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In the course of efforts to identify the neurofibromatosis type 1 gene (NFI), three genes were found embedded
within an intron of NFl. The cDNA sequence of one of these genes (OMGP) encodes oligodendrocyte-myelin
glycoprotein. OMGP spans at least 2.7 kb of genomic DNA, and it maps within 4 kb of the breakpoint of a
balanced chromosomal translocation carried by an individual with NFl. OMGP is similar in genomic structure
to two other expressed genes, EVI2A and EVI2B, which lie approximately 20 and 5 kb telomeric of the OMGP
locus, respectively. All three genes have the same transcriptional orientation and are contained within one
intron of NFI, which is transcribed off the opposite strand. Whether altered expression of OMGP might play
a role in the clinical heterogeneity of NF1 is as yet unclear.

Neurofibromatosis type 1 (NF1) is a heritable condition
that affects 1 in approximately 4,000 people (9, 35). Although
the dominant mutant allele seems fully penetrant, the clinical
expressivity is highly variable, ranging from medically insig-
nificant cafe-au-lait skin spots to malignant neurofibrosar-
comas. The gene for NF1 has been cloned and partially
characterized (7, 38, 39). Two previously characterized
genes, EVI2A and EVI2B, are embedded in an intron of the
NF1 gene (7, 27, 40), and both are transcribed from the
complementary strand of NFI (6). EVI2A and EVI2B encode
putative transmembrane peptides, and the mouse homologs
(Evi-2a and Evi-2b) are associated with ecotropic viral inser-
tions (5, 6a) which have been implicated in the expression of
murine myeloid leukemias (4). EVI2A and EVI2B are similar
in that both have single introns separating 5' noncoding
exons from single 3' coding exons (6), and both genes map
between two NFI translocation breakpoints (27). The func-
tions of EVI2A and EVI2B are unknown; however, tissue-
specific mRNA expression suggests distinct functions:
EVI2A is expressed in brain, peripheral blood, and bone
marrow, and EVI2B is expressed only in peripheral blood
and bone marrow (6). We describe here a third gene, OMGP,
lying within the same intron of NFI.

MATERIALS AND METHODS
Cell lines and tissue. Epstein-Barr virus-transformed lym-

phoblastoid cell lines from normal and NF1 individuals were
suspension cultured. The NF13 (17), DCR1 (22), SP3, and
L(17n)C (36) somatic cell hybrid cell lines were cultured as
previously reported (27).
cDNA library screening. An oligo(dT)-primed human

cDNA library derived from frontal cortex of a 2-year-old
female was purchased from Stratagene, San Diego, Calif.
(lambda-ZAP; catalog no. 935203). Phage from the libraries
were incubated with Escherichia coli LE392 and plated
according to the manufacturer's instructions. Duplicate
plaque lifts were made with Biotrans filters (0.2-,um pore
size; Pall Biodyne) according to published methods (2, 12).
DNA probes were radiolabeled by the technique of Fein-
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berg and Vogelstein (11). Cosmid and cDNA inserts were
separated from the vector by restriction enzyme digestion
followed by gel electrophoresis in low-melting-point agarose
(NuSieve GTG agarose; FMC Bioproducts, Rockland,
Maine). DNA was labeled directly in gel slices. The filters
from the cDNA library were prehybridized in a solution of
50% formamide, 5x SSC (SSC is 0.15 M NaCl plus 0.015 M
sodium citrate), 50 mM sodium phosphate (pH 6.5), 2x
Denhardt solution, and 500 ,ug of sheared, denatured human
DNA per ml for 2 h at 42°C. Separate prehybridization of the
radiolabeled probes was simultaneously carried out in a
solution of the same composition except that DNA (20
,ug/ml) from the vector used to clone the probe was included.
Hybridization was carried out for 16 h at 42°C. Washes were
in 0.1 x SSC-0.1% sodium dodecyl sulfate (SDS), three
times at room temperature for 30 min and twice at 65°C for
30 min. After washing, filters were wrapped in plastic and
exposed with an intensifying screen on X-Omat AR film at
-700C.
Southern analysis. Five micrograms of EcoRI-digested

DNA from each somatic cell hybrid and human lymphoblas-
toid cell line was fractionated on 1% agarose gel in Tris-
acetate buffer. Gels were denatured in 0.4 N NaOH for 30
min and transferred to Hybond-N+ filters (Amersham, Ar-
lington Heights, Ill.) overnight in 0.4 N NaOH. Membranes
were washed twice in 2x SSC for 15 min and air dried.

Radiolabeling ofDNA probes was carried out according to
Feinberg and Vogelstein (11). Blots were prehybridized in a
solution of 10% polyethylene glycol, 8% SDS, and 500 ,ug of
total human DNA per ml for 2 to 12 h prior to hybridization
with probes that had also been prehybridized for 30 to 180
min with total human DNA and with vector DNA to de-
crease background. Hybridization was carried out for 12 to
16 h. Before air drying and autoradiography, filters were
washed at room temperature twice with 2x SSC-0.1% SDS
and twice with 0.1x SSC-0.1% SDS for 20 min each time
and then with 0.1x SSC-0.1% SDS for 5 min at 65°C.
DNA sequencing. All DNA sequencing was based on the

dideoxy termination method of Sanger et al. (31). Double-
stranded plasmid preparations of cDNA clones in Bluescript
SK(-) and of Bluescript subclone pT336, excised from lamb-
da-ZAP by in vivo excision as instructed by the manufac-
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turer (Stratagene), were made by the cesium chloride-ethid-
ium bromide centrifugation method (21). The preparations
were denatured with 0.2 N NaOH, neutralized, and se-
quenced from M13 and cDNA sequence-specific primers,
using T7 polymerase sequencing kit 27-1682-01 (Pharmacia,
Uppsala, Sweden). The ends of the cDNAs were sequenced
with fluorescently tagged M13 primers on an Applied Bio-
systems model 370A DNA sequencer (Applied Biosystems,
Inc., Foster City, Calif.). Internal cDNA was sequenced
manually with cDNA sequence-specific oligonucleotide
primers that had been constructed on an Applied Biosystems
380B DNA synthesizer using 0.2-,mol-scale synthesis.
Subclone pT336 originated from cosmid EV136 (27). The

original Sau3A site from the T3 end of the cosmid clone
marks the proximal end of the human genomic sequence
represented in the subclone.

RESULTS

OMGP was identified with an evolutionarily conserved
cloned DNA sequence, an approach that has been effective
in searching for other human genes (26, 30). Cross-hybrid-
ization between mouse and human DNAs on Southern blots
revealed conservation within an 11.5-kb EcoRI fragment that
contains the translocation breakpoint from an NF1 patient
with a balanced t(1;17) chromosomal rearrangement (6). A
subcloned 10-kb fragment from an EcoRI-partial Sau3A
digest, pT336, identified eight cDNA clones from a human
frontal cortex cDNA library. The longest clone, HB36.2,
was 1.65 kb and contained a 16-base poly(A) tract and
polyadenylation signal sequence (AATAAA) located 18
bases 5' from the poly(A) tract. The nucleotide sequence of
HB36.2, consisting of bases -24 through 1609 in the ge-
nomic sequence shown in Fig. 1, is identical to the cDNA
sequence encoding the oligodendrocytemyelin glycoprotein
(OMgp), a putative cell adhesion molecule (24, 25).

Southern blot analysis of genomic DNA probed with
HB36.2 confirmed that the cDNA mapped uniquely to the
expected 11.5-kb EcoRI fragment in total human DNA and
in a somatic cell hybrid containing chromosome 17q as its
only human chromosome (Fig. 2). Furthermore, Southern
blot hybridization of EcoRI-digested DNA from a rodent x
human somatic cell hybrid line (DCR1) containing the 1;17
translocation derivative chromosome (22) with HB36.2 as a
probe identified a 7.8-kb derivative EcoRI fragment that
encompasses the breakpoint (Fig. 2, lane 5). Examination of
120 NF1 individuals with this probe failed to identify a 7.8-kb
EcoRI fragment; therefore, the 7.8-kb fragment identified by
HB36.2 in the derivative chromosome is unlikely to be a
polymorphism and must represent the t(1;17) derivative
fragment. This result places the HB36.2 cDNA clone within
7.8 kb of the 1;17 translocation breakpoint. Surprisingly, the
region of conserved rodent-human homology spanning the
OMGP locus was contained within a rodent EcoRI fragment
that by coincidence is similar in size to the 11.5-kb EcoRI
fragment encompassing the t(1;17) breakpoint in human
genomic DNA.
The map position of HB36.2 was further defined by

Southern blot analysis of the genomic insert from subclone
pT336 (Fig. 3a). The cDNA clone HB36.2 hybridized to two
of four restriction fragments: a 1.9-kb HindIll-HindIII frag-
ment (HH1.9) and the 3.2-kb HindIll-EcoRI fragment
(HE3.2). Fragments HH1.9 and HE3.2 were shown to be
adjacent because the cDNA sequence from OMGP was
identical to the genomic sequence spanning the shared
HindIll site (base 753 in Fig. 1). HE3.2 represents the distal

terminus because it contains the EcoRI cloning site; frag-
ment SH1.8 lies at the proximal end of the insert because it
contains the Sau3A cloning site. Fragment HH2.9 therefore
lies between SH1.8 and HH1.9.
To better define the t(1;17) translocation breakpoint with

respect to OMGP, each of the four insert fragments from
pT336 was subcloned and hybridized to Southern blots
containing EcoRI-digested somatic cell DNA from the DCR1
hybrid cell line. Fragments HH2.9 (Fig. 3c), HH1.9 (Fig.
3d), and HE3.2 (data not shown) identified the 7.8-kb deriv-
ative genomic EcoRI band from DCR1 and the 11.5-kb
genomic EcoRI fragment from control DNA, while fragment
SH1.8 revealed only the 11.5-kb EcoRI fragment in normal
DNA and failed to detect the derivative band from DCR1
(Fig. 3b). These results placed the t(1;17) breakpoint within
the HH2.9 fragment. By sequence analysis, the 3' end of
OMGP is approximately 1 kb distal of the shared HindIII site
between fragments HH2.9 and HH1.9; therefore, OMGP lies
less than 4 kb but more than 1 kb from the t(1;17) breakpoint.
The translocation breakpoint region defined by these exper-
iments is denoted by the stippled box in Fig. 3a.
We sequenced genomic DNA encompassing OMGP by

dideoxy-terminated primer extensions directed by oligonu-
cleotides derived from the HB36.2 cDNA sequence. OMGP
spans at least 2.5 kb of genomic DNA and contains one
intron separating a 5' noncoding exon from the coding exon.
The genomic sequence extends 314 bases upstream from the
5'-end nucleotide (base -971) of the OMgp cDNA sequence
reported by Mikol et al. (24) (Fig. 1). There are 77 bases of
5' noncoding exon in OMGP, from bases -971 to -893. The
5' splice site shows a typical primate consensus sequence,
NAGIGTiAGT, and the 814-base intervening sequence has
a consensus 3' splice acceptor site, TNTTTGTTTCTAGIG,
at base -79 (33). The initiation codon reported by Mikol and
Stefansson (25) is at base -51. However, an alternative
initiation codon exists 21 bases upstream from the proposed
start of the translated peptide. This alternative in-frame
initiation codon (base -72) adds seven amino acids to the
signal peptide, including two basic residues (Gln and Lys)
and one acidic residue (Glu). The cDNA sequence encoding
the mature polypeptide starts at base 1 and displays an
uninterrupted open reading frame, terminating with a valine
at base 1263. The 3' noncoding region is 346 bases long and
contains two instances of the ATTTA pentamer, a motif
common to the 3' untranslated regions of many oncogene
and cytokine mRNAs (3). No obvious TATAAA- or
CAATC-like sequences are evident in the genomic sequence
upstream from the most 5' end of OMGP cDNA sequence.
However, an octamer sequence in the intervening sequence
at base -119, ATTTGCAT, 40 bases upstream from the 3'
splice site, suggests the presence of an enhancer element
(10). The 5' end of the gene has not been established.
Because OMGP was a candidate for the NF1 gene, we

screened our panel of NF1 individuals with DNA sequences
from the OMGP locus in an effort to detect mutations.
Southern blot analysis of DNAs from 87 unrelated NF1
patients, digested with EcoRI and BamHI and probed with
HB36.2 cDNA, failed to identify derivative bands or quan-
titative reductions in band signal intensities relative to con-
trol probes. The open reading frame of OMGP was screened
for NFl-specific mutations by means of the polymerase
chain reaction-single-strand conformation polymorphism
method of Orita et al. (28), and the entire OMGP open
reading frame from 14 non-NF controls and 12 unrelated
NF1 patients was examined. We detected one single-strand
conformation polymorphism that lies in the segment be-
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tgccacaaattttttaaaaaattgtccattttgttgcgtgtgcacctcttgc
tcaggtggttgcagagcttcagctcacagcaacacaatgcagctgagcaggc
AGTTTCCCAGAGAAAATGAGATGCTGATGTTGAAGACGACACCACGGgtaag

:cataaatttgagtcagcaccagcgac
:aagcacagcccacagccagaaacaG
gatgttatttaaatcagtaaaaggct'

agaaaaagtcaacgttaggattaaatatatattcaatagcaagtgcatgcaccagaaatttgctgcagtgtcagttg
gtaaatatacatattgttttcctttaaaatgggcactgaaatatacagaaaaaaatcactttataaaatgtgaggtt
agtgctttttacaaagatatatttatcctaaaaacatacagataaaaatttcgaagactgctttaatatctaaataaI
attacctgcagagattaaaaaaaaaagacacgacagccatttttctcatctgagtaagaaagcatatcatcaaaaat
tgcaaagaatgctattttatcatattaaggctctagaaagataaataagaaagaatatggttagaaaaggggggagg
gagagtagggagagagtctctctctaccacatagcccaatgaaggattaagCattgactataaatgaagggagcttt
ggactcgacaacaacgaggtttattgaaaattttgcctaatgctaactgacccatgcagatgcctaaactgtatttg

5' tgaggcaaatgttaatgaggcaatg -1261
atagcaaatcagatatataggtacgcttga -1154
cagctctgcagtcctcctatgtggtactga -1047
TTCCGACTCTACAGAACAAGACGACCTTTA -940
gactttggaatctttttcctttttctttta -833
agggatattttttatacattcagtcactct -726
tataggtactgtgttggtctggatttttca -619
aatctaccctatatacacacattgaattac -512
agtaatagcctacaactgcaactatttatt -405
gagagagaaaataaaggagaaaatgcagga -298
gttagtttaatcactggaacaattataaaa -191
catattaaaagaagggtgtatctgtttgtt -84_o- _-- ----- __---_-2, _, _- ,

tctagGCTTTG ATG GAA TAT CAG ATA TTG AAA ATG TCT CTC TGC CTG TTC ATC CTT CTG TTT CTC ACA CCT GNT ATT TTA TGC
M E Y 0 1 L K M S L C L F I L L F L T P X I L C

ATT TGT CCT CTC CM TGT ATA TGC ACA GAG AGG CAC AGG CAT GTG GAC TGT TCA GGC AGA MC TTG TCT ACA TTA CCA TCT
I C P L Q C I C T E R H R H V D C S G R N L S T L P S

GGA CTG CM GAG MT ATT ATA CAT TTA MC CTG TCT TAT MC CAC TTT ACT GAT CTG CAT MC CAG TTA ACC CM TAT ACC
G L QE N I I H L N L S Y N H F T D L H N Q L T Q Y T

-1

81

162

MT CTG AGG ACC CTG GAC ATT TCA MC MC AGG CTT GM AGC CTG CCT GCT CAC TTA CCT CGG TCT CTG TGG MC ATG TCT 243
N L R T L D I S N N R L E S

GCT GCT MC MC MC ATT AAA CTT CTT GAC MA TCT GAT ACT
A A N N N I K L L D K S D T

AAC ATG CTG GM MG GTT GTC CTC ATT AAA MT ACA CTA AGA
N M L E K V V L I K N T L R

ACA GTT CCA ACC MC ATG CCC TCC AAA CTA CAT ATC GTG GAC
T V P T N M P S K L H I V D

TTA ATA MC CTG ACA MT CTC ACA CAT CTT TAC CTG CAC MC
L I N L T N L T H L Y L H N

CTC TTT CAG TTG CM GAG ATA ACC CTT TAC MT MC AGG TGG
L F Q L Q E I T L Y N N R W

TGG ATG ATG GM ACA AAA GCC CAT GTG ATA GGG ACT CCA TGT
W M M E T K A H V I G T P C

CCC ACA CCT TCT GGA TTT ACC TCA AGC TTA TTC ACT GTA AGT
P T P S G F T S S L F T V S

GTA ACT CM CCC AM GTG ACC AAA ATA CCC AAA CM TAT CGA
V .T Q P K V T K I P K Q Y R

ACC ACC TTT ACT AGC ACT GAT MG GCT TTT GTG CCC TAT CCA
T T F T S T D K A F V P Y P

GCA GCT GCA ACT CTA ACT ATT CAT CTC CAA GAT GGA ATG GTC
A A A T L T I H L Q D G M V

ACA CCC ATG ACC CTA AGT ATC ACT AGT GGC ATG CCA AAT MT
T P M T L S I T S G M P N N

L P A H L P R S L W N M S

GCT TAT CAG TGG MT CTT AM TAT CTG GAT GTT TCT MG
A Y Q W N L K Y L D V S K

AGT CTC GAG GTT CTC MC CTC AGT AGT MC MA CTT TGG
S L E V L N L S S N K L W

CTG TCT MT MT TCT TTG ACA CM ATT CTT CCA GGT ACA
L S N N S L T Q I L P G T

MT MG TTC ACA TTC ATT CCA GAC CM TCT TTT GAC CAA
N K F T F I P D Q S F D 0

TCA TGT GAC CAC AAA CM MC ATT ACT TAC TTA CTG MG
S C D H K Q N I T Y L L K

TCT ACC CM ATA TCA TCT TTA MG GAA CAT MC ATG TAT
S T Q I S S L K E H N M Y

GGG ATG CAG ACA GTG GAC ACC ATT MC TCT CTG AGT GTG
G M Q T V D T I N S L S V

ACA MG GAA ACA ACG TTT GGT GCC ACT CTA AGC MA GAC
T K E T T F G A T L S K D

GAA GAT ACA TCC ACA GAG ACT ATC MT TCA CAT GAA GCA
E D T S T E T I N S H E A

ACA MC ACA AGC CTC ACT AGC TCA ACA AAA TCA TCC CCA
T N T S L T S S T K S S P

TTC TCT GAA ATG CCT CM CM AGC ACA ACC CTT AAC TTA
F S E M P Q Q S T T L N L

TGG AGG GAA GAG ACA ACC ACA MT GTA MG ACT CCA TTA CCT TCT GTG GCA MT GCT TGG AAA GTA MT GCT TCA TTT CTC 1215
W R E E T T T N V K T P L P S V A N A W K V N A S F L

TTA TTG CTC MT GTT GTG GTC ATG CTG GCT GTC TGA GGGTCTGCATTTTCTGAAACTMTGMAGCACTCCTCCCTGATGTACAGTTGGGMAAT
L L L N V V V M L A V

ATGTCCATATCTAACCAGTGATTCGAGCTAT rATAAGTATTCAAGAAAGCCAGTCTTAACATTTCTAACTCTGATGTAAATGAAGTAACTTGTCTTAAATAAAA
GAAATGCACAATGTCTTGGTACTTGCTGCTATTTTACTGTCTTMTTAAGTAAACTAATGAGTTTCTTTTATAAAAAAAATGAAATGTTTTAAGGCTTCA ATTTA
TTGCACAAATATAAAGCATCTAAACTTTAATATGTATTTTATGTATGTTTACACTGTC33ACATCTGGA AAAAGGTCTATGCTCataactgtgtcatttggc
tttccagtcataccaactttnagcagaatcaaaatgacctcaccatttttgttctagggat 31 A

324

405

486

567

648

729

810

891

972

1053

1134

1310

1415
1520
1627
1688

ttaaatatqaacccaatqtcaaacaaatacatagaaaggagtaagggccaactctcatgcataaggtatcccatccti

MOL. CELL. BIOL.
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FIG. 1. Nucleotide sequence of a portion of the genomic clone, pT336 (see Fig. 3a), that encompasses OMGP. The HB36.2 cDNA
sequence agrees with the cDNA sequence and the deduced amino acid sequence reported by Mikol et al. (24). Pending the establishment of
the 5' terminus of the OMGP transcript, we selected an arbitrary reference point for nucleotide numbering: the first base of the triplet
encoding the N-terminal amino acid (25) in the mature peptide in position 1. Lowercase letters represent genomic sequence, and uppercase
letters denote cDNA sequence. The 5' noncoding exon sequence is from the fetal spinal cord cDNA, c4, reported by Mikol et al. (24). The
first potential ATG initiation codon, followed by six amino acids, is underlined; the pentamer associated with decay of mRNA appears twice
in the 3' noncoding exon sequence (boxes). The polyadenylation signal sequence in the 3' noncoding portion of the cDNA is underlined in
boldface, and the arrowhead indicates the poly(A) addition site. Double underlining at base -119 indicates an octamer sequence associated
with enhancer elements (10).

tween bases -114 and +167 (Fig. 1). This segment spans the
base position -11 that is polymorphic for either an A or a G
in several cDNA sequences (24; unpublished data); an A is in
this position in the sequenced allele of pT336. No NFl-
specific mutation was detected. After eliminating this gene
as a candidate for the NF1 gene, we applied identical
screening methods to a sequence then known as TBR (trans-
location breakpoint region), a putative coding region identi-
fied by sequence conservation that had been mapped to a
3.8-kb EcoRI fragment 50 kb telomeric to the OMGP locus
(38). Probes from this region identified a 40-kb deletion in
one individual with NF1 and an 11-kb deletion in another.
On the basis of these subsequent studies, TBR was identified
as the NF1 gene (7, 38).

adhesion molecule, NCAM (15). Tandemly repeated blocks
of leucine-rich residues, characteristic of a family of peptides
having cell-adhesive properties (13, 19, 29, 37), are also
present. Mikol et al. (24) reported that antibodies directed
against the L2/HNK1-carbohydrate epitope, which is in-
volved in cell-cell and cell-substrate interactions, bind to a
subpopulation of OMgp molecules. An epidermal growth
factor-like motif at the N terminus of OMgp may impart
specificity to the cell adhesion properties of this protein.
These structural and functional analogies strongly suggest
that OMgp may function as a cell adhesion molecule in the

a.
pT336

DISCUSSION 1-
S H H H
I )) 'I

In the course of our efforts to identify the NF1 gene, we
isolated cDNAs from a human frontal cortex library with a
genomic DNA probe from the t(1;17) translocation break-
point region; this probe had already been shown to have
rodent-human conservation. DNA sequence analysis re-
vealed that one of our cDNA clones, HB36.2, was homolo-
gous to the cDNA sequence encoding OMgp. OMgp is an
extracellular peptide linked to the outer cell membrane
through a glycosylphosphatidylinositol lipid (25), as are
Thy-1 (20) and the cell surface form of the neural cell
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FIG. 2. Southern analysis of EcoRI-digested DNA from somatic
cell hybrids probed with cDNA HB36.2. Lanes: 1, total human
DNA; 2, L(17n)C, long arm of chromosome 17; 3, SP3, derivative
t(15;17), which is degraded but hybridization is still evident at 11.5
kb; 4, NF13, derivative t(17;22) containing the chromosome 22
centromere; 5, DCR1, derivative t(1;17) containing the chromosome
1 centromere. cDNA HB36.2 was labeled with Klenow fragment,
and filters were hybridized and washed under normal conditions.
The shadow at 7.8 kb in lane 1 is from an adjacent lane on the
original autoradiograph.

0

Probe: SHI.8

II!

H.I

IHH2.9

'o*- 11.5 kb

0 - 7.8kb

1HI- .9

FIG. 3. (a) Restriction map of the 10-kb subcloned EcoRI-partial
Sau3A fragment containing the t(1;17) breakpoint. Sites: E, EcoRI;
H, HindIll; S, Sau3A. The heavy lines within parts of fragments
HH1.9 and HE3.2 designate OMGP; this gene is divided into two
exons, one 5' noncoding exon and one 3' sequence that encodes the
entire peptide. The t(1;17) translocation breakpoint maps to the
stippled box within fragment HH2.9. (b to d) Southern analysis of
EcoRI-digested DNA from somatic cell hybrids DCR1, derivative
t(1;17); NF13, derivative t(22;17); and L(17n)C, long arm of chro-
mosome 17, probed sequentially with the subcloned restriction
fragments shown in panel a. (b) Because probe SH1.8 does not
hybridize to the normal 11.5-kb EcoRI fragment in either DCR1 or

NF13, it lies proximal to both translocation breakpoints. (c) Probe
HH2.9 hybridizes to a 7.8-kb derivative band in DCR1 instead of the
normal 11.5-kb fragment; thus, it spans the t(1;17) translocation
breakpoint. (d) Probe HH1.9 hybridizes to the 7.8-kb derivative
band in DCR1. It also hybridizes to an 11.5-kb EcoRI fragment in
each of the somatic cell hybrids; in DCR1 and NF13, this represents
a rodent genomic fragment that contains conserved rodent-human
sequence associated with OMGP.
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:isapproximate. an specific regulation may involve RNA-RNA duplex formation
to stabilize specific transcripts. The first intron of the N-myc
locus, for example, is transcribed as an antisense RNA that
is sometimes polyadenylated, and it forms RNA-RNA du-
plexes with the sense RNA from the first exon of n-myc (16).

al nervous system (24). This observation, The stability of this duplex suggests that modulation ofRNA
ing studies placing the OMGP locus 1 to processing is possible via antisense transcription within a
cpoint of a balanced translocation carried genetic locus.
ith NFl, initially promoted OMGP as a It is logical to suppose that altered expression of the intron
NFI. However, no NFl-specific muta- genes as a consequence of certain mutations in the NFIgene

in OMGP, and subsequently a different might cause a specific NFl phenotype. However, we have
rely identified as NF1(7, 38, 39). not been able to identify a distinguishing phenotype among
four genes that have now been charac- individuals bearing either of two mutations that have been
locus (Fig. 4). The amino acid sequences found in the NFl intron containing the embedded genes. One
ided genes have no homology, although of these mutations, a 40-kb deletion, removes a number of
VI2B encode peptides that are potentially NFl exons, the 5' exon of EVI2B, and all of EVI2A. The
ieir patterns of expression are quite dif- other mutation is the t(1;17) balanced translocation identified
)MGP is expressed only in oligodendro- in a proband and two of her offspring with NFl (32); the
il nervous system; EVI2A is highly ex- breakpoint lies within 4 kb of the 3' end of OMGP. Although
'one marrow, and peripheral blood; and we have not evaluated the expression of OMGP in any of the
lin bone marrow and peripheral blood but individuals with the t(1;17) translocation, the lack of a
,ecific cell types in the brain that express distinguishing NFl phenotype implies that even if OMGP
en identified, and we have been unable to expression is altered, it has no clinical relevance in this
bmitant expression of OMGP and EVI2A family. Thus, there is no evidence as yet that altered
qorthern (RNA) blot analysis. expression of genes embedded in the NFl gene accounts for
*ee genes within an intron of a fourth gene variability in expression of NFl. Nevertheless, it is intrigu-
f et al. (14) first reported the existence of ing to wonder how transcriptional regulation of these genes
Gart locus in Drosophila melanogaster, might play a role in the NFl phenotype, and it is now

elated proteins transcribed from opposite possible to begin testing various hypotheses at the molecular
tl. (8) subsequentlv identified two genes level.

within a large intron of the dunce gene of D. melanogaster.
Adelman et al. (1) were the first to report transcription of
mammalian genes on opposite strands, at the gonadotropin-
releasing hormone locus in the rat genome. Miyajima et al.
(23) subsequently found that two homologs are transcribed
from opposite strands of an exon in human erbA. Recently,
Levinson et al. (18) offered the first report of transcription of
a human gene from an intron of another expressed gene. This
single gene, in intron 22 of the factor VIII gene, exists in
multiple copies; it contains no introns, and its function is not
known. The discoveries with respect to the NFl locus
extend these observations of human genomic organization
even further.
The complexity of the NFl region suggests unusual modes

of transcriptional regulation within this locus. The chromatin
may be in an open conformation, allowing intimate control of
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