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Abstract The human kappa light chain consists of approkilobase (kb) stretch of DNA that appears to be free of
imately 35 potentially functiondiGKV genes. However, an IGKV gene segments (Sdhe and Zachau 1993). The
estimation of the diversity in théGKYV repertoire of an entirelGKV locus spans 1800 kb. The distal region appears
individual will be affected by the extent of polymorphismg$o have arisen as a duplication of most of the proximal
for the differentlGKV genes and their patterns of inherifocus. Consequently, 36 of the 40 proxim&KV genes
tance. To date, little information is available to indicate thieave similar or identical gene segments present in a
extent of allelic variation of théGKV genes. We examinedtranscriptionally inverted orientation in a much more
the extent of allelism for onédGKV gene pair, the distal IGKJ-distal location.

region A2 gene and its closely related proximal region Zachau and colleagues mapped, cloned, and sequenced
duplicateA18 We found two new alleles foA2 and one all IGK\:like gene segments in human DNA (Sbfeand

new allele forAl8 and sequenced 1 kilobase flanking Zachau 1993)IGKV genes were categorized into those
each gene. The nevwAl8 allele, unlike the originally which, according to sequence analysis, are potentially
described allele, appears to be functional. All these allelesictional, those which have minor defects, and those
were found at relatively high frequencies in the four ethniwhich are pseudogenes (Zachau 1989). There are 35 po-
populations studied, with the exception of the defecA2d tentially functional genes, 16 genes with minor defects, and
allele which was highly represented only in Navajos. Th#b pseudogenes. Minor defects include one or two base pair
originally describedA2aallele encodes for the predominan{bp) changes that create stop codons, or alter splice donor/
protective antibody againstaemophilus influenzad’here- acceptor sequences, recombination signal sequences (RSS),
fore, the patterns of allelic inheritance described for thie conserved promoter elements. Additional defects may
IGKV gene pair indicate that allelism in th&KYV locus is alter conserved amino acids in framework regions. Conse-
likely to have a significant impact on immune responsesquently, these minor changes result in non-functional genes.
However, they are classified as minor defects, since it is
possible that a change in the few aberrant nucleotides could
create a functional allele of the gene.

IGKV gene polymorphism could have significant effects
on diversity of the germline repertoire and immune re-
The human immunoglobulinld) kappa light chain locus sponses. Polymorphisms may r_esult in the dls_rupt|on of an
consists of onelGKC, 76 IGKV, and five IGKJ gene 'GKV gene segment resulting in a non-functional allele.
segments (Scle and Zachau 1993). The$6KV gene Other polymorph|sm§ may r.esult in alle!es with significant
segments are organized into two regions, a J-C proxirr‘ﬁélangeS in th? coding region of f_u_nptloanV genes,
region consisting of 40GKV gene segments and a distal'€/€PY changing the antigen specificity. Another possibil-
region consisting of 36GKV gene segments. The proximagy is the appearance of functional alleles of genes that have

Introduction

d distal (DIGKV reqi ted b gogeen described as havjng r'n'inor defects. To date, 'three
(p) and distal (d) regions are separated by an GKYV genes have been identified that have both functional

and non-functional alleles (Liu et al. 1989; Pargent et al.
1991a; Pech et al. 1984). Therefore, the estimation of
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i Fig. 1 Alleles of A2andA18 A diagram of thel GKV gene spanning
Materials and methods 1.1 kb of DNA is illustrated here to show the regions where poly-
morphic residues of the indicated alleles are located and their
DNA preparation composition. PYR Pyrimidine rich sequence® Octamer/decamer

box; T TATA box; L Leader peptide sequencigltly shaded boxgs
DNA was prepared according to standard procedures (Maniatis etfR1, FR2, FR3Framework region sequencespén boxes CDR1,
1982) from buffy coat white blood cells of healthy unrelated Navajo§DR2, CDR3Complementarity determining regiondafkly shaded
collected as part of an ongoing gene linkage study in Athabascd®xe$; RSS Recombination signal sequenceolid trianglg. Not
speaking Native Americans. All other peripheral blood samples welistrated here are a further eight nucleotide differences between
obtained from healthy donors at the Scripps General Clinical Reseafs?a and Al8a summarized previously (Sthie and Zachau 1993).
Center and peripheral blood mononuclear cells (PBMC) were enriché@e complete sequences A2b, A2¢ andAl8bcan be obtained from
on Ficoll-Hypaque gradients. DNA was prepared as previously deéenBank (accession numbers U41643, U41644 and U41645)
scribed (Chukwuocha et al. 1995).

loci. Haplotypes could not be unambiguously assigned for much of the
data generated by the PCR analysis of alleles. Therefore, we tested for

The polymerase chain reaction (PCR) was performed with atwo-la)é%ndom association for all possible allele combinations versus the

: ele combinations actually seen in our data set. For both control and
reagent system separated by paraffin wax. ThepR3ower layer . - h ’
contained 300 ng of each oligonucleotide primer, 4.5 mM MgCINavajo populations, a & 3 contingency table was generated testing

; all possible combinations oA2 and A18 alleles. The statistic was
1 x PCR buffer (Promega, Madison, WI), and 0.5 mM dNTP. Thelb0 : : . .
upper layer con(tained %4 PCR buf'fer,)l.5 units offaq polymer:lse calculated using Fisher’s exact test with 10 degrees of freedom.
(Promega), 0.04 units of PFU polymerase (Stratagene, La Jolla, CA),
and 100-200 ng of DNA. The primers used for PCR amplification of
germline genes were:'5A2/A18 AF76-ATGGCTCGAGCCACAC-
CACTGCA and AF100-GCTCCTCGAGAAGACATATCTACC, '3
A2/A18 AF68-CTGAGCGGCCGCCCAGACAAGCAGTGCAAG; Results
and for rearranged gene&2/A18intron: AF90-CATTAAGCTTTCA-
CATAACCTTGCAC and |IGKJ  AFB80-ACGTTTGAATTC- i i
CACCTTGGTCCC. PCR reactions were performed for one cycle S‘:\Bterm“ne DNA sequence analysis

94 °C for 4 min, 25-30 cycles of [(94C for 1 min) (55°C for 1 min) . .
(72°C for 2 min)] and one cycle at 7 for 5 min. In order to determine the germline sequence of tBKV

genes, PBMC DNA was amplified with primers bf the
coding region of the gene and 8f the RSS. The distal
Cloning and sequencing regionA2 and its proximal region partnéx18have only 15
The PCR primers used in this study were designed to incorpobéte a .nUCIe(.mde differences m.1242 bp of total repqrted sequence
I restriction site in the Sprimer and aNot | restriction site in the 3 including 5 and 3 flanking DNA (Lautner-Rieske et al.
primer. Following PCR amplification the DNAwas digested withol  1992; Scott et al. 1989). The PCR primers selected for this
andNot|. Bands were size selected on 1.5% agarose gels, excised, gnddy were designed to recognize conserved sequences
purified by the Qiaex gel extraction kit (Qiagen, Studio City, CA). Thgjanking both A2 and A18 and therefore should amplify
purified Xho I-Not | fragment was ligated into precut pBluescript, - L ..
(Stratagene), and electroporated into XL1 Blue electrocompeténpse genes with similar efficiency. Indeed, of the 866
bacteria (Stratagene). Mini-preps and sequencing were done as gienes analyzed, 49.3% we/e alleles and 50.7% were
viously described (Feeney and Thuerauf 1989). Al8alleles. Initially, the AF76 and AF68 primer pair was
used to amplifyA2 and A18 genes. The PCR product for
this reaction was 955 bp, and it spanned all of Wregion
coding sequence, intron, leader peptide, and some promoter

A chi-square analysis was performed to determine whether there W&JUeNce. _F_U” sequence analysis of PCR products from
random association between the observed alleles affthand A18 several individuals revealed three new alleles ofAB&A18

PCR analysis

Statistics
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gene pair. Since much of the promoter region was n'fgble 1 DistribL_Jtion of A2 and A18 alleles in individuals from
included in this PCR product, longer PCR reactions wef#ferent populations
performed using the AF100/AF68 primer pairs and th}QCaucasian’ Hispanic’ and Asian popu|ati0ns

entire PCR product was sequenced. This additional promo- A2a A2b A2c Al8a Al8b
ter region was fully sequenced for at least two independ€TT Caucasian Tt Tt
samples for each new allele. H5 Caucasian 4+ ++
Seven polymorphic residues are clustered toward thers Caucasian ++ ++
end of the gene (Fig. 1) and allowed for easy screenihk_?o Caucasian ++ ++
using a single sequencing reaction for each clone. Typjt2 Caucasian HE HE
. 7 Caucasian ++ + +
cally, ten clones for each PCR reaction were sequenced gjad Caucasian e+ +
allotyped. There were many instances where genotypess Caucasian + + + +

could not b_e unambiguously a_ssigned to an individug equency 81 00 19 81 19
after analysis of one PCR reaction (e.g., instances where _ _
only one allele was identified for eithdGGKV gene). In H8 ::Zp:mg e, . AN
these cases two or more sets of PCR amplification, cloning, Hisganic + + + +
and sequencing were performed. H13 Hispanic + + + +
H2 Asian + + + +
H3 Asian + + + +
Alleles of A2 H14 Asian e
Frequency 43 07 50 57 .43
A2 (designated hera2a) was originally described by Scott
and( co—v%orkers (19898)) as the f%nctignal distal reg)?on geﬁcétal frequency 63 0334 7030
segment of thé\2/A18pair. Sequence analysis A2 clones |, nayajo population
in this study revealed two new alleles for this gene, A2a A2b A2c Al8a A18b
designatedA2b and A2c (Fig. 1). A2c has only one nucleo-
; ; ; : . +H+ +/+
tide difference in framework region 2 (FR2), resulting in gc it et
serine to proline change. EB ++ ++
A2b has three differences compared with th2a allele N14 ++ ++
(Feeney et al. 1996). The first change is C to A and occUy46 ++ ++
in the promoter region near a pyrimidine-rich sequente :ﬁ: Iﬁ:
of the octamer. The second change is from proline to seriQgz ++ ++
in FR2, identical to the change seen in th2c allele. The N20 ++ + +
third change is a T to A change in the heptamer sequencei6f + + ++
the RSS flanking the coding region. This results in a chan o ://:
from the consensus CACAKE to CACAGAG. This de- 21 + + ++
viation from the consensus RSS has a significant impact gp3 + + ++
the recombination efficiency of this allele (Feeney et aN18 + + ++
1996). N19 * N
N4 + + +/+
N12 + + +/+
N27 + + ++
New functional A18 allele N22 + + + +
N3 + + +
. N15 + + +
The reported sequence fad8(Lautner-Rieske et al. 1992) 17 + + +
is that of a non-functional gene, since it has a terminatign + + + +
codon instead of a conserved cysteine in FR3. We desip + + + +
nated this alleleAl8a A second allele forA18 was N10 N N N N
identified in this study and designatefl18b (Fig. 1). N26 + + + +

Al18bhas two bp differences frorA18a one is a G to A
change in FR2 and is silent; the second is an A to C charmgal Frequency 41 32 27 64 .36

in FR3. This second change results in the loss of the stop

codon and restoration of the cysteine seen in all functional

kappa light chains.

To determine whetheAl8bwas a functional gene, weallele. This A18b allele differs from the functionalA2a
analyzedV-J rearrangements involving18h A2/A18re- allele by four amino acids, three of which are located in
arrangements were amplified from several individuals amdmplementarity determining regions (CDR). Therefore,
15 rearrangements utilizing18b were obtained. Of thesethe expressed A18b protein may have a germline antigen
A18b rearrangements, 12 were in frame indicating thapecificity different from A2a.
cellular selection was operating on B cells using this gene
product. ThereforeA18b can be considered a functional
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Distribution of A2 and A18 alleles Linkage of A2 and A18 alleles

Non-Navajo populations The association betweeA2 and A18 alleles, or linkage
disequilibrium, was determined for Navajo and control
As this study was initially undertaken to analyze possibpulations. Both showed very significant disequilibrium
A2 polymorphisms in Navajos, we have a larger database(obntrol population P <0.0004, Navajo population
Navajo genotypes than of other ethnic groups. Our raR- <0.001, chi-square analysis). Examination of the allo-
domly sampled control population includes eight Caucéype data (Table 1) indicates the sources of disequilibrium
sians, three Asians, and four Hispanics (Table 1). FoAthe between these two loci. Th&2a allele is almost always
gene, the most frequent allele wARa occurring with a seen in association with thel8aallele and theA2callele is
frequency of 0.63, followed by2c with a frequency of very often seen in association with th&l8b allele. In
0.34. TheA2b allele was found only on a single individualcontrast,A2b can be associated with eithAd8aor A18h
and occurred within this population with a frequency ddlthough more commonly witAl8a
0.03. This individual is a Hispanic originally from Mexico.
The occurrence of homozygous individuals agrees fairly
well with these figures. There were fivd2a homozygotes
(expected is 0.63x 15 = 6.0), and twoA2c homozygotes Discussion
(expected is 1.7). Thé\18a allele occurred with a fre-
quency of 0.70 and thé18b allele with a frequency of To date, the extent of allelic variation of individual kappa
0.30. There were fivé\18ahomozygotes (expected is 7.4)yenes has not been extensively studied. We have identified
and noA18b (expected is 1.4). Thus, the distribution ofwo new alleles forA2 and one new allele foA18in a
individuals homozygous for these alleles follows a classicslirvey of 43 individuals. This brings the total number of
Mendelian pattern of inheritance. known alleles for these genes to three allelesN®(A2a, b,
The largest control group studied were Caucasians ag)d-ig. 1) and two alleles foA18 (A18a, b Fig. 1).

we determined the distribution of alleles (Table 1). This One new allele forA2, A2¢ has only one nucleotide
group had the highest frequency of t#€a and A18b change compared with the previously descridea allele.
alleles (0.81 for both alleles). This change in FR2 results in a proline to serine change.
Other expressetiGKV-II family genes have serine in this
position and therefore this change is not deleterious to the
production of a functional light chain protein. Furthermore,
this change is in a region distant from CDR2, and as such

robably will not have a direct effect on interaction be-
ween antigen and the CDRs. However, this change is in a
region associated with heavy and light chain interaction and

0.27. Thus, these two alleles were represented at a S"gg]r}e,trefore it is possible that it may have an indirect effect on

: : . i binding.
lower frequency in the Navajo compared with contr 'gen . .
populations. The striking difference was in the frequeng:ér_z/?-rhe second allele identified foA2, A2b has three

Navajo population

We examined DNA samples from a total of 28 Navaj
(Table 1). For theA2 gene, theA2a allele occurred with a
frequency of 0.41 and th&2c allele with a frequency of

of the defectiveA2b allele, which was represented in th ucleotide sequence changes froh2a (Feeney et al.

Navajo population with a frequency of 0.32. There were s 96)'A2b has the same proline to serine change in FR.2
Al8ahomozygotes (expected is 024% 28 = 4.7) and no as inA2c. However, the other two changes could dramati-

A2c homozygotes (expected is 2.0). There were %&b cally affect rearrangement and/or expressionA@b. One

: : g hange inA2b is in the heptamer of the RSS from the
homozygotes (expected is 2.9), with one individual, N1t
potentially hemizygous for th&2 gene. From three differ- cbnsensus CACATG to CACAGAG. We have recently

ent PCR reactions for N11. we obtained /28 clones and shown that this allele is defective in its ability to undergo
five A2 clones. Individuals’ have been described who a e(D)‘] recombination, being reduced to approximately one-

missing the distal half of thaGKV locus containingA2 enth the rearrangement freque_ncy (.)f.ma”ele (Feengy
(Pargegr]n et al. 1991b: Scott et al. 1991 Weichho?c? ot %t al. 1996). The third change identified in tA@b gene is

1993), but the small amount of DNA available preclude to A in the promoter region, and it occurs 16 Upo5the
Southern analysis to confirm this speculation. octamer sequence. The sequence elements required for

The expected frequency ok2b homozygotes in the efficient transcription of either germline and/or rearranged

Navajos is approximately 100 times greater (0.09 I .KV genes havg not been thorqughly explored. However,
0.001) than that expected for the control population. T Is region contains at I_east two d'ﬁere”F sequence eIer_nents
of the octamer implicated in transcriptional regulation:

Al8aallele occurred with a frequency of 0.64 and thit8b NS
allele with a frequency of 0.36, essentially the same as e/ A1 and CACCC. There are three CACCC sites in this
control population. There were 1818a homozygotes region. qukat and co-worke.rs (1988) described unidenti-
(expected is 11.5) and fivA18b homozygotes (expectedfled proteins from B cells binding to A.CCC sequences
is 3.6). upstream of the octamer/decamer box. It is not known what
effect these elements have on hum@&kV gene expres-
sion. However, a group of three CACCC elements has been
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identified in the 5 region of the mouse germlin&HCG1 primary antibody repertoireA18b has four amino acid
region (Xu and Stavnezer 1992). Disruption of any of theskfferences fromA2a one in CDR2 and two in CDR3. It
elements by mutation results in dramatically depressidnot clear a priori whetheA18bcan encode for effective
levels of germline transcription of this region, which is &lib-specific antibodies. To date, "&18 allele have been
necessary prerequisite for a switch-recombination mediatggkn in the sequenced Hib-specific antibodies. This either
rearrangement to théGHCG1 gene. The third CACCC indicates that the CDR changes #18b significantly
element in the human kappa promoter is in the immedigteeclude Hib binding, or that the existing sequences were
vicinity of the A2b change at position 201. This changelerived from individuals homozygous for the non-func-
creates a second CCAAT box adjacent to the CACQnal A18a The A2c allele has only one change in FR2,
binding site. If this CACCC site is important for germlineand thus is predicted to encode an Hib-binding antibody. In
transcription of thed GKV gene prior to its rearrangementfact, among the sequenced Hib-specific light chains, one
then occupation of this region by any of the many CCAA&@pparently usef2c (Adderson et al. 1993).
box binding proteins may have an inhibitory effect and thus The previously described2awas the most commoA2
render this gene non-functional. Thus2b has nucleotide allele seen in both control and Navajo groups (64% and
substitutions which reduce the ability of this gene t41%, respectively). The new potentially functional alleles,
rearrange and possibly also to be expressed. A2c and A18h were seen in both Navajo and non-Navajo
The new A18 allele identified here,A18h has two populations with similar frequencies. Previously reported
changes from theAl8a allele. One change is a silentsequence studies 66KV genes were largely derived from
mutation in FR2, and the second change is in FR3, resultimglividuals of European descent (Cox et al. 1994; Klein et
in the reversion from the termination codon seeAi8ato al. 1993; Schaible et al. 1993). Additionally, the largest
the conserved cysteine seen in all functional light chatfatabase for the control population in the study reported
genes. Therefore, this new allele is predicted to encoddiere was derived from Caucasians. For these reasons we
functional protein. Indeed, when rearrangements utilizirexamined the distribution of these alleles in Caucasians
this gene are analyzed, 80% were found to be in frammmpared with non-Caucasians (Table 1). There was a
Thus, these rearrangements had undergone the cellliligher frequency of thé\2a allele and theAl8aallele in
selection and clonal expansion characteristic of function@hucasians compared with either Navajos or with non-
Ig genes. There is one published sequence of a rearran@eadicasians in the control group. In contrast, a significant
VJ gene from a translocation in a Burkitts lymphoma cellifference was seen in the distribution of tA&b allele.
line that may have used afl18b allele. This gene was Only one individual in the control population, a Hispanic
highly mutated but did contain both changes in FR2 armdiginally from Mexico, had this allele. It is not known
FR3 characteristic of thé&18b allele (Kato et al. 1991). whether there is Navajo or any other genetically related
Another report of a rearrangement usingAtB gene with Native American ancestry in her background.
cysteine 88 has been made (Klein et al. 1993). Similarities in the distribution of alleles between ethnic
These additional alleles demonstrate thatlBV locus groups has been observed for othgrgenes. A study of
may be more polymorphic than previously appreciated. IGHV region polymorphisms identified a several allele
addition, these data may have direct biological conspairs with relatively similar distribution frequencies be-
quences on the composition of the antibody respontseeen Caucasians and Asians (Walter and Cox 1991). Thus,
againstHaemophilus influenzagype b (Hib) in individuals the appearance and distribution of madgyalleles, includ-
carrying various alleles of this gene pair. The antibodng A2a, A2c, A18aandAl18h predates the ethnic diversi-
response to Hib is pauciclonal and is dominated by anfieation of Asians and Caucasians, some 30000 years ago
bodies using thé\2 light chain (Lucas et al. 1991). ThesgGuidon and Delrais 1986). Navajos, Apaches, and some
A2 antibodies have high avidity for Hib, and can bdlaskan Eskimos are genetically related, and are descen-
unmutated, as opposed to all other antibodies against Hints of the Na-dene who migrated from Asia 12000 years
sequenced to date (Adderson et al. 1992; Adderson etado (Torroni et al. 1993; Williams et al. 1985). In contrast
1993; Pinchuk et al. 1995; Scott et al. 1989). Since Navajtsthe othetA2/A18alleles, theA2ballele was found almost
and other genetically related Native Americans have a fivexclusively in the Navajo subjects whom we studied, thus
to-tenfold increased incidence of Hib disease as compamaygesting a more recent origin of this allele.
with Caucasian North Americans, we searched for a poly- Statistical analysis of the frequency of tA2 and A18
morphism in Navajos which could potentially contribute talleles indicates significant linkage disequilibriuf?2a is
disease susceptibility. We found such a polymorphism aften associated with18aandAZ2cis often associated with
A2b(Feeney et al. 1996). However, we also found two oth&d8h This linkage disequilibrium is somewhat surprising
alleles ofA2/A18which could potentially play a role in theconsidering the distance separating these two genes
repertoire of Hib-specific antibodies. Of most importance {s~ 1100 kb). The nature of the selective pressures main-
the change observed #l8h It has been observed that theaining these associations is unknown.
distal regionlGKV genes are significantly underrepresented In conclusion, we found new alleles for twiisKV
in the peripheral expressel@KV repertoire (Cox et al. genes,A2 and its proximal region partneAl8 which
1994; Klein et al. 1993; unpublished observations). Thuspacur at significant frequencies. One né@KYV gene is a
functional A18 gene located only 450 kb from thH&KJ functional allele of a previously described non-functional
cluster is likely to be a significant contributor to thdGKV gene, while anothelGKV gene is a defective allele
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of a previously described functionBbKV gene. Therefore, Lucas, A. H., Langley, R. J., Granoff, D. M., Nahm, M. H., Kitamura,
depending on the patterns of inheritance, some individuals M- Y-, and Scott, M. G. An idiotypic marker associated with a

. . . . germ-line encoded light chain variable region that predominates
will have a more restrictef3KV repertoire and some will the vaccine-induced human antibody response tdHidemophilus

have a more diverséGKYV repertoire attributable to these influenzaeb polysaccharidel Clin Invest 88:1811-1818, 1991
new alleles. SuchGKV gene polymorphisms are predictedvaniatis, T., Fritsch, E., and Sambrook, Nlolecular Cloning: A
to result in genetic differences in the ability of individuals Laboratory Manual,Cold Spring Harbor Laboratory, Cold Spring
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