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SGmmary 
We have previously described multialldic restriction fragment length polymorphisms of the C2 
gene, suggesting the presence of a variable number of tandem repeats (VNTR) locus. We report 
here the cloning and sequencing of the polymorphic fragments from the two most common 
aUeles of the gene, a and b. The results confirm the presence of a VNTR locus consisting of 
a nucleotide sequence, 41 bp in average length, repeated tandemly 23 and 17 times in alldes 
a and b, respectively. The difference in the number of repeats between the two alleles is due 
to the deletion/insertion of two noncontiguous segments, 143 and 118 bp long, of allele a, and 
of a 40-bp segment of allde b. The VNTR region is associated with a SINE (short interspersed 
sequence)-type retroposon, SINE-K.C2, located within the third intron of the C2 gene. SINE- 
R.C2 is a member of a previously described hrge retroposon family of the human genome, apparently 
derived from the human endogenous retrovirus, (HERV) K10, which is homologous to the mouse 
mammary tumor virus. 

T he gene encoding the human second component of com- 
plement, C2, spans "~19 kb of DNA and maps within 

the class III region of the MHC on the short arm of chromo- 
some 6 (1). The C2 gene is polymorphic, displaying four 
ILFLPs (2-5) which give rise to at least nine C2 gene haplo- 
types (5). Two of these tLFLPs detected by SstI and BamHI, 
are multiallelic and map at the 5' region of the gene (3). It 
has been suggested that these multiaUelic RFLPs detect a single 
variable number of tandem repeats (VNTP,) locus within 
the C2 gene (3, 5). Many VNTR loci have been detected 
throughout the human genome (6, 7), and most of them 
are highly polymorphic and thus, useful in linkage studies, 
and particularly in forensic medicine (8). VNTP,.s are thought 
to result from deletion/insertions of the repeated nucleotide 
sequences or minisateUites via a mechanism of slipped-strand 
mispairing (9), or through frequent unequal crossing over 
primarily during meiosis (6, 10). To account for the high 
levels of aUdic variability in repeat copy number, Jeffreys et 
al. (6) suggested that VNTRs encode hotspots of recombina- 
tional activity. 

Five alldes of the putative VNTR locus of the C2 gene 
have been detected, characterized by SstI fragments of 2.75, 
2.70, 2.65, 2.60, or 2.50 kb corresponding to BamHI frag- 
ments of 3.45, 3.40, 3.35, 3.30, or 3.20 kb (3, 5). The distri- 
bution of these alleles among 143 unrelated individuals was 
found to be skewed with 250 (87.4%) chromosomes having 
2.70/3.40-kb SstI/BamHI fragments (allele a) and an addi- 
tional 19 (6.6%) chromosomes having 2.5/3.2-kb SstI/BamHI 
fragments (allde b). The present study was undertaken to 
ascertain the presence of a VNTK locus in the C2 gene and 
to investigate the molecular basis for the low rate of poly- 
morphic variation of the locus. Subdoning and nudeotide 
sequencing of the polymorphic fragments of the two most 
frequently observed alleles, a and b, demonstrated that a 
VNTK locus is indeed present within intron 3 of the C2 
gene. The data also indicated that the repeated nudeotide 
sequences constitute part of a SINE (short interspersed se- 
quence)-type retroposon, apparently derived from a human 
endogenous retrovirus, HEKV-K10 (11), which is homolo- 
gous to the mouse mammary tumor virus. 
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Materials and Methods 

Three human genomic cosmid clones, $22A, provided by Dr. 
Thomas Spies, Harvard University (12), cosla (1), and 60sKI01 (13) 
were used to isolate DNA fragments containing the hypervariabh 
region of the C2 gene. Southern blotting analysis indicated that 
$22A contained the 2.5-kb SstI and the 3.2-kb BamHI fragments 
(allele b), while cosla and cosK101 contained the 2.7- and 3.4-kb 
SstI and BamHI fragments, respectively (allele a). Additional RFLP 
analysis indicated that $22A contained haplotype b, and cosla and 
cosK101 haplotype a of the C2 gene (5). 

The cosmids $22A, cosla, and cosK101 were digested with SstI, 
and the resulting restriction fragments were subcioned into pUC18. 
Subelone pS2.5, containing the polymorphic 2.5-kb SstI fragment, 
and subdoue pS2.7, containing the 2.7-kb SstI fragment, were iso- 
lated by using a 300-bp BamHI/KpnI fragment as a probe (Fig. 
1). This fragment was isolated from BamHI/KpnI double digests 
of phsmid pG850 (3) by dectrophoresis on low-temperature melting 
agarose. The probe was labeled with 32P-dCTP by using the 
random hexanudeotide priming method (14). The 2.5-kb insert 
of subelone pS2.5 and a 1.5-kb BamHI/SstI fragment of the insert 
of subelone pS2.7 were subcloned into M13mp18 and M13mp19 
for nuclentide sequencing. 

Nucleotide sequencing was carried out by the dideoxy chain ter- 
mination method using modified bacteriophage T7 DNA poly- 
merase (15). Buffer gradient gels were used to resolve the sequence 
reactions. The universal primer of M13 and a series of oligonucleo- 
tides, which were synthesized as sequence data became available, 
were used as primers for obtaining the complete sequence of both 
strands. Oligonudeotides were synthesized at the Oligonucleotide 
Synthesis Core Facility of the Comprehensive Cancer Center of 
this university. To resolve compression bands, dITP was substituted 
for dGTP in the sequence reactions (16). Nucleotide sequencing 
data were analyzed by using the Sequence Analysis Software Package 
of the University of Wisconsin Genetics Computer Group, (Madi- 
son, WI), and the MacVector Sequence Analysis Software (Inter- 
national Biotechnologies, Inc., New Haven, CT). 

Results and Discussion 

The nucleotide sequences of the 2.5-kb SstI polymorphic 
fragment of allele b, consisting of 2,468 bp, and of the 1.5- 
kb BamHI/SstI fragment of allele a, consisting of 1,531 bp, 
were elucidated. Data on the structure and exon/intron or- 
ganization of the C2 gene (17), allowed us to map the 5' 
SstI and the BamHI restriction sites •1,565 and 2,719 bp, 
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Figure 1. Partial restriction map of the C2 gene region that contains 
the SINE-R.C2 retroposon. (Open box) SINE-R.C2. (Black boxes) exons. 
(M) BamHI; (T) TaqI; (S) SstI; and (K) KpnI. (Arrows) SstI and BamHI 
multiallelic polymorphic fragments. 

respectively, downstream of exon 3 (Fig. 1). Comparison of 
the nucleotide sequences of the BamHI/SstI fragments of the 
two alldes demonstrated that two segments, 143 and 118 bp 
long, of allde a are absent from aUde b, and a 40-bp segment 
of allele b is absent from allele a. These and eight additional 
single nucleotide ddetions/insertions account for a net differ- 
ence of 217 bp between the two alleles, which is in good 
agreement with the 0.2-kb difference determined by Southern 
blotting (5). The nondeleted nucleotide sequences of the two 
alleles differ from each other in 11 of 1,262 positions. 

A computer-assisted search of the EMBL and the GertBank 
data bases indicated that a region of the SstI multiallelic poly- 
morphic fragment of the C2 gene is highly homologous to 
Rll, a member of a previously described SINE-type retroposon 
family (18). The C2 gene and the retroposon are in opposite 
orientations. The retroposon homology region spans 808 bp 
of allele b, starting at nucleotide 798, and the corresponding 
593-bp segment of the available sequence of allele a, starting 
at the BamHI restriction site (nucleotide 1155). SINE-R11 
is one of three homologous human nonviral retroposons, iso- 
lated from a human fetal liver genomic library by screening 
with DNA probes derived from a human endogenous 
retrovirus, HERV-K10 (11). An estimated 4-5,000 additional 
copies of this retroposon are present per haploid human ge- 
home. To our knowledge, this is the first member of this 
large retroposon family mapped to a chromosomal rite. HERV- 
K10 is a 9.2-kb genome present in ,v50 copies per haploid 
human genome, and is homologous to both type A retroviruses 
and to the type B mouse mammary tumor virus (11). Both 
SINE-R11 and the retroposon of the C2 gene (SINE-R.C2) 
are homologous to a region near the 3' end of HERV-K10. 
An alignment of the homologous nucleotide sequences of 
SINE-R.C2 of the two C2 alleles, SINE-R11, and HERV- 
K10 is shown in Fig. 2. As shown, the homology region 
of the HERV-K10 consists of two noncontiguous subregions. 
The first is 424 bp in length, starting at nucleotide 8407, 
and includes 141 bp of the 3' end of the env gene and the 
adjacent and partially overlapping 330-bp long segment of 
the 3' LTR of HERV-K10. The following 367 bp of HERV- 
K10 (8831-9197), which include a putative TATA box, are 
absent from both C2 and SINE-R11. This segment is fol- 
lowed by the second homology subregion of HERV-K10, 
which spans 102 bp of the 3' LTR (9198-9299) and includes 
a putative polyadenylation signal, AATAAA. 

The homology between SINE-R.C2 and SINE-Ikll ex- 
tends upstream and downstream of the HERV-K10 homology 
region, spanning the entire length of SINE-Ikll except for 
19 bp at its 3' end. The overall nucleotide identity between 
SINE-R.C2 and SINE-Rll is 91%. At the 5' end of the C2 
gene homology region which constitutes the Y end of SINE- 
Rll  there is a poly(Y) tract possibly representing the poly(A) 
tail of a partial transcript of HERV-K10. The 3' end of the 
C2 homology region and the corresponding 5' end of SINE- 
Rll  are composed of tandemly repeated, G- and C-rich nucleo- 
tide sequences. SINE-R11 contains six tandem repeats as com- 
pared to 23 and 17 for the C2 aUeles a and b, respectively. 
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C2-b  ATTT  GGCAGGOT CACAGGA CAATAGT GGAGGGAAGGT C A G C A O A T A A A C A A G T  GAACAAAGGT CT  CTGGTTTTCCTAGG 441  
R l l  . . . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . .  l l O  
KIO  - - 0 - *  T . . . . . . . . . .  A . . . . . .  T . . . .  0 -  A *  * O . . . . . . . . . .  C . . . . .  C . . . . . . . . . . . . . .  I . . . .  C . . . . . . . . .  4417  

1 `141 r  bp )  

C :bb  CAOAGQACCCT OGGGCCT T CCOCAOT OTTT  OT  aT  CCCT  OOGTACTT  GAGATTAOGOAOT GOT OAT  OACT  CTTAA cGGA OCA 1051  
H11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  040  
KIO . . . . . .  T . . . . . . . . . . . . .  T . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4747  

C2 -b  T O C T G C C T T C A A G C A T C T G T T T A A C A A A G C A C A T C T T O C A C • G C C C T T A A T C C A T T C A A C C C T O A G T O G A T A C A O C A C A T  1111  
R l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . .  C . . . . . . . . .  400  

K10  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T * ~ C . . . . . . . . .  1107  

J i m  H I  
C2-b  O T T T G A ~ A ~ A O ~ A C A ~ G T T O O ~ O O T A A O G T C A C C O A T C A ~ C A i ~ i ~ i i ~ C A A G O C A O A A O A A T T T T T C T T A O T A C A O A A C  1191  
o2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . .  1~:~ 

T A :::::::::u165 . . . . .  * - * * 
K10Rll : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  * : : : : : : : : : : : : : : : : : : : : : : : : :  1077  

ORE 
C2 -b  A A A A T ~ A A A A ~ T C T C C ~ A ~ G ' C T A C C T C T T T C T A C A C A ~ A C A C ~ A A C C A T C C ~ A T T T C T C : A T C T ~ T T c C c y A c C : : T  1271  
C2 - I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1270  
R l l  . . . . . . . . .  T . . . . . .  T . . . . . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $00  
K I 0  . . . . . .  0 -  x s  . . . . . .  T *T  . . . . . .  T . . . . . . . . . . . . . . . . .  A -  T - - - A * - T T - - -  C . . . .  TTO . . . . . . . . . . .  A - - -  1449  

C2 -b  CCCCC CTTT  GTATT  C C A C A A A A C C G C C A T T  aT  CAT  CAT  GG:  CCCCTT  CT  CAAT  OAOCT GTT  GOOCACACCT CCCAGACO 1 '144 
C2 - I I  . . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . .  �9 . . . . . . .  1`144 
R11 . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  z -  - - O . . . . . .  O . . . . . . . . . . . .  T . . . . .  A . . . . . . . .  222  
KtO . . . . .  T . . . . .  T - -  - G . . . . . . . . . . . . .  C . . . . . . . . . .  x - - o  G . . . . .  G -o  I . . . . . . . . . . .  T . . . . .  TxG  . . . . .  840?  

( OaT  CGCT QTCT  CTTCO)  

C2 -b  OOQT GOT OOGCnOOCAOAOGOaCT CCT  CACT  TT  CCAGTAGOCGC OOCCOOOCAOAGGCOCCCCTCA COT CCCOOACAOOO 142D  
C2-II . . . . . . . . . . . . . . . . . . .  �9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A o  * * - . . . . . . . . . . . . . . . . .  14`17 
RI1  . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . .  �9 . . . . . . . . . .  G . . . . . . . .  Z I � 9  . . . . . . . . . . . .  I - -  . 147  

C2 -b  CGGCT OGCCGGGCOOOOOOCT OACCCCCCCACCT CCCT CCCGGACGOOOCOGCT OGCT OGOCGOOOOGCT OAT  CCCCCCA 1009  
C2 -a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . .  1107  
R l l  . . . . . . . . . . .  z zC  . . . . . . . . . . . .  z z ~ z z z z z -  aT  . . . . . . . . . . .  z z z z z  . . . . .  x z -  - T -  - * C *  GA-  - - O -  T *  - TC  44  

C2 -b  C C T C C C T C C C O O A C G G G G C G G C T Q G C C G G G C Q G O O O O C T G A C C C C C C O A O C T G C O T C C C O O A C A G A O T  GGC 1810  
C2 - ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 14 `1bp )  - * -  1721  
R I1  A - - X X X  . . . .  A - *T  . . . .  T - A * - x  . . . . .  A - * * A - * * X x x x A - T * - T - - T T - - T - A G A - - - G A C A - C -  Z X Z  24  

C2 -b  T OOCCGGOCA gAAGT GOCT CCT  CACT  
C2 -a  . . . . . . . . . .  G G . . . . . . . . . . . . . .  
R l l  z zA  . . . .  A -  GA-  g -  O -  T . . . . . . . . .  

( 4 5 4 b p )  
( 4 1 2 0 0 )  

CT  GCAAT  CT  COOCACTT  T GOOAOOCCAA OGCAGGCT OCT  GOOAOO 20114 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2704  

1 

C2 -b  T GGAG GT  T QTAGCGA GCC GA OAT  CA  CGCCACT GCACT CCA GCCT GGGCAT CAT  T GAGCACT GAGT OAA CGAGA CT  CCOT G 7144  
C2*n  . . . . . . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  `1504 

C2-b  T GCAAT  CCCA GCACCT CGGGAGGCCGAGGCT GOT GOAT  CACT  CGCGGTTAGGAGCT GGA nA  C C A G C C C G G C C A A C A C A G C  2246  
C2 -a  - * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2404  

C2 -b  OAAACCCCGT CT  C C A C T A A C A A A A T A C G A A A A  CCAGT CAGGCGT GGCGGCGCGCGCCT GCAAT  CGCAGGCACT CGGCAAG 2524  
C2 -a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21144 

C2 -b  CT  GAGGCAGGA GAAT  CAGGCAGGGA GOT TGCA OT  GAGCCGAGAT GGCAGCAGTACCGT CCAGCT T CGGCT CGGCAT CAGA 2405  
C2 - ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Z . . . . . . . . . . . . . . . . . . . . . . . . . .  2425  

8 , t  I 
C2-b a O G A  G A  C C O T  a O A A A  G A  O A  O O OA OA O a O A O A  C C A  u a O a O A  O A  a a a T  O A  O a OA O A  a O ! ~ ] ~ ! ~ ] ~ ] ~ i ~ T  A G G A  A C A  T T C T T ~'4|1 
C2- *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . .  !8!:!~!:~8!:!8!:!~:!~:! 2444  

Figure 2. Comparison of the nucleotide sequences of the two C2 alleles, a and b, the retroposon SINE-K11 (18), and the human endogenous retrovirus' 
HERV-K10 (11). Numbering of the C2 sequence is from the upstream SstI site. (Dashes) nucleotide identity. (x) deletions. Segments unique to any 
of the nucleotide sequences are indicated by the number of bp in parentheses. (White boxes) Polyadenylation signal of HERV-K10, and glucocorticoid 
response element (GILE) motif. (Shaded boxes) BamHI and SstI restriction sites of the C2 gene. (Oscrbar) The 18-bp direct repeat possibly corresponding 
to the target site duplication of the SINE-K.C2. The nucleotide sequence of C2b downstream of the SstI site was obtained from a subclone, pM3.2, 
containing the BamHI polymorphic fragment (Fig. 1). These sequence data are available from EMBL under accession numbers Zl1739 and Zl1740. 

The tandem repeats of both C2 alldes are followed by a 
427-bp-long segment (2042-2468, allde b) which appears 
to consist of remnants of nudeotide repeats. The presence 
of a 18-bp-long nudeotide sequence, AGCTCTAGGAA- 
CATTCTT, at the 3' end of this segment which is a direct 
repeat of a 5' end sequence (Fig. 2), suggests that this region 
is part of the retroposon. Assuming that this 18-bp long se- 
quence represents a target site duplication, the length of SINE- 
R.C2, 1,884 and 1,667 bp for aUde a and b, respectively, is 
larger than that of the average SINE-type retroposon (19). 

An alignment of the tandem repeats of the two C2 alleles 
is shown in Fig. 3. Inspection of the repeated sequences indi- 
cates two types of repeats that are homologous to each other 
but differ in length. The most common, type I repeat, con- 
sists of 40 bp, whih the type II repeat consists of 49 bp. There 
are 16 type I and 6 type II repeats in allde a, and 12 and 
5, respectively, in allele b. In addition, a half repeat is present 
only in allele a. Type I repeats of both alleles are 79% homol- 
ogous to their consensus sequence, which is 85% homolo- 
gous to that of the tandem repeats of the three previously 
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sequenced members of  the SINE-R family o f  retroposons (18). 
The substantial divergence of type I repeats may explain the 
relatively low alhlic variation of the C2 VNTR locus. How- 
ever, the longer type II repeats are more homogeneous, dis- 
playing 91% homology to their consensus sequence (Fig. 3). 
This raises the possibility that the locus may be more poly- 
morphic than indicated by presently available data. Two con- 
served core sequences are present in all repeats. The first, 
C~cCC~CAC is near the 5' end, and the second, GGCCG- 
GGC, is near the 3' end of each repeat. These core sequences 
could have been involved in the observed deletions/insertions. 
The 143-bp segment present only in allele a includes 3.5 repeats 
and could be explained by an unequal crossing-over involving 
the 3' conserved core. The 40- and 118-bp segments present 
only in allele b and a, respectively, include one and three in- 
tact type I repeats, respectively, and could be explained by 

separate unequal crossing-over events involving the 5'  con- 
served core (Fig. 3). The three observed deletions/insertions 
probably represent three distinct genetic events. Each of these 
events should have resulted in two reciprocal alleles leading 
to a larger total number of alleles than the reported five (3, 
5). Thus, it seems possible that additional alldic variation 
of the C2 gene exists not represented in the rather limited 
population samples studied or alternatively, not detected by 
the methodology used. Given the value of a highly poly- 
morphic marker within the MHC in disease-linkage anal- 
yses, additional population studies seem warranted. 

Certain additional structural features of interest are present 
in the VNTR region of the C2 gene. Five imperfect palin- 
dromes, ~ T G A ( T ) C C C C C C ,  are present in both 
alleles (Fig. 3). They extend from the 3' end of a repeat to 
the 5' end of the following repeat. These palindromes have 

a l b  

1 
1 

2 G G  
2 

3 C A  
5 g 

4 "  C T G A  C 
4 *  

5 "  C T G A  T 
5 "  

6 ~ C T G A  C 
6 "  

7 

9 ~ #  

1 0 *  iii~iiii~iiii~iiii~i!~ 
5 "  

11 G G  
7 

12 G 
8 

1 3 "  C T G A C 
9 "  

1 4 "  C T O A C 
19" 

l S  G G  
11 

12  g g 
16 G G  

13 t 
17 C G  

14 
1 8  T G 

15  
19 iii~iiii~iii~iil 

22 X G 
15  c 

23 C G 
17  a 

C A C C T x C C  
c 

C T C C | T C A C  

C C C C T C A C  

C C C C C C A C  

C C C C C C A C  

C C C C C .  C A C  

C T C C T C A C  

C C C C T C A C  

C C C C C C A C  

C c c c c c A c  

C T C C T C A C  

r  
C T C C T C A C  

C T C C T C A C  

C T C C x C A C  
r 

C T C C T C A C  

C T C C T C A C  

A G A  C G G G G T  G G  T 

T T I T  C C A G T  A G G  C G C 

C T C C C G G A  C A  G G G  C G G  C T 

C T  C C C T  C C C G G A  C G G G G C G G C T  

C T  C C C T  C C C G G A  C G G G G C G G C T  

C T C C C T C C C G G A  C A O A G T i ~ i i i i ~  

~ i i i i i ~ i i i ~ i i ~ i ~ i i i ~ i ~ i i i i ~ i i  a a C T 

T T C C C A G T  A G O  G O  C 

T T C C C  G G A  C G G G G C G G C T  

C T  C C C T  C C C G G A  C G G G G C G G C T  

C T  C C C T  C C C G G A  C C A  G G T  G O C T  

T T C T  C 

t t C t C 
T T C T  C 

A T C C C 

A T C T C 

A T C C C  

T T C C C 

A G A C A G G G C G G C T  

a g a t g g a g c g g t t  
A G A C G G  G G C  

G G A T G G  G G C  
r 

A G A C G  A T G G G C  

:~::.,,: ~: :.,,~:...:::::::......:::: .-.,.-.::::,,,,..:: ::::.....~....:::: ..... ::~:: :.: ,..~: ,.~.:~:::~: 

G G C C G G G C  

G G C C G G G C  

G G C C G G G C  

G G C C G G G C  
1 

G G C C G G G C  

G G C C G G G C  

G G C C G G G C  

G G C C G G G C  

G G C C G G G C  

G C T G G G C  

G C C G G G C  

g c c a g g c  
G G C C G G G C  

G G C C G G G C  

G G C A G G G C  

a l b  

A G A G x 1367  
g 1 3 6 9  

A G A G G 1404 
1 4 0 6  

G G G G G G 1448  
1 4 4 8  

G G G G G G 1495 
1 4 9 7  

G G G G G G 1 5 4 4  
1 5 4 6  

~i i~i i~i i i~i . i .~i i~i ! !~i !  1 5 9 2  
1 5 7 7  

!:.~iiiii~iiii~iiiii~iiii~iii~iiii~ii 1 6 0 8  

Niiiii~iiii~:.. ~ ~i i i i~ i i i lNi i i~ 1647  

~ii~iii~/ii~ii#ii~il 1 .67  

O O A G T 1736  
1 5 9 4  

A G G G C 1 7 7 4  
1 6 3 2  

T G G G G G 1 8 1 5  
1 6 7 3  

G G G G G G 1 1 6 4  
1 7 2 2  

G O A G G 1911 
1 7 6 9  

G G A G G 1951 
1 6 0 9  

a g a g g 1 8 4 9  
A G A G A 1 9 8 8  

1 8 8 6  c 
A G A G G 2025  

1 9 2 3  
A G A G A 2063 

1 9 6 2  
i~:: ::i~i:: Xi::i:: ~ : : !  21 o $ 

A G A  C O A T G G G T  / G G C  C A  O G C / G G A  G A  221g 
2 0 0 1  

A G A  C G G G G  T G G  C / G G C C G G G C J A G A G G  2259  
2 0 4 1  

r  
r  I G G  C T C C T C A C  
re t ro  C G  C C C C C C A C  

C T C C C T C C C G G A C G G G G C G G C T G G C C G G G C G G G G G G J  
T T C C C  A G A C G G G n n G G C  G G C C G G G C A G A G G J  
C T C C C  A G A C G G G G C G G C  G G C C G G G C A G A G G  

Figure 3. Alignment of the nucleotide repeats of alleles a and b of the C2 gene. For allele b, only nucleotide substitutions and insertions are shown 
in lower case letters. (x) Deletions in either allele. Repeats are numbered on the left. Allele b repeats are in italics. Stars indicate type II repeats. Nucleotide 
numbering (allele b in italics) is from the upstream Sstl site. The two segments present only in allele a are shaded. The sequence of the repeat present 
only in allele b is given in lower case letters. (Vertical boxes) The two conserved cores. The sequence motif complementary to the 6-bp inducible enhancer 
of the interferon-B gene is boxed. The five imperfect palindromes are underlined. (Bottom) The consensus sequences of type I and II repeats and of 
the three previously characterized (18) members of the SINE-R family (retro). 
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the potential to form cruciform structures (20, that could 
contribute to the restricted alldic variation of the VNTR 
locus. A 15-bp nucleotide motif, AGAACAAAATGAAAA, 
starting at nucleotide 1187 of the C2 sequence (Hg. 2) is com- 
plementary to the consensus 15 met of binding sites for glu- 
cocorticoid receptors of steroid-regulated genes (21). A se- 
quence motif, TCACTT, complementary to the AAGTGA 

inducible enhancer element of the interferon-/~ gene (22), is 
present in 11 and 7 copies in allele a and b, respectively. A 
number of potential Sp1 binding sites (GGGCGG) are also 
present in both alleles. The presence of these elements raises 
the possibility that this region of the SINE-R.C2 has regula- 
tory activity for the C2 gene. This possibility is currently 
under investigation. 
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