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ABSTRACT The genomic nucleotide sequences of the
constant-region (C) genes of the human T-cell rearranging gene
y are given. These sequences show considerable allelic and
nonallelic variation. Allelic variants exist at both C.] and CY2
loci in coding regions (as well as in restriction enzyme sites).
Both C,, genes are in the same transcriptional orientation.
Moreover, the organization of the nonallelic Cy, genes reveals
some interesting features: the C.1 gene, like the mouse C.y gene,
has three exons, whereas the CY2 gene has four exons,
including a duplicated second exon that would create a putative
protein with an enlarged constant region. However, these two
duplicated exons in C1.2 have lost the cysteine residue that is
thought to be involved in the interchain disulfide bridge.

The human T-cell rearranging gene y (TRG y) has recently
been identified (1, 2) by homology with a gene in mouse that
has been shown to undergo rearrangement specifically in T
cells (3, 4). So far, two human constant-region (C) genes have
been identified (1, 2, 5, 6), as well as nine variable-region (V)
genes (7), which apparently can rearrange independently with
each of the Cv genes (5). The productive rearrangements of
the y locus in mouse were at first thought to be restricted to
single VY and Cy genes (8, 9). This is not the situation in
human TRG y genes (5, 7). However, it is now apparent that
the situation in the mouse is, in actuality, complex (10), and
so the complexity of the system found in man may actually
be paralleled by that of mouse, but the general organization
seems to be different.
The two human Cy genes are linked to each other (1) and

each has at least one joining (Jv) segment (5). We now present
the complete nucleotide sequences of the genomic coding
segments of the Cy genes, which demonstrate interesting
evolutionary changes in sequence and exon structure.

METHODS
X phage clones were isolated from genomic libraries prepared
in X2001 (11), using Sau3A partial digestion products cloned
into the BamHI site (1, 7). TRG y clones were identified by
hybridization of the J.v probe M13H60 (see Fig. 1) according
to standard methods (7, 12-14). Restriction maps were
produced using single and double digests of the X phage
clones or using appropriate subclones made in pUC vectors
(15).

Nucleotide sequence analysis was carried out by dideoxy
chain-termination procedures (16) in M13 vectors (17). Se-
quencing strategies were either (i) directed sequencing, using
known restriction enzyme sites, or (it) shotgun procedures
(18). Data were analyzed by automatic computer methods
(19).

RESULTS AND DISCUSSION

Comparison of the Exon Structure of C7,1 and Cy2. An
overlapping map of the two human TRG y constant-region
genes was generated by comparison of the X phage clones
depicted in Fig. 1. The location of exon 1 of Cyj and C.2 (1,
2), as well as that of three Jy segments (5, 7), has been
described previously. The other exons of the Cy genes have
now been located in the genomic DNA by nucleotide se-
quencing and comparison to mouse and human cDNA
sequences (3, 6). The size of each C-y gene is large compared
with other known rearranging genes. The Cyl gene occupies
5.9 kb, and the CY2 gene occupies 9.4 kb. Both genes have
the same transcriptional orientation and, as previously shown
(7), they share the same tandemly arranged pool of Vy
genes.
The C4l gene, like the Cy gene of mouse, has three exons

[exon 1 is 330 base pairs (bp), exon 2 is 48 bp, and exon 3 is
141 bp plus a 3' untranslated sequence of about 450 bp], but
they are separated by much larger introns (3.2 kb and 2 kb)
than those found in the mouse gene (4). The nucleotide
sequence and derived amino acid sequence ofthese exons are
shown in Fig. 2. To identify exon 2 (which does not
cross-hybridize with the mouse y probe), the 2.8-kb HindIII
fragment between exons 1 and 3 was sequenced fully (com-
plete data not shown), but only one exon was identified
[unlike the corresponding region of the CY2 gene, which has
a duplication of exon 2 (see below)]. As previously noted,
there are potential sites for N-linked glycosylation encoded in
human Cy (6) but only in one mouse Cy gene (3, 10).
Comparison of the CYl protein-coding sequence with that of
the mouse shows that there has been conservation of the
cysteine residues, including the one that is presumably
involved in interchain disulfide bridges. This residue is not
conserved in the human Ce2 gene (discussed below).
A comparison of the restriction maps of Cy1 and Cy2

showed that Cy2 is much larger than Cyl. Closer analysis of
restriction sites indicated a 3.5-kb region (bar in Fig. 1) within
CY2 that might have resulted from a duplication or insertion
of DNA. This segment includes a site for the restriction
enzyme BamHI. The sequence of exon 2 from Cyl has an
internal site for this enzyme (Fig. 2), suggesting the possi-
bility that a duplication that included exon 2 has occurred in
Cr2. The nucleotide sequence of a cDNA clone derived from
the T-cell line HPB-MLT supports this view (6). Analysis of
the genomic Cy2 gene indeed revealed four exons separated
by introns of 4 kb, 2.7 kb, and 2 kb, with a duplicated exon
2 (Figs. 3 and 4), designated exon 2R and exon 2. Considerable
drift has occurred between exon 2 of Cvi and exon 2R of
CY2, as well as between exons 2R and 2 of C,,2. Neither the
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FIG. 1. (A) Restriction map ofhuman TRG y constant-region locus. The map was derived from the sites present in the various X phage clones
depicted in B. The location of known JY segments and Cy exons (exl, ex2, and ex3) are indicated together with the HindIII fragment that
constitutes the Jy probe M13H60. The homologous region upstream of C,2 and the polymorphic HindIlI site (H) are indicated. The region of
putative DNA duplication including exon 2 of Cy2 is shown by a bar above the map. Restriction sites: B, BamHI; R, EcoRI; H, HindIII; S,
Sac I. kb, Kilobase. (B) Various X phage clones containing genomic DNA covering the indicated areas of the Cy locus. XR, XD, XK, and XA
clones are from unrearranged loci, and XS clones are from rearranged loci. Derivation of the various clones has been described (1, 7).

small exon 2 nor 2R in C 2 retains the cysteine residue
encoded in mouse genes and proposed to allow interchain
bonding (3).
These results raise a number of questions. First, would a

putative protein product of CY2 be able to form a homo- or
heterodimer through another cysteine residue, or would such
a protein necessarily be a single-chain protein? Second, and
related to the first question, has the exon 2 duplication and
loss of the cysteine altered the function of the putative Cy2
gene product or converted the gene to a nonfunctional
pseudogene? The latter possibility seems unlikely, as very
little other nucleotide or protein drift has occurred compared
with Cyl (see Figs. 3 and 4). Third, what effect would
introduction of an extra domain resulting from exon 2
duplication have on the folding of Cy-encoded protein?
Further mouse Cy cDNA sequences have recently been
described (10), and these have a longer putative exon 2 than
do the previously described (3) mouse CY cDNA clones.
However, there is retention of the cysteine residues, even
though there are significant differences throughout the pro-
tein. The questions raised will presumably be answered by
experiments which can now be designed to test the function
of the various putative y polypeptides. A putative protein
product of the y gene has been described in a population of
human T cells with the surface phenotype T3+T4-T8- (21,
22). This polypeptide may exist in a heterodimer with an as
yet undefined polypeptide, and it remains to be investigated
whether this putative dimerization occurs via disulfide bonds
or not (involving TRG yi and/or y2 products). Further, the
possibility of the existence ofmore distantly related CY genes
in humans cannot be excluded, particularly since a third Jy

segment (designated JyP; see Fig. 1) has been identified
upstream of Jyl (7) and at least two other Jy segments have
been found (L. Tighe and T.H.R., unpublished data).
The human Vy genes, which have been cloned and which

map near one another (7), belong to a family of V genes that
are shared between the two identified Cy genes. The occur-
rence of Jy segments belonging to each Cy gene is similar to
the relationship of J segments and C genes of, for example,
the T-cell receptor (3chain gene and particularly resembles
that of human immunoglobulin X light chain genes (23).
Similarly, the organization of mouse TRG y genes, compris-
ing linked V, J, and C genes, is like that of the mouse
immunoglobulin X genes (24). Thus, the organizations ofTRG
y and immunoglobulin X genes in man and mouse, respec-
tively, have much in common.

Allelic Variation of Human TRG y Constant-Region Genes.
Our previous studies of the Cy genes in humans revealed a
restriction fragment length polymorphism (RFLP) associated
with an allelic sequence variation in Cy (1). The RFLP is due
to a variation in HindIII sites in the region detected by the
probe M13H60 (see Fig. 1). Isolation of a number of Cy genes
from different human DNA sources carrying one or the other
of the polymorphic restriction fragments has shown the
existence of at least two CY allelic chromosomes: one that
carries two 2.1-kb HindIII restriction fragments (haplotype I)
and one that carries a 2.1-kb fragment plus a 5-kb fragment
(haplotype II) (Table 1). The Burkitt lymphoma cell line Raji
is homozygous for haplotype I (1), whereas the B-cell
prolymphocytic leukemia line D-PLL and the T-cell line
K-1010 are heterozygous for haplotypes I and II, asjudged by
the forms of Cy genes isolated in X phage clones shown in Fig.
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EXON 1

D K 0 L D A D V S P K P T I F L P S I A E T K L 0 K A
TAATGATTCTTTTAAACTCATATTTCATTTCTCCCCATAGATAAACAACTTGATGCAGATGTTTCCCCCAAGCCCACTATTTTTCTTCCTTCAATTGCTGAAACAAAGCTCCAGAAGGCT

10 20 30 401 50 60 70 80 90 100 110 120

G T Y L L L E K F F P D V I K I H W E K K S N T I L G S 0 E G N T f K T N D
GGAACATACCTTTGTCTTCTTGAGAAATTTTTCCCTGATGTTATTAAGATACATTGGCAAGAAAAGAAGAGCAACACGATTCTGGGATCCCAGGAGGGGAACACCATGAAGACTAACGAC

130 140 150 160 170 180 190 200 ------ 220 230 240
BasHI

T Y K F S W L T V P E K S L D K E H R I R H E N N K N G V D E I I F P P
ACATACATGAAATTTAGCTGGTTAACGGTGCCAGAAAAGTCACTGGACAAAGAACACAGATGTATCGTCAGACATGAGAATAATAAAAACGGAGTTGATCAAGAAATTATCTTTCCTCCA

250 260 270 280 290 300 310 320 330 340 350 360

I K T
ATAAAGACAGGTATGTGTTTACGCATATCATCTGTCAGAACACTTCTTTG

370 380 390 400 410

EXON 2

II V I T M D F K D N S K P A N
TAGTACTTGCTCTCATTCTFCTAGATGTCATCACAATGGATCCCAAAGACAATT TTCAAAAGATGCAAATGGTAAGCTT

10 20 A 30 50 60 70 A -

Ba nHI HirDIII

EXON 3

GAATTCTGACTTGTCTGACTCTTGGTGGTGCTGGTAGCAGTAGATGTTTACTTTTAGGTTTTGGTGGTGGTGGAATATCACTTCAACGTAAATCATCAGAAATAAGTATTTGTGAACCCC
10 20 30 40 60 70 80 90 100 110 120

EcoRI

D T L L L 0 L T N T S A Y Y Y L L L L L K S
TCTCGCATTAATGTATCTTATTCTGT4AAAAGAACATGTGCAATTTCTCrTTGATACACTACTGCTGCAGCTCACAAACACCTCTGCATATTACATGTACCTCCTCCTGCTCCTCAAGAG

130 140 150 160 170 A 180 190 200 210 220 230 240

V V Y F A I I T C C L L R R T A F C C N G E K S *

TGTGGTCTATTTTGCCATCATCACCTGCTGTCTGCTTAGAAGAACGGCTTTCTGCTGCAATGGAGAGAAATCATAACAGACGGTGGCACAAGGAGGCCATCTTTTCCTCATCGGTTATTG
250 260 270 280 290 300 310 320 330 340 350 360

TCCCTAGAAGCGTCTTCTGAGGATCTAGTTGGGC TTTCTTTCTGGGTTTGGGCCATTTCAGTTCTCATGTGTGTACTATTCTATCATTATTGSTTAACGGTTTTCAAACCAGTGGGCACA
370 380 390 400 410 420 430 440 4FO 460 470 480

CAGAGAACCTCACTCTGTAATAACAATGAGGAATAGCCACGGCGATCTCCAGCACCAATCTCTCCATGTTTTCCACAGCTCCTCCAGCCAACCCAAATAGCGCCTGCTATAGTGTAGACA
490 500 510 520 530 540 550 560 570 580 590 600

TCCTGCGGCTTCTAGCCTTGTCCCTCTCTrTAGTGTTCTTTrAATCAGATAACTGCCTGGAAGCCTTTCATTTTACACGCCCTGAAGCAGTCTTCTTTGCTAGTTGAATTATGTGGTGTGrT
610 620 630 640 650 660 670 680 690 700 710 720

rTTTCCGTAATAAGCAAAAT4AATTTA}AAAAATGAAAAGTTGACTTTTGTCCATGGTATTTTAATTGGATGACATCAAATTGAACATCCAAGGTAAGAAACAGCATGGCAATTGGGCTGT
730 -- - 750 760 770 780 790 800 810 820 830 840

GOAATTC

EcoRI

FIG. 2. Genomic exon sequences of human Cyl gene. Genomic sequences from XD19 were derived from subclones made in M13 by dideoxy
chain-termination procedures. The coding regions have been translated in the single-letter amino acid code, and spliced sites are shown by
arrowheads. The translation termination codon is indicated by an asterisk, and the poly(A)-addition sequence AATAAA (20) is shown by broken
lines above and below the sequence. Potential sites for N-linked glycosylation are overlined, and the cysteine residues probably important for
disulfide bonds are circled. Restriction sites are indicated by broken underlining.

1B. Filter hybridization experiments with DNA from the
T-cell chronic lymphocytic leukemia (T-CLL) ATSB1
showed that this DNA is also homozygous for haplotype I
(data not shown).
Comparative DNA sequence analysis ofCy exon 1 from the

allelic yl genes, belonging to haplotypes I and II, shows that
sequence variation (both nucleotide and amino acid) occurs,
in addition, from differences seen between C.J and Cy2 (Figs.
3 and 4). Although C.J and Cy2 differ at the protein level only
in exons 2 and 3, the two allelic forms of Cyl that were
sequenced (Raji y] and Dl9yl) (Fig. 3) differ at three amino
acid positions in exon 1 (Ile41-Glu80-Ile9 compared with
Val4l-Lys80-Val99; Fig. 4). We designated these two allelic yl
sequences as TRG yja and TRG ylb (Table 1). Further,
although exon 1 of Raji yi (TRG yia) differs at six nucleotide
positions (three replacement and three silent nucleotide
substitutions) from its allele D19 'y (TRG yJb), it is identical
with the nonallelic D11 y2 (designated as TRG y2a) (Fig. 3).
These observations suggest that DNA sequence-correction
mechanisms, such as gene conversion, have operated on
these closely related tandem genes, like those that have

occurred in the immunoglobulin a-chain C regions (25). In
this context, the apparent drift of the duplicated exon 2 of y2
is more puzzling, particularly with reference to the loss ofthe
putative interchain cysteine.

Table 1. Alleles and size of HindIII fragments in
TRG y haplotypes

Size of upstream
Haplotype Allele (sequence) restriction fragment, kb

I ylJ (Raji -yl) 2.1
y2a (Dli y2) 2.1

II yjb (D19 yi) 2.1
y2b (D7 y2) 5

In haplotype I, the HindIII restriction fragments upstream of the
twoTRG ygenes (and containingJy) (1) are both 2.1 kb long, whereas
in haplotype II, the fragments upstream of TRG 'y and TRG y2 are
2.1 kb and 5 kb long, respectively. Sequences corresponding to the
different alleles in the coding regions are given in parentheses. These
alleles (TRG yPl , y1b, y2a, and y2b) are defined by the nucleotide
differences observed in exon 1 (Fig. 3).
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EXON 1

10 20 30 40 50 60 70 80 90 100
Rai ylATAAACAACrTGATGCAGATGTTTCCCCClAAGCCCACTATTTTTCTTCCTTCGATTGCTGAAACAAAACTCCAGAAGlCTGAACATACCTTTGTCTTCT
D19y....
D1li 7y207y2.At t . . . . . . . ..'.'..I.... .A

110 120 130 140 150 160 170 180 190 200
Raji yl TGAGAAATTTTTCCCAGATATTATTAAGATACATTGGCAAGAAAAGAAGAGCAACACGATTCTGGGATCCCAGGAGGGGAACACCATGAAGACTAACGAC
D19 y1 ..T.r.G.
D117.2
D7 y2

210 220 230 240 250 260 270 280 290 300
Raji .y1 ACATACATGAATTTAGCTGGrTAACGGTGCCAGAAGAGTCACTGGACAAAGAACACAGATGTATCGTCAGACATGAGAATAATAAAAACGGAATTGATC
D19yl.A.6
D1l y2
D7 y2 . . .

310 320 330
AAGAAATTATCTTTCCTCCAATAAAGACAG

.................0... .......
D19 y1
Dl1 y2
D7 y2

340 350 360 370 380 390 400

EXON 2

1 0 0 30 40 50 60
D19 y10x2 TCTAGATGTCATCACAATGGATCCCAAAGACAATTGTTCAAAAGATGCAAATGGTAAGCTT
S9 y2ex2c ... .*. T...........T....cr
S9 3y2e , , .. .

EXON 3

D19 yl
S9 y2

10 20 30 40 50 60 70 80 90 100
GATACACTACTGCTGCAGCTCACAAi;CACCTCTGCATATTACATGTACCTCC TCCTGCTCCTCAAGAGTGTGGTCTATTTTGCCATCATCACCTGCTOTC

....... .

110 120 130 140 --- 150 160 170 180 190 200
TGCTTAGAAGAACGGCTTTCTGCTGCAATGGAGAGAAATCATAACAGACGGTGGCACAAGGAGGCCAT/CTTTTCCTCATCGGTTATTGTCCCTAGAAGCG

10 2201 230 240 250 260 270 280 290 300
TC TTCTGAGGIXTCT:AGTTGGGCTTTCTTTCTGGGTTTGGGCCATTTCAGTTCTCATGTGTGTACTATTCTATCATTATTGTATAACGOTTTTCAAACCAG

310 320 330 340 350 360 370 380 390 400
TGGGCACACAGAGAACCTCACTCTGTAATAACAATGAGGAATAGCCACGGCGATCTCCAGCACCAATCTCTCCATGTTTTCCACAGCTCCTCCAGCCAAC

410 420 430 440 450 460 470 480 490 500
CCAAATAGCGCCTGCTATAGTGTAGACATCCTGCGGCTTCTAGCCTTGTCCCTCTCTTAGTGTTCTTTAATCAGATAACTGCCTGGAAGCCTTTCATTTT

510 520 530 540 550 560 ------ 580
ACACGCCCTGAAGCAGTCTTCTTTGCTAGTTGAATTATGTGGTGTGTTTTTCCGTAATAAGCAAAATAAATTTAAAAAAATOAAAA

FIG. 3. Comparison of the nucleotide sequences of the allelic and nonallelic human C, genes. Nucleotide sequences of the gene segments
are compared with each other; dots represent identities, and nucleotide changes are shown appropriately. The translation stop codon and
polyadenylylation signal are shown by broken overlining. Partial sequences have been obtained in some cases (e.g., Raji, because of the content
of the X clone XRy), and only exon 1 has been fully compared for the various allelic forms (see text). Derivation of the various clones has been
described (1, 7). D19, D11, and D7 are X clones from the B-cell prolymphocytic leukemia line D-PLL; S9 is from the T-cell line SUP-T1.

Exon 3 of CY1 and Cy2 is highly conserved in both coding
and noncoding regions (Figs. 3 and 4). A single amino acid
substitution occurs near the carboxyl terminus, resulting
from the only base change in the coding portion of this exon.
The 3' noncoding region is also remarkably well conserved,
with only three base changes. This high conservation is
further indication that C72 is not a pseudogene, even though
the putative interchain cysteine has been lost, since 3'
noncoding fragments of tandem genes can be highly diver-
gent, as, for instance, in the human T-cell receptor a-chain C
gene (26, 27).
The major question concerning the TRG y gene is the

function of the putative protein product. Although the y
mRNA appears very early in thymus differentiation (28),
there is some evidence that y may not be an absolute

requirement. For example, AT5B1 cells have rearranged
both a and f3 chains (R. Baer and T.H.R., unpublished work)
and express receptor (as judged by T3 surface expression).
However, we did not find productive y rearrangement in
these cells (7), at least not with the two Cy loci analyzed so
far. Thus, a role for y in differentiation of this T-cell is hard
to understand.
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