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Abstract

The autosomal recessive disorder familial dysautonomia (FD) has recently been demonstrated to be caused by mutations in the IKBKAP
gene, so named because an initial report suggested that it encoded an IkB kinase complex associated protein (IKAP). Two mutations in
IKBKAP have been reported to cause FD. The major mutation is a T — C transition in the donor splice site of intron 20 and the minor
mutation is a missense mutation in exon 19 that disrupts a consensus serine/threonine kinase phosphorylation site. We have characterized the
cDNA sequences of the mouse, rat and rabbit /IKBKAP-encoded mRNAs and determined the genomic organization and chromosomal
location of mouse IKBKAP. There is significant homology in the amino acid sequence of IKAP across species and the serine/threonine
kinase phosphorylation site altered in the minor FD mutation of IKAP is conserved. The mouse and human /KBKAP genes exhibit significant
conservation of their genomic organization and the intron 20 donor splice site sequence, altered in the major FD mutation, is conserved in the
human and mouse genes. Mouse IKBKAP is located on the central portion of chromosome 4 and maps to a region in which there is conserved
linkage homology between the human and mouse genomes. The homologies observed in the human and mouse sequences should allow,
through the process of homologous recombination, for the generation of mice that bear the /JKBKA P mutations present in individuals with FD.
The characterization of such mice should provide significant information regarding the pathophysiology of FD. © 2001 Elsevier Science

B.V. All rights reserved.
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1. Introduction

The autosomal recessive disorder familial dysautonomia
(FD) was recently demonstrated to be caused by mutations
in the IKBKAP gene reported to encode the IkB kinase
complex associated protein (IKAP) (Anderson et al.,
2001; Slaugenhaupt et al., 2001). FD, also known as
‘Riley-Day syndrome’ or ‘hereditary sensory neuropathy
type III' (MIM 223900), affects the development and survi-

Abbreviations: aa, amino acid; bp, base pair(s); dNTP, deoxyribonucleo-
side triphosphate; DTT, dithiothreitol; EST, expressed sequence tag; FD,
familial dysautonomia; HTGS, high throughput genome sequences; IKAP,
IkB kinase associated protein; IKBKAP, gene encoding IkB kinase asso-
ciated protein; nt, nucleotide(s); PCR, polymerase chain reaction; RACE,
rapid amplification of cDNA ends; RT, reverse transcriptase; SSCP, single-
strand conformational polymorphism

* The nucleotide sequence data reported in this paper for the mouse, rat,
and rabbit IKAP cDNAs have been submitted to GenBank and assigned
Accession numbers AF387811, AF388201 and AF388202, respectively.
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E-mail address: rubin@fordham.edu (B.Y. Rubin).

val of sensory sympathetic and some parasympathetic
neurons (Riley et al., 1949; Axelrod et al., 1974). Indivi-
duals with FD are affected by a variety of symptoms, which
include cardiovascular instability, decreased sensitivity to
pain and temperature, recurrent pneumonias, an absence
of overflow emotional tears, vomiting crises, and gastroin-
testinal dysfunction (Riley et al., 1949; Axelrod et al., 1974;
Axelrod, 1996). This disorder is primarily confined to indi-
viduals of Ashkenazi Jewish descent (Brunt and McKusick,
1970) and the predicted carrier frequency of the defective
gene is believed to be approximately one in 30 (Maayan et
al., 1987). The major, or more common, FD-causing muta-
tion of the IKAP-encoding gene is the result of a T— C
transition in the donor splice site of intron 20 that results
in aberrant splicing, generating an RNA that lacks exon 20.
The minor, or rarer, mutation of JKBKAP that causes FD is a
missense mutation in exon 19 that disrupts a consensus
serine/threonine kinase phosphorylation site.

IKAP was originally identified as binding the IkB kinases
(IKKs) and the NF-kB-inducing kinase (NIK) and assem-
bling these proteins into an active kinase complex (Cohen et
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al., 1998). More recent studies suggest that IKAP is not
associated with IKKs and plays no specific role in NF-kB
activation (Krappmann et al., 2000).

To facilitate an understanding of the IKAP-encoding
gene, we have characterized the IKBKAP-encoded cDNAs
of the mouse, rat and rabbit and determined the genomic
organization and chromosomal location of the murine
IKBKAP.

2. Materials and methods
2.1. EST and genomic database searches

The EST (expressed sequence tags), HTGS (high
throughput genome sequences), and nr (non-redundant)
databases at the National Center for Biotechnology Infor-
mation were searched by BLAST software (Altschul et al.,
1990).

2.2. RT-PCR amplification

cDNA was prepared from 1 pg of DNase-treated RNA
from the spleen of a 129/SvJ mouse, the cerebellum of a
Sprague-Dawley rat and from the brains of New Zealand
white rabbits at 42°C in a 20 pl reaction containing 0.18
pM oligo dT primer, 500 puM dNTPs, 10 mM DTT and 200
units of Superscript II RT (Life Technologies) according to
the manufacturer’s directions. PCR amplification of 50 pl
reactions containing 1.25 units of Taq polymerase (Life
Technologies) and 10 pmol of primers was performed on
these cDNAs using an initial denaturation step at 94°C for
between 2 and 5 min followed by amplification for 45 cycles
(30sat94°C, 30 s at 55°C, and 1-3 min at 72°C depending on
the size of the product) and a final extension for 7 min at 72°C.

Amplification of the mouse cDNA was performed using
the following primers whose design was based on the
sequence of the human [KBKAP-encoded cDNA and
mouse ESTs with homology to human /KBKAP-encoded
cDNA sequence determined in this laboratory: MIKC-1-
forward 5'-TCCTTTCCAAACCCAGTGCG-3'; MIKC-1-
reverse 5-CCAGTCACAGCATAGATACCG-3'; MIKC-
2-forward 5'-ATCTGAAGCAAAGCCTGCC-3'; MIKC-2-
reverse  5'-AACCCCTTTCCACTTTCCG-3'; MIKC-3-
forward 5'-TGTGTCCTTGGTCTGACTG-3'; MIKC-3-
reverse 5'-ATGCTTCAAGTGCCTTCTCC-3'; MIKC-4-
forward 5-TTATGGCGAGCACCTGATGC-3’; MIKC-4-
reverse  5'-TGGACAAACGGTCTTTCC-3';  MIKC-5-
forward 5-TAGCATCACAGCCTCTTACC-3'; MIKC-5-
reverse 5'-TATGTGGGTGCTGGGAAAC-3'.

Amplification of the rat cDNA was performed using the
following primers that were designed based on the sequence
of the human and mouse IKBKAP-encoded cDNA, rat ESTs
with homology to human /KBKAP and newly derived rat
cDNA sequence: RIKC-1-forward 5'-CACAGTTCCATG-
GATCAGA-3'; RIKC-l-reverse 5'-CTGTGACTTCT-
CAGCTAC-3'; RIKC-2-forward 5'-GTTTCTTTGGTGG-

CAGAAGG-3'; RIKC-2-reverse 5'-AAGGCAAACTCT-
CGGTTCC-3'; RIKC-3-forward 5-GCCAACAGAGTTC-
ATCCACACC-3’; RIKC-3-reverse 5'-GACTATCCCA-
CATCCCAGTTCTCC-3'; RIKC-4-forward 5'-GAAATA-
CCTGCTGCTCCTG-3'; RIKC-4-reverse 5'-GGACAGG-
TGTGGATGAACTC-3'; RIKC-5-forward 5'-TGTTTCT-
CGTCTCCCGTGTG-3'; RIKC-5-reverse 5'-ATGACACA-
GATACCACTGGC-3'.

Amplification of the rabbit cDNA was performed using
the following primers that were designed based on the
sequence of the human IKBKAP-encoded cDNA and
newly derived rabbit cDNA sequence: RBIKC-1-forward
5-GTTTCTTTGGTGGCAGAAGG-3'; RBIKC-1-reverse
5'-CTGTGACTTCTCAGCTAC-3'; RBIKC-2-forward 5'-
TGTCACGAAGACCATGTACC-3'; RBIKC-2-reverse 5'-
TAGCACATTTGCTGAGGT-3'; RBIKC-3-forward 5'-
CTATGACTTTGACTTGGTCCTC-3’; RBIKC-3-reverse
5'-CGAAGTCTTCTGTTGCTG-3'; RBIKC-4-forward 5'-
GAATCACTTCATCATGCG-3'; RBIKC-4-reverse 5'-
TGGTGTGTGCTGAGATTGC-3'.

2.3. Rapid amplification of cDNA ends

3'-rapid amplification of cDNA ends (RACE) was
performed on the RNA samples described above using
Superscript I RT (Life Technologies) with a 52 nt primer,
termed Qr, containing a 17 nt oligo-dT sequence at the 3’
end, followed by a 35 nt sequence (5'-CCAGTGAGCA-
GAGTGACGAGGACTCGAGCTCAAGCTTTTTTTTTT-
TTTTTTT-3') as described (Diffenbach and Kveksler,
1995). Following RNase H treatment, the cDNA synthe-
sized by the RT was amplified using nested primers termed
Qo (5'-CCAGTGAGCAGAGTGACG-3') and Q; (5'-
GAGGACTCGAGCTCAAGC-3') encoded within the Qr
primer described above and the primers 5'-TGACT-
CAGTGGTAAAGAGCG-3', 5'-ACTTGTGTCCCTGTT-
CTCG-3 and 5'-CTCATAGCATCGCAGACA-3' located
near the 3’ end of the IKAP-encoding mRNA of the
mouse, rat and rabbit, respectively.

5'-RACE was performed as described (Diffenbach and
Kveksler, 1995). In brief, total RNA purified from the
spleen of a 129/Sv] mouse was reverse-transcribed with
Superscript II RT (Life Technologies) using the gene-speci-
fic primer 5-TGGCAAGAAGCAGCAGTTC-3'. The
product was poly (A) tailed by terminal deoxynucleotidyl
transferase (Life Technologies). The above-described Qr
primer was then annealed to the poly (A) tailed product
and extended, followed by amplification with a gene-speci-
fic primer (5'-CCAGCAAGTCCTGAATACC-3") located
388 bases from the purported 5’ end of the IKAP cDNA
and the Qg primer. The DNA product generated was then
subjected to nested PCR amplification using a gene-specific
primer (5'-AACCTTCTGCCACCAAAG-3') located 337
bases from the purported 5’ end of the IKAP ¢cDNA and
the Qy primer.
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2.4. DNA sequencing

Nucleotide sequences were determined by the dideoxy
chain termination method using the Amplicycle Sequencing
Kit (Applied Biosystems).

2.5. Determination of genomic organization of the mouse
IKBKAP gene

The serial primers designed, which correspond to regions
spanning the entire IKAP-encoding cDNA, are presented in
Table 1.

The PCR conditions were as follows: an initial denatura-
tion step of 5 min at 94°C followed by amplification for 40
cycles (30 s at 94°C, 30 s at between 55 and 61°C, and 30 s
to 5 min at 72°C) and a final extension for 7 min at 72°C. For
the PCR template, genomic DNA was prepared from the
liver of a 129/Sv] mouse using the Qiagen Blood & Cell
Culture DNA Mini Kit. Comparison of the cDNA and geno-

Table 1

mic DNA sequences revealed the exon/intron organization
of the gene.

2.6. Chromosomal mapping using backcross DNA panels

Linkage analysis was performed with the BSB and BSS
backcross DNA panels (Jackson Laboratory). The BSB
panel consists of 94 genotyped progeny of (C57BL/
6] X M. spretus) F1 X C57BL/6J and the BSS panel consists
of 94 genotyped progeny of (C57BL/6Jei X SPRET/Ei)
F1 X SPRET/Ei (Rowe et al., 1994). Allele detection was
performed using sequence polymorphisms that were ampli-
fied by PCR in the presence of [a-*P]dATP and character-
ized for single-strand conformational polymorphisms
(SSCP). PCR amplification was performed under the
following conditions: an initial denaturation step of 2 min
at 94°C followed by amplification for 40 cycles (30 s at
94°C, 30 s at 58°C, and 30 s at 72°C) and a final extension

Oligonucleotides used for PCR to determine genomic organization of the mouse IKBKAP gene®

Name Sequence of oligonucleotide Intron Sequence of oligonucleotide Name
MIF 5/ -GTGTTTCTCGTCTCCCGT-3’ 1 5/ -ATCTACTTCCGTCAGTCCAC-3’ M2R

M2F 5/ -CAGTGTTTCTGTCTGCGAG-3’ 2 5/ -CCAGCAAGTCCTGAATACC-3' M3R

M3F 5/ - AGGAATCTGTGTGTGTGGC-3’ 3 5/ - ATGACAGAGATACCACTGGC-3’ M4R

M4F 5/ -TGGAATGTGTTGGGAGTG-3' 4 5/ -CAAAATCATCCTGGTGGA-3’ M5R

MSF 5/ -CCACCAGGATGATTTTGG-3’ 5 5/ -TGGAACTGGGTCTGCTTAC-3' M6R

M6F 5/ -GCAAGTTTGTCACTGTTGGATGG-3’ 6 5/ -AGGTAATGTGTGGTCTGCGGTC-3' M7R

M7F 5/ -ACCGCAGACCACACATTACC-3' 7 5/ -TGGCACAGACTCACTGGTTG-3' MSR

MSF 5'-ATGGAACCGAGAGTTTGCC-3' 8 5/ -GCTGGTTGGGTTTATCTTGA-3' M9R

MOF 5'-CAAGATAAACCCAACCAGC-3’ 9 5/ -GCTTTTCAGAGTGGAACTGTC-3’ MI0R
MIOF 5/ -ATGACCTGCTGTGGAATGC-3' 10 5/ -CCAGTCACAGCATAGATACCG-3’ MI1IR
MIIF 5/ - ATCTGAAGCAAAGCCTGCC-3’ 11 5/ -AAGGTCATTCCCAAGGTGAG-3' MI12R
MI2F 5'-GACGCCAGTAACCAGATTTC-3' 12 5/ -CCAAATGAGGTGTTGTAAGAGG-3’ MI13R
MI13F 5/ -CCTCTTACAACACCTCATTTGG-3’ 13 5/ -AGTGTCGTCTTCAACCCAGG-3' MI14R
MI14F 5/ -TTTCTCACCTGGGTTGAAG-3' 14 5/ -TGACTTGGTCTTAGAACAGCAG-3’ MI15R
MI5F 5/ -GTCGTCATTGGTTTATGCTGC-3’ 15 5/ - TGGCTACTTCCATCTGTGTGC-3’ MI16R
MI6F 5'-AGTCACCTTCTCTGGCTGTG-3’ 16 5/ -CACCTGTCAGTCAGACCAAG-3’ MI7R
MI17F 5/ - TCCTTGGTCTGACTGACAGG-3' 17 5/ - TGTGGGAATGGGTTGTTAC-3’ MI18R
MI8F 5/ -GCTGTGTGTGCTGACTTTCTAC-3' 18 5/ -AACCCCTTTCCACTTTCCG-3' MI9R
MI19F 5/ - AAGTGGAAAGGGGTTCACG-3’ 19 5/ -TCCGAATCTGTGCCAAGAC-3’ M20R
M20F 5'-TGGTCTTGGCACAGATTC-3’ 20 5'-GGTTAATTCTCAGCTTCCTC-3’ M2IR
M21F 5/ -GAATGCATGAGGAAGCTGAG-3' 21 5/ - CTGTTTTACGAAGGTTTCCAC-3’ M22R
M22F 5'-GTGGAAACCTTCGTAAAACAG-3’ 22 5/ -TGGACACCTGGACACTCTTG-3’ M23R
M23F 5/ -TTGACCTCATCTGTGACGC-3’ 23 5/ -TGAGATGTGAGTATTGACAGGC-3’ M24R
M24F 5'-GCCTGTCAATACTCACATC-3' 24 5/ -TCTACACTCACACTCTCAGG-3’ M25R
M25F 5/ - AGAGTGTGAGTGTAGAGGAGG-3’ 25 5/ -CACTTGCTGAGGTGTCCAA-3’ M26R
M26F 5/ -TTACCAGAGGTTCACCATAGAC-3' 26 5/ -TACTGTGGTGAGTCTGGACG-3’ M27R
M27F 5/ -GGACCTGAGTATTTCACAGAATGC-3' 27 5/ -ATGCTTCAAGTGCCTTCTCC-3’ M28R
M28F 5/ -TTATGGCGAGCACCTGATG-3' 28 5/ -TACTGTTCCAGGACTGTGGC-3’ M29R
M29F 5/ - AGCAGAGGAAGCACAGTGAG-3' 29 5/ -GAGCACAGCCTCTTCATAATC-3’ M30R
M30F 5/ -TATGAAGAGGCTGTGCTCCTGC-3' 30 5/ -TGGAAGGCTTTATGCTGGTTTC-3' M31R
M31F 5/ -AACCAGCATAAAGCCTTCC-3' 31 5/ -ATGGCGAATGAATGTGGC-3’ M32R
M32F 5/ -GACAGCCACATTCATTCGC-3' 32 5/ -GTTTCCGAGAAGAGGTCTGAC-3’ M33R
M33F 5/ - TGAGTGGCAGTGAGATGAG-3' 33 5/ -CTTTGAGGCTATGCTTCTTGCG-3' M34R
M34F 5/ - AGGTCATCTAAAAACCGTCG-3' 34 5/ -GTGTGGTTGAACTCTGTTGG-3’ M35R
M35F 5/ -GGTGCGTGCTATTTTGAAGG-3' 35 5/ -TTCTGCTGCTGGTAAGAGGC-3' M36R
M36F 5'-ACCAGCAGCAGAAGACTTG-3' 36 5/ -TGGACAAACGGTCTTTCC-3’ M37R

* Names ending in F refer to the forward direction and R to the reverse direction.
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for 7 min at 72°C. Each reaction was performed on 50 ng of
genomic DNA using Taq polymerase (Life Technologies)
and the following primers: 5'-TTGACCTCATCTGT-
GACGC-3' and 5-TGAGATGTGAGTATTGACAGGC-
3’, located in exons 23 and 24 of the mouse IKBKAP
gene, respectively. For the SSCP analysis, the amplified
products were denatured, fractionated on a nondenaturing
5% acrylamide gel at 4°C and detected by autoradiography.

3. Results and discussion
3.1. cDNA amplification and characterization

cDNA generated from mRNA isolated from the spleen of
a 129/Sv] mouse was subjected to PCR amplification using
primers whose nucleotide sequences matched either that of
the human IKAP-encoding mRNA or related mouse ESTs.
Sequencing of these products and the sequencing of 3'- and
5'-RACE products generated from the mouse IKAP RNA
revealed that the full-length IKAP-encoding mRNA is 5034
nucleotides in length and, at the nucleotide level, exhibits
77% identity with the human IKAP-encoding mRNA (Fig.
1). PCR amplification of the IKAP cDNA generated from
mRNA of the cerebellum of Sprague—Dawley rats and the
brain of New Zealand white rabbits allowed for the charac-
terization of the rat and rabbit IKAP-encoding mRNAs.
Comparison of the predicted amino acid sequence of the
IKAP-encoding mRNAs reveals that the human, mouse,
rat and rabbit genes encode proteins of 1332, 1333, 1332
and 1334 amino acids in length, respectively, with signifi-
cant homology to each other (Fig. 2). This analysis further
revealed that the amino acid arginine located at amino acid
number 696 of human IKAP, which as a result of the
missense mutation present in the minor form of the FD
mutation is replaced by proline, is conserved in the
mouse, rat and rabbit (Fig. 2).

3.2. Genomic structure of mouse IKBKAP

To examine the genomic organization of the /IKBKAP
gene, amplification was performed on the DNA of the
129/Sv] mouse using primers recognizing the mRNA-
encoding sequences. PCR products were sequenced to
determine the intron/exon boundaries and the sizes of the
introns were determined by either sequencing the smaller
introns or estimating the sizes of the larger introns by
comparison with DNA size standards. Mouse IKBKAP,
like human IKBKAP, is organized into 37 exons and
mouse IKBKAP is distributed over approximately 51 kb of
genomic DNA (Table 2). Exon 2 contains the start codon
and exon 37 contains the stop signal. The consensus donor
splice site of intron 20, which is altered in the major FD
mutation, is conserved in the mouse (Table 3).

Table 2
Exon/intron organization of mouse IKBKAP gene

Exon Sequence at exon/intron junction and intron size (nt)*
No. nt 5’ splice donor nt” 3’ splice acceptor
1 140 TAGgtgagcattc 2000%* tttccctcagAAA
2 163 GAAgtaggtcact 1150* tttgtgaaagGTG
3 153 CAGgtaggtgtaa 2100%* tctgatgcagCTG
4 82 CAGgtaagctttg 900* aactcctaagCTC
5 81 AAGgtaagcgttt 1300* aaaactgtagGCA
6 86 TTGgtaaggcggyg 1650* ctctcttcagCCT
7 97 CAGgtatggaaat 267 tcctttgcagAGG
8 91 GAAgtgagtgagc 1100* ctgctttcagACC
9 124 AAGgtaggggtca 600* tccctaccagGTA
10 94 ATGgtatgacagc 2150%* ccacacacagTCC
11 231 GAAgtaagtcgct 1000* cattgtgtagACA
12 165 GTGgtaagtggaa 1900* tgttttctagGTG
13 100 CTCgtaagttcct 2900%* atttgaacagGAT
14 192 CAGgtatcatggt 1200%* tttgctttagTTC
15 107 GGGgtgaggatca 550% cttacaacagAGT
16 104 GAGgtgaatagac 2000* ttctttgcagGAA
17 54 GAGgtatgtaggc 89 cctgttgcagGTC
18 106 AAAgtaagctctce 1250%* gtatttttagTGC
19 116 CAGgtaagctgac 334 ttattttgagATG
20 74 CAAgtaagtattt 252 gtcctcacagACT
21 79 AAGgtacactttg 86 tctttgatagGTC
22 80 CAGgtaagtattt 1150* tggttcttagGGA
23 138 AAAgtgggtgctg 97 actacctcagGTT
24 86 AAGgtagagacct 450%* actccaacagGAA
25 149 AAGgtatgtggag 850* tttttcctagGAT
26 124 GTGgtaagggttt 350%* tttttttcagGAC
27 98 CAGgtatgtggtg 1800%* cttgtcacagGCG
28 202 CAGgtaagcaggg 1050%* gtcttttcagGAA
29 62 GACgtgagctcct 5000%* cccttgtcagGAT
30 63 CTGgtaaggaagc 500%* tccctecttagGTC
31 61 AAGgtgaggatta 2200%* gcatcctcagCCC
32 114 TGGgtgagtgcct 650%* tcttctctagATC
33 112 TGCgtacgtacga 600* tttctgacagGAG
34 128 AAGgtatggcttce 900%* tcttctctagATG
35 155 CCGgtaagcttcc 1800%* ttctgcttagGTC
36 76 TCGgttagtgtct 3500* ttgcttccagATC
37 947

* Exon sequences are in uppercase letters; intron sequences are in lower
case letters.

® Intron lengths are determined by nucleotide sequencing or by electro-
phoretic fractionating. An asterisk indicates an approximate size.

3.3. Gene locus of mouse IKBKAP

To determine the chromosomal localization of mouse
IKBKAP, sequence polymorphisms in intron 23 of this
gene in C57BL/6J and M. spretus mice were identified
and used to screen interspecific BSB and BSS backcross

Table 3
Splice junction sequences for intron 20 of mouse and human IKBKAP*

5’ splice donor 3’ splice acceptor

Consensus GTAAGTA YYYYYYYYYYYYNCAG
Mouse GTAAGTA TTTCCTgTCCTCACAG
Human GTAAGTA CTCTgTCTTCTCACAG

* Non-consensus nucleotides are represented by lower case letters.
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Fig. 3. (A) Map figures for the Jackson BSB and BSS backcrosses showing
part of chromosome 4 with loci linked to /kbkap. The map is depicted with
the centromere at the top. A 3 ¢cM scale bar is shown to the right of the
figures. Loci mapping to the same position are listed in alphabetical order.
(B) Haplotype figure from the Jackson BSS backcross showing the central
portion of chromosome 4 with loci linked to Ikbkap. Loci are listed in order
with the most proximal at the top. The black boxes represent the C57BL6/
Jei allele and the white boxes the SPRET/Ei allele. The number of animals
with each haplotype is given at the bottom of each column of boxes. The
percent recombination (R) between adjacent loci is given to the right of the
figure, with the standard error (SE) for each R. Missing typings were
inferred from the surrounding data where assignment was ambiguous.
Raw data from The Jackson Laboratory were obtained from the World
Wide Web address http://www.jax.org/resources/documents/cmdata.

panels (Rowe et al., 1994). The mapping results reveal that
mouse [kbkap is located on the central part of chromosome
4 mapping to a region where conserved linkage homology
has been identified between the human and mouse genome

(DeBry and Seldin, 1996; Serikawa et al., 1998). The
combined data from the two crosses give the position prox-
imal — D4Mitl12 — 2.66 ¢cM + /—1.17 SE - Ikbkap —
1.06 + /—0.75 — Gpcr26 — distal (Fig. 3).

4. Conclusions

1. We characterized the mouse, rat and rabbit IKAP-
encoded cDNAs and determined their nucleotide
sequences. The gene encodes a 3999, 3996 and 4002
bp open reading frame in the mouse, rat and rabbit,
respectively.

2. The mouse, rat and rabbit IKAP mRNAs encode
predicted proteins that share between 80 and 87% iden-
tity with human IKAP.

3. The mouse IKBKAP gene was localized to the proximal-
central portion of chromosome 4.

4. The amino acid residue that is altered in the minor FD
mutated gene product is conserved in mouse, rat and
rabbit IKBKAP.

5. The intron 20 donor splice site sequence that is mutated
in the major FD mutation is conserved in mouse
IKBKAP.

6. The presence in mouse /IKBKAP of sequences that are
homologous to the human sequences that are mutated in
the FD-bearing genes should allow for the generation of
mice that bear the mutations present in individuals with
FD.
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