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Abstract. The human recombination activating gene 1 
(RAGl) has previously been mapped to chromosomes 
14q and 11 p. Here we confirm the chromosome 11 as
signment by two independent approaches: autoradio
graphic and fluorescence in situ hybridization to meta
phase spreads and analysis of human-hamster somatic cell 
hybrid DNA by the polymerase chain reaction (PCR) and 
Southern blotting. Our results unequivocally localize 
RAG1 to llp13. 

Introduction 

During lymphocyte development the complete variable 
domain of immunoglobulins and T-cell receptors is gener
ated by a site-specific multistep process recombining so 
called variable (V), diversity (D), or joining (J) elements 
(for reviews see Blackwell and Alt 1988; Davis 1988). 
Two adjacent lymphocyte specific genes, RAG 1 and 
RAG2, have been isolated, which are functionally corre
lated to V(D)J recombinase activity (Oettinger et al. 1990; 
Schatz et al. 1989). Recently, RAG 1 has been mapped 
to two different chromosomes, namely 14q21.3-q22.2 
(Blanquet et al. 1992) and ll(p12-p13) (Oettinger et al. 
1992; Ichihara et al. 1992). Since we are interested in the 
molecular characterization of human severe combined im
munodeficiency disease (SCID), we isolated the human 
RAG genes and localized RAG 1 by different methods. 

Materials and methods 

A probe for human RAG 1 was prepared by the po1ymerase chain 
reaction (PCR) using primers based on published sequences 
(Schatz et al. 1989). A pair of primers [RAG111. 5~-GACATG
GAAGAAGACATCITGGAAGG-3' (1827-1852) and RAGl/2, 
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5' -AGCCCTCAATGCAACCCAGAGG-3' (3309-3288)} ampli
fied a fragment of 1.482 bp. The PCR conditions were as pub
lished by Saiki et al. (1988). The amplification conditions con
sisted of 35 cycles of denaturation at 94°C for 1 min, annealing at 
56°C for 1 min and extension at 72°C for 1.5 min followed by a 
10-min 72° C extension step after the last cycle. The identity of the 
fragment was confirmed by hybridization to the oligonucleotide 
RAGl/3 (S'AAACfCAAITGCAAAAACCAA-3') under strin
gent conditions. The 1.482-bp fragmentwas used to screen a size 
selected (15 to 20-kb), partially Sau3a digested EMBL 3 human 
genomic library. One clone (RAG 1 ;3) was used to subclone a 5-
kb BamHI-Saß fragment into pT7T3U18 (Pharmacia). This frag
ment includes all of the translated pan of RAG 1 as weil as part of 
the frrst intron. In addition, a 2.5-kb EcoNI-HindTII fragment con
tainil,lg only coding sequences was subcloned. Both subclones 
were confirmed by sequencing. 

In situ hybridization was done as previously published (Perry 
and Wolff 1974; Kunze et al. 1989). For non-radioactive in situ 
hybridization we followed the procedure of Lichter et al. ( 1990). 
Briefly, the 20-kb insert of phage RAG I ;3 was nick translated 
with biotin-11-dCfP. 100 ng of 1abeled DNA plus cot-1 DNA 
(Bethesda Research Laboratories, BRL) and herring sperm DNA 
(50 and 500 Jlg/ml final concentration, respectively) were used in 
20 J.Ll of hybridization mix per slide. After extensive washing the 
biotin labeled DNA was detected via fluorescein isothiocyanate 
(FITC)-avidin. The signal was amplified by binding of bio
tinylated anti-avidin and a second FITC-avidin detection step. 
Metaphases were counterstained with 4;6-diamidino-2-phenyl
indole (DAPI) propidium iodide and photographed on Kodak 
Ektachrome 400 film. 

Results and discussion 

Metaphases were prepared according to standard tech
niques from human lymphocyte cultures. The cultures 
were labeled with bromodeoxyuridine to allow for fluoro
chrome-photolysis-Giemsa (FPG) banding analysis (Perry 
and Wolff 1974). The procedure for in situ hybridization 
with 3H-labeled probes was exactly as described previ
ously (Kunze et al. 1989). After in situ hybridization with 
a plasmid containing the 5-kb BamHl-Sall, 16 metaphases 
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Fig.l. Loca1ization of RAG 1 by in situ hybridization. Histogram A 
summarizing the hybridization signal obtained with the 3H-labeled 
plasmid containing the 5-kb BamHI-Sa/1 

with a total of 74 grains were evaluated. Thirteen grains • (17 .6%) accumulated over the region 11 {p 12-p 13) with a ' 

dominant signal over llp13 (Fig.1). Interestingly 3 of 74 > 

grains (4%) were observed over 14q22. With non-radioac-
tive in situ hybridization, a symmetric double fluores-
cence signal is exclusively seen in region llp13 on each 
of both chromosomes 11 from more than 20 metaphases 
analyzed (data not shown). 

1 2 3 To position the RAGl gene with respect to other mark-
ers and to exclude the location at chromosome 14 a panel 
of human-hamster somatic cell hybrids (Couillin et al. 

B 1989; Gessler et al. 1989; Glaser et al. 1989; Luerssen et 
al. 1990) was analyzed with PCR (primers RAG 111 and pter 

0 RAG 1/2 for amplification and oligonucleotide RAG 1/3 
for hybridization) and Southem blots (detection of a 6-kb p15 
human specific EcoRI fragment with the 2.5-kb EcoNI-
Hindiii probe). Hybrid cells (V79Ly 3-2 and V79Ly 2-3) 

p14 without human chromosome 11, but retaining human 
chromosome 14, as well as control hamster cell line P3 
show no hybridization signal in the PCR analysis (Fig. 
2A. lanes 5-7), while human buffy coat DNA and hybrid 
Jl-11, which contains the total short arm of human chro-

p13 

Fig.2. A Polymerase chain reaction (PCR) analysis of 0.5-1 J.lg 
genomic DNA of buffy coat (lane 1 ), human-hamster somatic cell 
hybrids Jt-11 (lane 2). N.W. (lane 3), M. J. (lane 4), V79Ly 3-2 
(lane 5), V79Ly 3-3 (lane 6), LHVI PS (lane 8), LHVl PH (lane 
9) and a hamster control cell line P3 (lane 7). Amplification p12 
primers were RAGl/1 and RAGl/2. Ten percent of the 1,482 bp 
amplification product was separated on a 0.8% agarose ge1, blotted 
to a Nytran membrane and hybridized to oligonucleotide RAGl/3. 
B Diagram exhibiting the position of RAG 1 on chromosome 
11pl3 relative to other markers. Results were obtained by PCR (P) 
and/or Southem blotting (S). The presence (+) or absence (-) of 
human RAG I is indicated below the name of each somatic cell 
hybrid 
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mosome 11, arepositive for the 1,482-bp signal (Fig.2A, 
lanes 1 and 2). 

The results of the human-hamster somatic cell hybrid 
studies (Fig.2B) place the RAGtgene on human chromo
some 11 between the cell surface marker MIC4 = CD44 
and D 11 S9 and further define the centromeric breakpoints 
of the celllines Jl-9. DAR. N.W. and M.J. 

Our analyses thus exclude chromosome 14 and con
firm chromosome 11 p 13 as the location of the human 
RAG 1 gene. Furthermore, since human RAG2 is linked 
to RAG 1 on the basis of overlapping genomic clones 
(K. Schwarz, unpublished data), both genes map in this 
region. The RAG locus is included in a conserved link
age group that extends in the human karyotype from 
llpll-llp13 and is syntenic with apart of the murine 
chromosome 2 (Davisson et al. 1991). No known human 
disease maps to the RAG position on chromosome 11, in 
particular, there is no observed association between 
immunodeficiencies and chromosome 11 p 13 abnormali
ties. 
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