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Abstract

We have identified a novel human gene, chromosome 6 open reading frame 37 (C6orf37), that is expressed in the retina and maps
to human chromosome 6q14, a genomic region that harbors multiple retinal disease loci. The cDNA sequence contains an open
reading frame of 1314 bp that encodes a 437-amino acid protein with a predicted molecular mass of 49.2 kDa. Northern blot
analysis indicates that this gene is widely expressed, with preferential expression observed in the retina compared to other ocular
tissues. The C6orf37 protein shares homology with putative proteins in R. norvegicus, M. musculus, D. melanogaster, and C. elegans,
suggesting evolutionary conservation of function. Additional sequence analysis predicts that the C6orf37 gene product is a soluble,
globular cytoplasmic protein containing several conserved phosphorylation sites. Furthermore, we have defined the genomic
structure of this gene, which will enable its analysis as a candidate gene for chromosome 6q-associated inherited retinal disor-

ders. © 2002 Elsevier Science (USA). All rights reserved.
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Human chromosome 6 harbors a wide array of
retinal disease loci (http://www.sph.uth.tmc.edu/Ret-
Net). At least seven different loci for retinal diseases
alone have been localized to the long arm of human
chromosome 6 in the region 6ql4-ql16 [1-9]. The gene
associated with one of these genetic lesions has re-
cently been identified [10], however, those underlying
the remaining retinal diseases mapped to this region
have yet to be defined. Within the last decade and a
half, a number of retinal disease genes have been
identified through a straightforward positional cloning
approach [11-16]. Rapid advances in the elucidation
and annotation of the human genome sequence have
enabled a complementary approach to the cloning of
disease genes, involving both classical genetic linkage
studies combined with sequence database mining for
the identification of putative candidate genes in a ge-
nomic region of interest. This has led to the discovery
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in recent years of several genes implicated in heredi-
tary retinopathies [10,17-20]. Given the high density
of retinal disease loci that have been mapped to hu-
man chromosome 6ql4-ql6, our goal is to define
potential candidate genes in this interval that can be
tested for mutations for each genetic disorder. A
feasible approach is to identify retina-expressed genes
within the 6q14—ql6 region and then to assess them
for the presence of mutations in affected individuals in
families with retinal diseases mapping to this interval.
Toward this end, we describe here the isolation and
characterization of a novel human gene located on
chromosome 6q14 that is expressed in the retina. This
gene encodes a novel protein that appears to be evo-
lutionarily conserved across a variety of species. The
putative gene product is likely a soluble, globular,
cytosolic factor that is predicted to have several
phosphorylation sites that are shared among ortho-
logs. We have named this gene C6orf37 (Chromosome
6 open reading frame 37) and have tested it as a
candidate gene for retinal disorders mapping to 6ql4—
qle.

0006-291X/02/$ - see front matter © 2002 Elsevier Science (USA). All rights reserved.

PII: S0006-291X(02)00228-0



P.S. Lagali et al. | Biochemical and Biophysical Research Communications 293 (2002) 356-365 357

Materials and methods

Identification and analysis of ESTs localized to 6q14-q16. To iden-
tify putative genes present in the genomic interval corresponding to the
adMD1/STGD3 critical region [6,7], we searched for ESTs mapping to
the genomic region flanked by microsatellite markers D6S1596 and
D6S1644 using human genome resources (http://www.ncbi.nlm.nih.
gov/). Fine mapping of the ESTs was established by screening for
homologous sequences using the human chromosome 6 Blast server
(http://www.sanger.ac.uk/HGP/Chr6/Chr6_blast_server.shtml). Map
positions of ESTs were confirmed by PCR amplification of YAC
clones comprising a physical contig spanning the 6ql4 region (un-
published data). A total of 148 non-overlapping ESTs localized to
the region of interest was purchased from Research Genetics. Clones
corresponding to the ESTs were spotted onto nylon membranes for
dot blot analysis. Total RNA was isolated from human peripheral
retina and human fovea tissue samples using the Trizol reagent (Life
Technologies). Five micrograms of total RNA derived from each
tissue was used for cDNA synthesis by reverse transcription using
the Life Technologies cDNA Synthesis Kit. (a-*?P)dCTP-labeled to-
tal cDNA probes were generated by random priming using the
multiprime DNA labeling system (Amersham) followed by purifica-
tion with G-50 Sephadex spin columns (Eppendorf-5 Prime). Hy-
bridization of the dot blots was carried out in Hybrisol II
hybridization solution (Intergen) at 65 °C for 16 h using 10° cpm/ml
of radioactively labeled, purified probes. The membranes were then
washed twice for 15 min in 2x SSC at 65 °C, once for 30 min in 2x
SSC, 0.1% SDS at 65 °C, and once for 10 min in 0.1x SSC, 0.1%
SDS at 65 °C, followed by exposure to Kodak X-Omat film at —70
°C for 24 h.

Isolation of C6orf37 ¢DNA. A BLAST search [22] for genomic
fragments containing the nucleotide sequence for dot blot hybridiza-
tion-positive EST clone H65844 identified human chromosome 6 ge-
nomic PAC clone dJ991C6 (GenBank Accession No. AL078599).
Analysis of the dJ991C6 sequence for other ESTs in the region of
H65844 yielded 17 ESTs (AW243203, BF025838, AW951915, R74266,
AW391612, AW246673, A1022319, AW952387, R78250, AV647023,
BG620844, T73543, BE782072, BG622030, BG434626, BG621371,
and AI990503) that formed a minimal overlapping contig of 5591 bp,
defining the presumed entire C6orf37 mRNA transcript-encoding re-
gion. An open reading frame (ORF) of 1329 bp was found within the
predicted C6orf37 mRNA transcript sequence using the ORF Finder
program (http://www.ncbi.nlm.nih.gov/gorf/). Five ESTs that encom-
passed the putative protein-encoding region (AAS551498, R69202,
R26344, H65844, and AA564797) were purchased from Research
Genetics and subjected to automated sequencing using an ABI Prism
377 Sequencer (Perkin-Elmer). Sequence assembly was carried out
using the Sequencer program (Gene Codes Corporation) and ORF
detection was performed with the DNASTAR software package. The
5'- and 3’-ends of the C6orf37 cDNA were defined by identifying
transcription initiation [23,24] and transcript cleavage motifs [25,26],
respectively, in the PAC sequences flanking the EST contig sequence
(see Results).

C6orf37 DNA and protein sequence analysis. Alignment of the
C6orf37 cDNA sequence with the genomic sequence contained in the
PAC clone dJ991C6 revealed the location of intron—exon boundaries.
PCR primers flanking the proposed exons were designed and used to
amplify and sequence the corresponding sequences from human
genomic DNA to confirm the predicted C6orf37 gene structure. The
following primers were generated: ExonlF, 5-AGTCGTCCCGC
ACTAACTGC-3; ExonlR, 5-AAGCGCAAGCGAGAGTCCCG-3;
Exon2F, 5-CGCTCCTTTCCCTTTCTTTT-3; Exon2R, 5-TTAAC
CGATGCCCCTCTG-3; Exon3F, 5-TTTCTAGGTTTGCTCATT
TTGTTTT-3'; Exon3R, 5¥-GCTTCCCCACAGGACATTT-3'.

DNA and protein homology searches for C6orf37 sequences were
performed using the BLASTN and BLASTP search programs at the

NCBI, respectively [22]. Additional protein sequence characterization
was carried out using bioinformatics tools available through the
ExPASy server (http://www.expasy.org/tools/) and the Canadian Bio-
informatics Resource (http://www.cbr.nrc.ca/).

Zooblot analysis. A commercially available zooblot containing
EcoRI-digested genomic DNA from various species (human, monkey,
rat, mouse, dog, cow, rabbit, chicken, and yeast) was purchased from
Clontech. Hybridizations and washes were performed at 42 °C using
the above procedure and a radioactively labeled probe corresponding
to the C6orf37 cDNA sequence. The washed blot was exposed to X-ray
film at —70 °C overnight.

Expression analysis by Northern blotting. Northern blots were
prepared using 5 pg samples of total RNA isolated from human ocular
tissues (retina, retinal pigment epithelium, and choroid). Human fetal
and adult multitissue Northern blots containing two micrograms of
poly(A)™ RNA derived from various tissues (heart, brain, placenta,
lung, liver, skeletal muscle, kidney, pancreas, spleen, thymus, prostate,
testis, ovary, small intestine, colon, and peripheral blood leukocyte)
were purchased from Clontech. Hybridizations and washes of all blots
were performed at 65 °C using radioactively labeled Cé6orf37 and
human B-actin cDNA probes. Washed blots were exposed to X-ray
film at —70 °C for 1-4 days.

In vitro translation. EST clone AA564797 was used as the template
for in vitro translation using the TNT Coupled Reticulocyte Lysate
System and 3°S-methionine (Promega). Reaction products were sub-
jected to SDS-PAGE followed by enhanced autoradiography.

Mutational analysis of C6orf37 in adMDI1/STGD3 pedigrees. PCR
reactions to amplify the C6orf37 protein-encoding exons were per-
formed using the Exon2F, Exon2R, Exon3F, and Exon3R primers
described above and 100 ng of genomic DNA extracted from blood
samples obtained from adMD1/STGD3 family members [6,7] as tem-
plate in 20-pl reactions. PCR cycling parameters were as follows: 1
cycle of denaturation at 94 °C for 3 min; 35 cycles of denaturation at
94 °C for 30 s, primer annealing at 55 °C for 30 s, primer extension at
72 °C for 40 s; 1 cycle of extension at 72 °C for 3 min. The amplifi-
cation products were sequenced using the PCR primers as well as two
internal primers for exons 2 and 3 (Exon2INT, 5-TGAGGT
CCAGGTCCTTGTAG-3"; Exon3INT, 5-TGAAGGGTCATGAG
ATACTC-3) to detect the presence of sequence alterations in affected
individuals from adMD1/STGD3 families. Sequencing reactions were
prepared using the Thermo Sequenase Radiolabeled Terminator Cycle
Sequencing Kit (USB). Reaction products were electrophoresed on
6% polyacrylamide gels followed by autoradiography at room
temperature.

Results
Isolation of human C6orf37 cDNA

To identify genes within the adMD1/STGD3 critical
region on chromosome 6ql4—ql6 that may represent
putative candidate genes for the retinal diseases that
map to this genomic interval [1-9], we screened 148 non-
overlapping ESTs that have also been reported to be
localized to this region for retinal expression. Dot blot
analysis of EST H65844 with human peripheral retina
and human fovea total cDNA probes indicated expres-
sion in both retinal tissues (data not shown). Fine
mapping of H65844 on a YAC contig of the 6ql4-ql6
region confirmed its localization between microsatellite
markers D6S463 and D6S1455 (Fig. 1A-C). Bioinfor-
matic analysis of the H65844 EST sequence resulted in
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Fig. 1. Cloning strategy used to identify and define the human C60rf37 gene (see text for details). (A) Representation of the adMD1/STGD3 interval
relative to human chromosome 6q microsatellite marker positions. (B) Genomic PAC clone dJ991C6 (GenBank Accession No. AL078599) mapping
to the adMD1/STGD3 interval. Xs denote the presence of the corresponding chromosome 6q microsatellite markers shown in Panel A. (C) Human
ESTs spanning the C6orf37 ORF. Stippled black rectangles represent the EST-spanning regions, while intervening horizontal lines indicate the
locations of gaps in the alignment of the EST sequences with the genomic PAC sequence. GenBank accession numbers for each of the EST clones are
given. (D) Genomic organization of the C6orf37 gene. Rectangles represent exons and intervening horizontal lines represent introns. Open rectangles
correspond to the ORF, while shading denotes untranslated regions (UTR). The lengths of exon sequences are given within the rectangles and
approximate sizes of the introns are indicated below the intervening horizontal lines.The positions of the start (ATG) and stop (TAA) codons of the
OREF are shown. (E) C60rf37 exon—intron boundary sequences. Nucleotides comprising intron-flanking exon sequences are given in upper case, while

terminal portions of the intron sequences are given in lower case.

the identification of numerous ESTs that spanned a
5591-bp segment contained within the chromosome 6q
genomic PAC clone dJ991C6. The sequence of 17 of
these ESTs (AW243203, BF025838, AW951915, R742
66, AW391612, AW246673, A1022319, AW952387, R78
250, AV647023, BG620844, T73543, BE782072, BG622
030, BG434626, BG621371, and AI990503) could be
assembled to form a minimal contig comprising the
entire 5591-bp expressed sequence. Analysis of the
transcript sequence revealed the presence of a 1329-bp
ORF. DNA sequencing and sequence assembly of
five ESTs (AA551498, R69202, R26344, H65844, and
AA564797) that encompassed the predicted protein-en-
coding region of the newly identified gene, which we
named C6orf37, were subsequently performed. Minor
discrepancies were detected between the contig assem-
bled by sequencing the five EST clones and the mRNA
sequence predicted from the reported PAC clone
sequence, including the absence of a 15-nucleotide (and
therefore S5-amino acid) repeat and four occurrences of
G < C switched nucleotide assignments resulting in two
amino acid changes. However, the reading frame was
not altered and no significant changes to the overall
protein sequence were noted. Additional changes found

correspond to exon 1 sequence alterations that do not
affect the translation product, such as the absence of
three individual nucleotides and a T « C reversal within
the 5-UTR. The sequence discrepancies detected may
represent polymorphisms between different tissue
sources or may simply reflect the existence of multiple
sequence variants. Our results thus indicate a 1314-bp
full-length ORF contained within the deduced 5571-bp
cDNA sequence for C6orf37 (Fig. 2).

In addition to the constituent EST sequence
boundaries, the 5-end of the complete cDNA was
defined by identifying a canonical TATA box promoter
element [23] at nucleotide positions =21 to —15 and a
eukaryotic transcription inititator (Inr) sequence [24] in
the genomic PAC clone just upstream of the putative
C6or37 transcription start site (+1 position). The 3'-end
of the cDNA was delinecated by the presence of a
poly(A)™ signal at position 5546-5551 just upstream of
a consensus mRNA cleavage site [26] in the genomic
sequence. Analysis of the complete cDNA sequence
with gene prediction software located the ATG start
codon of the 1314-bp continuous ORF at position 295
and the TAA stop codon at position 1606. The
sequence surrounding the proposed initiation codon
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m.1 TSS
GAAGCCCGGTATAAAAAAAGTACTGAAGACATTTTCCCCGCACAACTGCTAAAGCTCCAGAGACACGAGCGTGTGTGGCA
GCAAGAGCCGCCAGTTCGGGACCACCGCAGCTGGGETGCCAGCGGCCCAGCAGGGGTCCCGECGAGGGAGTCGTGAGCGC
AGGCGGCAGGGGTCTGGGAAAGACGAAGTCGCTATTTGCTGTCTGAGCGCGCTCGCAGCTCCTGGAAGTGTTGCCGCCTC
TCGGTTTGTCTCGCCTGCTGCGCTCCTAGAAGGGCGGCCGCCTCCAGGACTGACCAGGGCCAAGTGGCGCTCGGCGGGCA
CTAC ATG GCG GAG GGT GAA GGG TAC TTC GCC ATG TCT GAG GAC GAG CTG GCC TGC AGC CCC

M A E G E G Y F A M S E D E L A C S P
TAC ATC CCC CTA GGC GGC GAC TTC GGC GGC GGC GAC TTC GGC GGC GGC GAC TTC GGC GGC
y 1 P L 6 G D F G G G D F G G G D F G G
GGC GGC ACG TTC GGT GGG CAT TGC TTG GAC TAT TGC GAA AGC CCT ACG GCG CAC TGC AAT
G ¢ T F 6 G ®H C L D Y C E S P T A H C N
GTG CTG AAC TGG GAG CAA GTG CAG CGG CTG GAC GGC ATC CTG AGC GAG ACC ATT CCG ATT
vV L N W E © V Q R L D 6 I L S E T I P I
CAC GGG CGC GGC AAC TTC CCC ACG CTC GAG CTG CAG CCG AGC CTG ATC GTG AAG GTG GTG
H ¢6 R G N F P T L E L Q P S L I V K V V
CGG CGG CGC CTG GCC GAG AAG CGC ATT GGC GTC CGC GAC GTG CGC CTC AAC GGC TCG GCA
R R R L A E K R I G V R D V R L N G S A
GCC AGC CAT GTC CTG CAC CAG GAC AGC GGC CTG GGC TAC AAG GAC CTG GAC CTC ATC TTC
A S ®H Vv L H 9 D S ¢ L ¢ K K D L D L I F
TCG GCC GAC CTG CGC GGG GAA GGG GAG TTT CAG ACT GTG AAG GAC GTC GTG CTG GAC TGC
s A D L R G E G E F @ T V K D V V L D C
CTG TTG GAC TTC TTA CCC GAG GGG GTG AAC AAA GAG AAG ATC ACA CCA CTC ACG CTC AAG
L L D F L P E G V N X E K I T P L @B L K
GAA GCT TAT GTG CAG AAA ATG GTT AAA GTG TGC AAT GAC TCT GAC CGA TGG AGT CTT ATA
E A~ @ v o K M v K Vv ¢ N D s D R w B 1 1
TCC CTG TCA AAC AAC AGT GGC AAA AAT GTG GAA CTG AAA TTT GTG GAT TCC CTC CGG AGG
s L S N N S G K N V E L K F V D S L R R
CAG TTT GAA TTC AGT GTA GAT TCT TTT CAA ATC AAA TTA GAC TCT CTT CTG CTC TTT TAT
Q F E F S V D S F ¢ I K L D S L L L F Y
GAA TGT TCA GAG AAC CCA ATG ACT GAG ACA TTT CAC CCC ACA ATA ATC GGG GAG AGC GTC
E ¢ S E N P M T E T F H P T I I G E g V
TAT GGC GAT TTC CAG GAA GCC TTT GAT CAC CTT TGT AAC AAG ATC ATT GCC ACC AGG AAC
§ ¢ op F 9 B A~ F D H L C N K I I A T R N
CCA GAG GAA ATC CGA GGG GGA GGC CTG CTT AAG TAC TGC AAC CTC TTG GTG AGG GGC TTT
P E E I R G G G L L K Y C¢C N L L V R G F
AGG CCC GCC TCT GAT GAA ATC AAG ACC CTT CAA AGG TAT ATG TGT TCC AGG TTT TTC ATC
R P A s D E I X T L Q R Y M C S R F F I
GAC TTC TCA GAC ATT GGA GAG CAG CAG AGA AAA CTG GAG TCC TAT TTG CAG AAC CAC TTT
D F § D I G E Q ¢ R X L E s f§ 1. o N H F
GTG GGA TTG GAA GAC CGC AAG TAT GAG TAT CTC ATG ACC CTT CAT GGA GTG GTA AAT GAG
v ¢6 . E D R ¥ E§ B Y 1L ™M T L H G V V N E
AGC ACA GTG TGC CTG ATG GGA CAT GAA AGA AGA CAG ACT TTA AAC CTT ATC ACC ATG CTG
s T VvV ¢ L M G H E R R © T L N L I T M L
GCT ATC CGG GTG TTA GCT GAC CAA AAT GTC ATT CCT AAT GTG GCT AAT GTC ACT TGC TAT
A I R V L A D Q N VvV I P N V A N V T C Y
TAC CAG CCA GCC CCC TAT GTA GCA GAT GCC AAC TTT AGC AAT TAC TAC ATT GCA CAG GTT
Yy 9 P A P Y V A D A N F S N Y Y I A Q V
CAG CCA GTA TTC ACG TGC CAG CAA CAG ACC TAC TCC ACT TGG CTA CCC TGC AAT TAA GAA
Q p VvV F T C Q ©Q © T Y S T W L P C N *
TCATTTARAAATGTCCTGTGGGGAAGCCATTTCAGACAAGACAGGAGAGAAAAAAAAAAAAAAGAAAAAAAAAAGAGTGA
TCCAGCCCTTATTAGGGATGTGTTTTGTGCAATGATGATATGCTCCTGGTTTTAAGTTTGGCAAAGCTTATGTATCTTTT
AATAGATGTGGGAGCATGATCTCGAAAGGATCCTTTTCCCTTCTCTTATTCTCCTACCCAAT TGGAT TCTATCCTGCAAR
AAAAGAGAGACCTGTCATTAGAAGCAACCAGGTTCTCCTGATACAAGAGAAGAAATGTGTGATGACAATATGGGTTTGCT
GTATCTGCTCCCATAGCTTTGCCATAGGAAAAAAAAAAGTGGAAAGTTTC TTTTAAGATGGAATTCATAAAAGGGAARAT
ACGGAGGAAAAAAGGTCTCACTCCAACTTGTGAATCAGTTTAGGAGT TCAGATATTAATAGTAACAATACAGGAAAAAGG
GGAACTCCAACGTTGGGATTACTGTCTGAGGCTTGTAGCAAGTGCTTTCTGTGGAATGATCTTGTTTTGCTAACAAACGG
CTTGCTCCAAATGAACAGTAGTAGGTTGGTGCAGTTCTCGTAACAATCAGCAGAACTTATGATGACACAATCCATTAATT
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Fig. 2. Nucleotide and deduced translation product sequences of human C6orf37 cDNA. The sequences are numbered starting at the predicted
transcription start site (TSS; boldface nucleotide) and initiation codon of the gene and protein, respectively. A putative TATA box in the proximal
promoter region is underlined with a solid line. The terminal stop codon of the amino acid sequence is indicated by an asterisk. The in-frame stop
codon in the 5-UTR is underlined with a wavy line. Conserved potential phosphorylation sites are highlighted in black. RNA destabilization el-
ements in the 3’-UTR are outlined with boxes. A consensus polyadenylation signal is underlined with a double solid line. The sequence of human
Cé6orf37 has been deposited in GenBank under Accession No. AF350451.

represents a suitable context for translation initiation
in vertebrate mRNAs [27]. An in-frame TGA stop

codon was found at position 124, 171 nucleotides ORF.

upstream of the predicted start codon, suggesting that
the 1314-bp sequence does in fact represent a complete
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2252 CCAGCTGCGTGCATAGATCACATTTTTAAAATGTAAAAATGCAAGCAAAAACAGCTGTAACAAAGAAAGTGTGCTCAAGG 2331
2332  ACCAAAGATTTAACAGATAAAAATACCCAATTAGAAGAGATATAGTAGACTATATGAAGAGAGATTATATTTGTTACACA 2411
2412 CCAATATACATCAAAGTGCCTGTTGCCTTCTGAAAATTTGAAGTGGCAAAATTATTTTATGGTTTAATGATTATTTTATT 2491
2492 TTATCAGGGACTGCCTCAAGAAGAAAATAACATAAGCTTGTGAATGGCTGGAGAAAATGCCCTATTTTTTCTTGCAAATAC 2571
2572 TTGTATAAAGTTAACATTTGTTGATCTGATATTATCATAGGTACATGTGTATGTGTGTATAAATTATATGTGTGTGTGTA 2651
2652 TATATACATTTTATATATACATTTTATATGTATATATACACAGTAGATTGACTATGATCTAGAATAATGTCTCAAATAGG 2731
2732  AAATGTTTAAATACTGTGTGTTTTTATGTTTTCAACAGGATAACATGAGACGTGGGCATATTGCAATGATGAATTAAATC 2811
2812 CACATCTAAAAAAATTAAATGAAGGAGGGAACCAAGTAATATATTTCATAGGAAGAGCAGAAATTATACTGTTTTAGTGG 2891
2892 GATTTTTTTTTCTTTTTTTTTTTTTCTTTGGTGAGCCATAAAATTCCACAAATGGGAGAATATTTGTTTGGCAGAGCACT 2971
2972 CTTTTTTATATTGAACTGCCATTTTGACAGTTGGAACCCTTAAAAAAAAAATTGCATTCCTCTATGATGTTTAAT 3051
3052 CTAGTGGATCATGGATCAGTAATAGGCTACTTAAATCCCTGACTGCTAAAAAGGATTTCCGGTGATCTAAACACTACTTG 3131
3132  CTAATGTTTAAATGAATTTTAATGAATGCATTCTGCATTTCTGGACCACTAGAATTTAGTAATGTGAAATGACCCTTTTT 3211
3212 ACAGAATATTTGCACAATTGCTTAAAATTTATATATGAGATATATATTATATATAACATTTTATAAATCATGTCAATATG 3291
3292  ARACATCTTTGATCTGGTTGTCACACTGCATTTAAATATTTAGTACTGTACTTTAAATCGCTTTCCATTAAATCAAATCC 3371
3372 AACTTTATTTTCTTTCTTACAAAAATACCAGTTATACCTTTGTGAAATGAACTGGCATTACTATTTCAGTTCAATAACAG 3451
3452 CTAATCCTAAAACCACCCTTTCTCCTAGCCAGTAGTTCCTCTAGATACTGGTCTCTGAAAATGCATTTGTTAAAAACAAA 3531
3532  ACAAAACTAACACATAAGAACCTTCCCTTTGTGTTGTGAAACAACCACATAATCTCCACAACCTTAGTGGATGACTGCTT 3611
3612 GCTATGATAATTCCTCGAAGACCCAATTAGAAGATTTTCATCATCAGTTAAAGAGAGACCACGGGAGAAARAAATATCCT 3691
3692 CCTGTTGGCAGTATAATTTGTTTGTTTGTTTATCTAGGGATCCTCAGATGCTTAGTGCTAGGTTAATCCAGGTTAATCCG 3771
3772 TCTGGACTACCTTTTGTGCATCTTTCTTTGAAGCCTTAATGGGAACCTGATGGGTTTGCTGTAGCAGCTTCCTTGTGAAT 3851
3852 TCTGTCAGAGCTGCAACAGCCGCTGCACTGCCACTCAGTTTTCTAAGGAACTCCTCCTACTACCATCTTGGCTCAGTCTC 3931
3932 CCTCACTTAAGCCCTGGGTTTGAAAAATTAATTGCAACTTCCCAGGAAACATTGTTCAGTTTGCAGATTAAGCCTGGCAC 4011
4012 TCACCTATCAGAAACCAGAGCTCCGCCTGCTTAGTTGTTTCAAAGTTTTCTGAAAGAAAACTAGGGGAGCACTTGTGAAC 4091
4092 ACAGGAGCAGCTGGTGATCTGCTTTCTTACCCTAACTCTTGACAAATGAGTCGTCTACTATTTTAAAGAGTCTGGAGGTC 4171
4172 TCTGACTCTGCCATAACAATAACCTGCTGTTAATTTATAACACAGATTTTTGTTTGGAAGAGCCTTATTTGAAATACACT 4251
4252  TTGATTTATTTTCTTAAATATTTATATTCTTTTCTTGCTTACTTCAGGGTTGGTAGCTTAGTTGGAAGTGCCAGCACCTG 4331
4332 GCACCTATTCATATAGAACAGGCTGTACTCAAGACAACTTCTAGCATTTACTTTAAGACTTATATARTTTATTTCTATTT 4411
4412 TGTGTGTACTATAGTCTTGTGCATATGTAGTTGAACACACAGTGAAATATATGTCTCTCTTTGTGGATGTGCGGCCTAAA 4491
4492  AATTTGAATGTCTGGTGAGAGAGAGCCATGTGTATAGGTCAGAGAAAAGAACAGCTCCCGACTCCCTATTAGCGCCTGTG 4571
4572 ATTTGTTTCCTTTTGTGTTTATCTGGCCTAGTGTGCTGTTTCTTTAAACCAGGAAGAAGTTTTGTCTTTTGGAGGCTCTT 4651
4652 CTCACCTGTCCAGCCTGGCATGTCAGAGAACACATAGCCTGTGACAATGCCGTTTTTAAAGGTTTACTTAATTTGCAGTA 4731
4732  AATCCAGCTGCCTCAAGAACTCCTACACCAAGATGGACATTTCCTTTCCAGAAATGGGATCAAGTATCTGCTCACTTTGG 4811
4812 TATTGGATGGACTAATAATGTAGCTCCAAAAATGCAAGGATGGAAGAATATGTGTAATCCAAACCAAGGAAGGAAATGAA 4891
4892 AAGTGAACGTACTGTTTTTACCACCCCTTTCTGTTTGCTTATTGTTGGTTGCTTCACTGTGCATAAAGTTGTTTTCAATG 4971
4972  CAACGCTTGTTAAATAAATATTGTGAACTATTTTGTAAATGAAATGTATTATGTTGAAAGCTGTCAGTTCAAAAATAAGC 5051
5052 TTTTTTGTTGTTGTTGAAGATGAAGTGTGTTAGGTGAAACCAAAAAGCCAAAAAAAGTAATTTCATATATAGCATCTATT 5131
5132 TGAATATAATCTTTCTTTAAAATTTCTTTTAGCATAGCATTTTCAGTGCTAAGAAAGAATCTCTATGTTATATTTTGTTA 5211
5212 AAATAATGGCTTTCTAACAAAGCAAATGGTAAAGTACAAAGTTGGAAGATGTCAAGTTAACGAGACTTGCTGCAAAGCCT 5291
5292 TGCAGAACGGAGGAGGCTCGCCTGCTGGCTGTCTCTCCCTCCAACCTCTCTACAATCATGCCTGCTTTGAGGTGTTCTGT 5371
5372 TGCAGCAAGCTGCACCTTGGGTCACTCTTTTGGAATATTTTGACTATAGGCTGCGTCACAGGCAGAAAAGGAGTTGATGG 5451
5452  AAAATGGACTAAAAAACTGACATGTTTGAATCAGTGCTAGAGGGAACAGATTGTGAATTTTGTTTACAGCATCCAATATT 5531
5532 TGGATTTTTTTGTAAATAAAAAAGTTATTTTTTTCTATTG 5571

Determination of C6orf37 genomic structure

Fig. 2. (Continued)

quence.

Alignment of the C6orf37 expressed sequence with

and found to match the deduced C6orf37 gene se-

the genomic PAC clone dJ991C6 sequence reveals that
the gene is organized into three exons. Exon 1 com-
prises the first 257 nucleotides of the 5-UTR. Exon 2
contains 574 bp, consisting of the terminal 37 bp of
the 5-UTR followed by the initial 537 bp of the
protein-encoding region of the gene. Exon 3 contains
4740 bp, 777 bp of which completes the coding region
and the remaining 3963 bp corresponds to the 3'-UTR
(Fig. 1D). The exons are separated by two intervening
intron sequences that are 252 bp and 1118 in length,
respectively. All splice junctions conform to consensus
sequences for splice donor and acceptor sites [29]. The
genomic organization of the Cé6orf37 gene was con-
firmed by using primers that flank the proposed exons
to amplify the putative gene regions from human ge-
nomic DNA. The resulting amplicons were sequenced

Sequence conservation of C6orf37

Searches of non-redundant DNA and protein data-
bases with the BLAST algorithms did not identify any
significant homologies between C6orf37 and previously
characterized human genes or proteins. Similarities of
the proposed C6orf37 translation product to putative
proteins in mouse (72%), D. melanogaster (60%), and
C. elegans (40%) were identified (Fig. 3), however, the
function of these proteins is as of yet unknown. Sequence
assembly and translation of six overlapping
R. norvegicus ESTs (AA998465, AA926118, AA933175,
AWS502512, BF558308, and BI294811) displaying sig-
nificant similarity to the C6orf37 cDNA sequence also
revealed the existence of a rat homolog that shares 91%
identity with the human protein (Fig. 3). In addition,
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Fig. 3. Sequence alignment of the human C6orf37 protein and homologs identified in other species. The amino acid sequences of the H. sapiens
(GenBank Accession No. AF350451), R. norvegicus (deduced from translation of overlapping ESTs), M. musculus (Accession No. BAB29768), D.
melanogaster (Accession No. AAF59198), and C. elegans (Accession No. T15196) homologs were aligned using the Clustal W program (version 1.81).
Hyphens represent gaps introduced to maintain the alignment. The amino acid residues are numbered to the left and right of the sequences. Identical
residues among the sequences in the alignment are shown on a black background and conservative amino acid substitutions are shaded in gray.
Residues identical in all five homologs are marked with asterisks. The conserved potential phosphorylation sites predicted are indicated by arrows.

zooblot analysis showed hybridization of C6orf37
cDNA probes to genomic DNA extracted from a num-
ber of other species including chicken, rabbit, cow, and

the yeast Saccharomyces cerevisiae (data not shown),
further suggesting the evolutionary conservation of this
gene in both mammalian and non-mammalian species.
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Fig. 3. (Continued)

C6orf37 protein and mRNA sequence analysis

The 1314-bp ORF encodes a protein of 437 amino
acids with an apparent molecular weight of 49.2 kDa
and an isoelectric point of 5.01. In vitro translation us-
ing the EST clone AA564797, which was found to en-
compass the entire C6orf37 coding sequence, generated
a protein product of approximately 49 kDa as predicted
(Fig. 4). Analysis of the C6orf37 amino acid sequence
with the NetPhos 2.0 program [30] predicts the presence
of several potential phosphorylation sites that are found
to be conserved among the different orthologs (Fig. 3).
Protein structure prediction using the PredictProtein
software [31] reveals the absence of any putative hy-
drophobic transmembrane segments and predicts a
globular structure, suggesting that the C6orf37 protein

50kDa —Pp |

Fig. 4. In vitro translation product of C6orf37 coding sequence. Po-
sitions of protein size markers are shown on the left.

is unlikely to be membrane bound. Subcellular local-
ization of the protein predicted by the PSORTII pro-
gram [32] indicates that it is likely to be found in the
cytoplasm due to the lack of any known intracellular
organelle targeting signals. Searches of the Co6orf37
amino acid sequence against a variety of protein motif
databases using the ProfileScan, PROSITE [33],
PRINTScan [34], BLOCKS [35], pFAM [36], and Pro-
Dom [37] programs failed to find significant homology
to any known protein domains.

Additional examination of the C6orf37 cDNA se-
quence reveals the presence of several ATTTA motifs in
the lengthy 3’-UTR (Fig. 2). These AU-rich elements
(ARESs) are believed to play a role in determining RNA
stability in mammalian cells [28], suggesting that the
C6orf37 transcript may undergo rapid and selective de-
cay.

Tissue distribution of Céorf37 mRNA

To determine the expression pattern of C6orf37, we
performed Northern blot analysis of human fetal and
adult tissues using the EST H65844 sequence as a
probe (Fig. 5). Two transcript sizes were detected, the
major one consistent with the proposed full-length
5571-bp C6orf37 cDNA species, and a second, less
abundant and slightly larger transcript possibly arising
from alternative splicing. The predominant, approxi-
mately 5.6 kb message is expressed in most tissues
tested. It is weakly detectable in adult skeletal muscle,
thymus, liver, lung, and brain. Interestingly, the
Cb6orf37 transcripts are prominently expressed in fetal
liver, lung, and brain. In addition we observed the
Co6orf37 5.6 kb transcript in adult heart but not in fetal
heart tissue. These findings suggest that the C6orf37
gene may be developmentally regulated in some tissues.
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Fig. 5. Northern blots of human RNA samples probed with C6orf37 and control (B-actin) cDNA probes. Retina, choroid, and retinal pigment
epithelium lanes contain 5 pg of total RNA while all other lanes contain 2 pg of poly(A)* RNA. Positions of RNA size markers are shown on the

right.

Within the immediate region of the retina, we detect
the major it C6orf37 transcript in the neural retina but
neither in the adjacent retinal pigment epithelium nor
in the choroid (Fig. 5). The initial dot blot analysis
performed for two non-overlapping ESTs correspond-
ing to the C6orf37 cDNA sequence (H65844 and
H92739) indicates that the gene is expressed in both the
foveal and peripheral regions of the adult human retina
(data not shown).

Exclusion of C6orf37 as the adMDI1/STGD3 causative
gene

To test whether C6orf37 represents the adMDI1/
STGD3 disease gene, we screened the protein-encoding
exons for the presence of mutations among affected in-
dividuals of families diagnosed with autosomal domi-
nant atrophic macular degeneration/Stargardt-like
macular dystrophy in which the putative disease gene(s)
has (have) been mapped to the 6ql14—ql6 region [6,7].
We did not find any sequence alterations in affected
versus unaffected individuals (data not shown) and thus
excluded C6orf37 as the gene that underlies the condi-
tion seen in these families.

Discussion

Through a procedure of genomic and EST sequence
database mining coupled with experimental analysis
for tissue-selective expression status, we have described
here a strategy for the identification of candidate genes
for inherited diseases mapping to a genomic interval of
interest. By this method, we identified a novel gene
that maps to the human chromosome 6ql14-ql6 re-
gion, a genomic interval harboring multiple retinal

disease loci. In this study we report the isolation and
characterization of this gene, which we named
Coorf37.

The C6orf37 gene is composed of three exons and two
introns, spanning approximately 7 kb of genomic DNA.
A transcript length of 5571 nucleotides is predicted for
the functional C6orf37 message, encoding a putative
protein of 437 amino acids. The gene product appears to
share significant homology with predicted proteins in R.
norvegicus, M. musculus, C. elegans, and D. melanogas-
ter, however, the biological role of C6orf37 or any of its
orthologs is at present unknown. No homology of
Co6orf37 with any protein of known function was de-
tected and bioinformatic analysis of the amino acid se-
quence failed to reveal the presence of any previously
characterized functional motifs. However, the extent of
sequence conservation observed across a wide range of
species suggests that C6orf37 and its homologous
counterparts may represent the first-identified members
of a novel protein family with an important cellular role.

Clues to the nature of this role were gained from
additional sequence analysis of the Cb6orf37 gene. A
number of conserved potential phosphorylation sites
were detected in the primary structure of the C6orf37
protein, which may be involved in post-translational
activation or regulation of its function. The lack of any
transmembrane segments or subcellular organelle tar-
geting signals and the prediction of its cytoplasmic lo-
calization are consistent with its possible role as a
soluble intracellular signaling molecule that may serve
as a target for the action of kinase and/or phosphatase
enzymes. Control of C6orf37 function may also be im-
parted at the level of mRNA turnover, as suggested by
the presence of multiple ATTTA sequence motifs in the
3’-UTR that are known to act as RNA destabilizing
elements [28]. Multiple C6orf37 regulatory mechanisms
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including potential protein phosphorylation or dep-
hosphorylation and selective transcript degradation may
indicate the importance of rapid signal transduction
mediated through the C6orf37 gene product in a par-
ticular functional pathway.

Northern blotting of RNA from human ocular tissues
confirmed the retinal expression initially detected for
Coorf37 constituent ESTs by dot blot analysis and fur-
ther demonstrated preferential expression of the gene
within the neural retina over other eye tissues such as the
retinal pigment epithelium and the choroid. However,
retina-specific expression is not a requisite feature of
retinal disease genes, as has been observed for a number
of ubiquitously expressed genes that underlie various
forms of retinal degeneration [13-16,38-40], and there-
fore should not be considered a strict requirement of
potential candidates. Additional analysis of human non-
ocular tissues suggests that the C6orf37 gene is also
expressed in a wide range of tissue types, consistent with
the broad spectrum of tissue sources noted for derivative
ESTs. Furthermore, a developmental role is suggested
by the differential expression observed between the adult
and fetal tissues examined. This may indicate that there
are different functions of the C6orf37 protein in different
tissues at various stages of development. Studies are
underway to extend this finding to human ocular tissues
as well as various tissues from non-human species. The
Northern blots also reveal the presence of at least two
Co6orf37 transcripts in several tissue types. The larger,
less abundant transcript may be the product of a rare
splicing event and raises the possibility that alternative
splicing may be another means by which C6orf37 gene
expression is regulated.

Satisfying the criteria of mapping to the chromosome
6q14-q16 interval and clearly displaying retinal expres-
sion, we screened the C6orf37 candidate gene for mu-
tations in affected individuals of families with autosomal
dominant atrophic macular degeneration (adMD1)/
Stargardt-like macular dystrophy (STGD3) that we
have previously described and for which we have map-
ped the disease loci to 6ql4—-ql6 [6,7]. No mutations
were detected within the protein-encoding exons of
C6orf37, leading to its exclusion as the gene associated
with the disease in these families. As it turns out, a 5-bp
deletion in another gene that we subsequently localized
to the same genomic region, ELOVIL4, was found to
define the genetic lesion in our families [10]. Given the
mapping and expression status of C6orf37 and
ELOVILA4, they should both be tested as putative can-
didates for the other retinal dystrophies that are known
to localize within the 6ql4-q16 region. Identification
and characterization of additional retina-expressed
genes located in this chromosomal interval will be useful
in elucidating the myriad of possible mutations that give
rise to the retinal disorders that map to this unique re-
gion of the human genome.
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