
Proc. Natl. Acad. Sci. USA
Vol. 86, pp. 6744-6747, September 1989
Immunology

Early rearrangements of genes encoding murine immunoglobulin Kc
chains, unlike genes encoding. heavy chains, use variable gene
segments dispersed throughout the locus

(B-cel/ontogeny/chromosomal map/sequence)

ANN M. LAWLER*, JOHN F. KEARNEYt, MICHAEL KUEHLO, AND PATRICIA J. GEARHART*§
*Department of Biochemistry, The Johns Hopkins University School of Hygiene and Public Health, Baltimore, MD 21205; tDepartment of Microbiology,
University of Alabama, Birmingham, AL 35294; and *National Cancer Institute-Naval Medical Oncology Branch, National Naval Medical Center,
Bethesda, MD 20814

Communicated by Joseph G. Gall, June 16, 1989 (received for review April 15, 1989)

ABSTRACT Immunoglobulin heavy-chain variable region
(VI) gene segments located closest to the joining (JH) gene
segments are preferentially rearranged.during ontogeny, indi-
cating that chromosomal position influences the frequency of
rearrangement. In addition, certain VH gene segments are
repeatedly rearranged, suggesting that the DNA sequence or
structure surrounding these segens may increase the prob-
ability ofrearrangement. To determine whether there is similar
biased rearrangement of K variable (V,) gene segments, 25
rearrangements were sequenced from murine fetal and neo-
natal B-cell hybridomas and from subclones of a pre-B cell line
that rearranged VK genes during in vitro culture. Four gene
segments were isolated twice and one gene segment was isolated
three times, suggesting that the process that targets individual
variable gene segments for repeated rearrangement operates
on both the VH and VK loci. Based on a current map of the VK
locus, the rearranged gene segments belong to nine families that
are dispersed throughout the locus. Thus, in these cell types, VK
rearrangements use germ-line gene segments located across the
entire locus, whereas the corresponding VH rearrangements
use gene segments proximal to the JH gene segments. Hetero-
geneity of VK rearrangements would add diversity to the biased
pool of VH rearrangementsf producing a broad repertoire of
antibodies early in development.

Immunoglobulins are encoded by multigene families in which
rearrangement activates their expression. In mice, several
hundred heavy-chain variable region (VH) and K-chain vari-
able region (VK) gene segments are grouped into 11 VH
families and 18 VK families. A family contains gene segments
with >80% nucleotide homology and varies in size from 2 to
>100 elements. Preliminary mapping data suggests that the
families are dispersed over =500-2400 kilobase (kb) pairs for
each locus (1, 2). The organization ofgene segments may play
a significant role in controlling their rearrangement.
The rearrangement patterns of VH gene segments have

been extensively analyzed early in development. A number
of investigators (3-8) have examined the pattern in fetal and
neonatal pre-B cells from BALB/c mice and found over-
representation of the heavy-chain joining region (JH) gene
segment proximal families, VH7183 and VHQ52. The biased
pattern of rearrangements suggests that the VH7183 and
VHQ52 families are in a region of chromatin that is more
accessible to rearrangement than that of the other families.
Within this region, processes appear to be acting on a more
discrete level that target rearrangement to individual VH gene
segments. Several studies have observed repeated rearrange-
ments of specific VH gene segments: VH81X of the VH7183

family (3, 5), VHOX2 of the VHQ52 family (5), and four gene
segments in human (9). The repeated rearrangements oc-
curred in pre-B cells, in the absence oflight-chain expression,
and, thus, were not the result of selection by endogenous
antigen. Repeated rearrangements may be caused by varia-
tions in local chromatin structure making the loci more
accessible for recombination or by differences in DNA se-
quences that give genes higher affinity for recombination
enzymes. In this study, we examined the pattern of VK
rearrangements¶ during ontogeny to determine whether sim-
ilar processes are also operating on the K locus.

MATERIALS AND METHODS
Cell Lines. Hybridomas were made by fusing lymphocytes

from livers of day-16 to -19 fetal and 1-day-old BALB/c mice
with P3-X63Ag8.653 myeloma cells and were screened for
heavy- and K-chain expression by an ELISA assay. The VH
families expressed by these cell lines were identified on RNA
dot blots using the VH7183, VHQ52, and VHS107 probes
identified in ref. 5, and a VH3660 probe consisting of a
635-base-pair (bp) EcoRI-Xba I fragment from the VHSB32
gene (10). BFL14 is a fetal liver cell line transformed with
Abelson virus. The 18-81 progenitor cell line was generated
from adult bone-marrow cells ofa BALB/c mouse by in vitro
transformation with Abelson murine leukemia virus and is
representative of a pre-B cell in that it produces cytoplasmic
.a heavy chain but no K light chain (11). Subclones of 18-81
were identified that had spontaneously rearranged VK gene
segments during culture. Several 18-81 subclones contained
more than one rearrangement due to continued rearrange-
ment after subcloning.

Cloning and Sequencing. VK rearrangements were identified
on Southern blots of genomic DNA prepared from each cell
line and digested with HindIII or BamHI. The probe was a
1.0-kb Xba 1-HindIII fragment from the intervening se-
quence between K-chain joining region (JK) and K-chain
constant region (CK) gene segments and was labeled with
[32P]dATP using random hexamers. The gene segments were
cloned into A Charon 28 from Hind]I[-digested genomicDNA
that was size-selected on 1% agarose gels. The resulting
libraries were screened with the probe, and VK rearrange-
ments were subcloned into the plasmid vector, pTZ19R
(Pharmacia), and sequenced using 4 primers homologous to
20 nucleotides at the 3' end of each JK gene segment.

Abbreviations: VH and JH, heavy-chain variable and joining gene
segments; VK and JK, K light-chain variable and joining gene seg-
ments; D and C, diversity- and constant-region gene segments,
respectively.
§To whom reprint requests should be addressed.
IThe sequences reported in this paper have been deposited in the
GenBank data base (accession nos. M25996-M26003).
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RESULTS
Two types of cell populations from BALB/c mice were
studied: (i) hybridoma cell lines generated from fetal and
neonatal liver B cells that rearranged VK gene segments in
vivo, and (it) subclones of a cell line derived from a bone-
marrow pre-B cell'that rearranged V1K gene segments in vitro.
The hybridomas were chosen to allow a direct comparison
between the patterns of VK and VH rearrangements in a
population of cells known to frequently rearrange JH proxi-
mal VH gene segments (3, 4). Similarly, VH usage in this
particular group of hybridomas was biased in that 5 out of 12
lines used the JH-proximal families, VH7183 and VHQ52.
Specifically, as determined by RNA hybridization (A.M.L.,
unpublished results) andDNA sequencing ofBFL14 (5), four
lines used VH7183: 15-56-1, 134-1, BC2-5-12, and BFL14; two
lines used VHQ52: GB3-1 and BFL14; one line used VHS107:
ID3-2; two lines used VH3660: GB3-1 and 4-1; and four lines
were not identified. Out of 12 VK rearrangements, 10 ap-
peared to be productive by sequencing and could encode light
chains expressed as surface immunoglobulin (Fig.' 1). There-
fore, the hybridomas likely reflect the VK repertoire found
early in development; this repertoire may have undergone
positive or negative selection by interaction of surface immu-
noglobulin with endogenous antigens within the animal.
We also examined 13 VK rearrangements in 6 subclones of

an Abelson-transformed pre-B cell line, 18-81, that re-
arranged VK gene segments in culture and would not be
influenced by selective pressures within an animal (Fig. 1).
Because the pattern of VH rearrangements generated in
culture is comparable to that seen in vivo (3, 20), the 18-81
subclones are likely to represent the VK rearrangement pat-
tern in the animal.
To detect repeated rearrangements of individual VK gene

segments, each one was cloned and sequenced. Gene seg-
ments from nine VK families were identified (Figs. 1 and 2).
No somatic mutations'were found in these rearranged gene
segments when they could be compared to germ-line se-
quences. Lines expressing a particular VH family used a
variety of V,, families, suggesting that the expressed heavy
chain in a cell does not influence the choice of VK rearrange-
ments. In particular, four hybridoma lines expressing VH7183

VK Cell
family line

Hybridomas

VK JK
Size gene gene Type

had rearranged gene segments from four VK families, and the
18-81 line expressing VH3660 (21) had rearranged gene seg-
ments from six VK families. A high frequency of JK5 usage
was observed in the 18-81 subclones compared with the
distribution of JK gene segments in the hybridomas. The
frequent use ofJKS could be caused by secondary rearrange-
ments on a single allele in which an initial V-to-J rearrange-
ment is replaced by an upstream germ-line VK gene segment
rearranging to a downstream germ-line JK gene segment
(22-24). The frequency of secondary rearrangements in vivo
is not known; however, the preferential use of JKI and JK2
seen in adult splenic B cells (25, 26) suggests a low rate.
Although the JK usage in our hybridomas is not biased toward
JKI and JK2, the population is small, and a larger sampling of
VK rearrangements from fetal and neonatal B cells may
demonstrate a bias to JKI and Ja2.

In general, the patterns of VK rearrangements were similar
between the hybridomas and 18-81 subclones in that families
from across the locus were utilized and certain gene segments
were repeatedly rearranged. Fourteen of the VK gene seg-
ments were unique, and five were repeated. Among the
repeated gene segments, four were rearranged twice:
VKVJOS, VKH9, VK21E1.S, and VKAS; and one was re-
arrranged three times: VKJOArsA. VKVIOS and VKJOArsA
were seen in both the hybridomas and the 18-81 subclones.
Although the patterns of VK rearrangements are not biased to
families located in one region of the locus, the repeated use
of VK1, VK4, VK10, VK21, and VK24 families may indicate
preferential use of several families that could become appar-
ent in a larger sampling of rearrangements.

DISCUSSION
Repeated Rearrangements of Individual Gene Segments

Suggest Gene Targeting. The observation of five repeatedly
rearranged gene segments suggests that the process of re-
arrangement is not randomly distributed over the entire VK
repertoire. Using established statistical techniques (27) to
estimate the size of the fetal VK gene pool from our data, a
probability distribution was calculated that reached a maxi-
mum of 41 gene segments with a 95% confidence interval up

VK Cell
family line

18-81 subclones

VK JK
Size gene gene Type

[DA4-6 3.3 V105 2 VJ+ 1 1H6A 2.7 V105 4 VJ+ I
ID3-2 6.0 1.60 2 VJ+
MD2-16 5.8 4.58 4 VJ+ 4 T176 2.2 H13 5 VJ+
4-1 3.0 Hi 2 VJ+ T1 78 3.0 4.30 5 VJ-
45-1 6.8 4.68 2 VJ+ T1 7B 4.6 R11 5 VJ-

Tl 7B 2.5 H9 4 VJ-I
15-56-1 4.2 9.42 1 VJ+ T29B5-2 3.4 H9 1 VJ-

1134-1 3.8 1OArsA 2 VJ+ 10 1H6A 3.8 1OArsA 2 VJ+1
ICR3-1 3.2 1lArsA 4 vJ+ F
BC2-5-12 4.8 K2 5 VJ+

BM32-216 5.3 21E1.5 5 VJ-
IBFL14 5.6 21El.5 4 VJ-I
BC2-5-12 12.0 21 E1.6 2 VJ+

19 T4820 3.4 19.34 5 VJ-

23 T24B 3.2 23.32 5 VJ-

24 1T17B 4.8 AS 5 VJ+
16C 4.8 AS 5 VJ+
1H6A 7.5 M167 5 VJ+
2E5A 2.3 24.23 5 VJ-

FIG. 1. VK rearrangements in fetal and neonatal B-cell hybridomas and 18-81 subclones. Rearrangements are grouped according to family
(12). Size indicates the length in kb of each HindIII fragment. Previously identified gene segments are as follows: V05 (13); Hi, H9, H13, and
RI] (14); lOArsA (15); 21EI.5 and 21E1.6 (16); M167 (17); A5 (18); and K2 (19). The K2 sequence matches the published sequence including
60 nucleotides of 5' flanking region except for a thymine to adenine change in codon 16. Gene segments found in this study are designated as

"family.size." Nine rearrangements are designated nonproductive (VJ-) because the VJ junctions either contained a stop codon or engaged
the J1K gene segment in a reading frame that would generate a stop codon in the constant gene. Productive rearrangements are noted VJ+.
Independent rearrangements of identical VK gene segments are outlined in boxes.

4

9

10

12

21

Immunology: Lawler et al.



Proc. Natl. Acad. Sci. USA 86 (1989)

Gm
FP lly 1 10 20 27A 27B 27C 27D 27E 30 40

0 v V N T 9 T P L T L S V T 16 9 P A S I S C K S S Q S L L D S D 6 K T Y L N I L 9 R P GD S P K L
(1)t 01.60 GAT GTT OTG ATO A CA MT OC6C Mr ITO TOG OTT ACC ATT 6GA COO CCA GM TCC ATC TCT T6C AM TCA ST CAG C CTC TTA GOT MT GAT GA AM MA TAT TTS MT TGG TTG TTA CAG M CCA GGC CAG TCT MCA AM OC

E A O L T 9 S P A L N A A S P 6 E K V T T C S0 S S S
(4) 064.5 GAM ATT GT CTC ACC CA TCT CCA WA CTC AT6 OCT 6CA TCT CCA 006 GM AM6 6TC ACC ATC ACC TOC AMT 6TC MC TCR AMT

9 1 L T V S P A N S A S P 6 E K V T L T C S A S S S
V04.68 CM ATT GTT CTC ACC CAM TCT A 06C ATC ATO TCT 6CA TCT CCT G06 GAM AM6 TC ACC TTO ACC TOC AMT 0CC AM TCA AMT

9 V L T 9 S P A I N S A S P 6 E K V T N T C S A S S
0K4.30 CM ATT GTT CTC 0CC CMG TCT CCA 006 ATC ATO TCT WCA TCT CCA 00 GMG AM6 GTC ACC ATG ACC TOC AGT 0CC AC TCA

0 1 9 N T 9 S P S S L S A S L G G K V T T C K A S 0
(9) VK9.42 GAC ATC CM ATO MO CA6 TCT CA TCC TCA CT6 TCT GCM TCT CrO GSA GC AMA GTC ACC ATC ACT TOC AM 6CA AC CM

D I V N T 9 S 9 K F N S T S V 0 D R V S T T C K A S 9
19) 0K19.34 GAC An GT6 TG ACC CAM TCT CAA AM TTC ATO TCC MA TCA 6TA GSA GAC AMG OTC MC ATC ACC TOC AM 0CC MT CAM

D I V N T 9 S P A T L S V T P 0 D R V S L S C R A S 9
(23) 0K23.32 GAC ATT 6T ATG ACT CM CCA 0CC ACC CTG TCT 020 MT OCR GA SAT MA GTC TCT CIT TCC TOC AMS 0CC AMCCAM

I S S S N L HI Y 9 9 K S E T S P K P
AT AMT TCC MSC MC TTG CAC TGG TAC MGAM TCA GMG ACC TCC CAA CCC
Y S S S Y F Y N Y 9 9 K P 6 S S P K L

GTA MGT TCC AMC TAC TTG TAC TOG TACM CAG CCA GGA TCC TCC 0CC CTC
S V S Y S HO Y 9 9 K S G T S P K R
AGT GT AGT TAC ATG CAC TOG TM CAG CAG AMG TCA GGC ACC TCC CCA AM A

O N K Y A N Y Q H K P G K G P R L
GAC ATT AMC AMG TAT ATA GCT TOG TAC CM CC AMG CCT GSA AM GGT =T MGG CTG

N V R T A V A N Y Q 9 K P G 0 S P K A
MT GTT COT CT GCT GTA GCC TOG TAT CAA CMG AM WA G0G CMG TCT CCT AMA GCA

S S D Y L HI Y 9 9 K S H E S P R L
M6T ATT MSC GAC TAC TTA CMC TOG TAT CAA CU AM TCA CAT GSG TCT CC AGG CrT

D V N T1 9 6 F SP P V T L 6 T S A S S C R S S K N L L H S R 6 T Y L Y1 Y L 9 R P S 9 S P 9 L
(24) VK24.23 GAT ATT GT6 ATG ACS CAM OCT GCC TTC TCC MT OCA 6TC ACT CrT GSA ACA TCA MC TCC ATC TCC TGC AMG TCC TA6M MT CTC CTA CAT MTMT GGC ATC ACT TAT TT6 TAT TOO TAT CTG CAG AS CCU 6GC CAG TCT CCT CAG CTC

50 60 70 0o 90
L Y L V S K L D S PV P D R F TT S 6 S 6 T D F T L K S R V E A E D F O V Y Y C 09 G T H F P H

(I) VtK1.60 CTA ATC TAT CTG GT6 TCT AM CT6 GAC TCT 66A GTC CCTCGM AG TTC ACMr 6C AMT G6 TCA 000 MA SAT TTC ACACT AM ATC AMC AMA 6TO GAM OCTMArS AT TTS 6SA GTT TAT TAT TGC TGG CM 66T AU CAT m CCT CAT

W Y 6 T S 1 0L A S V P V R F S 6 S 6 S 6 T S Y S I S S EN E D6 T Y Y C 9 9 0 S S T P
(4) V04.58 T60 AT TAT GOC ACA TCC GM CTOCT TCT GSA OTC CCCT TT CDC TTC AMT G6C AMT MGA TCT MGO ACC TC AT TCT CTC ACA ATC AMC AMC 0T6 AM OCT GM GAT MCT GCC ACT TAT TAC TCT CM CAG T6G AGT AMT TA CCA

N Y S T S N L A S 6 0 P A R F S 6 S 0 S 6 T S Y S L T S S N E A 9 D A A S Y F C H'9 0 S S Y
V04.68 TOG ATT TOT AC ACA TCC GM C OCTTCC6C A GTC CCT6CT SOC TTC AMT G6C AMT MG TCT 6O AC CC TM ICC CCC A ATC MC MC 020 GM OCT CM SAT OCT 0 CT TAT TTC TGC CAT CAG TGG AGT AGT TAC CC

N I Y D T S 6 A 000 P AN F OG S G T OTY S L T1 S S N E A E O A A T Y Y C 9 9 0S S N P R
0K4.30 TG6 ATT TOT GAC ACA TCC AM CTG MrT TCC GA GTC OCT GCr SOC TTC AMT GOC AT MG TCT MG ACC TCT TAC TCC CTC ACA ATC AMC AMC ATO 6AM CT 6M SAT 6CT 0CC ACT TAT TAC T6C CAG CAG TGG AGT AGT AAC CCGOG C

L H Y T S T L 9 P 6 P S R F S GS OS 6 R D Y S F S I S0 L E P E D A T r Y C L O O N
(9) VK9.42 CTC 0A CAT TAC ACA TCT AU TTA CA CCO GC ATC CCA TCA A6G TTC AST GMA AMT MG6 TCT MG6 AMO SAT TOT TCC TTC AC ATC AMC MC CT6 GAG cr GM SAT OTT 6C ACT TAT TAT TGT CTA CAG TAT GAT MT CT

L Y L A S 0 R 1T 0 0 P D R F T G S 0S 6 T D F T L T SV009 S E D L0 D Y F C L 9 H 0 N Y
(19) VK19.34 CTC OTT TAC TTG CA TCC M C66 CAC ACT 6SA TC CCT SAT CDC TTC ACA C AMT 6g6 TCT GM ACA SAT TTC ACT CTC ACC TT AMC MT 260 CM TCT GM GM CT6 MCA GAT TAT TTC TGT CCG CM CAT TGG MT TAT C

L K Y 9S 0S S 6 P S S F R G S G S G S D F T L S R S K E P E D V G V Y Y C 9 N G H S F P P
123) VK23.32 CTC ATC AM TOT GCC TCC CM TCC ATC TCC MG ATC CC= C MAT TTC AMA GOC AT 6GA TCO RGG TCA SAT TTC ACr CTC AMT ATC GMC AT 666M CTTGTOAT OTT OGA GTO TAT TM TOT CM MT GY CAM C m CCT COG

L Y R V S0 L 0S 6 V P N R F S G S E S G T D F T L R S R V E A E D V G V Y Y C 0 Q L L E L P
(24) 0K24.23 CTGM TAT c6 GTG6TCC MT CTC GCCTCA GG OTC DTTC TGGCMTGTCAGGAA0 TTTC ACTCTG AGA ATC ABC AGA6T66C T GM GAT GT666T GTT TT TAT CT6T CT CAACTG CTA GM CTCCCC TT

FIG. 2. Nucleotide and predicted amino acid sequences of newly identified VK gene segments. Gene segments are grouped according to the
family shown in parentheses.

to 110 gene segments. Because previous estimates ofthe total
germ-line V4 repertoire range from 100 to 300 gene segments,
the low pool size calculated from our data suggests that a
small portion of the V1 repertoire is rearranged more fre-
quently than the rest. Because the 18-81 cell line rearranged
V4 gene segments in vitro, its repeated rearrangements were
not due to antigen selection but are probably due to the
rearrangement process itself. Clearly, the phenomenon of
repeated rearrangements of individual gene segments that
was seen on the VH locus (3, 5, 9) is also occurring on the V6
locus. The function or control of this process remains un-
known. However, repeated rearrangements may be caused
by variations in flanking DNA sequences that increase the
binding affinity for recombination enzymes. Comparison of
the heptamer and nonamer recombination recognition se-
quences in several repeated gene segments, VH8JX (3),
VHOX2 (28), VKIOArsA (15), and VK21EI.5 (16), revealed no
consistent substitutions relative to the consensus sequences.
The possibility remains that several independent changes
within the heptamer and nonamer sequences or changes in
adjoining regions may effect comparable increases in the
binding affinity of recombination enzymes and target rear-
rangement to individual gene segments. Alternatively, the
local chromatin structure around certain gene segments may
make them more accessible to recombination enzymes (29).

V,, Rearrangements Use Families Distributed Throughout
the Locus. The patterns of rearrangements were compared to
a genetic map of the VK locus (2). The distributions are shown
in Fig. 3 along with data of VH rearrangements from compa-
rable cell lines (see Fig. 3 legend). The V4 rearrangements
were dispersed throughout the locus (Fig. 3D and E), in
contrast to the biased distributions of VH rearrangements
from both fetal and neonatal hybridomas (Fig. 3A) and
Abelson virus-transformed cell lines that rearranged VH gene
segments in vitro (Fig. 3B). Although the exact position ofthe
individual V1 gene segments is not known, it is unlikely that
the 19 gene segments from nine families that we observed are
clustered next to the J!K locus. Similarly, Kaushik et al. (31)
examined VK expression in splenocyte colonies from neonatal
C57BL/6 mice and also found use of VK families located
across the locus. They observed a higher frequency of VK1
and VK9 expression and a lower frequency of VK4, V621, and
VK24 expression than reported here; the disparity may be due

to dissimilar strains of mice, their use of 6- to 8-day-old mice,
or different assays.

Several models may explain the broader pattern of V1
rearrangements compared with VH rearrangements. (i) Ac-
cessibility. Because V6 gene segments rearrange later than
VH gene segments, the chromatin structure of the V1 locus
may change with time to allow recombination enzymes entry
into more distal sites. Thus, a larger region of the locus may
be accessible to rearrangement than on the VH locus. (it)
Inversion. Approximately half of the V6 gene segments are
believed to lie in the opposite transcriptional orientation on
the chromosome as the J!K gene segments (24) and, therefore,
rearrange by inversion ofDNA (22). In contrast, the majority
of VH gene segments appear to lie in the same transcriptional
orientation as the diversity (D) and JH gene segments and
rearrange by deletion (30). Inversion could engage more
distal V6 gene segments than deletion; however, there ap-
pears to be no obvious correlation between orientation and
frequency of rearrangement. For example, one frequently
rearranging gene, V621E]E.5, rearranges by deletion (16), and
another, V6JOArsA, rearranges by inversion (24). (iii) Sec-
ondary rearrangement. Analogous to the heavy-chain pat-
tern, primary rearrangements may occur to J,-proximal gene
segments but are then replaced by secondary rearrangements
of upstream VK to downstream JK gene segments. Heavy-
chain gene segments are less likely to undergo secondary
rearrangements because both D-to-JH and VH-to-DJH re-
arrangements occur by deletion, leaving no germ-line D gene
segments available for secondary rearrangements. On the VK
locus, an initial rearrangement would position the upstream
region of the locus next to the JK gene segments, perhaps
making upstream VK gene segments more accessible for
participation in secondary rearrangements. Examples have
been reported where secondary rearrangements used either
different VK families than the initial rearrangement (23, 32), or
the same VK family (24). Thus, secondary rearrangements
may contribute to the diversity of the VK repertoire in vivo.
Evidence for the temporal expression of immunoglobulins

during ontogeny is seen by the appearance ofB cells specific
for certain antigens at reproducible times (33). It is tempting
to speculate that the programmed appearance of antibodies is
due to developmentally activated gene rearrangements. Our
data indicate that usage of VK gene segments is more heter-
ogenous than usage of VH gene segments during early on-

6746 Immunology: Lawler et al.
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FIG. 3. Schematic diagram of distributions of germ-line and rearranged VH and V1,, gene segments from BALB/c mice. Relative positions of
the variable gene families are shown along the y axes. Both deletional and recombinant inbred strain analyses have been used to map these loci
(2, 30); the order offamilies within parentheses is not known. The size offamilies in CandFwas estimated from the number of restriction fragments
hybridizing to family-specific probes on standard Southern blots (2, 30). Numbers at the top of each box in A, B, D, and E represent the number
of rearrangements for that family. (A) VH rearrangements in B-cell (j'L+) hybridomas from fetal and day-1 neonatal liver (ref. 4 and A.M.L.,
unpublished results). Eight unidentified rearrangements are included in the calculation of% VH usage. (B) VH rearrangements that occurred during
culture of Abelson virus-transformed pre-B cell lines (3). (D) Hybridoma data from Fig. 1. (E) 18-81 subclone data from Fig. 1.

togeny, which should produce a diverse repertoire ofB cells.
It remains to be seen whether the temporal expression of
certain antibodies is due to delayed rearrangement of their
individual V'K and VH gene segments.
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