
ed DNA. Since ligation of the digested 
fragments is not possible, these results 
demonstrate that h vector sequences are 
not required for the expression of this 
gene. Furthermore, Southern blot analy- 
sis demonstrated that the Ld-trans- 
formed mouse L cells contain vector 
sequences, presumably flanking the Ld 
gene. It is not possible to directly identi- 
fy the Ld gene in these transformed cells 
with cDNA probes because of the cross- 
hybridization of multiple H-2k haplotype 
class I genes of the recipient mouse L 
cells. 

The level of L~ expression in mouse L 
cells is comparable to that of Kk for the 
transformants (Fig. 1C) and approxi- 
mately equal to that of Ld for BALBIc 
spleen cells (Fig. ID). In contrast, the 
relative level of Ld expression by normal 
BALBIc fibroblast and spleen cells is 
lower than the level of Kd expression as 
determined by fluorescent labeling and 
analysis by the fluorescence-activated 
cell sorter (12). Therefore, relative to K 
molecules, the Ld gene products are ex- 
pressed at a higher level on the trans- 
formed cells than on normal fibroblasts. 
Transformants expressing Ld molecules 
at an even higher level than that of 8-5 
cells have been isolated, an indication 
that expression of the transferred Ld 
gene at a higher level than for Kk mole- 
cules is not a lethal event. Moreover, the 
expression of Ld molecules by the 
cloned 8-5 transformants is a stable phe- 
nomenon. The initial level of L~ expres- 
sion by these cells has remained constant 
throughout the maintenance of the cell 
line in culture for over 49 passages. 

To compare the charge and size distri- 
butions of the Ld polypeptides synthe- 
sized in transformed and normal cells, 
we analyzed L~ molecules immunopre- 
cipitated from BALBIc spleen and 8-5 
cells by two-dimensional gel electropho- 
resis (Fig. 2). The size and charge heter- 
ogeneity of the Ld antigens appear virtu- 
ally identical for polypeptides isolated 
from BALBIc lymphocytes (Fig. 2A) and 
the 8-5 cloned transformed L cells (Fig. 
2B). In general the two-dimensional gel 
patterns of these antigens are character- 
istic of transplantation antigens isolated 
by immunoprecipitation (13). Mouse 
Ltk' transformants analyzed in a similar 
manner do not express Ld polypeptides 
(Fig. 2C). These results demonstrate that 
the 8-5 cells express Ld antigens that are 
virtually indistinguishable from Ld anti- 
gens of normal spleen cells. The tryptic 
peptides of these proteins are presently 
being analyzed by high-performance liq- 
uid chromatography to confirm these 
structural similarities. 

Gene transfer and immunoselection 
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provide a powerful approach for identi- 
fying and characterizing the genes en- 
coding transplantation antigens. The cor- 
relation between gene 27.5 and its sero- 
logically defined Ld gene products made 
on the basis of transformation has been 
substantiated by the DNA sequence of 
this cloned Ld gene (10). DNA-mediated 
gene transfer thus provides a general 
approach to both the phenotypic identifi- 
cation of individual members of a multi- 
gene family and the analysis of the func- 
tions of cell-surface recognition mole- 
cules. 
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DNA Sequence of a Gene Encoding a BALB/c 
Mouse L~ Transplantation Antigen 

Abstract. The sequence of a gene, denoted 27.5, encoding a transplantation 
antigen for the BALBIc mouse has been determined. Gene transfer studies and 
comparison of the translated sequence with the partial amino acid sequence of the 
L~ transplantation antigen establish that gene 27.5 encodes an L~ polypeptide. A 
comparison of the gene 27.5 sequence with several complementary DNA sequences 
suggests that the BALBIc mouse may contain a number of closely related L-like 
genes. Gene 27.5 has eight exons that correlate with the structural domains of the 
transplantation antigen. 

The transplantation or class I antigens 
of the major histocompatibility complex 
(MHC) are present on the surface of all 
mammalian somatic cells and play a key 
role in T cell immunosurveillance (1, 2). 
In the inbred BALBIc mouse, three 
genes for transplantation antigens, D, L ,  
and R,  are closely linked and these are 
separated from a fourth class I gene, K, 
by approximately 0.3 centimorgan (3). 
We cloned 30 to 40 genes of the BALBIc 
mouse (H-2d haplotype) that are homolo- 
gous to complementary DNA (cDNA) 
probes for transplantation antigens (4) 
and have demonstrated by gene transfer 
experiments that one of these clones 
(27.5) encodes an Ld transplantation 
antigen (5). We have determined the 

nucleotide sequence of the Ld gene pres- 
ent in clone 27.5. 

The genomic clone 27.5 was isolated 
as previously described (4) from an am- 
plified library of BALBIc sperm DNA 
cloned in the h vector Charon 4A. The 
nucleotide sequence of gene 27.5 was 
determined by the dideoxy sequencing 
technique with M13mp2 as cloning vec- 
tor (4, 6, 7). The sequencing strategy is 
shown in Fig. 1. The exons of gene 27.5 
were defined on the basis of homology to 
available amino acid sequences for trans- 
plantation antigens (8, 9), to several 
DNA sequences of cDNA's encoding 
transplantation antigens (10, 11), and to a 
genomic class 1 clone 27.1, which bears a 
pseudogene mapping to the Qa-2,3 re- 
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gion (4). The DNA sequence of gene 27.5 
is given in Fig. 2. 

Gene 27.5 has eight exons whose 
boundaries correspond precisely to 
those determined earlier for the class I 
pseudogene 27.1 (Fig. lc) (4). Apart from 
introns 1 and 3, the lengths of the introns 
in genes 27.5 and 27.1 are similar. Exon 1 
encodes the signal peptide; exons 2 to 4, 
the three external domains; exon 5, the 
transmembrane segment; and exons 6 to 
8, the cytoplasmic domain. There is a 
striking correlation between the discrete 
exon boundaries and the structural do- 
mains of the transplantation antigen (4). 
All of the exon-intron boundaries have 
the consensus upstream or downstream 
RNA splicing signals (12). Gene 27.5 
appears to be a functional gene by se- 
quence analysis in that it lacks any obvi- 
ous elements that would render it a pseu- 
dogene (for example, termination codons 
or inappropriate reading frame shifts). 
This conclusion is supported by our gene 
transfer studies (5). 

The translated sequence of gene 27.5 
is identical to the amino acid sequence of 
the L~ molecule at 77 of 77 positions that 
can be compared (Table 1) (13). These 

comparisons include residues in the first, 
second, and third external domains. Al- 
though the paucity of amino acid se- 
quence data permits us to compare only 
21 percent (77 of 358 positions) of the 
gene and protein sequences, these com- 
parisons support the conclusion reached 
in gene transfer studies that clone 27.5 
contains an Ld gene (5). 

There is one striking observation that 
can be made in comparing the sequences 
of gene 27.5 and of two cDNA clones, 
pH-211 (10) and p ~ - 2 d - 3  (11), whose 
translated sequences are identical with 
the available partial Ld amino acid se- 
quence. Gene 27.5 is identical to cDNA 
clone p ~ - 2 ~ - 3  at 467 of 470 positions 
compared. Two of the sequence differ- 
ences are in the first 60 nucleotides of the 
fourth exon and lead to one codon sub- 
stitution. The other difference, which 
also leads to a codon substitution, is in 
the fifth exon. Likewise, the exons of 
gene 27.5 are identical to clone pH-211 at 
514 of 520 nucleotide positions. The dif- 
ferences are clustered in the first 45 
nucleotides of the fourth exon and lead 
to five codon substitutions. There ake 
also six nucleotide differences between 

Table 1. Homology of the exons of the translated Ld gene (27.5) to the corresponding regions of 
the translated pseudogene 27.1 (4) and to the Kb (12) and Ld (13) molecules. The homology of 
the translated portion of each exon to the corresponding portion of the Kb and Ld sequences, as 
well as to the translated 27.1 pseudogene exons (4), is shown. 

Homology (%) 

Leader (exon 1) 
First domain (exon 2) 84 100 
Second domain (exon 3) 80 100 
Third domain (exon 4) 88 100 
Transmembrane domain (exon 5) 73 
Cytoplasmic exon 

First (exon 6) 100 
Second (exon 7) 64 
Third (exon 8) 0 

*Thirty-four of 90 positions were compared in exon 2, 28 of 92 in exon 3,  and 15 of 92 in 

Fig. 1. The organization and sequencing strategy for gene 27.5. (a) A restriction map of clone 
27.5. This map was generated by Southern blot analyses of clone 27.5 cleaved with various 
restriction enzymes and probed with selected M13 clones into which fragments of gene 27.5 had 
been inserted (see below). The restriction sites are designated as follows: B, Bam H1; P, Pst I ;  
S, Sau 3A; D, Dde I ;  K, Kpn I ;  B g ,  Bgl 11; R, Rsa I; H, Hinf I; X, Xba I ;  and A ,  Alu I. (b) Se- 
quence strategy for gene 27.5. Each arrow represents the sequence of an M13 clone. The M13 
clones indicated by asterisks were used as probes in Southern blot analyses to generate the 
restriction map. At positions where clones do not overlap, alignment was determined by 
restriction mapping or by homology with cDNA clone pH-211. (c) Organization of genes 27.5 
and 27.1. Exons are represented by boxes and introns by lines. Both exons (above boxes) and 
introns (below lines) are numbered. 

gene 27.5 and clone pH-211 of the 3' 
untranslated region of 587 nucleotides 
compared. It is interesting to note that 
the differences in coding sequence are 
clustered at the beginning of the fourth 
exon, because this exon encodes the 
third external domain of the L~ polypep- 
tide, and this domain is the most con- 
served region of the genes encoding 
transplantation antigens (14). 

The genomic clone 27.5 was derived 
from BALBic (H-2d haplotype) sperm 
DNA. The cDNA clone pH-211 was de- 
rived from a BALBic tumor cell line (lo), 
and the cDNA clone p ~ - 2 ~ - 3  was de- 
rived from a DBA/2 (H-2d haplotype) 
lymphoma line (11). It is unlikely that all 
of the differences in these class I se- 
quences arose from cloning or sequenc- 
ing artifacts. Accordingly, mice of the 
H-2d haplotype may have three closely 
related class I genes that encode Ld-like 
polypeptides. The three L-like genes 
might arise from genetic polymorphism 
at a single locus within mice of the H-2d 
haplotype or from duplicated genes. 

The possibility that these different 
clones represent duplicated genes is at- 
tractive in view of historical precedent 
and of recent evidence. By serological 
analysis, the D end of the H-2 complex 
initially appeared to have a single D gene 
(2). Subsequently, more refined serologi- 
cal analyses have suggested that this 
region encodes three closely linked 
genes for transplantation antigens-D, 
L, and R (3). Cosmid clones that have 
been isolated from BALBic DNA con- 
tain three L-like genes according to re- 
striction map analyses (14). Gene trans- 
fer studies have demonstrated that at 
least one of these cosmid genes encodes 
an Ld polypeptide (15). It will be inter- 
esting to determine whether the remain- 
ing two of these putative L-like genes 
also are expressed as class I polypep- 
tides reacting with the monoclonal anti- 
bodies to the Ld antigen. 

A comparison of the translated se- 
quences of pseudogene 27.1 and the Ld 
gene 27.5 with the amino acid sequence 
of the mouse Kb molecule (Table 1) 
shows that pseudogene 27.1 appears to 
have diverged significantly more from 
the translated Ld gene than the Kb mole- 
cule has (Table 1). The difference be- 
tween 27.1 and the other class I genes 
might arise because the genes encoding 
Qa antigens diverged from those encod- 
ing the classical transplantation antigens 
before the divergence of the individual 
class I genes. Alternatively, this diver- 
gence may reflect changes accumulating 
in the pseudogene, which has presum- 
ably been released from selective pres- 
sure. In addition, the exons of pseudo- 
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gene 27.1 are homologous to those of the 
L~ gene 27.5. This homology suggests a 
common evolutionary origin. If gene 
27.1 is a Qa-2,3 pseudogene [see (4) for 
discussion], then this homology suggests 
that the Qa antigens are class I molecules 
and that the Tla complex should be con- 
sidered a part of the H-2 complex. This 
conclusion is supported by observations 
that the TL and Qa antigens resemble the 
classical transplantation antigens in size, 
peptide map profiles, and their associa- 

tion with Pz-microglobulin (16-19). 
We have used a computer-generated 

dot matrix to analyze the homology rela- 
tionships of the DNA sequences from 
genes 27.1 and 27.5 (Fig. 3). This analy- 
sis compares every hexamer of gene 27.1 
(vertical axis) against every hexamer of 
gene 27.5 (horizontal axis) and places a 
dot in the two-dimensional matrix at 
positions where at least five of six nucle- 
otides are identical. Homologies are dis- 
played as diagonal lines in the matrix; 

nucleotide divergences are represented 
as gaps in the diagonal lines; and se- 
quence insertions or deletions offset the 
diagonal lines (20). Four important 
points emerge from this analysis. (i) 
Genes 27.1 and 27.5 are quite homolo- 
gous to one another, as can be seen by 
the strong diagonal lines. (ii) Five of 
seven introns (2, 4, 5, 6, and 7) are 
almost as highly conserved in both genes 
as the exons are; the exons exhibit 87 
percent homology, and these introns ex- 

EXON i 

Met A I a  P r o  A r g  T h r  L e u  L e u  L e u  L e u  L e u  
CCAGGGCGGATTGAGAGGGAAGACCACACACCCTGTGAGCTCACTGTGTCCAGTGAGTAGCTGCACTGGGGTCCACAGCTCACTCCAGGGATCACTCCCAGATGGGGGCG ATG GCT CCG CGC ACG CTG CTC CTG CTG CTG 

A l a  A I a  A I a  T r p  P r o  Aap S e r  Asp P r o  A r e  G 
GCG GCC GCC TOG CCC GAC TCA GAC CCG COG G GTGAGTGSGGGTGCGGAGGGAAACGGCCTCTGCGGGGAGAGGGGCGGCAGGGGGAAGCGC . .  GATCCCCTCGCCTCGCAGCCGCCCGGGGTTTGGTAGGAGGTCGG 

EXON 2 

l y  P r o  H i a  s e r  Me t  A r g  T y r  Phe G l u  T h r  V a l  S e r  A r g  A r g  G l y  L e u  G l y  G l u  P r o  A r g  T y r  I l e  S e r  V a l  G l y  T y r  V a l  Asp Asn  L y s  G l u  Phe  
GGTCTCACCGCGCGCCCGCCCCAG GC CCA CAC TCG ATG COG TAT TTC GAG ACC GTG TCC COG CGC GGC CTC GGG GAG CCC CGG TAC ATC TCT GTC GGC TAT GTG GAC AAC AAG GAG TTC 

V a l  A r g  Phe  Asp S e r  Asp A l a  G l u  Asn  P r o  A r g  T y r  G l u  P r o  A r g  A l a  P r o  T r p  Me t  G l u  G l n  G l u  G l y  P r o  G l u  T y r  T r p  G l u  A r g  I l e  T h r  G l n  I l e  A l a  L y s  G l y  G l n  G l u  
GTG CGC TTC GAC AGC GAC GCG GAG AAT CCG AGA TAT GAG CCG AGO GCG CCG TOG ATG GAG CAG GAG GGG CCG GAG TAT TGG GAG COG ATC ACG CAG ATC GCC AAG GGC CAG GAG 

G l n  T r p  Phe A r g  V a l  Asn  L e u  A r g  T h r  L e u  L e u  G l y  T y r  T y r  Aan G l n  S e r  A l a  G l y  G 
CAB TGG TTC CGA GTG AAC CTG AGO ACC CTG CTC GGC TAC TAC AAC CAG AGC GCG GGC G GTGAGTGACCCCGCGTCGGAGGTCACGGCCCCTCCCTTTCCCGACACAGGGACGCTGACTTCGTACCCAAGT 

l y  T h r  H i s  T h r  L e u  G l n  T r p  Me t  T y r  
CCGAGGTTCGGGAACAGAACGGACCCGGAACCAGTTTCCCTTTCAGTTTGGAGGAGTCGCGGCCGGGCGGCGGGGCCGGGGCGGGTGAGCGGGGCTGAACCGGGGTACCGCAG GC ACT CAC ACA CTC CAG TOG ATG TAC 

EXON 3 

G l y  Cys Asp V a l  G l y  S e r  Asp G l y  A r g  L e u  L e u  A r g  G l y  T y r  G l u  G l n  Phe  A l a  T y r  Asp G l y  Cys  Aap T y r  I l e  A l a  L e u  Asn  G l u  Asp L e u  LYE T h r  T r p  T h r  Phe A h  ASP 
GGC TOT GAC GTG GGG TCG GAC GGG CGC CTC CTC CGC GGG T I C  GAG CAB TTC GCC T I C  GAC GGC TGC GAT TAC ATC GCC CTG AAC GAA GAC CTG AAA ACG TGG ACG TTC GCG GAC 

Met  S e r  S e r  G l n  I l e  T h r  A r g  A r g  L y a  T r p  G l u  G l n  A l a  G l y  A l a  A l a  G l u  T y r  T y r  A r g  A l a  T y r  L e u  G l u  G l y  G l u  Cys V a l  G l u  T r p  L e u  H i s  A r g  T y r  L e u  L Y s  Asn  GIY 
AT0 TCG TCG CAG ATC ACC CGA CGC AAG TOG GAG CAG GCT GOT GCT GCA GAG TAT T I C  AGO GCC TAC CTG GAG GGC GAG TGC GTG GAG TOG CTC CAC AGA T I C  CTG AAG AAC GGG 

Asn  A l a  T h r  L e u  L e u  A r g  T h r  A 
AAT GCT ACG CTG CTG CGC ACA G GTGCAGGGGCCGCGGCGGGCAGGCTCCTCCCTCTCGCCTCGGGCTGGGGGCTCAGTCCTGGGGAAGAAGAAACCCTCAGCTGGGGTGATGCCCTGTCTCAGAGGGGAGAGAGTGACCCTG 

GGTTCCTGATGCCTCAGCACAGTGACTGCACTGACTCTCCCAGGGCTCAGCTTCTCCCTGGACAGTCCCAGCCTGTCTCAGGAGGGAAGGAGAGAATTTCCCTGAGGTAACAACAGCTGCTCCCTTCAGTTCCCCTGTAGCCTCTGTCAG 

CCATGGCCTCTCCCAGGCGGGTTCTCTGCCCACGCCACTGTCGGTGACACTGACTCCTGTCCTGGCTGATGTGTGTCAGCGCCTTACACCTCAGGACCGGAAGTCGCCTTACCTGATTGGAAACATGGACTCCTATACACTAGCCGTGTT 

GCCCCAGCTTCTAGAACTTTCCAGAGAATACATTCTCCCAGATCCCTCCCTGTCTGTGGGGTTTGCACCCCTTCGCACAACCTAATTCTCTCTATTCCTACAGTGGTGAATGGTCACATGAGCTCTTATGGGGTACSTGGAGGAATATAA 

ATCGAGAATTTTCTTTTTTGTTTTCTCTCTCTCTTTCTCTCTCTCTCTCTCTCTCTCTCTTTTCCGATTTTTTTGAGACCGGGTTTCTCTCTATAGCCCTSTGTCCTGACTCATTTTAGCCCTTTTCTAATTCACATCTTCTCT . . T T  

e p  S e r  P r o  L y s  A l a  
TGGTCACTAGTGCAATGACAGTGTAGTGTCAAATAGACACATAGTTCACTCTCATCATTGATTTAACTGAGTCTTGTGTAGATTTCAGTTTGTCTTGTTAATTGTGGAATTTCTTAAATCTTCCACACAG AT TCC CCA AAG GCA 

EXON 4 

H i s  V a l  T h r  H i s  H i s  P r o  A r g  S e r  L y s  G l y  G l u  V a l  T h r  L e u  A r g  Cya T r p  A l a  L e u  G l y  Phe  T y r  P r o  A l a  Asp I l e  T h r  L e u  T h r  T r p  G l n  L e u  Aan G l y  G l u  G l u  L e u  T n r  
CAT GTG ACC CAT CAC CCC AGA TCT AAA GOT GAA 6TC ACC CTG AGG TGC TOG GCC CTG GGC TTC T I C  CCT GCT GAC ATC ACC CTG ACC TGG CAG TTG AAT GGG GAG GAG CTG ACC 

G l n  Asp Me t  G l u  L e u  V a l  G l u  T h r  A r 9  P r o  A l a  G l y  ASP G l y  T h r  Phe G l n  L y s  T r p  A l a  S e r  V a l  V a l  V a l  P r o  L e u  G l y  ~ y s  G l u  G l n  Asn  T y r  T h r  Cys A r g  V a l  T y r  H I 8  
CAG GAC AT0 GAG CTT GTG GAG ACC AGO CCT GCA GGG GAT GGA ACC TTC CAG AAG TGG GCA TCT GTG GTG GTG CCT CTT GGG AAG GAG CAG AAT TAC ACA TGC CGT GTG TAC CAT 

GIU  G l y  L e u  P r o  G l u  P r o  L e u  T h r  L e u  A r g  T r p  G 
GAG GGG CTO CCT GAG CCC CTC ACC CTG AGA TOG G GTAAGGAGGGTGTGGGTGCAGAGCTGGGGTCAGGGAAAGCTGGAGCCTTCTGCAGACCCTGAGCTGGTCAGGGATGAGAGACTGGGGTCATAACCCTCACCTTC 

EXON 5 

IU P r o  P r o  P r o  S e r  T h r  ASP S e r  T y r  Me t  V a l  I l e  V a l  A l a  V a l  L e u  G l y  V a l  L e u  G l y  A l a  Me t  A l a  I l e  I l e  G l y  A l a  V a l  V a l  A l a  P h e  V a l  
ATTTCCTGTACCTGTCCTTCCCAG AG CCT CCT CCG TCC ACT GAC TCT TAC ATG GTG ATC GTT GCT GTT CTG GOT GTC CTT GGA GCT AT0 GCC ATC ATT GGA GCT GTG GTG GCT TTT GTG 

Met  L y s  A r g  A r g  A r g  Asn T h r  G 
ATG AAG AGA AGG AGA AAC ACA G GTAAGAAAGGGNAGGGTCTGAGTTTTCTCTCAGCCTCCTTTAGAAGTGTCTCTGCTCATTAATGGGGAACACAGCCACACCCCACATTGCTACTGTCTCTAACTGGGTCTGCTGTCAGTT 

EXON 8 

l Y  G l y  LYE G l y  G l y  Asp T y r  A l a  L e u  A l a  P r o  G 
CTGGGAARTTCCAGTGTCAAGATCTTCCTTGAACTCTCACAGCTTTXCTTTTCACAG GT GGA AAA GGA GGG GAC TAT GCT CTG GCT CCA G GTTANTGTGGGGACAGGATNGTTCTGGGGGACATTGGAGTGAAGTTG 

EXON 7 

l y  S e r  G l n  S e r  S e r  G l u  
GAGATGATGGGAGCTCTGGGAATCCATAATAGCTCCTCCAGAGAAATCTTCTAGGGGCCTGAGTTGTGCCATGAAGTGAATACATTCATGTACATATGCATATACATTTGTTTTGTTTTACCCTAG GC TCC CAG AGC TCT GAA 

Met  s e r  L e u  A r g  Asp Cys L y s  A 
ATG TCT CTC CGA GAT TOT AAA G GTGACACTCTAGGGTCTGATTGGGGAGGGGCAATGTGGACATGATTGGGTTTCAGGGACTCCCAGAATCTCCTGAGAGTGAGTGGTGGGTTGCTGGAATGTTGTCTTCACAGTGATGGTT 

EXON 8 

l a  Trm 
CATGACTCTCATTCTCTAG CG TGA AGACAGCTGCCTGGACTGTACTGAGTGACAGACGATGTGTTCAGGTCTCTCCTGTGACATCCAGAGCCCTCAGTTCTCTTTACACAZCATTGTCTGATGTTCCCTGTGAGCTTGGGTTCAGTG 

TGAAGAACTGTGGAGCCCAGCCTGCCCTGCACACCAGGACCCTATCCCTGCACTGCCCTGTGTTCCCTTCCATAGCCAACCTTGCTGCTCCAGTCAAACACTGGGGGACATCTGCATCCTGTAAGCTCCATGCTACCCTGAGCTGCAGCT 

CCTCACTTCCACACTGAGAATAATAATTTGAATGTGGGTGGCTGGAGAGATGGCTCAGCGCTGACTGCTCTTCCAAAGGTCCTGAGTTCAAATCCCAGCAACACATGGTGGCTCACAACCATCTGTAATGGTATCTAACACCCTCTTCTG 

CAGTGTCTGAAGACAGCTACAGTGT 

Fig. 2. Nucleotide sequence of gene 27.5. The amino acid translation of each exon is given above the nucleotide sequence. Certain amino acid 
residues are encoded by two exons and are so indicated by splits in the three-letter amino acid code. Triple dots indicate gaps in intron sequences. 
Gaps in introns 1 and 3 are each approximately 200 nucleotides in length. The ambiguous base code is as follows: P, either A or G; R, either A or 
T; 2, A, T,  or C;  Y, either C or T; S, either G or C; X, A, T,  or G.  
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hibit 80 percent homology. (iii) Two of 
the introns, 1 and 3, exhibit extensive 
regions of nonhomology in these two 
genes. (iv) The homology in the 3' end of 
these genes terminates almost precisely 
at the end of the 3' untranslated region as 
defined by comparison with the ~ ~ - 1 i k e  
cDNA clone pH-211 (10). Thus the exons 
and many of the introns of these class I 
genes are conserved. However, exten- 
sive divergences both in size (Fig. lc) 
and sequence are seen in two introns and 
beyond the 3' untranslated region of 
these genes. To what extent these diver- 
gences reflect a lack of selective pres- 
sure operating in these regions or the 
rapid changes that may occur in a pseu- 
dogene cannot be determined at this 
time. 

Two highly repetitive sequence ele- 
ments homologous to the human Alu 
sequence (21) have been found in the 
thud intron of pseudogene 27.1 (4). Since 
Alu-like repetitive sequences appear to 
be ubiquitous in mammals and are tran- 
scribed in many cells, it has been postu- 
lated that they may play some undefined 
role in gene expression (22). The Alu-like 

sequences are not present in the third 
intron of gene 27.5. Hence the presence 
of these Alu-like sequences in intron 3 
does not play a role in regulating the 
expression of gene 27.5. Furthermore, 
the Alu-like sequences occur in the third 
intron of gene 27.1 at precisely the 
boundaries of a large region of nonhomo- 
logy (1000 nucleotides) in the compari- 
son with the third intron in gene 27.5 
(Fig. 3). Thus it is tempting to speculate 
that' the Alu-like sequences, which have 
the characteristics of transposons (22), 
may be responsible for the insertion of a 
large region of foreign DNA in intron 3 of 
gene 27.1. This is consistent with the 
observation that the third intron of 27.1 
is approximately 1000 .nucleotides larger 
than the thud intron of 27.5. It will be 
interesting to determine whether Alu- 
like sequences are present in other class 
I genes. 

In summary, we have determined the 
coding sequence for an L~ gene of the 
mouse major histocompatibility com- 
plex. Thus, an H-2 gene corresponding 
to a serologically defined protein product 
has been identified and characterized. 

Fig. 3. Dot matrix ho- 
mology analysis of 
gene 27.5 and pseudo- 
gene 27.1. The exon 
and intron structures 
of the two genes are 
shown along the sides 
of the figure. The po- 
sitions of intron-exon 
boundaries are indi- 
cated by horizontal 
lines for 27.1 and ver- 
tical lines for 27.5 
along the line of ho- 
mology. Introns are 
numbered below the 
line of homology and 
exons are numbered 
above the line of ho- 
mology. The posi- 
tions of the sequence 
gaps in gene 27.5 are 
indicated by arrows. 
The positions of the 
Alu-like repetitive el- 
ements in gene 27.1 
are indicated by hori- 
zontal lines along the 
line of homology and 
in intron 3 of pseudo- 
gene 27.1. 

Cloning and DNA sequence studies sug- 
gest that there may be three (or more) 
Ld-like genes. It will be interesting to 
determine whether these putative L-like 
genes are codominantly expressed on all 
cells, or whether these genes are ex- 
pressed in a tissue-specific manner such 
as is seen with the Qa and TL antigens. It 
appears that, in the future, other D-end 
functional genes will be defined by the 
strategies of gene cloning, gene transfer, 
and sequence analysis. 
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