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An ant ibody molecule  is cons t ruc ted  f rom four  polypeptides,  two identical L 
chains, (x or  X), and  two identical H chains (t~, 6, 3', ~, or  a). In its germl ine  state, 
Ig  K L chain D N A  exists in three  discrete groups  o f  noncont iguous  segments:  V, 
J,  and  C. H cha in - re l a t ed  D N A  is slightly m o r e  complex,  and  includes a four th  
g roup  o f  discrete D segments .  T o  fo rm a functional  L chain gene, one V region 
undergoes  a site-specific recombina t ion  event  and  becomes  cont iguous with one 
J segment ,  H chain gene  fo rmat ion  is a slightly more  complicated variat ion on 
this theme,  which includes the r e a r r a n g e m e n t  o f  a D segment  to a J segment  
before  V-D recombina t ion  (for review see 1). 

Ant ibody  diversity can be accounted  for  by combinat ions  obta ined  f rom this 
V-J (or V-D-J) jo ining and the association within a cell o f  such recombined  L and 
H chain genes. T o w a r d  the expansion o f  an t ibody  diversity, h igher  organisms 
have evolved hundreds  o f  V regions capable  o f  recolnbining with several separate  
J segments.  In tbe case o f  the human  x or  H chain gene  systems, gene duplication 
has increased the n u m b e r  o f  J regions to about  six, located jus t  5 '  o f  the single 
K or # C region (2, 3). Because these J regions encode  different  amino  acid 
sequences,  and each o f  these J regions is capable o f  r ecombin ing  with any 
app rop r i a t e  V region,  the n u m b e r  o f  di f ferent  polypept ide  chains that can be 
made  is increased manyfold.  

T h e  human  X gene  system also has increased the n u m b e r  o f  available J regions 
by gene  duplication.  However ,  in the X locus, the unit  o f  duplication includes 

The opinions or assertions in this article are the private views of the authors and are not to be 
construed as official or as reflecting the views or policies of the Department of the Navy or the 
Department of Defense, nor does the mention of trade names, commercial products, or organizations 
imply endorsement by the U. S. government. H. Chang is supported by the Naval Medical Research 
and Development Command, work unit MR041.20.03.0002. This work was also supported in part 
by a grant from E. I. Du Pont de Nemours and Co., Inc., and by a grant from the American Business 
for Cancer Research Foundation. Address correspondence to Dr. G. F. Hollis, National Cancer 
Institute-Navy Medical Oncology Branch, Building 8, Room 510t, Naval Hospital, Bethesda, MD 
20814. Present address of P. A. Hieter is Dept. of Molecular Biology and Genetics, Johns Hopkins 
University School of Medicine, Baltimore, MD 12205. Present address of K. Mitchell is E. I. Du Pont 
de Nemours and Co., Inc., Glenolden, PA 19036. 

Journal of Experimental Medicine • Volume 163 February 1986 425-435 425 



426 T H R E E  NEW |g  },-LIKE GENES IN MAN 

the C region as well as the J region. Thus ,  in humans,  there  are at least six h C 
regions, each apparently associated with its own J region, as was repor ted  earlier 
(4). 

In this paper,  we describe a new gene system that provides a potential  third 
class o f  Ig L chain polypeptides. While most closely related to the previously 
repor ted  h L chain system, these genes are clearly distinct. We have character ized 
two genes f rom this new class, which have open reading frames and have J 
regions associated with them. A third h-like gene is described that appears to be 
a pseudogene.  These  h-like genes have not  been described at the protein level, 
but  may represent  o ther  L chain alleles that can increase L chain reper to i re  by 
providing additional J region coding sequences. Alternatively, these genes may 
be incorpora ted  into some o ther  gene system requir ing a V-J type of  activation. 
Such analogous systems, for  example,  have already been described as mediat ing 
T cell receptor  diversity (5-11).  

Mate r i a l s  a n d  M e t h o d s  
DNA Preparation. High molecular weight DNA was prepared according to Hieter, et 

al. (4). Intact cellular nuclei were isolated from PBS-washed leukocytes by Dounce 
homogenization and subsequent centrifugation through a sucrose cushion. The nuclei 
were then incubated overnight in proteinase K and SDS. DNA was purified from the 
resultant solution by phenol/chloroform extraction, precipitated in ethanol, and resus- 
pended in deionized water. 

Restriction Enzyme Digestion and Southern Analysis. All restriction enzyme digests were 
performed according to manufacturer's suggested conditions. Hybridizations were per- 
formed on genomic or cloned DNA cut by restriction endonucleases, size-fractionated on 
0.8% agarose gels, and blotted onto nitrocellulose filters as described by Southern (12). 
Filters were then hybridized to 32P-labeled probes overnight at 42°C in a 10% Dextran 
sulfate, 4X SSC, 40% formamide, 0.8% Denhardt's Tris-buffered solution. After hybrid- 
ization, filters were washed with 2 × SSC, 0.1% SDS three times at room temperature, 
and with 0.1 × SSC, 0.1% S DS twice at 52 °C before autoradiography. 

Genomic Cloning. High molecular weight DNA was digested with Eco RI endonuclease 
and size-fractionated by preparative agarose gel electrophoresis. Appropriately sized 
fractions were ligated into k phage vector Charon 4A and packaged. The resulting 
recombinant phage library was screened as described by Benton and Davis (13). Selected 
phage DNAs were mapped and areas of particular interest were subcloned into the 
plasmid pBR327. 

Nucleotide Sequencing Procedure. Dideoxy sequencing was performed using reagents 
and instructions prepared by Bethesda Research Laboratories, Gaithersburg, MD. 

Nucleotide Alignments. Comparisons were made on a DEC-10 computer with the 
DNA:NUCALN program developed at the National Institutes of Health by Lipman and 
Wilbur (14). 

Resul t s  

Ident~cation and Cloning of Three New h Genes. Previously we have shown 
that at least six h C region genes (each with its associated J segment) are clustered 
on an ~40  kb stretch of  DNA on chromosome 22 (4). N u m b ered  consecutively, 
the most 5'  gene, hc~, resides on a 14 kb Eco RI fragment;  hc2 and ~3 on the 
central 8 kb Eco RI f ragment  (polymorphic in the human populat ion as 8, 13, 
18, and 23 kb pieces, containing f rom 2 -5  gene copies) (15); and the last three  
genes (hc4.5.6) on a 16 kb Eco RI fragment .  At the time of  that analysis it became 
clear that these six genes represented  only a part  of  the h-like genes found in the 
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FIGURE 1. Demonstration of the existence of new A-like genes. DNA from EBV-transformed 
B cell lines from the same patient (lane A, a x producer; and lane B, a h producer) was digested 
with the restriction enzyme Eco RI, electrophoresed, blotted, and hybridized with a s~P- 
labeled probe by the Southern technique (12). As shown in the diagram below, where arrows 
indicate Eco RI sites, the probe was derived from the C region of the second ~, gene in the 
major functional cluster as described by Hieter et al. (4). 

h u m a n  genome.  T h e  abbreviat ions,  such as Ac, and  Aj,, define specific coding 
areas. T h e  abbrevia t ion A~ is used as a more  general  t e rm re fe r r ing  to coding 
and  f lanking regions a r o u n d  lambda  constant  gene one, including its associated 
J region.  

T h e  existence o f  addit ional  A-like genes is conf i rmed  by the expe r imen t  shown 
in Fig. 1. In lane A o f  this Sou thern  blot, germl ine  D N A  f rom a karyotypically 
normal  EBV- t rans fo rmed  K-producing B cell line has been digested with Eco RI  
and  hybridized to a A C region probe.  I t  shows the germl ine  14, 8, and 16 kb 
bands associated with A C genes 1-6,  plus a faint 18 kb band  and  the 5 kb 
processed A pseudogene  (16). In addit ion there  is a faintly hybridizing 10 kb 
band  that  remains  uncharac ter ized  at this time. In  Fig. I ,  lane B, D N A  f rom a 
di f ferent  EBV- t rans formed  A-producing B cell line f rom the same individual, 
digested with Eco RI,  shows the loss of  the central  8 kb Eco RI  f ragment ,  and 
two r ea r r anged  bands,  2 and  3 kb in size. These  cor respond  to r ea r r angemen t s  
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FIGURE 3. Nonallelic nature of the new genes. DNA from the same cell lines as in Fig. 1 was 
digested with both restriction enzymes Eco RI and Barn HI, and analyzed by Southern blotting. 
The probe used was specifically derived from the J region of 16.1, as shown in the diagram 
below. The band at 4.3 kb corresponds to 14.1, the band at 6.4 kb corresponds to 16.1, and 
the remaining band at 7.7 kb remains uncharacterized at this time. 

polymorphic  alleles or  di f ferent  genes. T h e r e f o r e ,  genomic DNA from 14 normal 
individuals was analyzed with a p robe  containing the J region f rom 16.1 (16.1~), 
which also hybridizes to 14.1, but  does not hybridize with 3̀ 1 under  stringent 
wash conditions (55 ° C, 0.1 x SSC). T h e  typical result o f  this analysis was identical 
to Fig. 3, lane A. In all 14 samples, three  bands were found,  two of  which 
cor respond  to 14.1 (4.3 kb) and 16.1 (6.4 kb), and a third band (7.7 kb), which 
remains unidentif ied at this time. Because all persons contained 14.1 and 16.1 
bands, it seems unlikely that the two genes are polymorphic  alleles. 

When the 16.1j p robe  was used against the X-producing cell line that had 
rea r ranged  both 3  ̀loci in the major  functional cluster, both the 14.1 and 16.1 
genes persist in the germline state (Fig. 3, lane B). This  result confirms that these 
genes are not alleles o f  3`c,, which is deleted in these cells (data not shown). 
Fur ther ,  it supports the idea that these genes are not  located between the 3̀  V 
regions and the major 3, cluster, a region which is also deleted dur ing V-J 
recombinat ion.  

Sequence Analysis of 14.1 and 16.1. T o  characterize the new genes further ,  
we de te rmined  the nucleotide sequence o f  14.1 and 16.1 in the areas that 
cor respond to the J and C regions (Figs. 4 and 5). T h e  C regions o f  14.1 and 
16.1 are encoded as single exons that are 96% homologous to each o ther  and 
86 -89% homologous  to the known 3̀  genes, T h e  number  o f  nucleotides altered, 
and percentage  differences between the genes is given in Table  I. Compared  to 
3`,:,, 14.1 and 16.1 have base changes in a total of  42 positions. O f  these, 31 
alterations are identical in both genes, 3 occur  in 14.1 alone, and 8 in 16.1 alone. 
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XCI  
14,1 
16,1 

)'C1 
16,1  
16. I 
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30 60 
GGT CAG CCC AAG GCC AAC CCC ACG GTC ACT CTG TTC CCG CCC TCC TCT GAG GAG CTC CAA 
. . . . . . . . . . . . . . . .  C . . . .  T . . . . . . . . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  C . . . .  T . . . . . . . . . . . . . . .  T -  - - G  . . . . . . . . . . . . . . . . . .  

112 t16  119 
GLY GLH PRO LYS ALA ASH PRO THR VAL THR LEU PHE PRO PRO $ER SER GLU GLU LEU GLN 

- - - THR - $ER . . . . . . . . . . . .  
. . . .  THR - SER - - 

9 0  

XCI  GCC AAC AAG GCC ACA CTA GTG TOT CTG ATC 
16.1 . . . . . . . . . . .  T . . . . .  G . . . . . . . .  C - - G  
16.1 . . . . . . . . . . . . . . . . .  G . . . . . . . .  C - - O  

156 
~C1 ALA ASH LY$ ALA THR LEU VAL CY$ LEU XLE 

14.1  . . . . . . . . .  H I T  
16.1  . . . . . . . . .  MET 

150 
XC!  GCT TGG AAG GCA GAT GGC AGC CCC GTC AAG 

1 4 . t  A-C . . . . . . . . . . . . . .  T -C . . . .  A - -  -CC 
16.1 A-C . . . . . . . . . . . . . .  T -C . . . .  A - -  -CC 

167 153 155 156 
XCI ALA TRP LYS ALA ASP GLY $ER PRO VAL LY$ 

1~.1  THR . . . .  THR ILE  THR 
16.1  THR . . . .  THR ILE  THR 

- LEU . . . . . . .  

12Q 
AGT GAC TTC TAC CCG GGA GCT GTG ACA GTG 
- A  . . . . . .  T - - T  . . . . . .  ATC T . . . .  G - - -  
- A  . . . . . . . . .  T - T  . . . .  ATC T . . . .  G - - ~  

157 141 143 144 
S E R  ASP PHE TYR PRO GLY ALA VAL THR VAL 
ASH - - - ZLE LEU - - 
ASH - LEU - I LE  LEU - - 

180 
GCG GGA GTG GAG ACG ACC AAA CCC TCC AAA 
CA- - - C  . . . . . . .  T . . . . .  CG . . . . . . . . .  
CA- - - C  . . . . . . .  T . . . . .  CG . . . . . . . . .  

157 161 165 
ALA GLY VAL GLU THR THR LY$ PRO $ [R  LYS 
GLN - - HET - THR - - 
GLN - - flET - THR - - 

ZIO 260 
X C l  CAG AGC AAC AAC AAG TAR GCG OCC AGC AGC TAC CTG AOC CTG ACG CCC GAG CAG TGG AAG 

16.1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 
16,1  . . . . . . . . . .  O . . . . . . .  AT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 

171 176 187 
XC1 GLN $ER ASN ASN LY$ TYR ALA ALA SER $ER TYR LEU $ER LEU THR PRO GLU GLN TRP LY$ 

16.1  . . . . . . . . . . . . . . . . . . .  ARG 
16.1  - - SER - MET . . . . . . . . . . . .  ARG 

270 500 
~C1 TCC CAC AGA AGC TAC AGC TGC CAG GTC ACG CAT GAA GGG AGC ACC GTG GAG AAG ACA GTG 

16.1 . . . .  O . . . . . . . . . . . . . . . . . . . . . . .  T -  - - C  . . . . . . . . . . . . . . . . . . . . . . .  G - - -  
16.1 . . . .  O . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . . . .  T -CA . . . . . . . .  O - - -  

189 197 205 
~C1 $ER HIS ARG $ER TYR $ER CY$ GLN VAL THR H15 GLU GLY $ER THR VAL GLU LY$ THR VAL 

16.1 - ARG . . . . . . .  MET . . . . . . . . . .  
16 ,1  ARG . . . . . . .  MET - - A L A  - - 

XCI GCC CCT ACA GAA TGT TCA TAG 
16.1 . . . . . .  O . . . . . . . . . . . . . .  
16.1 . . . . . .  O . . . . . . . . . . . . . .  

2 1 2  

^C1 ALA PRO THR GLU CY$ $ER TER 
16.1 - ALA - 

1 6 , 1  - ALA " -  

F I G U R E  4. Comparison of the nucleotide and deduced amino acid sequences of the C regions 
of ~,(:~, and 14.1 and 16.1. Dashed lines indicate identity. The site for splicing with theJ region 
is indicated with an arrow. 

Thus,  the two genes are more closely related to each other than to the previously 
sequenced ~ genes. 

In addition, the most striking feature of  the sequences of  14.1 and 16.1 is that 
they predict open reading frames. Thei r  deduced amino acid sequences are 95% 
identical (Table I). When compared to Mcg (the myeloma protein product  of  
X~) (17) and Kern-  (the protein made by ~c~ and ~,c~) (18), 14.1 differs by 17-18 
amino acids (16-17%) and 16.1 by 22-23 amino acids (21-22%). All of  the 
replacement amino acids caused by the changes can be found at these positions 
in other human or mouse ~ chains that have been reported (19), except methi- 
onines 161 and 197, and the alanine in position 205 of  16.1, which are unique. 

A comparison of  Xc~-X~, reveals a greater divergence of  nucleotide sequence 
than amino acid sequence, as is expected in genes where selective pressure 
maintains specific protein sequences. In contrast, the percentage of  nucleotide 
sequence differences between 14.1 and 16.1 is less than their percentage of  
amino acid sequence differences. Similarly, 14.1 and 16.1 are more closely 
related to X~,-Xc, in nucleotide than amino acid sequence on a percentage basis. 
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XJ I GGG TTT TGG TC'T GAG CCT CAG TCA CTG TGT TAT GTC TTC GGA ACT GGG ACC AAG GTC ACC GTC CTA G~GT 

14 .  I . . . . . .  CAA - - C  A - -  - A -  A-C - - -  G - -  ACG C . . . .  G - - T  - - C  -GC . . . . . .  C - -  C . . . . . . .  T T - -  A - -  

16 .  ! . . . . . .  CAA - - C  A - -  - A -  A - T  - - -  G - -  AAG C . . . .  G - - T  - - C  -GC . . . . . .  C - -  C . . . . . . .  T T - -  G - -  

IOO 105 

I l T ' 1¢0.1 T H W F G $ Q L T V 1 6 . 1  K H L G ] 

FIGURE 5. Comparison of the nucleotide and deduced amino acid sequences of the J region 
of )~Ch and 14.1 and 16. I. The nonameric and heptameric signals are underlined, the splice 
site to the C region is indicated with an arrow, and the homologous amino acids, using the 
single letter amino acid code, are boxed. 

TABLE I 

Interrelationships between C Regions of Genes 

c region Xcl ~c2 ~c~ 14.1 16.1 
genes 

XCI ~ 17 (5.3) 22 (6,9) 34 (10.7) 39 (12.2) 

Xc2 5 (4.7) ~ 9 (2.8) 38 (I 1.9) 43 (13.5) 

~cs 6 (5.7) 1 (0.9) ~ 39 (12.2) 44 (13.8) 

14.1 17 (16.0) 17 (16.0) 18 (17,0) ~ - - ~  ] I (3.5) 

16.1 22 (20.8) 22 (20.8) 23 (21.7) 5 (4.7) 
Total bases, 318. Total amino acids, 106. Nucleotide differences are shown above the 
diagonal; amino acid differences below. Numbers in parentheses are percent differences. 

j Regions of 14.1 and 16.1. The J segment of ~1 is located 1.4 kb 5' of the C 
region, and 14.1 and 16.1 each have a single J segment 1.4 kb and 1.3 kb 5' of 
their respective C regions (Fig. 2). In addition, the detailed structure of these 
areas is quite similar, and consists of theJ  coding region flanked on its 5' side by 
the recognition sequences that presumably mediate DNA rearrangements. At 
the nucleotide level (Fig. 5), Xj,, 14.1j and 16.1j have a nonamer recognition 
sequence separated by 10-12 basepairs from a heptamer recognition sequence 
that abuts the 5' end of  the J coding sequence. The J regions of 14.1 and 16.1 
are more homologous to each other than to kjl. 

For both 14.1 and 16.1, the J coding sequence appears to be one amino acid 
longer than ~j~. This prediction is based on the location of the heptamer 
recognition sequence. While the alignment of  the heptanucleotide sequence 
appears to have been shifted by point mutations, compensating mutations have 
occurred that produce a good match with the heptamer consensus sequence. In 
fact, 14.1 and 16.1 match six and five basepairs, respectively, out of seven with 
the heptamer CACTGTG sequence of ~j~. Similarly, six of nine nucleotides of 
14.1 and 16.1 are identical to the nonamer sequence of ~jl. This level of 
conservation of the heptamer and nonamer recognition sequences is comparable 
to that seen in the human K and H chain J regions (2, 3), and the human T cell 
receptor a chain J regions (11). 

The 3' end of each presumptive J region sequence ends with a dinucleotide, 
-GT,  which could be cleaved off with the first nucleotide of the C region to 
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30 60 90 
~C1 GGTCAC~CccAAGGCCAACCCcACGGTCACTCTGTTCCcGCCCTCCTCTGAGGAGcTCCAAGcCAACAAGGCCACACTAGTGTGTCTGATCAGTGACTTCTACCCGGGA 

l l l l  l i I [ l l l i l l  I I I  I I  I I I I I I I  I I I I  i l l l l l l l l l [ l l l l  I I  I I I  I I  l l l l l l l l l l l l l l  I 
18.1 GGTCTC'CCCAAGGCCGCCCCTTTGGACACTCTG . . . . . . . . . . . . . . . .  AGGAACTCCAAGCCAACAAGA . . . . . . . . .  TGCCTCTCATTAGTGACTTCTACCCTGAT 

120 150 180 210 
~C1 •C•GTGACAGTGGCTTGGAAGC-CA••TGGCAGCCCCGTCAAGGCGGGAGTG•AGACGACCAAACCCTCcAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTG 

I I  l l l l  I l i i l  l l [ l l l l l l i l  I I I I  I I I  I I I  I1 |  I I  I I I I  I1[  I I I I I I I l i l l l l l l  I I ! i  I[11111 I l l  | l l l l l i l l l l !  
18.1 GCCGTGATGGTGGCCTGGA~GGCAGAGGGCACCACCATCACCCTGGGCATGAAGACTGCCAC~CCCTCCAAACAGAGAAACA-CAAGT~CACGGTTAGCAGCTACCTG 

2~0 2?0 300 
~C1 AGCCTGACGCCCGAGCA~T~GAAGTCCCACAGAAGC~CAGCTGC~AGGTCACC~:ATGAAGGGAGCACCGTGGAGAAGACAG~GGCCCCTACAGAA~G~CATAG 

I I I I I I I I  I I I  I I I I I l l  I I I I I  I I I  I l l i l  I t l l l  I I I  
18, t  AACCTGACGTCTGACCAGTGGAGGTCCCCCAGCAGCTA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TGTTCTTAG 

FIGURE 6. Comparison of the nucleotide sequence of ;~c~, with that of pseudogene 18. l. The  
vertical lines indicate homology and the dashed lines indicate the deletions. 

allow a splice to form a nucleotide triplet, GGT, the codon for amino acid 108, 
glycine. Thus, the structure of 14.1j and 16.1j are consistent with J regions 
known to be functional in Ig and T cell receptor genes. 

18.1 Is a Pseudogene. A clone of  an 18 kb Eco RI fragment (18.1) also 
contained an area homologous to the ~ C region, as shown in Fig. 2. Nucleotide 
sequence analysis of  this segment revealed that, although it was most closely 
related to 16.1 and 14.1, it had undergone many more changes than these genes 
when compared to ~c,-~c3. There are three large deletions within the putative 
coding region, as well as numerous point mutations, which introduce several 
frameshifts and stop codons (Fig. 6). We have not been able to find a sequence 
upstream from the 18.1 C region that encodes a J region. Thus, the structure of 
this gene, with many nucleotide changes and the absence of a J region, suggests 
that it is a nonfunctional ~ pseudogene. 

Discussion 

We provide evidence for the existence of new X L chain-like genes in man. 
Two of them, 14.1 and 16.1, have a structure similar to the known functional 
locus, with a C region associated with its own J segment. However, they map on 
distinctly different stretches of DNA, and are nonallelic. In the C region, the 
nucleotide sequences of  14.1 and 16.1 are most homologous to each other, and 
less homologous to pseudogene 18.1 and the known functional ~ genes. Their 
most important features are conserved open reading frames associated with 
appropriate recognition signals for recombination and splicing in the J regions. 

Although there may be considerable selective pressure to preserve the coding 
sequences of functional genes, the flanking sequences may have fewer constraints 
to vary (20). As a result, interrelationships between the genes can be surmised. 
We observed that a probe derived from an area flanking ~j, hybridizes well to 
14.1, 16.1, and 18.1, but poorly to ~,2-~,6. Conversely, probes obtained from 
16.1j and the corresponding area of 18.1 hybridize best to X], 14.1, 16.1, and 
18.1. Probes that originate from ~j2 preferentially hybridize to ~2--~k6, rather than 
to the other genes (data not shown). 

These findings, in addition to nucleotide sequence analysis, suggest a possible 
evolutionary model for the human ~ gene family (Fig. 7). In this scheme, a 
common ~ progenitor would be the source of the ~ genes present in human 
DNA through gene duplication. The first event would lead to two divergent 
arms of the ~, family, one most closely related to X], and the other, a progenitor 
o f  ~k2--~k6. We separate the latter genes from ~ at this early stage because the 
DNA flanking ~2-~6 hybridizes poorly with genes on the ~1 side of  the family. 
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J ~ P r o g e n i t o r  Gene J 

/ \ 
~X ~'Y / ' ,  

1 )Ly1 ~Y2 
a l l  
t l \  

/ I \  
! ! I 

t t t 
~u18.1 14.1 16.1 ~'t 12 13 14 15 16 

FIGURE 7, A model for the evolution of the ~ gene family. Intermediate precursors are 
designated by X and Y. The length of the arrows are not meant to imply evolutionary distances. 
Dotted lines are used where the basic relationship is unknown. 

T h e  individual genes h2-h6 would arise f rom their  progeni tor  gene by fur ther  
gene duplication; the most recent  event  appears to have resulted in the generat ion 
o f  h,, and h3, which share extensive homology in both coding and flanking 
regions. Insufficient data are available at this t ime about  the relationships of  h4-h6. 

On the o ther  side o f  the family, the progeni tor  gene, hx, appears to have given 
rise to hx, and pseudogene  18.1. hx, is the precursor  o f  hi, 14.1, and 16.1. 18.1 
appears to have separated f rom h~, 14.1, and 16.1 before  their  duplication, 
because Southern  analysis and nucleotide sequence analysis indicate it is approx- 
imately equally related to all three  genes. Based on nucleotide sequence analysis 
of  the C and flanking regions, 14.1 and 16.1 are most closely related to h~. T h e  
suggestion that 14.1 and 16.1 arose f rom a more  recent  duplication is supported 
by the fact that the nucleotide sequences o f  the C regions of  14.1 and 16.1 differ  
by ~4%, but  both  diverge 11-12% from he,. In addition, most base substitutions 
in 14.1c also occur  in 16.1~, a l though a few mutations have occur red  in each 
gene individually. 

T h e  chromosomal  location of  14.1 and 16.1 appears to be consistent with the 
mechanism of  gene duplication proposed in this model.  While we have not 
formally assigned 14.1 and 16.1 to human chromosome 22, our  analysis of  
somatic cell hybrids to map the h C regions h~-h6 might have shown a discordance 
for the 14.1 and 16.1 genes had they not  been on this chromosome (21). T o  
assign these genes to a ch romosome  more  definitively, we have cloned unique 
pieces o f  DNA f rom the genomic clones and are examining their  chromosomal  
location by in situ hybridization. 

Two  new genes have been found that can encode h-like C regions, and 
expression of  these potentially functional genes is being sought. It is also possible 
that these two genes, 14.1 and 16.1, may function in a role different  f rom that 
o f  the ant ibody molecule.  Recent  studies have shown the T cell receptor  o f  man 
to share homology with h L chains (5), but  nei ther  T cell receptor  a,/3,  nor  3' 
chains are identical to these genes (5-11).  No teleological rationale is obvious to 
explain the conservation o f  these h-like sequences in man, but  selective pressure 
to maintain their  open reading frames is noteworthy.  We expect  that eventually 
they will be shown to expand the power  and versatility o f  the humoral  immune 
response, a l though we cannot  rule out  their  use in an as yet un repor t ed  parallel 
system similar to the Ig h or  T cell recep tor  systems. 
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Summary  

Three new human ~ L chain-like Ig genes are identified by restriction enzyme 
and nucleotide sequence analysis. Two genes, 14.1 and 16.1, have intact J and 
C regions, and are potentially functional, with open reading frames. A third 
gene, 18.1, is a pseudogene. The evolutionary lineage of  these genes compared 
to the known functional locus ~,c,-~,c6 can be surmised from Southern blot and 
nucleotide homologies. This study demonstrates that the human ~, gene family 
is more complex than previously recognized. 

We thank Dr. W. Michael Kuehl for a critical reading of this manuscript. 
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