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We have determined the primary structures of the
human and mouse retinal rod cGMP-gated cation chan-
nel by analysis of cDNA clones and amplified DNA.
The open reading frames predicted polypeptides of 690
and 683 residues exhibiting 88% sequence similarity.
Sequence comparison indicated that the rod channels
consist of a variable 90-residue N-terminal region, a
short highly charged segment rich in lysine and glu-
tamate, and a 540-residue C-terminal portion that is
well conserved in three mammalian species. Signifi-
cant sequence similarity (59%) of the visual cGMP-
gated channel to the olfactory cAMP-gated channel
established the existence of a family of cyclic nucleo-
tide-gated ion channel genes. RNA blot analysis re-
vealed transcripts of 3.2 kilobases (kb) in human,
mouse, and dog, 3.2, 4.6, and 5.2 kb in bovine, and 3.6
kb in fish. The human channel gene was mapped by
polymerase chain reaction of somatic cell hybrid DNAs

excised patches, shows a low degree of selectivity towards
cations (3). The bovine channel has been purified and recon-
stituted into lipid vesicles as a 63-kDa polypeptide. Cloning
of the bovine channel cDNA (4) revealed an open reading
frame that predicts a polypeptide of 79 kDa, and its expression
in Xenopus oocytes produced a channel activity capable of
generating currents similar to the native channel (5, ). Re-
cently, an active 79-kDa bovine channel peptide has been
purified and reconstituted into phospholipid-containing vesi-
cles (7).

Homology cloning using bovine rod channel cDNA as a
probe has allowed isolation of related olfactory cAMP-gated
channel cDNAs (s, 9) establishing a cyclic nucleotide-gated
channel gene family. Additionally, cGMP-gated channel ac-
tivities have been characterized in kidney (10) and in cardiac
pacemaker cells (11). A more distant relationship appears to
exist between voltage-gated cation channels and cyclic nu-
cleotide-gated channels, which share significant structural

1 to chromosome 4 (pl4-gl3) near the centromere. The hanne ; ! _
mouse channel gene locus (Cncg) was mapped by inter-  and sequence similarity (12). In this article, we describe the
) specific backcross haplotype analysis 0.9 centimorgan  characterization of mouse and human rod cGMP-gated chan-
0 proximal of the Kit locus on chromosome 5. nel cDNAs, the deduced amino acid sequences, and the chro-
mosome locations of the genes.
1
o ) ) MATERIALS AND METHODS
Q fPhototr%ndechtlon n rt:lamrrll&}han [I)holtor(;eceptors COhS.IStS Library Screening—A human retinal cDNA library constructed in
ot a Casca_e 0_ events that ultimately leads to a transient XgtlO (provided by J. Nathans, Johns Hopkins Medical School,
e hyperpolarization of the plasma membrane (1). The change  Baitimore, MD) and a mouse retina cDNA library in Xzap (Strata-

in conductance is effected by the closure of cation channels
residing in the plasma membrane. In rod photoreceptors, the
channel is directly and cooperatively regulated by cGMP (2),
which is present at high levels in the dark keeping the channel
in an open state (3). Upon activation of a cGMP phosphodi-
esterase, cGMP levels are lowered and the channel closes.
The channel is thought to consist of a homopolymer, and in
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gene) were screened with radiolabeled bovine rod channel (4) PCR1
amplified fragments BCC-B and BCC-C (Fig. 1). The primers used
to generate the fragments are located at positions 219-240/480-460
(BCC-B) and at 688-711/2267-2243 (BCC-C) of the bovine sequence
(4). Approximately 100,000 plague-forming units of the mouse library
were screened with radiolabeled BCC-B and BCC-C. From the mouse
library, 33 overlapping clones were isolated, and six clones were
farther characterized and completely sequenced. Screening of 500,000
plague-forming units of the human library yielded 41 clones, three of
which (HCC-1, HCC-2, and HCC-3) were further characterized.
Poly(A) mRNA Isolation, Reverse Transcription, and RNA Blot-
ting—Poly(A) mRNA was isolated directly from mouse, bovine, and
human retinas by a fast lysis oligo(dT) selection method (Fasttrack,
Invitrogen). Reverse transcription of first strand cDNA was per-
formed with 1.5 Myof RNA and 0.4 pg of mcs23 primer (13) per 25-
pl reaction according to the manufacturer’s protocol (Promega, Bio-
tech). Following synthesis at 45 °C for 1 h the reaction was diluted
to 250  with water and stored at —20 °C. For RNA blot analysis,
approximately 1 ng of poly(A) was fractionated in a 0.8% agarose gel
containing 2.2 m formaldehyde and transferred to a nitrocellulose
membrane (14). Hybridization and washing was carried out as re-
ported previously (15), except that 40% formamide was used.
Polymerase Chain Reaction—PCR reactions were performed in 25-
400-~1 volumes containing 1/25 volume of diluted cDNA, 10-20 pmol
of each primer, 200 of each dNTP, 1.5 mm MgCI2 and 0.1%

1The abbreviations used are: PCR, polymerase chain reaction; kb,
kilobase(s); RFLV, restriction fragment length variations.
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Fig. 1. Human and mouse channel cDNA clones and PCR
fragments. A, schematic representation of channel cDNA. Large
rectangle, coding sequence; striped box, N-terminal region encoding
lysine- and glutamate-rich domain; stippled box, presumed cGMP-
binding region. Bars marked BCC-A, BCC-B, and BCC-C represent
PCR amplified bovine DNA used for library screening. B, extent of
human (HCC) and mouse (MCC) cDNA clones. PCR-HCC and PCR-
MCC represent PCR amplified DNA used for direct sequencing.

Triton X-100 in a Precision GTC-1 thermal cycler. Thirty-one cycles
were performed as described (16).

Human Chromosome Mapping—DNA from 25 well-characterized
human-hamster somatic cell hybrids was purchased from BI1OS Corp.
PCR was performed (16) using 50 ng of amplification primers CLF
and CLR (Fig. 2), and 25 ng of DNA from each hybrid cell line in a
25ml volume. PCR of human and hamster positive and negative
control DNAs revealed the expected 295-base pair product only in
the human DNA amplification. Regional mapping on chromosome 4
was done in the same manner using four additional cell hybrids, each
of which retains a different segment of chromosome 4 (17, 18).

Mouse Chromosome Mapping—C3H/HeJ-gld/gld and Mus spretus
(Spain) mice and [(C3H/HeJ-gld/gld x Mus spretus)FI x C3H/HeJ-
gld/gld] interspecific backcross mice were bred and maintained as
previously described (19). Mus spretus was chosen as the second
parent in this cross because of the relative ease of detection of
informative restriction fragment length variations (RFLV) in com-
parison with crosses using conventional inbred laboratory strains.
DNA isolated from mouse organs by standard techniques was digested
with restriction endonucleases and 10-fig samples were electropho-
resed in 0.9% agarose gels. DNA was transferred to Nytran mem-
branes (Schleicher & Schuell, Inc.), hybridized at 65 °C, and washed
under stringent conditions, all as previously described (20). Clones
used as probes in the current study were MCC-13 (Fig. 1) and
DHPR13 (QDPR) (21). Gene linkage was determined by segregation
analysis (22). Gene order was determined by analyzing all haplotypes
and minimizing crossover frequency between all genes that were
determined to be within a linkage group. This method resulted in
determination of the most likely gene order (23).

RESULTS AND DISCUSSION

Characterization of Mouse and Human Channel cDNA
Clones—A composite mouse channel sequence was con-
structed from four overlapping clones MCC-33, MCC-2,
MCC-3, and MCC-13 (Fig. 1). Since the sequence overlap
between MCC-33 and MCC-3 was only 16 base pairs, oligo-
nucleotides specific for the 5' end of MCC-33 and the 3' end
of MCC-3 were used to amplify a full-length channel cDNA
(PCR-MCC, Fig. 1). By means of unique restriction sites
introduced at the 5' ends of the primers, the amplified mate-
rial was cloned into a plasmid vector and sequenced. The
sequence obtained is in complete agreement with the compos-
ite sequence shown in Fig. 2 indicating that the MCC clones
depicted in Fig. 1 derive from one mMRNA species. Sequence
analysis of human clones HCC-1, HCC-2, and HCC-3 (Fig. 1)
showed that the majority of the coding sequence could be
determined, with the exception of an A-rich segment near the
5' end. To complete the sequence of the human channel
cDNA, oligonucleotide primers were designed from the se-
guence determined in the 5'- and 3'-untranslated regions of
clones HCC-2 and HCC-3, respectively, and cDNA was am-
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plified and directly sequenced without cloning. The sequences
of the overlapping clones and the PCR fragment (PCR-HCC,
Fig. 1) were in complete agreement yielding the sequence
shown in Fig. 2.

cDNA Sequence of the Mouse and Human Rod Channel—
The cDNA sequences shown in Fig. 2 contain open reading
frames of 2076 and 2082 nucleotides for the mouse and human
channel, respectively. Translation initiation of the mouse
channel is assigned to the first ATG (position 1 in Fig. 2) 24
nucleotides downstream of an in-frame stop codon, and of
human to an ATG 12 nucleotides downstream. Both initiators
are preceded by a ribosome binding consensus sequence (24).
Curiously, the human cDNA sequence predicts an extended
N terminus consisting of 4 amino acids, MKLS, which are
not present in mouse or bovine (Fig. 4). The overall sequence
similarity between the mouse and human channel coding
sequences is 85%, the highest sequence variation is found
near the N- and C-termini. The 3'-untranslated region shown
in Fig. 2 does not contain polyadenylation signals indicating
that the 3' regions are incomplete. PCR analysis of retina
cDNA with achannel specific primer and an anchoring primer
specific for the poly(A) tail (13) indicates that the distance
between the last nucleotide shown in Fig. 2 and the poly(A)
tail is approximately 150 nucleotides (results not shown).

RNA Blot Analysis—Using the near full-length PCR prod-
uct PCR-HCC (Fig. 1) as a probe in Northern blots, the
predominant transcript detected in human, bovine, mouse,
and dog retinas is a 3.2-kb species (Fig. 3). In bovine, addi-
tional transcripts of 4.6 and 5.2 kb are also observed. Since
the larger transcripts are not detected in human and mouse,
they are unlikely to represent related products of another
gene, but are more likely due to alternate poly(A) site usage
as found for opsin mMRNAs in several species (13). The high
degree of conservation of the channel sequence is exemplified
by the signal observed in the lane containing red fish RNA
(Fig. 3; lane 1), Northern analysis of various rat tissues
demonstrated hybridization signals only in kidney and heart
(25), consistent with the presence of homologous channel
genes in these tissues.

The N-terminal Domain of the Rod Channel—The cDNA
sequences predict 690 and 683 amino acid polypeptides for
the human and mouse rod channel both of which contain five
potential AT-linked glycosylation sites. Two of these sites are
present in the olfactory and visual channels at approximately
identical positions (Fig. 4). The bovine rod channel was
previously shown to contain at least one carbohydrate chain
that could be removed by treatment with glycopeptidase F
(26). The functional significance of carbohydrate side chains
in mammalian channels, all of which appear to be glycosy-
lated, is unknown.

The sequence variation between rod channels (bovine,
mouse, human) is greatest in the N-terminal region; an align-
ment of the three sequences is only possible when several
gaps are introduced (Fig. 4). An unusual structural feature of
the rod channel is an extremely hydrophilic 57-58 residue N-
terminal domain predicted to consist of 29 lysines (no argi-
nines) and 19 glutamic/aspartic acid residues (Fig. 4). Most
channel purifications yield a protein of 63 kDa indicating that
cleavage may occur near or in this domain removing an
approximately 16-kDa moiety. This cleaved domain may also
contain the binding site for the Ca2+ channel blocker L-cis-
diltiazem, since the purified 63-kDa channel is insensitive (4),
but the 79-kDa channel is sensitive to the inhibitor (7). Except
for an insertion of 1 additional glutamic acid in bovine and
mouse, and the replacement of 2 glutamic acid residues for 2
histidines in human, the charged domain is well conserved
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Fig. 2. Complete cDNA sequence of human and mouse cGMP-gated channel. The human cDNA and
amino acid sequences (h) are shown as continuous sequences, and nucleotide and amino acid differences in the
respective mouse sequences are indicated above and below the human sequence. Nucleotide numbering starts with
A of the presumed translation initiator codon ATG (boxed), amino acid numbering with the initiator methionine
(M, boxed). Asterisks delimit the open reading frames. Hyphens in the mouse and human sequences indicate gaps.
Primer sequences used for sequence analysis or amplification are underlined, and their orientations are indicated
on the right margin by an arrow. The boxed areas denote an A-rich region (hydrophilic domain) and the presumed

cGMP-binding domain.

between the three species. The hydrophilicity within this
region is less pronounced (20 charged residues) in correspond-
ing olfactory channel domains which are also s residues
shorter. Interestingly, the only uncharged amino acid that is
conserved between olfactory and visual channel charged do-
mains is a central proline (Fig. 4).

Potential Transmembrane Domains—Hydrophobicity plots
indicate at least six hydrophobic amino acid sequences of 20
residues or more, termed H1-H6 (4), perhaps representing
transmembrane domains (Fig. 4). Since both N and C termini
are presumed to be intracellular, an even number of trans-
membrane domains (2, 4, 6, or more) is required. In terms of

amino acid conservation, He is perfectly conserved between
the three species, and HI has only one minor substitution.
H2-5 have several, mostly conservative substitutions not
perturbing the hydrophobicity of the domains. Hi, H2, H5,
and He have 1-4 mostly negative charges all of which are
perfectly conserved in human, mouse, and bovine. At least
some of these charges may be involved in amphipathic helical
structures forming part of the actual channel pore (28). Sur-
prisingly, a voltage sensor motif RLN-RLL-RFS-RMF iden-
tified in voltage-gated cation channels and thought to be part
of the membrane structure, is also present in rod and olfactory
channels. Since the gating of rod channels shows only weak
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Fig. 3. RNA blot analysis of the cGMP-gated channel in
various species. Approximately 1 ng of poly(A) mRNA was loaded
per lane. Lane 1, redfish; lane 2, human; lane 3, bovine; lane 4, normal
mouse; lane 5, rd mouse; lane 6, dog affected with progressive retinal
degeneration (38); lane 7, normal (heterozygous) dog. Radiolabeled
PCR-HCC fragment (Fig. 1) was used as a probe. Sizes of major RNA
species are shown to the left and right as determined form a standard
curve of a RNA ladder (BRL, Bethesda).

voltage dependence (4), its importance may be in preserving
the protein core structure (12).

Cyclic Nucleotide-binding Domain—Homology to bovine
lung cGMP-dependent protein kinase predicts 1 cGMP bind-
ing site/channel polypeptide (4). Since cGMP-binding studies
indicate a Hill coefficient of 3-4 (s, 7), an oligomeric structure
is proposed for the functional channel. The cGMP-binding
domain (position 500-587 of the human sequence in Fig. 4) is
the best conserved domain between the three species, contain-
ing only one conservative substitution (valine versus isoleu-
cine at position 532). Two of the 4 cysteines conserved in
olfactory and visual channel sequences are located at the
border of this domain suggesting their importance for proper
folding and function of the polypeptide.

Chromosome Mapping of the Human Channel Gene—Mo-
lecular defects in the rod channel could lead to malfunction
of the phototransduction cascade and inability to generate a
nerve impulse causing blindness. A defective rod channel gene
thus is a possible candidate gene for human retinitis pigmen-
tosa or related retinal disorders. In order to identify the
chromosome location of the human gene (locus designation
CNCG), we performed PCR analysis on DNAs from 25 hu-
man-hamster somatic cell hybrids. The primers CLF and CLR
(Fig. 2) amplify an intronless 295-base pair human-specific
fragment (not shown). As noted in Table | only hybrids 803
and 1006 (and the human control DNA) yielded the expected
PCR product consistent with the human cGMP-gated channel
gene residing on chromosome 4. To narrow down the location
of the gene to a specific region of chromosome 4, we performed
PCR on DNA isolated from four radiation hybrids that con-
tain only partial segments of chromosome 4 (Fig. 5). The
absence of hybridization to DNA from hybrids 693 and 848
and the positive signals obtained with hybrids 842 and 892
demonstrate that the gene is contained within the region pl4-
ql3.

Chromosome Mapping of the Mouse Channel Gene—In or-
der to determine the chromosomal location of the mouse
cGMP-gated channel gene (locus designation Cncg), we uti-
lized a panel of DNA samples from an interspecific cross that
has been characterized for over 375 genetic markers through-
out the genome. The genetic markers included in this map
span between 50 and 80 centimorgans on each mouse auto-
some and the X chromosome (for examples, see Refs. 19 and
29). DNA from the two parental mice [C3H/HeJ-gld/gld and
(C3H/HeJ-gld/gld x Mus spretus)FI] were digested with var-

Rod Photoreceptor cGMP-gated Channel

ious restriction endonucleases and hybridized with radiola-
beled Cncg cDNA (MCC-13, Fig. 1) to determine an RFLV to
allow haplotype analyses. An informative RFLV was detected
with Bglll restricted DNAs (Fig. 6B). Each of 114 Bglll-
restricted DNAs from the [C3H/HeJ-gld/gld X (C3H/HeJ-
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ber 542

mer 535

bco YAL 519

rco YAL A C 521

her GEISILNIKGSKAGNRRTANIKSIGYSDLFCLSKE DLMEALTEYPDAKTM 594 gﬁxﬁg
ber G 592 .
mcr 585 domaln
bco R L : RV 569

rco R L f KV 571 c4

her LEEKGKQILMKDGLLDLNIANAGSDPKDLEEKVTRMEGSVDLLQTRFARI 644

ber 642

mer Cc 635

bco R RE E EVA SMEV- VQ LEQL TNM T Y L 618

rco R RE E EVA SMEV- VQ LEQL TNM TLY L 620

her LAEYESMQQKLKQRLTKVEKFLKPLIDTEFSSIEGPWSESGPIDST* 690

ber A SGT T QD* 690

mer s E AL E GG E TE LQD* 683

bco TGA I VL TKM QNNEDDSLSDGMNSP PPAEKP* 663

rco TGA I VL TKM QNHEDDYLSDGINTP PTAAE* 664

Fig. 4. Sequence comparison of cyclic nucleotide-gated
channels. An alignment of the amino acid sequences of the human
(her), bovine (bcr) (4), and mouse (mcr) cGMP-gated channels, and
bovine (bco) and rat (rco) olfactory cAMP-gated channels (8, 9) is
shown. The lysine/glutamate-rich region near the N termini (“hydro-
philic domain”) and the cGMP-binding domain near the C termini
are depicted within large boxes. The stippled box indicates the domain
with resemblance to the voltage sensor motif (9) in voltage-gated
channels. Striped boxes identify the positions of conserved potential
iV-linked glycosylation sites. Putative transmembrane domains (H I-
H6) are marked by a black cross-bar, and the four invariant cysteines
(C1-C4) are shaded. An invariant proline in the hydrophilic domain
is marked by a vertical arrow.
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Table |
Segregation of cGMP-gated channel gene in human-hamster somatic cell hybrids

Human Chromosomes*

Hybrids* CNCG 1 2 3 4 5 6 7 8
1)324 - e S
2)423

3)734

4)750 - - - - -
5)803 + - - -+
6)860 - - - 15 -
7)867 - - - - -
8) 940

9)212

10)507 - - -+ -
11)683 - - -
12)756 - - - -
13)811 - - - - -
14)983

15)862

16)909 - - - - -
17)937 - - -
18)854 - -+ -
19)904 - - - - -
20)967

21)968 - - - - -
22)1006 + - - - 55
23)1049 - - - - -
24)1079 - - -+
25)1099 - - - -
¢t Disc. 2 3 5

+++0
+

q

O+ +Q

O++0

+
"
.
+

- D - - - -
4

014 6 2 3 5

9 10 11 12 13 14 15 16 17

4

4

18 19 20 21 22 X Y

— + - - - - - -
- -+ 4+ o+ - -+ - - -
15 - - - - - s

5 - - - - - - - - 45 - + -

-+ o+ - -+ o+ - - .-
+
- + - + - - - - 40 - 25 - +
11 45 T T
- + + 45 - - - - + o+ + - +
- - - - - + o+ - - R
- - - + - - - - - - - + -
- -+ 4 + - - + - - -
- + - - 5 - - - + - - +
R + - R R R R R R
S T T
+ - R R - R R R R R R R - R

5 - - - - 10+ - - - - - - -

- - 4 - - - - - 4 - 4+ + - 60
2 6 6 9 3 4 4 6 7 5 7 3 2 6

“D, deleted at 5pl5.1 —5pl5.2; Dq, multiple deletions in 5q.

bNumbers are the percentage of the cell population containing the noted chromosome; “+”

=>75%.

cPresence of chromosome counted only if greater than 30%.

848 892 842 693

Fig. 5. Regional localization of the human cGMP-gated
channel gene. Shown to the right of the idiogram of human chro-
mosome 4 are vertical lines representing the portion of the chromo-
some contained in each of four human-hamster somatic cell hybrids.
The number of each hybrid cell line and the presence (+) or absence

gld/gld x Mus spretus)FI] interspecific backcross mice dis-
played either the homozygous (CC) or heterozygous (SC) FI
pattern when hybridized with the MCC-13 Cneg probe (data
not shown).

Comparison of the haplotype distribution of the Pdc RFLV
indicated that in 113 of 114 meiotic events examined, the
Cncg locus co-segregated with Kit (Fig. GA), a locus previously
mapped to mouse chromosome 5 (30). This result indicated
that Cncg was linked with Kit (the probability of linkage is
>0.99; upper 95% confidence limit by binomial distribution =
4.6 centimorgans). The haplotype distribution among other
genes localized to mouse chromosome 5 is shown in Fig. sA.
The best gene order (23) + the standard deviation (22) indi-
cated that the mouse Cncg locus was located 9.6 + 2.8 centi-
morgans distal to Qdpr and 0.9 £ 0.9 centimorgan proximal
of Kit. The position of Cncg on mouse chromosome 5 and the
location of the human homologue on the short arm of chro-
mosome 4 provided evidence that this gene is another member
of a linkage group conserved between these chromosomal
segments (31, 32).

Functional channel polypeptides are critically important
for transport of cations and anions through the plasma mem-
brane. For example, a defect in a cAMP-regulated chloride
channel gene, located on human chromosome 7, is thought to
cause cystic fibrosis (330. The shaker locus of Drosophila
encodes a potassium channel in which defects produce neu-
rological disturbances (34). Currently, the rod cGMP-gated
channel gene is not known to be linked to any hereditary
retinal dystrophy. Since high levels of channel mMRNA of the
same size (3.2 kb) are also found in kidney even at very high
stringency of hybridization and wash conditions (25), it ap-

(— of the expected PCR product is indicated below. The PCR results
are consistent with regional localization of 4pl4-4ql3 marked by the
bracket to the left of the diagram.
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Fig. 6. Regional localization of the mouse cGMP-gated
channel gene. A, Southern blot identification of a Cncg RFLV. The
informative Bglll restriction digest is shown with the molecular size
standards (in kb) indicated to the left of the panel. The arrow signifies
a band present in DNA from (C3H/HeJ-gld/gld x Mus spretus)FlI
(SC) mice that are not present in DNA from C3H/HeJ-gld/gld mice
(CC). B, segregation of Cncg among mouse chromosome 5 loci in
[(C3H/HeJ-gld/gld x Mus spretus)FI x C3H/HeJ-gld/gld] interspe-
cific backcross mice. Closed boxes represent the homozygous C3H
pattern and open boxes the FI pattern. The segregation of Kit, Pdgfra,
Cas, Afp, Mgsa, and Gus have been previously examined (31, 32).
Qdpr RFLVs were determined using EcoRI restricted DNAs (C3H:
9.5- and 6.8-kb bands; Mus spretus: 8.2-kb band).

pears that both channel mMRNAs may be transcribed from the
same gene. Moreover, only one gene locus has been identified
by hybridization (Fig. 6) with mouse channel cDNA probes.
It is unlikely, however, that the cGMP-inhibited channel
characterized by patch clamping in kidney (10) is derived
from the same gene as the cGMP-gated rod channel, since
the two channels have different functional properties. A
search of the OMIM (Online Mendelian Inheritance in Man,
V. McKusick, Johns Hopkins Medical School, Baltimore)
data base for disorders with pleiotropic effects in which a
defective channel may be causative identified an hereditary
renal-retinal dysplasia. This rare disorder presents with the
combined pathologies of familial juvenile nephronophthisis
and Leber’s congenital amaurosis, a form of retinitis pigmen-
tosa (35, 36). The findings of abnormal electroretinograms
(37) and kidney dysfunction are consistent with a possible
channel defect. Another more common disorder exhibiting
pleiotropic effects is the Bardet-Biedl syndrome which is often
accompanied by retinal degeneration, nephropathy, and men-
tal retardation. Unfortunately, while both of these disorders

Rod Photoreceptor cGMP-gated Channel

display an autosomal recessive mode of inheritance, neither
has been assigned to a specific chromosome. Linkage analysis
is currently being performed to rule out a channel gene defect
in patients with these disorders.
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