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Mutation in the PYK2-binding domain of PITPNM3
causes autosomal dominant cone dystrophy (CORDS)
in two Swedish families
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Autosomal dominant cone dystrophy (CORDS5) (MIM 600977) is a rare disease predominantly affecting
cone photoreceptors. Here we refine the CORDS5 locus previously mapped to 17p13 from 27 to 14.3 ¢cM and
identified a missense mutation, Q626H in the phosphatidylinositol transfer (PIT) membrane-associated
protein (PITPNM3) (MIM 608921) in two Swedish families. PITPNM3, known as a human homologue of the
Drosophila retinal degeneration B (rdgB), lacks the N-terminal PIT domain needed for transport of
phospholipids, renewal of photoreceptors membrane and providing the electroretinogram (ERG) response
to light. In our study, the mutation causing CORDS5 is located in the C-terminal region interacting with a
member of nonreceptor protein tyrosine kinases, PYK2. Our finding on the first mutation in the human
homologue of Drosophila rdgB indicates novel pathways and a potential important role of the PITPNM3 in
mammalian phototransduction.
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Introduction

Progressive cone or cone-rod dystrophies (CORDs) are
characterized by a defective cone function demonstrated
by abnormalities in cone-mediated electroretinogram
(ERG) components. The presenting symptoms are defective
colour vision, impaired central visual acuity and sensitivity
to light.”? The inheritance patterns for CORDs are
represented by autosomal-dominant, autosomal-recessive
and X-linked forms.®> The classification of CORDs is
complicated due to variable dysfunction of the rods. The
preservation of rod function can differ both between and
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within families and is dependent on the disease causing
mutation within a gene.?*

A variant of autosomal-dominant cone dystrophy has
been mapped to 17p12-p13 in a Swedish family® (CORDS,
MIM 600977). Two other reports, one from the United
Kingdom and one from the United States also showed
linkage of dominant cone dystrophy to chromosome
17p.®” The disorder in the British family, designated as
CORD6 (MIM 601777) was found to be caused by
mutations in the GUCY2D gene.® Mutations within the
GUCY2D gene also cause Leber congenital amaurosis and
autosomal recessive retinitis pigmentosa.” In the USA
family, the disease mapped to 17pl12-pl3 was later
reported to be caused by the same mutation as the in
British CORD6 family, and therefore it was concluded
that CORDS5 and CORD6 is the same disease.®'® However,
in CORDS patients of Swedish origin, there were no



indications of mutations in the GUCY2D gene analysed by
single strand conformational polymorphism (SSCP).?

Besides GUCY2D, another gene, AIPL1 (MIM 604392)
mapped to 17p13 is associated with autosomal-dominant
CORD.!"! Moreover, autosomal-dominant central areolar
choroidal dystrophy (CACD) characterized by progressive
profound loss of vision in patients during middle age has
been mapped to 17p13 in an Irish family. To date, however,
the disease causing gene has not been identified.'*'® Other
variants of autosomal-dominant CORDs are caused by
mutations in RIM1 (6q14) (MIM 606629), peripherin/RDS
(MIM 179605) (6p21.2), GUCAIA (6p21.1) (MIM 600364)
and CRX (19q13) (MIM 602225) genes.'*~17

The CORDS locus in families of Swedish origin was
initially mapped to a 27cM region on chromosome
17p12-p13; however, the gene causing the disease was
not identified.> Thus, the aim of the present study was
identification of the genetic defect in CORDS patients of
Swedish origin.

Materials and methods
Patients and clinical examination

To identify a gene causing CORDS we analysed two
multigeneration Swedish families (151 and 152) originat-
ing from the same geographical area in Northern Sweden.
Pedigrees of both families are presented in Figure 3. Family
151, reported previously,® is a five-generation family with
a total of 48 individuals of which 18 are affected. Family
152 is a seven-generation family of 32 individuals with 15
affected and two individuals with unknown disease status.
Informed consent was obtained from all individuals
participating in the study and the research following
to the tenets of Declaration of Helsinki was approved by
the Ethics Committee of University of Umea. All indivi-
duals classified as unaffected were symptomless, and
had normal visual acuity and normal colour vision.
Patients with a history of defective colour vision, low
visual acuity and signs of macular degeneration
were assigned as affected. Affected members in family
151 have been subject for a thorough evaluation. In family
152 the corresponding clinical examinations in progress,
however have not yet been completed. A full ophthalmo-
logic examination included assessment of visual
acuity (VA) and evaluation of the anterior segment and
the fundus. Visual fields were tested in a Goldmann
perimeter using standard objects. In selected cases, a more
detailed investigation was performed. The course of dark
adaptation was determined using a Goldmann-Weekers
adaptometer. Colour vision was tested with pseudoisochro-
matic plates (Ishihara and Dvorine). Electrooculography
(EOG), and full-field, single flash and flicker ERGs were
recorded using UTAS-E 2000 and UTAS-E 3000-mf LKC
Technologies Inc.
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Genotyping, linkage analysis, and mutational
screening

DNA from 80 individuals was extracted from peripheral
blood lymphocytes according to standard protocols re-
ported by Balciuniene et al.> Twelve microsatellite markers
included in the Rutgers Combined Linkage-Physical Map
were used for genotyping. The markers mapped to 17p13 in
the proximity to D17S938 were situated approximately
2cM apart. The GDB Human Genome Database was used
for information about microsatellite markers and their
primer sequences. PCR mixes were prepared in 7.5ul
reactions using 0.3 U of AmpliTaqGold (Applied Biosystem:s,
Foster City, CA, USA), 0.75ul of GeneAmpPCRbuffer II,
0.075mM of dNTP, 0.75mM of MgCl,, and 0.1uM of
primers. Polymerase chain reaction (PCR) was performed
with a temperature profile of 95°C for 10 min, 94°C for 155,
55°C for 155, 72°C for 30 for 10 cycles, 89°C for 15, 55°C
for 15s and 72°C for 30s for 20 cycles, and final extension
at 72°C for 10 min. Fragment analysis of the samples was
performed on a 3730x]1 DNA analyzer (Applied Biosystems),
and the collected raw data were analysed with ABI Prism
GeneMapper Software v3.0 (Applied Biosystems).

Two-point linkage analyses were performed using the
FASTLINK implementation of the LINKAGE program
package.'® CORDS5 was analysed as an autosomal-domi-
nant trait, with a disease allele frequency of 0.01. Five age-
dependent liability classes with the penetrance set to O at
<10 years, 0.15 between 10 and 20 years, 0.47 between 21
and 30 years and 0.95 at ages >40 years were used. The
liability classes were the same as in the mapping study of
CORDS.? Frequency of phenocopies was set to 0.01. Set up
of allele and phenocopies frequencies was the same as for
complex traits, which allowed increasing power of linkage
analysis.

For bidirectional sequencing of phosphatidylinositol
transfer (PIT) membrane-associated protein (PITPNM3)
(MIM  608921), coding exons and adjacent intronic
sequences were amplified from genomic DNA of two
affected patients from each family and one unaffected
individual. Primer pairs designed with Primer3 software are
listed in Table 1. PCR amplification of the 19 exons was
performed in 25 ul reactions with 0.5 U of AmpliTaq Gold
(Applied Biosystems), 2.5 ul of PCR buffer II x 10, 1.5 mM of
MgCl,, 0.1 mM of dNTP, 0.4 uM of primers, and 50ng of
genomic DNA. PCR cycling consisted of an initial denatur-
ing step at 94°C for 5min; then 30 cycles of denaturing at
94°C for 1min, annealing at temperature dependent on
primer sequence (55°C) for 1min, and extension at 72°C
for 1min; and a final elongation step at 72°C for 7 min.
PCR products were purified using MicroSpin columns
(Amersham Biosciences, Piscataway, NJ, USA). The sequen-
cing reactions were performed using Big Dye® Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems) in a final
reaction of 10ul. The products of sequencing reactions
were run on a 3730x] DNA analyzer (Applied Biosystems).
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Table 1 PCR and sequence primers for PITPNM3 gene
Primer sequence PCR product (bp) Tann (°C)

Exon 2 F-cttgggtcacctccctcata R-ccccaaatgggatcttcttc 239 55
Exon 3 F-tatccctagctgcacctgct R-ggcaaaattcagggatgcta 304 55
Exon 4 F-gggcatgaagtggtaggaga R-ggctctgagtggatgagagg 282 55
Exon 5 F-cactgtagggaagcctggag R-agcccagagaaggacacaga 274 55
Exon 6 F-tgtgtgtgtgtccctgtgtg R-ggagcccctccacttagttc 375 55
Exon 7 F-aattcctggccagtatgtgc R-tggccctttcagtagattcc 376 55
Exon 8 F-cccaaggacgagtttctcat R-atggtgccaacgtgaagaac 330 55
Exon 9 F-gatgaaggggttggtttgtg R-ggacatctgactggtcacagc 360 55
Exon 10 F-gtgaacactcccgcattctc R-gtccccgacttcactctect 331 55
Exon 11 F-taggctactccaggctgcat R-agagcttggaggggttgaat 339 55
Exon 12 F-acgtgactcagcctgacctt R-ccctcagcagctctagcagt 323 55
Exon 13 F-agtctgtgcaatgggagacc R-gcaagaatagcctcctctcca 319 55
Exon 14 F-ggaagcagagaagccagaag R-gaagcgcttacctcccatgt 268 55
Exon 15 F-ctccagccagtctgaggaac R-gccctcttgacaccctcac 300 55
Exon 16 F-aatgtcaggcagggacctc R-tggaagggccatagaaatga 309 55
Exon 17 F-acccaggtgctctctgacc R-ggtagaattcctacagcaaatcaga 373 55
Exon 18 F-gcttctgggcatcaggtg R-acagactgcacatcacaagg 356 55
Exon 19 F-atggcttggagtctaccaga R-ccccgaagtgtttgttgaat 398 55
Exon 20 F-agttcctgagcgagggcta R-gacactgctggacagacacg 438 55

Sequences aligned in the Seqman program of the DNASTAR
package were compared with a reference genomic sequence
of the PITPNM3 gene available on the Ensembl website
(ENSG00000091622).

Results and discussion

Two Swedish families (151 and 152), originating from the
same geographical area in Northern Sweden were included
in this study. The majority of patients in family 151
(pedigree shown in Figure 3) had subnormal visual acuity
and light sensitivity from childhood. Signs of macular
degeneration were observed early as well. There was a
progressive decrease of VA leading to legal blindness in
early adulthood. Electrophysiological testing showed a
progressive loss of photoreceptor function restricted to
the cones. The macular regions presented a normal
appearance at early stages of the disease. In the young
patient (V:2, at 15 years of age, Figure 1b) a bull’s-eye
maculopathy could be seen. In more advanced cases,
findings varied from pigment mottling to pronounced
central choroidal atrophy (IV:23 and III:24 at ages 33 and
61 years respectively, Figure 1c and d). A pronounced
macular involvement was associated with central scotomas
at visual field testing. There was no peripheral restriction
of the visual field and patients did not have any history
of nyctalopia. Photopic ERGs representing cone function
were greatly diminished or absent, whereas scotopic ERGs
showed normal amplitudes (Figure la-d). The EOG was
normal. Dark adaptation curves showed absence of a
normal cone segment, but the final rod dark adaptation
threshold was not elevated.
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A milder phenotype was observed among clinically
examined individuals from family 152 (pedigree shown
in Figure 3). A female (V:15), with a visually affected
mother (IV:4), had first complaint of impaired vision at age
about 45 years. Examination showed defective colour
vision but a normal full-field cone response at electro-
physiological testing. Her daughter (VI:11) presented with
low visual acuity, defective colour vision and light
sensitivity at the age of 30, and the ERG was abnormal in
accordance with cone dystrophy. A more detailed pheno-
type description presented in these families will be
published elsewhere.

For fine mapping of the CORDS locus 12 microsatellite
markers in close proximity of the D175938 on 17p13 were
chosen (Figure 2a, Table 2). Significant logarithmic odds
(LOD) scores at 0 =0 were revealed for markers D175945 to
D1751828 with a maximum of 12.67 at the marker D175938
(Table 2). The reconstructed haplotypes in both families
(Figure 3) confirmed segregation of CORDS with markers
D17S678, D175938, D1751881, D175720 and D1751844. In
family 151, the interval containing the disease gene was
limited by one recombination event for D175945 in three
affected individuals (III:29, 1V:27 and V:4). In family 152,
recombination events at D1751828 and D17S1854 were
detected (V:17, VI:14 and VI:10). Thus, CORDS locus was
narrowed down from 26.9 to 14.3cM including flanking
markers. In the refined region at least three genes of interest
were present: AIPL1, an aryl-hydrocarbon interacting pro-
tein-like 1; GUCY2D, guanylate cyclase 2D, both known to
be mutated in cone rod dystrophy and Leber congenital
amaurosis; and a membrane associated phosphatidylinositol
transfer protein 3, PITPNM3, a human homologue of the
Drosophila retinal degeneration B (rdgB). AIPL1 and GUCY2D
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Fundus photographs and ERG recordings. A healthy 35-year-old individual (a) and CORDS5 patients from family 151. (b) A 15-year-old

boy (V:2). (c) His 33-year-old mother (IV:23). (d) His 61-year-old grandmother (lll:24). The photographs show a progression of maculopathy with
increasing age from bull’s-eye maculopathy to an extended macular atrophy. Scotopic rod responses diminish with increasing age, but are within the
normal range. Photopic cone ERGs are greatly diminished or absent in all patients. The amplitudes decrease with increasing age and in the oldest
patient there are no registerable amplitudes. The implicit times are prolonged with increasing age as well. The same is valid for the registrations of the

30-Hz flicker ERGs.

were excluded as a cause of CORDS by SSCP? and sequence
analysis (data not shown).

PITPNM3 contains 20 exons spanning approximately
101kb of genomic sequence and encodes a protein
belonging to phosphatidyl-inosytol transfer protein (PITP)
family. The human rdgB homologue, PITPNM3 also called
Nirl was cloned in 1999. Based on its chromosomal
localisation together with linkage data of several retinal
disorders to the same locus, the PITPNM3 was proposed to
be a candidate gene causing retinal degenerations.'®?°
Taking into account our own linkage data we decided to
screen the PITPNM3 for possible mutations. Sequence
analysis of 19 exons of PITPNM3 revealed a transversion
¢.1878G >C (NM_031220) in exon 14 resulting in substitu-
tion of a glutamine at position 626 by a histidine
(p-Q626H) (Figure 2b). Q626H mutation introduces a
restriction site for Maell endonuclease which allowed
screening for the Q626H mutation by PCR-RFLP analysis.
A 268bp long PCR products amplified according to the
conditions described in ‘Materials and methods’ were
digested with Maell. Products of digestion, fragments 157
and 111 bp were resolved on 2% agarose gel (SeaKem, ME
Agarose) and visualized by GelStar™ Nuclear Acid Staining
(Cambrex, Karlskoga, Sweden). Consistent segregation of

the Q626H in all affected individuals in family 151
(Figure 2c) was shown.

In family 152 three individuals VI:9, VI:12 and VI:16 at
age of 9, 18 and 28 years, had unknown disease history at
the time of blood collection . These individuals shared the
same haplotype as affected individuals (Figure 3) and also
had the Q626H mutation. Case VI:16 examined at the age
of 29 showed defective colour vision, low visual acuity and
abnormal cone response when tested with ERG. Patients
VI:9 and VI:12 have not been fully clinically evaluated.

Shared haplotypes and presence of the Q626H mutation
in both families indicate that these families have a
common descent (Figure 3).

The Q626H mutation was absent on 322 control
chromosomes of ethnically matched healthy individuals
and in 140 individuals affected with autosomal-dominant
or recessive forms of retinitis pigmentosa. Residue 626 in
PITPNM3 is located in a protein tyrosine kinase PYK2-
binding domain,'® which is evolutionary conserved in
mammals (Figure 2d). To predict significance of Q626H
substitution we used web-based analysis programs. Accord-
ing to ‘SNPper — aminoacid variation’ (http://snpper.chip.
org/bio/show-amino) a change in the chemical structure
due to replacement of an uncharged polar glutamine with
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Figure 2  Fine mapping of the CORDS5 disease, genomic structure of the PITPNM3 gene, detection of the Q626H mutation and segregation analysis
in family 151. (a) Schematic representation of the genomic region in proximity to the D175938 marker. D175678, D175938, D1751881, D175720
and D1751844 segregated with CORDS5. PITPNM3 consists of 20 exons, where exon 2 (shown in red) encodes a Ca®*-binding domain, six
transmembrane domains (shown as black lines) spread over exons 6, 7, 10, 11, 12 and exons 14-20 encoding PYK2-binding domain (shown in
green). The PIT domain characteristic for this family is missing in PITPNM3. Q626H in exon 14 is marked with an asterisk. (b) Sequence analysis
demonstrating wild-type sequence and presence of the Q626H mutation in an affected individual. Genomic analysis of PITPNM3 was performed by
bidirectional sequencing as described in Materials and methods. (c) Pedigree of family 151 and segregation analysis of CORDS5 and the Q626H
mutation in the PITPNM3 gene. Filled symbols indicate affected individuals, whereas empty symbols indicate unaffected. Screening for the Q626H
mutation was carried out by PCR-RFLP analysis of the PITPNM3 exon 14. (d) Partial sequence alignment of PYK2-binding domain between mammalian
PITPNM3. The position 626 where the Q626H mutation occurs is indicated in bold.

Table 2 Two-point LOD scores between markers on chromosome 17p13 and CORD5 locus

Position® LOD Score AT 0=
Marker M Mb 0.0 0.01 0.05 0.1 0.2 0.3 0.4
D175926 0.63 0.58 -1.33 2.67 4.47 4.83 4.25 2.96 1.36
D1751529 2.81 0.99 -1.70 2.25 4.07 4.45 3.95 2.76 1.28
D1752181 4.52 1.49 —2.86 -1.49 —-0.20 0.29 0.56 0.50 0.29
D17S654 6.63 1.86 -1.53 2.48 4.40 4.81 4.26 2.99 1.43
D1751828 10.34 3.76 3.26 4.52 4.73 4.42 3.43 2.23 0.99
D1751854 13.10 5.61 3.59 3.60 3.48 3.16 2.28 1.28 0.39
D175678 15.65 5.97 11.68 11.48 10.68 9.63 7.38 4.90 2.24
D175938 16.50 6.19 12.67 12.44 11.52 10.33 7.81 5.10 2.29
D1751881 16.81 6.47 6.96 6.84 6.32 5.66 4.24 2.73 1.18
D17S5720 20.00 7.64 5.40 5.52 5.44 5.01 3.79 2.38 0.98
D1751844 21.35 8.56 12.05 11.83 10.96 9.83 7.44 4.88 2.19
D175945 27.40 9.76 5.60 7.32 7.49 7.01 5.51 3.64 1.56

“Marker location is based on the human genome assembly Build 35.

Two-point linkage analyses were performed using the FASTLINK implementation of the LINKAGE program package. CORD5 was analysed as an
autosomal-dominant trait under considerations described in Materials and methods.

Simulation studies were performed with SLINK, under the assumption of no linkage.® Using 1000 replicates, a LOD score of 2 corresponds to P-value
of 0.004. A LOD score of 3 or higher was not found in any of the simulations.
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Figure 3 CORDS5 haplotypes in families 151 and 152. Filled symbols indicate affected individuals, whereas empty symbols indicate unaffected.
Symbols with ‘?” had unknown disease status. Only haplotypes shared by affected individuals in both families are boxed. Individual 1V:10 in family 151
demonstrated a mutation in the sequence of marker D175720 resulting in allele size 212.

a positive polar histidine is indicated as major. Further-
more, glutamine and histidine have different alpha-helix
propensity and this difference can have effect on secondary
structure of PITPNM3. Conformational change can in its
turn influence binding to PYK2. We also used SIFT (Sorting
Intolerant from Tolerant (http://blocks.thcrc.org/sift-bin)
as a measure of sequence conservation. The Q626H change
was predicted to be deleterious and affect protein function
(probability 0.03) using SWISS-PROT database, however
searching through TREMBLE and NCBI made this change
tolerant due to presence of histidine in zebrafish and
mouse Pitpnm2. Finally, PolyPhen (Polymorphism Pheno-
typing) predicting possible impact of an amino acid
substitution on the structure and function of a human
protein (http://coot.embl.de/PolyPhen/) failed to reveal
significance of Q626H substitution. Despite of the latest
predictions, presence of the Q626H mutation in all CORDS

individuals of Swedish origin, it’s absence on healthy
chromosomes and the fact that PITPNM3 is a Drosophila
rdgB homologue causing light-induced retinal degenera-
tion and severely impaired ERG?! indicate a potential
pathogenic role of the Q626H substitution.

In humans PITPNM3 is shown to be expressed in the
brain, spleen and ovary,'? although PITPNM3 expression
based on ESTs counting is more broad including adrenal
gland, cervix, colon, connective tissue, eye, kidney, lymph,
pancreas, lung, larynx, mouth, muscle and testis
(http://www.ncbi.nlm.nih.gov/UniGene). Interestingly, the
zebrafish homologue, pl-RdgB is mainly expressed in inner
segments of cone photoreceptors,>®> whereas in rat retina
PITPNM3 is expressed through all cell layers including the
inner segment and the outer plexiform layer containing
photoreceptor terminals but predominant expression was
later determined in Muller cells.*
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Members of the PITP-family contain a phosphatidylino-
sitol transfer protein domain (PIT), an acidic region/Ca ™ >
binding domain, six transmembrane domains, the DDHD
and a C-terminal domain interacting with PYK2.!9?* The
PITPs participate in multiple processes such as phospholi-
pase C-mediated inositol signaling, ATP-dependent Ca ">
activated secretion, lipid metabolism, trafficking from
Golgi-membranes and exocytosis.>* An exclusive impor-
tance of a PIT domain needed for phospholipids transport
and renewal of photoreceptor membrane was observed in
rdgB mutant flies with light-dependent retinal degenera-
tion which was rescued by transfer of the PIT-domain.?
Transgenic expression of zebrafish pl-RdgB lacking a PIT
domain in Drosophila rdgB® null mutant improved photo-
receptor survival but did not show any effect on ERG*
suggesting that PIT-domain is necessary for light response
and function of other protein domains prevents photo-
receptors degeneration.

The signalling pathway for mammalian PITPNM3 is still
not completely understood. Genetic studies on Drosophila
mutants provided evidence that rdgB functions down-
stream the protein kinase C, rhodopsin and phospholipase
C, since PKC activation results in retinal degeneration in
rdgB mutants even in darkness>®~?’ and mutations in
rhodopsin and phospholipase C prevent light dependent
retinal degeneration in rdgB mutants.?!

Recently it was shown that the C-terminal region of the
PITPNM3 is necessary for the interaction with protein
tyrosine kinase PYK2.' Activation of PYK2 results in
phosphorylation of PITPNM3 indicating that it is a
substrate for PYK2 although it is not known if this
interaction is phosphorylation dependent.'®

In conclusion, here we show for the first time that
the Q626H mutation in PITPNM3 mediates CORDS.
At this point, we can only speculate the potential
functional role of this mutation. One obvious expectation
might be that the mutation abolishes or modifies the
interaction with PYK2 in humans. PITPNM3 might be
involved in several more complex pathways affecting
photoreceptor survival and light induced response. Further
studies on model organisms carrying the Q626H mutation
will clarify the mechanisms by which mutations in the
PYK2-binding domain result in defective vision. Determi-
nation of general importance of PITPNM3 in the develop-
ment of other CORDs also requires further screening for
additional mutations in both familiar and isolated cases.
Clinical examination of our patients demonstrated im-
paired function of cone cells and normal response of rods,
which raises a question of disease designation. Historically,
the disease was called CORDS, as there was already
CORD1-4. At that time it was impossible to predict if rods
function would later be affected. Detection of new
mutations in PITPNM3 followed by studies of phenotype-
genotype correlations might correct the name of the
disease.
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In summary, this study adds one more gene on 17p,
which causes retinal degeneration. We provide evidence
that CORDS in Swedish patients is a distinct clinical entity
and describe the first disease causing mutation within the
PYK2-binding domain in the PITP family.
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Web resources

The accession numbers and URLs for data presented herein are as
follows: Information on CORDS -entity can be found on Online
Mendelian Inheritance in Man (OMIM) - http://www.ncbi.
nlm.nih.gov/OMIM. Primer design was performed using
program available on http://frodo.wi.mit.edu/cgi-bin/primer3/
primer3_www.cgi. Genomic sequence of the PITPNM3 gene
is available on http://www.ensembl.org (ENSG00000091622).
ClustalW 1.74 multiple sequence alignment program - http://
www.ebi.ac.uk/clustalw/.

To sort intolerant from tolerant amino acid substitutions -
http://blocks.fhcrc.org and to check possible impact of an amino
acid substitution on the structure and function of a human
protein was used PolyPhen analys program - http://coot.
embl.de/PolyPhen/.
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