements and two other non-
TCR genes lie in this sequence. One is the dopamine--
hydroxylase-like gene at the 5’ end of this sequence and
eight trypsinogen genes divided into two clusters, three
immediately 3’ to the dopamine-B-hydroxylase-like
gene and five immediately 5’ to the DB1 gene segment.
Dot matrix sequence comparisons in relation to TCR
cDNA sequences identified 65 VB genes, six of which
were new. With one exception all of these genes are
located between the dopamine-B-hydroxylase-like gene
and the D1 gene segment. Each of the duplicated DJC
clusters, separated by 2.5 kb, contains one D and six or
seven JB gene segments and a CB gene. An enhancer
element is located at the 3’ extremity of the CB2 gene
and the 65th VB gene has an inverted translation
reading frame compared to the other TCR elements. Of
the 685 kb of the locus 4.6% are coding regions. A new
nomenclature was proposed based on the complete
sequence. The VP subfamilies were assigned
consecutively, numbered starting at the 5" end of the
locus and the individual subfamily members were then
numbered sequentially after the subfamily designation.
A B locus translocation from chromosome 7 to chromo-
some 9 was also observed. The segment represents a
duplication and translocation of a DNA segment from
the 3’ end of the B locus that includes at least seven V3
elements and a functional trypsinogen gene denoted T9.
The physical map of the human TCR B locus is also
available via Internet: http://imgt.cnusc.fr:8104 or
http:/ /www .ebi.ac.uk/imgt.

Characterization of the Vf3 gene segments

A VB gene contains five regions: i) a promoter,
ii) a first exon coding for a signal peptide, iii) an intron
with 5’ and 3’ RNA splicing signals, iv) a second exon
encoding the V element and v) a DNA rearrangement
signal sequence. A clustering of the members of
individual VB subfamilies was revealed by phylo-

genetic analysis using > 75% sequence homology as a
criterion. The 65 Vf gene segments are divided into 46
functional genes, 19 pseudogenes, and 22 other
additional sequences with limited similarity to Vp gene
segments were identified, each bearing several major
lesions other than pseudogenes. Although these
sequences provide no functional information, they
contribute to a dynamic view of the evolutionary
changes at this locus. The VP gene segments contain
conventional RNA splicing signals 5" GT and 3’ AG for
the introns. The TCR B DNA rearrangement signals are
like the other gene segment counterparts (Hesse et al.,
1989; Koop et al., 1994), such as human and mouse
immunoglobulin, with the classical heptamer-spacer-
nonamer structure. The expression of the VB genes
shows a heterogeneous pattern, with some Vf and JB
gene segments being expressed more frequently than
others. These differences could arise from clonal
selection, different promoter strengths, half-life of the
mRNAs, or specific DNA rearrangement probabilities.
The expression insights were obtained by comparison
of TCR germline and cDNA sequences. Moreover, the
c¢DNA analysis was useful for establishing exon-intron
boundaries and for identifying non-TCR genes within
the TCR locus, such as the dopamine-B-hydroxylase-
like and trypsinogen genes.

Evolution of the locus itself

The B locus presents a high degree of
complexity, 47% of its sequences being composed of
locus-specific repeats (homology units) that have been
duplicated 2 to 10 times, with eight major locus-specific
repeats across the multigene family, as deduced from
dot-matrix analysis.

Variations in the sequence

The polymorphism data at the TCR B locus (as
RFLPs) have been obtained from limited cDNA and
germline DNA analyses. Overlapping cosmid clones
originated from different haplotypes (chromosomes)
showed discrepant rates of sequence variation. Two
large insertion-deletion polymorphisms affecting three
VB [VB13S2 (6-2), V752 (4-3) and VB9S2 (3-2)] and two
trypsinogen genes (T6 and T7), respectively, exhibited
allele frequencies of 0.37 (insertion) and 0.61 (deletion)
for VB polymorphism and 0.54 (insertion) and 0.46
(deletion) for the trypsinogen polymorphisms. The V3
deletion can be associated with loss of autoimmune
tendencies, but it is not clear why the loss of the
functional trypsinogen T6 gene would confer a selective
advantage.
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Concluding remarks and perspectives

The last year was marked by a historical
achievement in the human genome program: the TCR

B locus was totally sequenced, its 685 kb being the

longest contiguous stretch of DNA analyzed to date in
humans. Another cluster of immune response genes,
the lambda locus, responsible for the lambda light chain
antibodies located on chromosome 22ql11, has been
recently mapped using contigs of YACs and cosmids
(Frippiatetal., 1995; Kawasakiet al., 1995) and is the next
candidate for total sequencing. This knowledge opens
new perspectives to explore the normal and pathologi-
cal function and evolution of the human immune
system.
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