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NF1-Related Locus on Chromosome 15
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A neurofibromatosis type I (NF1)-related locus has
been identified on chromosome 15. It contains a partial
copy of the NF1 GAP-related domain, which is known
to interact with the ras protooncogenes. However, the
chromosome 15 sequence contains multiple deletions
resulting in frameshift mutations and stop codons in
several highly conserved sequence blocks. The locus on
chromosome 15 therefore represents an NFI pseudo-
gene. This nonprocessed NFI pseudogene may produce
additional fragments in Southern blotting, pulsed-field
gel, and PCR experiments with some NFI cDNA
probes or oligonucleotides. In addition, certain regions
of the NF1 gene also cross-hybridize with a locus on
chromosome 14. These loci must be considered in muta-
tion analysis of patients with NFI since aberrant find-
ings may not always reflect changes in the NF1 gene.
© 1992 Academic Press, Inc.

Neurofibromatosis type I (INF1) is a common autoso-
mal dominant disorder characterized by neurofibromas,
café-au-lait spots, and Lisch nodules of the iris. Patients
with NFI are also at increased risk for certain malignan-
cies, especially malignant nerve sheath tumors. The
NFI gene resides on the proximal long arm of human
chromosome 17 (17q11.2). It encodes a 13-kb transcript
(4, 10, 11), of which a central 1.2-kb region, the GAP-re-
lated domain, shows a high homology with the catalytic
domain of mammalian GTPase activating protein
(GAP) and the yeast IRA genes (1, 8, 12).

Screening patients with NFI for mutations is compli-
cated by the large size of the gene. The gene extends for
approximately 300 kb on chromosome 17 and contains
an open reading frame of 2818 amino acids (5). In this
paper we report on an additional complication caused by
loci related to the NFI gene. In the course of PCR exper-
iments using total human DNA with genomic (intronic)
primers flanking exons 26 and 27 of the NFI gene (9), we
observed more than one fragment on native 7.5% poly-
acrylamide gels. (Exons are numbered according to R.
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White, personal communication, with exons 26 and 27
being localized just 3' of the catalytic domain in the mid-
dle third of the gene.) Two PCR products plus two heter-
oduplexes were seen for the exon 27 primers, and one
fragment with two heteroduplexes was seen for exon 26
primers (Fig. 1). The additional exon 27 fragment was
mapped to chromosome 15 by PCR using DNA from the
NIGMS human/rodent somatic cell hybrid mapping
panel No. 1 (NIGMS Human Mutant Cell Repository,
Camden, NY). Southern blot experiments with this
mapping panel using exon 27 PCR product as a probe
confirmed the chromosome 15 locus and showed, in ad-
dition, two fragments originating from chromosome 14
(data not shown). Direct sequencing of the PCR hetero-
duplexes from exons 26 and 27 was performed using the
PCR primers as sequencing primers (3). In addition to
the normal NF1 sequence for exons 26 and 27, a closely
related sequence was obtained from the chromosome 15
locus. The chromosome 15 origin of the sequence was
confirmed by sequencing the same PCR fragments from
a chromosome 15 hybrid in mouse A9 cells (MCH 200.3).

PCR primers specific for the two sequenced exons of
the chromosome 15 locus were constructed and used on
reverse-transcribed RNA from different human tissues
and tumors and on phage-infected cell lysate containing
afetal brain cDNA library (Stratagene). Only neuroblas-
toma tissue showed a detectable PCR product hybridiz-
ing with an internal probe from exon 27. The fragment,
however, was 99 bp larger than expected. Sequencing
confirmed its chromosome 15 origin and demonstrated
the insertion of an 99-bp Alu monomer between exons 26
and 27 (data not shown). This indicates that this homol-
ogous locus is sufficiently transcribed, at least in neuro-
blastoma tissue, to be detected by PCR on reverse-tran-
seribed RNA (RT PCR).

Exon 26 contains the 3’ end of the GAP-related cata-
lytic domain, which is very important in the function of
the NF] gene (1, 2, 8, 12). For that reason, PCR span-
ning the GAP-related domain was attempted on DNA
prepared from MCH 200.3 chromosome 15 hybrid cells.
The chromosome 15 hybrid was chosen to eliminate
cross-hybridization with the human NF1 gene on chro-
mosome 17. A set of nested PCRs with NFI-specific
primers at the 5 end of the catalytic domain (1) and
chromosome 15 locus-specific primers at the 3’ end was
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FIG. 1. PCR products separated on native 7.5% polyacrylamide
gel. PCR conditions were: initial denaturation at 94°C for 4 min fol-
lowed by 30 cycles of annealing at 55°C for 1 min, extension at 68°C
for 2 min, and denaturing for 1 min at 94°C. M is marker lane (\/
HindIIl and ¢ X 174 RF/Haelll). (A) PCR product obtained with
genomic primers flanking exon 27 using total genomic DNA. The
lower fragment is the NF1-specific fragment from chromosome 17 and
the upper fragment originates from the NFI pseudogene on chromo-
some 15. Two heteroduplexes (h) are present higher up on the gel.
Using the above-mentioned PCR conditions, the two fragments never
failed to coamplify in 20 tested samples. (B) PCR product obtained
with genomic primers flanking exon 26 using the same DNA sample as
in A. Only one fragment representing both the NFI gene and NF]
pseudogene on chromosome 15 is resolved, together with two hetero-
duplexes (h).

performed on reverse-transcribed RNA from this chro-
mosome 15 hybrid and revealed two separate fragments
(1200 and 800 bp) on an ethidium bromide-stained 1.5%
agarose gel. Both PCR fragments were cloned in a T-
vector (6). Three clones of the smaller PCR product
were completely sequenced (Fig. 2) and showed a copy of
the GAP-related domain, including the previously de-
termined chromosome 15-specific exon 26 sequence.
The larger (1200-bp) fragment was partially sequenced
and showed a completely open reading frame, identical
to the mouse-specific sequence of the GAP-related cata-
lytic domain (L. Andersen, unpublished data). We ob-
tained 966 bp of cDNA sequence from the chromosome
15 locus. Comparing it with the human NF1 ¢cDNA se-
quence, we found multiple deletions (404, 35, 3, 3,1, 1
bp) and a 4-bp duplication. Forty-four of 66-bp changes
appear to be transitions. These changes involve several
blocks of conserved sequences (1) and result in frame-
shifts with stop codons in all of the six possible reading
frames. These differences cannot be explained by poten-
tial Tag polymerase errors only. The sequence of this
chromosome 15 locus thus cannot code for a functional
gene and represents a nonprocessed NFI pseudogene.
Although the chromosome 15 locus described here rep-
resents a pseudogene, it is important to realize that
cross-hybridization of pseudogenes in Southern blotting
experiments with parts of the NF1 ¢cDNA probes can
lead to confusion. This is particularly problematic for
c¢DNA probes containing the catalytic domain and the
region just &' to the catalytic domain. In addition, PCR
experiments using genomic primers for exons 26 and 27
can be difficult to interpret. RT PCR with primers

1317

o £ 1 GGCATGTCTCGGAGGCTCGCATCACTGAGGCACTGTA?GTTT?TT??T?T 50
CECPCCEELLEEE L LLELELLEL LELEL
Chromis| 1 GGCATGTCTCGGAGGTTGGCATCACGGAGGCACTGTGCAGTCCTTGCAAT| 50
51 GTCAAACTTACTCAATGCCAACGTAGACAGT??T?TT?T????TTTT?T? 100
L LT
51 'III'liLlléLLLGTGCCAGCATAGACGGTGGTCTCATGCACTCCAT 100
blocké
101 GCTTAGGTTACCACAAGGATCTCCAGACAAGAGTT???TTT?T?T??TT? 150
PLU DL e
101 (LT'}“}‘AGGGTACTACMGGATCTCCAG AC. CATTTATGGAA 147
151 CTCACAAAAATCCTT | CAACAAGGCACAGAATTTGACACACTTGCAGARAC 200
[ ||||’|| l H|!!IIIIIIIIIIIIIllIIIIIII IIIIIII
148 CTGATGAAAATCC CAACAAGGCAC 196
201 AGTATTGGC’I‘GATCGGT’I’TGAGAGATTGGTGGMCTGGTCA(I:?ATT?TTT 250
FEPELERELELE TELELLT IIIIIHIJIIIIIIII
197 GGTATTGGCTGATGGGTTTGAGCAATT GTCACAGTGATGG 246
251 GTGATCAAGGAGAACTCCCTATAGCGATGGCTCTGGCCAATGTGGTTCCT 300
CILELLETLLEL II|||||||||I|l||ll||f|||l IIIIIIIII
247 GTGATCAAGGAGAGCTCCCTATAGC TGTGGTT 296
301 TGTTCT | CAGTGGGATGAACTAGCTCGAGTTCTGGTTACTCTGTTTGATTC| 350
EULELEPLELLERELEELL LY 1] IlIIHIIIIIIlIII FLL L
297 TGTTCT| CAGTGGGATGAACTCGCTTGAGTTCTGGTTACTCTATTTGGTTC| 346
351 TCGGCATTTACTCTACCAACTGCTCTGGAACATGTTTTCTAAAGAAGTAG | 400
| |IlIJIIIlIIIllIIIIIIIIIIIIIIIIIIIIII ||I|IIIII|
347 TTGGCATTTACTCTACCAACTGCTCT! 396
bloek?
401 AATTGGCA. . . .GACTCCATGCAGACTCTCTTCCGAGGCAACAGCTTGGC | 446
FLLLLLLE CELLLLEE TREEEer e 1 e ||I||
397 AATTGGCAGACTGACTCCATTCAGACTCTCCTCTGAGGCAACAGTTTGGC | 446
447 GTAAAATAATGACATTCTGTTTCAAGGTATATGGTGCTACCTATCTAC 496
!llll!llllllllll li|l|i|!l}lH
447 AAAATAATGACACTCTGTTTCAAGGT . .« o v v vv v rvn i i i nan 476

647 ATGCCATCATCAGTTCCTCCTCAGAATTCCCCCCTCAACTTCGAAGTGTG 696

(LT

CCAAGAATTCCC. . oo v vt ivcasnonans 490

GCAGTAGGARGTGCCATGTTCCTCAGATTTATCAATCCTGCCATTG | 796
1)

[0

.................................. ATCCCTCCATGG | 502

797 TCTCACCGTATGAAGCAGGGATTTTAGATAAAAAG |CCACCACCTAGAATC 846

<

.............. 503

847 GAAAGGGGCTTGAAGTTA| ATGTCAAAGATACTTCAGAGTATTGCCAATCA| 896
1T IIHIIIHIIIIHI

BLOGKAD 504 ..'vururinnnennnns .TCAAATA. . ..ATAGAGTATTGCCAATCA| 528

897 TGTTCTCTTCACAAAAGAAGAACATATGCGGCCT TTTTGT 946
COLCLLLE LT I|||||||l||||||||||||||||||

529 TGTTCTCTTCACAAAAGAAGAG 578

947 CAACTTTGATGCAGCACGCAGGTTTTTCCTTGATATAGCA | TCTGAT 996

IIIIII HIHIIIIH

579 AGCTTTGATGCAG « + « e+ cevnieesseereeecns|annnsn 596

997 TGTCCTACAAGTGATGCAGTAAATCATAGTCTTTCCTTCATAAGTGACGG 1046
L LD L LT |||II|!I|| ||||||||

597 ....CTTGAAGTGATGCAGTAAATCATAGCCTTTCCTTCA 642

1047 CAATGTGCTTGCTTTACATCGTCTACTCTGGAA 1096
IHIIIIH IHIIIHII IIIIIII IIHIIHIIIIIIIIIIIII

643 CTCGCTTTACA 692

1097 GGCAGTATCTTTCCAGCAACAGGGATCATAAAGCTGTTGGAAGACGACCT 1146
I IIII FLLLLL I llIIIIIIII||I||H|||!IIlIIll IIIII

693 GCCAGTGTCTTTCTAACAACAGGGAT 742

1147 TTTGATAAGATGGCAACACTTCTTGCATACCTGGGTCCTCCAGAGCACAA 1196
IHIIIII lllIIIIIIIIIIIII I IIHIIIIIIHIIHI

743 AA . ATGGC, 'GTATACCTCGGTCCTCCAGAGCA 791

1197 ACCTGTGGCAGATACACACTGGTCCAGCCTTAACCTT 1246
IIIIHIIIIHIIII Il IHIIIIIIHIIIIIIIIIIIH IIIH

792 ACCTGTGGCAGATACATACCGGTCC 'AACCTTACCAGTTAAAAGT 841

1247 II|IT?ﬁm?ﬁ?CT?GGCATCAGGTACATGMAAAGMG TTCAAG 1296

LLLCEEELLL HIIHIlI t

842 ATGAGGCATCAGGTATG ! ‘ l c‘\‘lxcl: 891

1297 Im'f(l;lllll ' TATTTTCTACCAAGCTG 1346

892 H|||I||||||||||H|I|||||II|||||I|| oar

1347 '“ ” IWHII ﬁﬂ'(':mcaccc 1374

ol
942 GAAGCCARTITY . . . PhARL A 966

FIG. 2. Comparison of the ¢cDNA sequence obtained from an
NF1 pseudogene on chromosome 15 (top) with the sequence of the
NF1 gene (bottom). Boxed areas indicate theoretically defined re-
gions of conserved sequences between the genes of various GTPase
activating proteins as described in (1).
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flanking the catalytic domain can generate a shorter
chromosome 15-derived fragment in at least some tis-
sues. This adds a further complication to screening for
mutations in the NF1 gene. We recommend using chro-
mosome 17 hybrid DNA or RNA and the appropriate
rodent DNA or RNA as a control in screening for NF'1
mutations.
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