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Abstract The organization of the human immunoglobu-
lin lambda light chain locus (IGL) was recently described.
This locus has been entirely sequenced. To evaluate the
extent of the genomic variability existing inside that locus,
we compiled all the available sequences of germline IGLV
genes to find variants of VA sequences. We aso looked for
RFLP polymorphisms in a reputedly highly polymorphic
human population from eastern Senegal, and compiled dll
RFLP data previously published. Analysis of these datain-
dicates that IGLV alleles are frequent and increase the di-
versity of the lambda light chain repertoire in the human
population. In contrast, RFLP and polymorphism by in-
sertion and/or deletion are limited in that locus. This ob-
servation reinforces our hypothesis that the human IGL
locus has undergone less evolutionary shuffling than the
human kappa or heavy-chain loci.

Introduction

Immunoglobulin lambda light chains are encoded by V,
J and C genes, which define the major human immuno-
globulin lambda light chain (IGL) locus, located on chro-
mosome 22 at band ql1.2 (Erikson et a. 1981; de la
Chapelle et al. 1983). Recently, a complete physical map
of the locus was produced (Frippiat et a. 1995) and all
functional IGLV genes were sequenced (Williams et a.
1996). One megabase of DNA covering the major IGL |o-
cus was also sequenced (Kawasaki et al. 1997).
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The IGL locusis contained in 900kb of DNA. It com-
prises 70 IGLV genes, 7 IGLJ segments, 7 IGLC genes
and 34 IGLV vestigial sequences (genes with long dele-
tions or insertions) (Frippiat et al. 1995; Kawasaki et al.
1997) (Fig.1). All IGLV genes and IGLJ segments are in
the same transcriptional orientation and rearrange by dele-
tion. A total of 57 IGLV genes (39 of them are functional
or have an ORF) define 11 IGLV subgroups based on nu-
cleotide homology (Fig.2) and conserved amino acids
(Chuchana et al. 19904). The 13 remaining genes are pseu-
dogenes which could not be assigned to subgroups with
functional genes (a subgroup is only defined if it contains
at least one functional or ORF IGLV gene). Thirty IGLV
genes, four IGLJ segments and four IGLC genes are ex-
pressed. The expressed VA repertoireis mainly dueto five
IGLV genes: genes 1-40, 1-44, 2-8, 2-14 and 3-21 which
encode 60% of the repertoire (Ignatovich et al. 1997). The
IGLV 2 subgroup, which comprises five functional genes,
isthe most expressed (36% of the repertoire), followed by
the IGLV1 and IGLV 3 subgroups (comprising five and
ten functional genes, respectively). By contrast, the other
eight subgroups represent less than 3.6% of the expressed
repertoire (Ignatovich et al. 1997).

Human IGLV genes encode six different combina-
tions of canonical structures for the complementarity-
determining regions, CDR1 and CDR2 (combination 6.3
for subgroup IGLV3; 7.7 for subgroup IGLV4; 7.8 for
subgroup IGLV9; 8.3 for subgroups IGLV1, 6, 10; 9.3
for subgroups IGLV1, 2, 7, 8 and combination 9.7 for sub-
roup IGLV5; available in IMGT repertoire at http://imgt.
cnusc.fr:8104). Canonical structures are determined by
the loop length and the identity of key structural deter-
mining residues involved in the packing of the loop
(Chothia and Lesk 1987; Wu and Cygler 1993). Human
IGLV genes belonging to the same subgroup express the
same combination of canonical structures for CDR1 and
CDR2, except in the IGLV 1 subgroup where two types of
combinations are observed. IGLV genes from sheep,
which express predominantly lambda light chains (Rey-
naud et a. 1991), are most closely related to members of
the human IGLV1, 2 and 3 subgroups and appear to en-
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Fig.1 Schematic representa-
tion of the human major IGL
locus at chromosome 22q11.2.
A, B, C refer to three distinct
clusters based on the IGLV
gene subgroup content (Frip-
piat et al. 1995). Gene func-
tionality is according to IMGT
(box) (Lefranc 1998). Func-
tional IGLV genes are drawn
as green sguares, IGLV ORF
as yellow sguares and IGLV
pseudogenes as red rectangles.
Most of the functiona IGLV
genes have been found ex-
pressed as MRNA, whereas
none of the ORF has yet been
observed as mMRNA. Functional
IGLC genes are shown as blue
squares and IGLC pseudo-
genes as white squares. Dashes
indicate IGLC genes not yet
sequenced. Note that boxes
representing the genes are not
to scale. IGLV names are
made up of a number for the
subgroup (Frippiat et al. 1995;
Williams et al. 1996), followed
by a dash and a number for the
localization from 3' to 5' in the
locus. Pseudogenes which
could not be assigned to sub-
groups with functional genes
are designated by a roman
number between parentheses,
corresponding to the clans as
defined by Kawasaki et al.
(1997), followed by a dash and
anumber for the localization
from 3’ to 5' in the locus
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EUNCTIONALITY

The definition of functionality for a germline entity V-GENE, C-GENE and J-SEGMENT is based on the
sequence analysis.

FUNCTIONAL

A germline entity (V-GENE, C-GENE or J-SEGMENT) is functional if the coding region has an open
reading frame without stop codon, and if there is no described defect in the splicing sites,
recombination signals and/or regulatory elements.

ORF (Open Reading Frame)
A germiine entity (V-GENE, C-GENE or J-SEGMENT) is .qualified as ORF (Open Reading Frame) if the
coding region has an open reading frame, but:
- alterations have been described in the splicing sites, recombination signals and/or
regulatory elements.
- and/or changes of conserved amino acids have been suggested by the authors to lead to
uncorrect folding.
- and/or the germline entity is an ORPHON.
Note that:
- a germline J-SEGMENT with an open reading frame and no described defect, but preceding a
C-GENE which is a pseudogene, is qualified as ORF.
- a germline C-GENE with an open reading frame and no described defect, but preceded by a
unique J-SEGMENT which is a pseudogene, is qualified as ORF.

PSEUDOGENE

A pseudogene germline entity (V-GENE, C-GENE or J-SEGMENT) is characterized by the presence of
stop codon(s) and/or frameshift mutation(s).

A V-GENE is considered as a pseudogene if these defects occur in the L-PART1 and/or V-EXON, or if
there is a mutation in the L-PART1 INIT-CODON atg.

IMGT, last modified: 29/05/98
lefranc @ligm.igh.cnrs.fr

code the same loop structures as these subgroups (Wil-
liams et al. 1996). IGLV1, 2 and 3 subgroups contain nu-
merous genes. These genes may have been intensively du-
plicated during the course of evolution because they en-
code canonical structures which are particularly useful to
our immune system. Furthermore, the location of IGLV2
and IGLV 3 genes close to the J-C cluster could facilitate
their expression, for example by an enhanced recombina-
tion efficiency.

Analysis of the map of the IGL locus (Fig.1) showed
that IGLV genes which belong to the same subgroup (ex-
cept subgroup 4) are located in the same area of the locus.
Three clusters, corresponding to three clans of subgroups,
were defined to show that characteristic: cluster A (proxi-
mal to IGLC1) contains all the genes of the IGLV2 and
IGLV 3 subgroups and one gene of the IGLV4 subgroup;
cluster B (in the middle of the locus) contains the genes of
the IGLV1, 5, 7, and 9 subgroups; and cluster C (distal to



Fig.2 IGLV family tree. The
nucleotide sequences of the

57 IGLV genes (39 of them are
functional or have an ORF)
were used with the software
PHYLIP (Felsenstein 1989) to
construct an unrooted family
tree. IGLV names are made of
anumber for the subgroup fol-
lowed by a dash and a number
for the localization from 3' to
5" in thelocus. P at the end of
the IGLV name indicates a
pseudogene. This tree shows
the relationships between the
different IGLV genes and their
classification into 11 sub-
groups (indicated in bold)

IGLC1) contains the two other members of the IGLV4
subgroup plus the genes of the IGLV®6, 8, 10 and 11 sub-
groups (Frippiat et al. 1995; Kawasaki et al. 1997). This
clustered organization differs from that of the human im-
munoglobulin heavy-chain (IGH) (Cook and Tomlinson
1995) and kappa light chain (IGK) (Zachau 1993) loci
where members of the different families are interspersed.
However, mouse VH genes are also organized in family
clusters (Sheehan et al. 1993).

A minor IGL locus, located on human chromosome
8011.2, was recently described (Frippiat et a. 1997). It
contains only one member of the IGLV8 subgroup and
one IGLV pseudogene. This minor locus has likely been
generated by a duplication and translocation event which
occurred before the evolutionary divergence of humans
and gorillas. By comparison, minor loci associated with
the human major IGH and IGK loci contain more genes.
Eight VH genes and a cluster of DH segments have been
reported on chromosome 15q11.2, and 16 VH genes were
discovered on chromosome 16p11.2 (Nagaoka et al. 1994;
Tomlinson et a. 1994). Twelve VK genes are located out-
side the mgjor IGK locus on the long arm of chromosome
2, and 11 VK genes are dispersed on other chromosomes
(Zachau 1993). These V genes and D segments are known
as orphons.

The precise dimension of the mgjor IGL locus may
vary from one individual to another. Duplications of
IGLC2 and/or IGLC3 can increase the number of IGLC
genes by up to 11 genes per haploid genome (Taub et al.
1983; Ghanem et al. 1988; Kay et a. 1992). Severa
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RFLP polymorphisms affecting IGLV genes (Blancher et
al. 1990; Chuchana et al. 1990b, 1993; Frippiat et al.
1995) were also reported. Associations between IGLC or
IGLV allele frequencies and susceptibility to Graves' dis-
ease, rheumatoid arthritis, silicosis or dilated cardiomy-
opathy have been described (Sidebottom et al. 1987;
Williams et al. 1988; Nishi et al. 1992; Honda et al. 1993).
There is aso a preferential association between proteins
of the IGLV6 subgroup and amyloidosis AL (Solomon et
al. 1982). Different sequences, corresponding to the same
IGLV gene, can be found in the literature. This observa-
tion reveal s the existence of haplotypesin the human pop-
ulation.

Sequence diversity amongst IGLV genes

We compiled all the available sequences of germline
IGLV genes to find variants of the 39 functional or ORF
IGLV genes (Tablel). Sixteen genes are monomorphic,
whereas 62 alleles, corresponding to 23 polymorphic genes
with two to four aleles, were found. Only four aleles are
pseudogenes (IGLV1-41*02; 1GLV3-9*03; IGLV3-22*02
and IGLV7-46*03). IGLV allele aignments (alignments
are available from IMGT at http://imgt.cnusc.fr:8104) show
95 nucleotide changes (53 transitions, 39 transversions and
3 deletions of 1bp), of which 69 lead to an amino acid re-
placement (“coding mutation”) and 26 are silent. An in-
sertion of 5bp in alele IGLV3-22*02 was observed.
Some of the VA sequences presented in this study were
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Tablel Human IGLV dléees. Functionality (Fct) of the alleles (see
box, Fig. 1) and description of the mutations are according to IMGT
(http://imgt.cnusc.fr:8104; Lefranc 1998). R/T indicates alleles
which have been observed as rearranged sequence (R) or as mRNA
(T). Accession numbers of mapped sequences are indicated in bold
and those of the reference sequences are underlined. Mapped se-

quences are those which have been obtained from clones (such as
phages, cosmids or YACS) either by subcloning or PCR, and does
not apply to sequences obtained directly from genomic DNA. Aster-
isks indicate a stop codon. # indicate a frameshift due to a deletion.
Mutations affecting the same codon are separated by a vertical line.
(F functional, ORF open reading frame, P pseudogene)

IGLV IGLV dlele Fct R/T  Accession number of IGLV genes having Positions of the mutations (regarding the
gene names the same V-region sequence sequence used as reference)
name
1-36  IGLV1-36*01 F + Z73653/D87009/D87010/
Z22187/U03900/U03901
1-40 1GLV1-40*01 F + M 94116/773656/D87010/ 222194
IGLV1-40*02 F + X53936/222193 g9>c | c10>g, L4>VI
IGLV1-40*03 F + 722192 g9>c | c10>g, L4>V | a253>g, T85>A |
1-41 I1GLV1-41*01 ORF M94118/X14615/2 73655/ 222212
IGLV1-41*02 P D87010 g295>t, E99>* | c332>t, P111>L |
1-44 1GLV1-44*01 F + Z273654/D86999/722188/ X59707/U03902
1-47 1GLV1-47*01 F + Z73663/722189/M 94114
IGLV1-47*02 F + D87016 g168>t, R56>S |
1-50 IGLV1-50*01 ORF M94112/773662/D87018/ 222195
1-51 IGLV1-51*01 F + Z73661/D87018/222191/ U03870
IGLV1-51*02 F + M 30446 t162>c | c168>a, D56>E |
2-8  IGLV2-8*01 F + X97462/D87021/Y 12417
IGLV2-8*02 F + L27695 g37>a, G13>R|
IGLV2-8*03 F Y 12418 c230>t, S77>F |
2-11 IGLV2-11*01 F + Z73657/D86998/Y 12414
IGLV2-11*02 F + 722198 t96>g |
IGLV2-11*03 F Y 12415 gl32>al
2-14 IGLV2-14*01 F + 273664/D87015/222197/ L27693
IGLV2-14*02 F + L27822 c87>t | t93>g | g94>a, G32>S| t103>c,
al04>t, Y35>L | t170>g, V57>G | t198>g,
N66>K |
IGLV2-14*03 F Y 12412 g132>al g168>t, E56>D |
IGLV2-14*04 F Y 12413 g168>t, E56>D |
2-18 IGLV2-18*01 F + Z73642/D87007/D87015/ 222199/ 27689
IGLV2-18*02 F + L27697/Y 12416 t317>c, L106>S |
IGLV2-18*03 F + L27694 t272>c, 191>T | t317>c, L106>S |
IGLV2-18*04 F + L27692 t227>c, F76>S | t249>c | t317>c, L106>S |
2-23  IGLV2-23*01 F + X14616
IGLV2-23*02 F + Z73665/Y 12411 g170>t, G57>V | a339>c, L113>F |
IGLV2-23*03 F + D86994/722196/L. 27688 a339>c, L113>F |
2-33  IGLV2-33*01 ORF Z73643/D87014/222200/ L27687
IGLV2-33*02 ORF L27823 a3>g |
IGLV2-33*03 ORF L27691 t96>c | a256>g, M86>V |
31 IGLV3-1*01 F + X57826/773647/D87023/ 222208/ 26403/
L26402
39 IGLV3-9*01 F + X97473/D87021
IGLV3-9*02 F + X74288 ab2>g, T18>A | a82>c, 128>L | a88>t,
g89>a, S30>Y | a95>g, N32>S| gl73>a,
S58>N |
IGLV3-9*03 P X51754 ab2>g, T18>A | a82>c, 128>L | a88>t,
089>a, S30>Y | a95>del#,
N32>del# | g173>a, S58>N |
3-10 IGLV3-10*01 F + X97464/D87021
IGLV3-10*02 F + L29166 g166>a, E56>K | c207>al t270>c | c299>3,
A100>D | a319>g, T107>A | a325>t,
g326>a, S109>Y |
312 IGLV3-12*01 F 273658
IGLV3-12*02 F D86998 a259>9,T87>A |
316 IGLV3-16*01 F + X97471/D87015
3-19 IGLV3-19*01 F + X56178/D87007/222202/ M94113/L 35919
3-21 IGLV3-21*01 F + X71966
IGLV3-21*02 F + D87007 a27>g | a49>c, K17>Q | al60>g,
154>V | t166>g, Y56>D | c324>t |
IGLV3-21*03 F + M94115 a27>g | al60>g, 154>V | t166>g,
Y56>D | c324>t |
3-22 IGLV3-22*01 F + Z73666/D87007
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IGLV IGLV dlee Fct R/T  Accession number of IGLV genes having Positions of the mutations (regarding the
gene names the same V-region sequence sequence used as reference)
name
IGLV3-22*02 P X71967 c53>a, T18>K | g88>a, E30>K | g140>del#,
GA7>del# | c148>t, c149>g, t150>3,
P50>* | 150"151>ins MatacH,
50"51>ins\Y # | g322>3,
D108>N | 330>t |
3-25 |GLV3-25*01 F + X97474
IGLV3-25*02 F + D86994 t14>c, g15>a, M5>T |
IGLV3-25*03 F L29165 t14>c, g15>a, M5>T | t294>c |
3-27 IGLV3-27*01 F + D86994
3-32  IGLV3-32*01 ORF Z73645/D87014
4-3 IGLV4-3*01 F + X57828/773652/D87024/ 222211
4-60 I1GLV4-60*01 F + 273667
IGLV4-60*02 F + D87000 a288>t, L96>F |
4-69 IGLV4-69*01 F + Z73648/D86993/L 29806
IGLV4-69*02 F + u03868 c198>t |
5-37 IGLV5-37*01 F + Z73672/D87009/D87010
5-39 IGLV5-39*01 ORF 273668
5-45 1GLV5-45*01 F + 273670
IGLV5-45*02 F + Z73671/U93494 g22>t, A8>S| g75>al
IGLV5-45*03 F + D86999 g22>t, A8>S||
5-48 1GLV5-48*01 ORF 273649/D87016
5-52  IGLV5-52*01 F + Z273669/D87018
6-57 IGLV6-57*01 F + Z73673/D86996/M 87320/ X 92337/X92338
7-43  IGLV7-43*01 F + X14614/D86999/Z 73659/ Z22204/X01015
7-46  1GLV7-46*01 F + Z73674/722205
IGLV7-46*02 F + D86999 c275>t, S92>L |
IGLV7-46*03 P 222210 c271>del#, L91>del# |
8-61 IGLV8-61*01 F + Z73650/D87022/S39395/ U03639/U03635/
222206
IGLV8-61*02 F + u03637 c223>t, R75>C |
9-49 IGLV9-49*01 F + Z73675/722207
IGLV9-49*02 F + D87016 g291>al
IGLV9-49*03 F + u03869 gl53>al
10-54 1GLV10-54*01 F + 273676
IGLV10-54*02 F + D86996 aB86>t, N29>| | a228>c, L76>F | g320>t,
W107>L |
IGLV10-54*03 F S70116 g33>c | t125>c, g126>t, L42>P | c127>g,
Q43>E |
11-55 IGLV11-55*01 F D86996

obtained by PCR amplification, but Taq polymerase errors
cannot explain al the differences observed. Moreover,
most of the sequences are genomic and from independent
studies.

On average, there are three nucleotide changes be-
tween the reference sequence and one of its alleles. The
diversity from one allele to another istherefore rather lim-
ited, but the number of IGLV allelesin the human popula-
tion ishigh. A total of 62 alleles for 23 functional or ORF
human IGLV genes are reported in this study, and it is
likely that more alleles will be described when 1GLV
genes from individual s belonging to different populations
have been sequenced. Up to now, 11 alleles have been de-
scribed for the four functional IGLC genes (data not
shown).

IGLV CDRs contain 51% of the coding mutations and
27% of the silent mutations. As the length of the CDRs

represents 20% of the length of the IGL V-regions, we can
conclude that most of the coding mutations are clustered
in the CDRs. Therefore, coding mutations increase the a-
lelic diversity of the CDRs and, consequently, the global
diversity of the VA repertoire in the human population.
The substitution rate at the codons implicated in the CDRs
of IGLV genesisthus heavily biased towards nonsynony-
mous substitutions, which is indicative of natural positive
selection for polymorphism. Similarly, in the HLA ge-
netic system, mutations are also concentrated in defined
areas of the genes, and the antigen recognition site (ARS)
of HLA moleculesis subject to natural selection favoring
amino acid replacements, whereas the non-ARS region is
subject to functional constraint (Imanishi and Gojobori
1992). Note that the coding mutations observed in the
CDRs do not change the known VA loop canonical struc-
tures.
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Table2 RFLP in the human IGL locus at 22g11.2. This table
summarizes al the data gathered from the literature and from our
own studies. DNAs were extracted from the PBL of 18 French, 24
Tunisian and 98 Senegalese individuals. The Senegalese people
belong to the Niokholo Mandenka population, a geographically,
culturally, and genetically well-defined population from eastern
Senaga known to be highly polymorphic for the HLA class Il and
IGHG genes (Langaney and Gomila 1973; Lalouel and Langaney
1976; Tiercy et a. 1992; Dard et al. 1996). DNA extraction and
Southern blot analysis were performed as described by Ghanem et
al. (1988), except that DNA transfer was performed onto Nylon
N+ filters (Amersham) in alkaline conditions. VA subgroup specific
probes used for Southern blot analysis were described by Frippiat
et al. (1995). Probes were labeled by incorporation of a32P-dCTP

during a PCR reaction using the VA specific primers defined by
Frippiat et al. (1995). Membranes were washed under high strin-
gency conditions. Restriction endonucleases were purchased from
Boehringer Mannheim (Germany). Alleles were designated ac-
cording to IMGT (Lefranc et a. 1998). IGLC aleles correspond to
duplications of IGLC2 and/or IGLC3. Note that several indepen-
dent studies give similar frequencies for IGLV2-8, IGLV7-43 and
IGLC adl€les. Sizes of the RFLP alleles may vary slightly from one
author to another. Asterisks indicate an association between a dis-
ease and an IGLV or an IGLC RFLP alee frequency. Assignment
of IGLV genes to RFLP polymorphisms was based on restriction
maps and IGLV sequence analysis. (DCM dilated cardiomyopathy,
SLE systemic lupus erythematosus, RA rheumatoid arthritis)

IGLV genes Population Number Restriction RFLPalele Allele  Fre- Reference
affected by  analysed of indi-  enzyme names size quence
the RFLP viduals (kb)
1-41 Caucasoid 34 Kpnl IGLV1-41*Al 10.5 0.47  Chuchanaet al.1993
IGLV1-41*A2 4.6 0.31
IGLV1-41*A3 17.0 0.19
IGLV1-41*A4 24.0 0.03
2-8 Caucasoid 34 Hindlll IGLV2-8*Al 16.0 0.50  Blancher et a. 1990
IGLV2-8*A2 9.0 0.50
American (racially mixed) 59 Hindlll IGLV2-8*Al 20.0 0.39  Paul et al. 1991
IGLV2-8*A2 10.0 0.61
American with SLE 57 Hindl 1l IGLV2-8*Al 20.0 0.48 Paul et al. 1991
(racially mixed) IGLV2-8*A2 10.0 0.52
3-19 Caucasoid Hindlll IGLV3-19*Al 7.8 0.69  Chuchanaet al. 1990b
IGLV3-19*A2 3.2 0.31
5-39 Mandenka (east Senegal) Hindlll Deletion of IGL 0.35  Thisstudy
V5-39
6-57 Mandenka (east Senegal) Hindlll IGLV6-57*Al 5.2 0.98  Thisstudy
IGLVG6-57*A2 74 0.01
IGLV6-57*A3 7.6 0.01
7-43 Caucasoid 34 BamH|I IGLV7-43*Al 4.7 0.52 Chuchana et al. 1993
IGLV7-43*A2 3.0 0.48
Japanese 127 BamHI IGLV7-43*Al 53 0.55 Nishi et al. 1992
IGLV7-43*A2 33 045 Hondaeta. 1993
Japanese with silicosis* 46 BamHI IGLV7-43*Al 53 0.38 Hondaet a. 1993
IGLV7-43*A2 33 0.62
Japanese with DCM* 61 BamH|I IGLV7-43*Al 53 0.39 Nishi et al. 1992
IGLV7-43*A2 33 o061
7-43 Caucasoid 34 Kpnl IGLV7-43*B1 16.0 0.47  Chuchanaet a. 1993
IGLV7-43*B2 13.0 0.31
IGLV7-43*B3 17.0 0.19
IGLV7-43*B4 24.0 0.03
7-43 Caucasoid 96 Tagql IGLV7-43*C1 12.9 0.46 Sidebottom et al. 1993
IGLV7-43*C2 9.2 0.34
IGLV7-43*C3 4.2 0.17
Caucasoid with RA 104 Taql IGLV7-43*C1 12.9 0.49  Sidebottom et al. 1993
IGLV7-43*C2 9.2 0.36
IGLV7-43*C3 4.2 0.15
8-61 Mandenka (east Senegal) 98 Hindll1 No polym detected This study
French 18 HindIll No polym detected This study
Tunisian 24 Hindlll Deletion of 0.04  Thisstudy
IGLV8-61
9-49 Mandenka (east Senegal) 48 Hindlll No polym detected This study
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IGLC genes Population Number Restriction RFLP alele Allele  Fre- Reference
affected by analysed of indi- enzyme names size quence
the RFLP viduals (kb)
IGLC2 and/ Caucasoid 110 EcoRI IGLC*Al 8 0.75 Taubetal. 1983
or IGLC3 IGLC*A2 13 0.05
IGLC*A3 18 0.20
IGLC*A4 23 0.01
English 104 EcoRI IGLC*Al 8 0.83  Sidebottom et al. 1987
IGLC*A2 13 0.02
IGLC*A3 18 0.13
IGLC*A4 23 0.01
English with RA* 108 EcoRlI IGLC*A1 8 0.92  Sidebottom et al. 1987
IGLC*A2 13 0.02
IGLC*A3 18 0.06
IGLC*A4 23 0.00
French 27 EcoRI IGLC*Al 8 0.80 Ghanem et al. 1988
IGLC*A2 13 0.04
IGLC*A3 18 0.15
IGLC*A4 23 0.02
Lebanese 23 EcoRI IGLC*Al 8 0.72  Ghanem et a. 1988
IGLC*A2 13 0.07
IGLC*A3 18 0.20
IGLC*A4 23 0.02
Tunisian 33 EcoRI IGLC*Al 8 0.65 Ghanem et a. 1988
IGLC*A2 13 0.11
IGLC*A3 18 0.23
IGLC*A4 23 0.02
Black African 26 EcoRI IGLC*Al 8 0.63  Ghanem et a. 1988
IGLC*A2 13 0.11
IGLC*A3 18 0.21
IGLC*A4 23 0.02
Caucasoid 112 EcoRI IGLC*Al 8 0.7 Williams et al. 1988
IGLC*A2 13 0.00
IGLC*A3 18 0.22
IGLC*A4 23 0.00
Caucasoid with Graves 119 EcoRI IGLC*Al 8 0.86 Williamset al. 1988
disease* IGLC*A2 13 0.00
IGLC*A3 18 0.14
IGLC*A4 23 0.00
American (racially mixed) 54 EcoRlI IGLC*A1 8 0.79  Paul et a. 1991
IGLC*A2 13 0.00
IGLC*A3 18 0.18
IGLC*A4 23 0.03
Amerian with SLE 66 EcoRI IGLC*Al 8 0.79  Paul et a. 1991
(racially mixed) IGLC*A2 13 0.01
IGLC*A3 18 0.18
IGLC*A4 23 0.02
Japanese 46 EcoRI IGLC*A1 8 021 Kayetal. 1992
IGLC*A2 13 0.22
IGLC*A3 18 0.50
IGLC*A4 23 0.05
IGLC*AS5 28 0.02
Venezuelan 70 EcoRI IGLC*Al 8 0.65 Blasisni et al. 1996
IGLC*A2 13 0.04
IGLC*A3 18 0.30
IGLC*A4 23 0.10

Interestingly, of 42 nucleotide changes in the CDRs, 8
destroy 5 AGC or AGT Ser codons defined as a target for
somatic hypermutation (Wagner et al. 1995) and 3 muta-
tions create 3 new AGT codons. The loss of targets for so-
matic hypermutation will probably result in a less effi-
cient affinity maturation of the antibodies made from

these alleles. An increase in the number of AGT or AGC
codons in the CDRs would have the opposite effect.
There is aso no link between expression level and
polymorphism, since genes expressed at low levels are
not more or less polymorphic than highly expressed

genes.
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IGLV restriction fragment length polymorphisms

To further investigate the polymorphisms existing within
the human IGL locus, we compiled previously published
RFLP data, and we searched for RFLP in the Mandenka
population (eastern Senegal, West Africa) which isknown
to be highly polymorphic for the HLA class Il and IGHG
genes (Dard et al. 1996). HindllI-digested genomic DNA
of 48 healthy Mandenkalu individuals was successively
hybridized in Southern blot analysis at high stringency to
probes specific for the IGLV5, 6, 8 and 9 subgroups. Our
results for these IGLV subgroups, as well as data from the
literature for the IGLV 1, 2, 3 and 7 subgroups and for the
IGLC genes are reported in Table2. Of the 48 Man-
denkalu individuals, 17 were homozygous for a polymor-
phic deletion of the IGLV5-39 gene. Two individuas
were heterozygous for rare Hindl I RFLP aleles of the 6—
57 gene (Table2). One had the *A1/*A2 (5.2kb/7.4kb)
genotype; the second had the *A1/*A3 (5.2kb/7.6kb)
genotype. No RFLP polymorphism was detected for the
IGLV8 and IGLV9 genes.

No RFL P associated with the IGLV 8 subgroup was de-
tected when, in an additional anaysis, Hindlll-digested
genomic DNA from 24 Tunisians, 18 French and 50 other
Mandenkalu individuals were hybridized, at high strin-
gency, to the IGLV8 subgroup-specific probe. However,
an homozygous deletion of IGLV8-61 was observed in
one Tunisian individual. Except for that deletion and the
polymorphism by insertion/deletion of the IGLV5-39
gene, the overall number of human IGLV genes is rather
constant in al individuals analyzed. Our data and thosein
the literature (Table2) show that IGLV genes, which be-
long to small subgroups (IGLV6, 8 and 9 subgroups com-
prise 1 or 2 genes), display less RFLP polymorphism than
IGLV genes which belong to larger subgroups (IGLV1, 2,
3, 5 and 7 subgroups comprise 8, 9, 23, 5 and 3 genes, re-
spectively). Allele frequencies are almost identical in in-
dependent studies. The only remarkable difference is
found in the Japanese population where five RFLP alleles
were found for the IGLC2 and/or IGLC3 genes at unique
frequencies. Thus, the number of RFLP and insertions/del e-
tionsinthe IGL locusislow and the alele frequencies are
almost the same in different human populations.

Inaprevious paper (Frippiat et a. 1997), we suggested
that the human IGL locus may have undergone less evo-
[utionary shuffling than the human IGH and IGK loci be-
cause there are only 2 VA genes outside the magjor IGL lo-
cus, while there are 24 VH, acluster of DH and at least 23
VK outside the magjor IGH and IGK loci. This hypothesis
seems confirmed by the low number of RFLPs and inser-
tions/deletions observed in the IGL locus. It could also
explain the clustered organization of the VA genes.

In conclusion, the diversity of the lambda light chain
repertoire in the human population is increased by 23 func-
tional or ORF IGLV genes which are polymorphic (they
possess from two to four aleles). In contrast, RFLP and
polymorphism by insertion/deletion is limited in the IGL
locus. Analysis of large populations, from different parts

of the world, for alelic polymorphism and RFLP will al-
low an evaluation of the implications of these polymor-
phisms for the immune response in normal and pathol og-
ical situations.
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