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The nucleotide sequence of the 8 globin gene cluster
of the prosimian Galago crassicaudatus has been deter-
mined. A total sequence spanning 41,101 bp contains
and links together previously published sequences of
the five galago (-like globin genes (5'—e—y-yn—6—(6-3').
A computer-aided search for middle interspersed repet-
itive sequences identified 10 LINE (L1) elements, in-
cluding a 5’ truncated repeat that is orthologous to the
full-length L1 element found in the human ¢y inter-
genic region. SINE elements that were identified in-
cluded one Alu type I repeat, four Alu type II repeats,
and two methionine tRNA-derived Monomer (type III)
elements. Alu type II and Monomer sequences are
unique to the galago genome. Structural analyses of the
cluster sequence reveals that it is relatively A + T rich
(about 62%) and regions with high G + C content are
associated primarily with globin coding regions. Com-
parative analyses with the 3 globin cluster sequences of
human, rabbit, and mouse reveal extensive sequence
homologies in their genic regions, but only human,
galago, and rabbit sequences share extensive inter-
genic sequence homologies. Divergence analyses of
aligned intergenic and flanking sequences from ortho-
logous human, galago, and rabbit sequences show a
gradation in the rate of nucleotide sequence evolution
along the cluster where sequences 5’ of the ¢ globin gene
region show the least sequence divergence and se-
quences just 5 of the 8 globin gene region show the

greatest sequence divergence. ¢ 1992 Academic Press, Inc.

INTRODUCTION

The different developmentally expressed 3-type glo-
bin genes of primates and other mammals can be traced

Sequence data from this article has been deposited with the Gen-
Bank Data Library under Accession No. M73981.

! Present addresses: Department of Human Genetics, 4562 MSRB
I1, The University of Michigan Medical Center, Ann Arbor, MI 48109-
0650.

? Howard Hughes Institute 4522 MSRB I, The University of Michi-
gan Medical Center, Ann Arbor, MI 48109-0650.

741

DOC KET

_ ARM

back to a single progenitor gene, which tandemly dupli-
cated some 150 to 200 millon years ago (MYA) in the
early mammals. By about 110to 135 MYA, the two gene
lines from the tandem duplication had differentiated
into an embryonically expressed locus (proto-¢) and an
ontogenetically later expressed locus (proto-3) (Efstra-
tiadis et al, 1980; Czelusniak et al., 1982; Koop and
Goodman, 1988). Further tandem duplicationsof the em-
bryonic &' locus and adult 3’ locus, in the early eutherian
mammals (85-100 MYA), led to a genomic domain of
five developmentally regulated loci (5'-e~y-5-6-8-3").
In this 8 globin gene cluster, ¢, ¥ and 7 originated from
the 5’ proto-¢ locus and were embryonically expressed,
while 6 and 3 originated from the 3’ proto-3 locus and
were expressed in the non-embryonic, later ontogenetic
stages of life (Hardies et al., 1984; Hardison, 1984; Hill et
al., 1984; Goodman et al., 1984, 1987). This ancestral
eutherian (8 globin gene cluster underwent varying de-
grees of change during the evolution of different euther-
ian orders. For example, lagomorph (rabbit) and rodent
(mouse) 3 globin gene clusters lack the » globin locus
whereas artiodactyl (goat, sheep and ox) clusters lack
the v globin locus. However, each primate 3 globin gene
cluster so far examined contains sequences from all five
loci (e,7y, 1, 6, 8) in the ancestral 5 to 3’ arrangement.

The 3 globin gene cluster in mammals ranges in length
from approximately 20 kb in lemurs to about 90 kb in
goats (Harris et al., 1984, 1986; Townes et al., 1984). The
complete nucleotide sequence of the 3 globin gene clus-
ter of human (Collins and Weissman, 1984; Li et al,,
1985), rabbit (Margot et al., 1989), and mouse (Shehee et
al,, 1989) have been determined, and these sequences
reveal that only about 10% of the DNA in a mammalian
B globin gene cluster encodes globin mRNAs.

Very few orthologous sequence data sets that compare
noncoding DNAs from a series of species are presently
available. Of those that do exist, the most extensive are
from closely related simian primates; they involve inter-
genic sequences that flank the Y& globin genes (Sawada
et al., 1985), noncoding sequences that include and flank
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the yn globin gene (Bailey et al., 1991; Fitch et al., 1988;
Koop et al., 1986; Maeda et al., 1988; Miyamoto et al.,
1987), and -8 intergenic sequences (Savatier et al.,
1985, 1987). Consequently, much still remains to be
learned about the sequence features, evolution, and
functional constraints that act upon intergenic noncod-
ing sequences. Comparative analyses of the § globin
gene cluster sequences from distantly related species can
be used to identify evolutionarily conserved DNA ele-
ments or phylogenetic footprints, which can provide in-
sights into the evolution of gene clusters at the molecu-
lar level (Tagle et al., 1988; Gumucio et al., 1991).

In this context, we decided to determine and analyze
the complete nucleotide sequence of the 8 globin gene
cluster from a distantly related primate, the prosimian
galago (Galago crassicaudatus). Fossil evidence indicates
that the prosimian (galago)/simian (human) divergence
time dates back to about 55 MYA (Fleagle, 1988). Here
we report 41,101 bp of continuous sequence spanning
the entire (8 globin cluster of the galago. This cluster
contains five globin-like genes that are arranged in the
order of their developmental expression: 5~e-y-(embry-
onic)-y¥n-(nonexpressed)-é-B-(fetal and postnatal)-3'
(Tagle, 1990; Tagle et al., 1988, 1991). An analysis of the
compositional and structural features of the complete
cluster sequence of galago is presented. We have identi-
fied the DNA sequences that are orthologous (derived
from the same DNA sequence in the last common ances-
tral species) among galago, human, rabbit, and mouse #
globin gene clusters and the locations of short and long
interspersed repetitive nuclear elements (SINEs and
LINESs) within the galago cluster. Differences in the de-
gree of sequence divergence among the orthologous non-
coding regions of galago, human, and rabbit have also
been determined.

MATERIALS AND METHODS

Clening and nucleotide sequencing. Twelve overlapping recombi-
nant Charon 35 phage clones that span the galago g globin gene clus-
ter (Fig. 1) were previously isolated and described (Tagle, 1990; Tagle
et al., 1988, 1991). Phage clones A\ Ger 18.3, A Ger 11.9, A Ger 15.4, A
Ger 16.1, A Ger 15.2A, and A Ger 15.2B were used to generate a com-
plete and ordered set of EcoRI fragments (R1 to R22) that were sub-
cloned into pUC-18 (Yanisch-Perron et al., 1985). Plasmid subclones
R5 to R22 were sequenced by the dideoxynucleotide chain termination
method (Sanger et al., 1977) and/or by the chemical cleavage method
(Maxam and Gilbert, 1980). In the latter method, restriction frag-
ments from R7, R9, R12, and parts of R8 and R10 were end-labeled
and sequenced as described in Tagle et al. (1988) for the ¢ and v globin
genes and in Koop et al. (1989) for the ¥ gene. The sequences of the
galago 6 and 8 globin genes have been presented by Tagle et al. (1991).
These previously published galago 3 globin gene sequences represent
only about 9 kb of the 3 globin gene cluster sequence presented here.
The remaining intergenic sequences were obtained by the dideoxynu-
cleotide chain termination method using initially universal forward
and reverse vector primers and then by using synthetic oligomers that
were designed from the previously determined sequence (referred to as
oligomer walking). Nucleotide sequence readings ranged from 400 to
950 bp. Approximately 95% of the intergenic nucleotide sequences
were determined on both DNA strands, and the remaining 5% were
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ary structures were resolved by sequencing at a higher temperature
(55°C) using Tag DNA polymerase. Selected BamHI- and HindIII-
generated fragments (not shown) were also subcloned into pU('-18
and sequenced to verify nucleotide sequence contiguity across the
cloning site junctions of certain EcoRI clones.

Computer-aided analyses of nucleotide sequences. Base composi-
tion and other sequence features [such as open reading frames
(ORFs), strand asymmetry, subsequence breakdown, and repetitive
elements] of the galago (3 globin gene cluster were identified and ana-
lyzed using the DNA analysis computer programs available from The
Genetics Computer Group package (GCG; Madison, WI; Devereux et
al., 1984) and the MacVector Package Version 6.6 from IBI Technolo-
gies (New Haven, CN). In addition to the ORF search, the galago
cluster sequence was submitted to GRAIL (Gene Recognition and
Analysis Internet Link; Oak Ridge, TN; Uberbacher and Mural, 1991)
for additional searches of potential protein coding regions. The loca-
tion of shared nucleotide sequence identities between the galago 3
globin gene cluster sequences and human (Collins and Weissman,
1984; Li et al., 1985), rabbit (Margot et al., 1989), or mouse (Shehee et
al., 1989) 3 globin gene cluster sequences were first identified by dot-
plot comparisons using the GCG computer program COMPARE. Ho-
mology plots of the galago globin gene cluster sequence with itself
were used to locate repeated regions. In addition, identity searches
using SINE (Daniels and Deininger, 1983, 1985, 1991; Daniels et al.,
1983) and L1 (Hattori et al., 1986; Scott et al., 1987) consensus se-
quences were used to further identify and define the boundaries of
these repetitive elements.

Pairwise alignment among human, galago, and rabbit 3 globin gene
cluster sequences in their matching regions were obtained using the
alignment programs of Smith and Waterman (1981), Wilbur and Lip-
man (1983), Lipman and Pearson (1985), and Needleman and
Wunsch (1970). These aligned sequences are available in diskettes
from the authors upon request. In all cases, gaps were inserted into the
alignments to increase sequence identities. Due to the conserved na-
ture of the orthologous gene loci, alignments in these regions were
used as anchor points to align the more diverged intergenic regions.
The Local Alignment Diagrammer program (LAD; Schwartz et al.,
1991) was used to display the aligned sequences as plots. Each plot
depicts pairwise interspecies alignments computed by the SIM pro-
gram (Huang et al., 1990) with a score of 1 for matches, —1.5 for mis-
matches, —6 for opening a gap, and —0.2 for each symbol in the gap.
An alignment is displayed only if its score exceeds a threshold (r),
chosen so that the probability is 0.05 that random sequences matching
the given sequences in length and nucleotide composition have a gap-
free alignment scoring of at least 7.

Pairwise divergence values for the aligned sequences were calcu-
lated following the method of Nei and Gojobori (1986). Nucleotide
substitutions (both transitions and transversions) and gaps (regard-
less of length) were counted as single events. Divergence values were
corrected for hidden, superimposed substitutions by the method of
Jukes and Cantor (1969).

RESULTS AND DISCUSSI®N

Organization and Nucleotide Sequence of the Galago
Globin Gene Cluster

A schematic diagram showing the organization of the
galago 3 globin gene cluster is shown in Fig. 1A. The 12
overlapping recombinant phage clones used to recon-
struct the structure of the cluster are also shown. Restric-
tion enzyme site maps of these 12 clones revealed the
extent of overlaps for each clone. Southern blot analysis
of EcoRI restriction digests of the phage clones localized
the ﬁve llnked G- llke globm genes and was conﬁrmed by
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THE GALAGO 3 GLOBIN GENE CLUSTER
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FIG. 1. (A) Overview of the galago § globin gene cluster. The top most line shows the organization of the galago 8 globin gene cluster. The

#-like globin genes are denoted by the rectangles and are labeled on top according to their orthologous relationship with known mammalian
globin genes. The approximate position of the three exons separated by two introns and their 5" and 3’ untranslated region are indicated inside
the rectangles where the filled areas denote the coding regions. EcoRI restrictions sites along the cluster are indicated by arrows below the line
and the size of each EcoRI fragment is listed (kilobases) between the arrows. The ordered set of EcoRI fragments that were subcloned into
pUC-18 and numbered 1 through 22 are shown below the cluster map. The 12 overlapping recombinant A clones used to reconstruct the cluster
organization are also shown below the cluster map. The length and position of the A phage clones correspond directly to the galago linkage map.
{B) Synopsis of sequence features of the galago # globin gene cluster. The extent of the galago 8 globin gene cluster regien that was sequenced
(EcoRI fragments 5 to 22) is indicated in the top line. The -like globin genes are represented by the rectangles on the cluster map. The position,
direction, and length of the interspersed repeat elements (SINEs and LINEs) are shown below the cluster map. Left-pointing arrowheads
indicate that the repeat is oriented in the 3’ to 5 direction relative to the direction of globin transcription. Right-pointing arrowheads for the
repeats indicate a 5' to 3’ direction. The locations of purine (R}, and pyrimidine (Y), tracts (where n > 10) and of alternating purine/pyrimidine
(RY), (where n = 5) tracts are indicated by numbers corresponding to their lengths.

firmed by sequence orthology with other known primate
and mammalian globin genes previously presented and
characterized in Tagle et al. (1988) for the e and +y globin
genes, Tagle et al. (1991) for the é and 8 globin genes, and
Koop et al. (1989) and Bailey et al. (1991) for the ¥y
globin gene locus.

The nucleotide sequences of the remaining intergenic
regions of the galago 3 globin gene cluster were deter-
mined from the ordered set of EcoRI plasmid subclones
R5 through R22 that span the galago cluster (Fig. 1B).
The complete sequence of the galago 8 globin gene clus-
ter is presented in Fig. 2. In general, the organization
and position of the 3-type genes in the galago globin gene
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(Efstratiadis et al., 1980; Hardies et al., 1984; Hardison,
1984; Harris et al., 1984; Hill et al., 1984; Goodman et al.,
1984, 1987). A general scheme that depicts some of the
major elements and molecular events that have occurred
in the evolution of the mammalian 8 globin gene cluster
is presented in Fig. 3. The entire sequenced region of the
galago f globin gene cluster spans 41,101 bp and includes
sequences starting 4.3 kb 5 of the ¢ gene, intergenic
DNAs spanning 6.1, 3.8, 11.1, and 3.1 kb between the ¢
and v, v and ¥7, Yn and §, and & and § globin genes,
respectively, and extending 4.7 kb 3' of the (8 globin gene.

Galago Globin Genes
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four expressed genes exhibit the basic exon-intron
structure of globin genes consisting of three exons sepa-
rated by two intervening sequences (reviewed in Collins
and Weissman, 1984), and each is structurally able to
encode the 146-residue globin polypeptide (Tagle et al.,
1988, 1991). Codon usage for these expressed galago 3
globin genes was analyzed (Tagle, 1990), and there ap-
pears to be the same codon usage bias for the amino
acids, Leu (the codon CTG is preferred 51/67), Val (the
codon GTG is preferred 39/63), and Gly (the codon GGC
is preferred 22/47), as that found for human globin
genes. This codon bias has also been observed for the
genes of other mammalian and avian species that are
available in GenBank (Wada et al., 1991). The prefer-
ence for C and G in the third codon position is consistent
with the prevalence of most mammalian and avian genes
in GC-rich genomic regions (Wada et al., 1991).

Like all other primate Y5 globin genes studied thus far,
structural anomalies have maintained the galago yn
locus as an nonfunctional gene or pseudogene. These
anomalies include two deletions (that resulted in a frame
shift and six in-frame termination codons) and the loss
of consensus intron splice junction sequences for introns
1 and 2 (Tagle, 1990; Bailey et al., 1991). In addition to
having deleterious mutations in its coding and &' regula-
tory regions (Tagle, 1990; Bailey et al., 1991), the galago
Y7 gene is truncated by the insertion of L1 elements in
intron 2 (discussed below).

Search for @ther Protein Coding Regions

The galago  globin gene cluster sequence was
searched by computer for open reading frames that are
at least 30 amino acids in length [enough to detect the
smallest globin exon (exon 1) of 91 bp] and that follow
Fickett’s criteria (Fickett, 1982) of G + C base composi-
tion (window of 200 with a probability of 0.92 or greater).
This conventional search routine identified a total of
354 ORFs (Fig. 4). Of these, 11 of the 16 ORF's that are
each greater than 300 bp in length are associated with a
functional globin gene (¢, v, 8, or 3). The longest ORF in
the cluster is found in the § globin gene, consists of 576
bp that begin 34 bp into intron 1, and extends through
225 bp into intron 2. The second most extensive ORF
(489 bp) is in the 6 globin gene. It also starts 34 bp into
intron 1 and extends through 141 bp into intron 2, and
the similarity of this ORF with that of the # globin genes
is due to concerted evolution between the two loci (Tagle
et al., 1991). Of the remaining five ORFs greater than
300 bp, three are associated with .1 elements (positions
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20,796 to 21,128; 20,897 to 21,196 and 27,828 to 27,493 of
Fig. 2). Another ORF is associated with the Alu element
(GcAlull-3), which shows an ORF (positions 1847 to
2168 of Fig. 2) throughout its entirety and may represent
a relatively recent insertion event (discussed below).
The remaining ORF at positions 32,071 to 32,391 (on the
complementary strand, strand not presented in Fig. 2)
appears not to be associated with any known structural
feature of the 8 globin gene cluster sequence (i.e., with
globin genes, repetitive elements, or simple repeat se-
quences). A search of the translated sequences of this
ORF against GenBank did not reveal homology with any
known gene.

While the above search routine of examining the posi-
tional and compositional bias of the sequence for ORFs
correctly identified all the expressed galago 8-like globin
genes, the background noise was too high. The galago
sequence was analyzed by GRAIL for protein coding re-
gions. This search routine combines a set of seven sensor
algorithms that measure important attributes of coding
DNA versus noncoding DNA (such as statistical frame
bias, Fickett’s base composition, dinucleotide frequen-
cies, and coding six-tuple word preferences) on a sliding
window of 100 bases (Uberbacher and Mural, 1991).
These sensors were applied to the known coding and
noncoding human DNA sequences that are in GenBank,
and the output was used to train a neural network to
dissect potential protein coding regions from a set of
unknown sequence, such as the galago globin cluster se-
quence, based on these “learned’ attributes. The results
of this analysis on the galago cluster sequence is shown
in Fig. 4. Both sense and antisense strands were
searched for potential exons, but only the sense strand
showed significant peaks. Peaks with scores of greater
than 0.8 were ranked as excellent candidates for coding
sequences. The results of this analysis correctly pre-
dicted 75% or at least one of the exons of each tran-
scribed galago globin gene (Fig. 4). The results of this
analysis indicate that GRAIL, trained on human gene
sequences, can also be used to identify protein coding
regions of other mammalian species. Of the transcribed
exons greater than 100 bp (exons 2 and 3), 88% were
identified. Only exon 3 of the ¢ globin gene was missed.
However, only about 50% of the exons less than 100 bp
were found. As expected, the search did not identify the n
globin pseudogene as one of the protein coding regions
but did identify segments of two L1 elements (L1Gc-5
and L1Gc-6; see Figs. 1B and 4) as potential exons. Two
peaks (positions 7011 to 7091 and 33,804 to 33,851) were
also identified as potential coding sequences where no

FIG. 2. The complete nucleotide sequence of the galago 3 globin gene cluster. The total sequence of 41,101 bp was obtained from 13 EcoRI
subcloned fragments. The EcoRI recognition sites are indicated in lowercase letters. The coding regions of the expressed fI-like globin genes are
indicated on top of the nucleotide sequence by their encoded amino acid sequences. Exons 1 and 2 of the Y5 gene are indicated by asterisks above
the nucleotide sequence. The promoter elements CACA, CCAAT, and TATA boxes as well as the putative CAP sites are labeled as such above
their nucleotide sequence. SINE elements are indicated by an overline above their nucleotide sequence. LINE elements are indicated by a
double overline above their corresponding nucleotide sequence. For both families of interspersed repeats, left and right arrows indicate the 3' to
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v v v v v v v v v v v v v
TAGaaL: cTTCATACTAATAGTGCCTAAGGACAATGCAATAGTTGAT TCTTCAGATTAAATAAATITTATAAATGAGCTAMAMAAGAT TTARAAMACCACTGAAT TTTTTTCCTGCTGAANAGAGACCT 150
v v v v v v v v v v v v v v

v
GeAluIl~1
CTTACATTTTTAMARTTCCTT T AMTGCT TTT TGATCATTATAAAATTT TCTTTTITTITIT TAAGCTTCCCCT TAGAGTECCATG 300
v v v v v v v v v v v v v v v
GCTTCACTGCT TCCATCT T TCTCCTGCCTCAGCCTCC AGC C ACCTGGCTATTTTITGGT! TTATTGTTGYY 'CC TGGA 450

v v v v v v v v v v v v v v

v
GeAlull-2
TTCGAACCCACCACCTTAGGTGTATGTGGCTGGCACCTTAGTCACTTGAGCCACAGGCACCGAGCCANGGTTTTTTTTTTT TGAGACAGAGTCTCACTTTATCACCCTCAGTAGAGTGCTGTGGEGTCACAGCTCACAGAGACCTCAAAC 600
v v v v

v v v v v v v v v v v
TCCTGGGCTT TCTCCTGCCTCAGCCT GTAGCTGGGAC! TGGCTATTTTTTTGT TGCAGT TTGGCTGGGGCTGGGTTIGAACCCCCCATCCTCAGTATATGGGGCCGGGGCTGGTGCTA 750
v v v v v v v v v v v v v v v
-—————
CTCACTGAGCCATTTARATGTATTAAGACAARCACAGTTTTTATTTTATTGATTTT TAATTACATAGACAN TATTCTTACTGATTAGTTTTTCTGACTTCTCTTGL ATAACCTTGTCATTICTTTGTCTAMTTTTGGGCTT 900
v v v v v v v v v v v v v v v
TTCATCTAGAAATGGAN TACTTGTTCC TTCN AA TTAAAAATGGGCAACTGAGGGTATTTAAATT CANT C TTCC TATCTGACTC 1050
v v v v v v v v v v v v v v v
CAGAACCAGAATTTATAGCACTGACCTGCTGCGTTTAAATCCTGTAAACCTTCCTGAATCTCTTCTCCATGACTTTTAGCCATATGAGAATATGAGATGGGCCAGGTCTCTGGAGTCTAGCCAGGTCTGTTACAGGTACTATGGGCCATG 1200
v v v v v v v v v v v v v v v
TN C TAATIGTATC TACTCTCAATAT TGCCACATTC TT7T TTT TCATGGCCT CT 1350

v v v v v v v v v v v v v v v
AATCTATMTCC"M TWTCTGhCCCﬂmTTCCWTCCTGACWWTCACTGCCTTTATMGAT ATCCAAGCMATTTCCCH‘GAAMCCCAGAGTGCTATCTGCATTGATAATAAACTCTTAACTCMGAACTG 1500

CTC‘J’TCC’I‘TGmmcm‘lGA‘ﬂCT'l‘GmATTCATTAGTCTTCTGC‘H‘CAANATCAAACATC'l‘TCTCTCCCMCCTM}CATCC?GTCCACTTCAGCTM‘M;ATTCTAGCCCATGAN:TCTTCA‘IC‘!AWTCCTCAGAACMTACA 1650

v v v v v v v
GAAM T CCCTCTTTATTT u\.lMCTTTMATGIMTTTAGCATTTCCTTCCCTTTTGMTATAAAA T TTAATATCAGCAGTTCCTCTGGCCTGTTTAT 1800
v v v v v v v v v v
GeAlulT-3
TATTTTCATATTACATTATAGTCI TATAGATGTTTIGTTTTTCTTTCTTTCTTTCCTTCTTTCTITCTT T TTI I TT T TTTT TTT TAAATTGTGTCACCCTCAGTAGAGTGCCAGGGCATCACAGCTCGCAGCTCACAGCAGCTCACAGCA 1950
v v v v v v v v v v v v v v v

ACCTCAAMATCATGGGCTTCAGCAATTCTCTTGCCTCAGCCTCCCANSTAGCTGGGACTACAGGTGCCCATGATAACACCTGGCTATTTCTTGGT TGCAATTGCAATTGTTGT T TATCAGGCCTGGGCAGGCTTGAACCCACCAGCCTTG 2100
v v v v v v v v v v v v v v v

GTGCATGTGGTCAGTGCCCTATCACTGAGCTATGGGCCCCAAGCACAGATATTTTTAAATAACATTTCCTTATATCACTACTTAATgAAtt CATAAAGAAACATATAAAAGATTATGCTATAAATTTGATGTTTTGATATTTGATAACTG 2250
v

v v v v v v v v v v v v v v
TTTTTTAATATAACTGGTCTCCTTAGCAATAATATTTATATTATTTTATATAAATAAAATCCACATTATTTTTAGTAGTAACAGTCTGCTAAACTAGTCCATGCTACATTAARAGTTTAGga att cCCTGATTATGTCTATATTGGCTATT 2400
v

v v v v v v v v v v v v v v
GecAlul-4
GTTT C TCCTTTTTTTTTTTTT N TCACTTTGTTGCCCT TCAGAGCTT T TTGGGCTC TCTCTTGCCTCAGCTTCCCCA 2550
v v v v v v v v v v v v v v v
GGAATTGAGACTACAGGT! T TTTTTTTTITIT TCTCTCTCTTGCTCAGGCTGGTCTCAAACCTGTGAACT TTCACCCGTCT TCC TGAA 2700
v v v v v v v v v v v v v v v
-
CCATTGCTFT““'-CH“T ATTCTTAATT CTAAAAGAA AAGAAATTCATTGGCCTGGAATACTACTAATT TAAGTCAGGTAAAGACTTCCAGAATCAT AMAMATATTT 2850
v v v v v v v v v v v v
TCATGTGCTM:AGGTGTTTTTT'I‘ATCACACTCTT AATAAN 'AGGGTTAAAGA' TTCTCAGTAN ATATATGGAGATCT TAGAC TAATCCAAATGGTT 3000
v v v v v v v v v v v v
GAﬂMGGGCCMmCCTCTGGGGCATCMAATG TGCT AAAGAAACTCCCAGGTCT CAAT ACC AGAAA 'GTGGAATTAGCTAGAACAAGAACTGGGCAGAGC 3150
v v v v v v v v v v v v v v v
TCACTAGA‘H‘ATAGTGAACTGTAGCAAGACTT‘H‘TTAGMTTMCAMGG‘IGGAATC‘N-'.I‘GCl’ﬂ‘CCTGG‘H‘GCATTTTCCCC‘l‘MTCATCMTTTTGCCATCTCGACGGTTRCACAACTTCTﬂlTCTTGTHTCATlGTCAANAAT 3300
v v v v v v v v v v
AAGGGTAATGACCATTATATTACT AMAGAT TICT u.uuuu.uwmwucrcn'ruuA'rcM'reccuscwccucrﬂnocr'rcncunnucucc‘rMcuc'rcuncuc»n 2450
v v v v v v v v v v v
GACATGGGCACL“I‘ATGGC‘IAW'l'MCAC'l'MlﬂTAACCTGACTCTTCh'l'CTGATTMCATATClAMTACTTATT'l'C’I'CAGT'l'TGATCACAMTCTTGCTTT'IAMTAA TTTTACATTTCTCAGCTCTCTCACT 3600
v v v v v v v v v v v v v v v
GGCAGCAC AAAGATACCTC TAGCCACAAAGCTCGAATTCCCTCT AC AAGAGA TGTTCCC' ACC A+, TCTTGTTCTTTCTGTCCTETCCCAGAACCAGGTICTT 3750
v v v v v v v v v v v v v v v
AGTATTACACTTITGGAATTAAGGCTTCAATATCGGGGTGAATTTT TTACTACTCTGTTCAATTTC TAGAAGGGACCATGTATGGT TTTTATCTCCCT! AAACTAAGN’ TTTGGGTACAAGTCAGTCACCAAGAGCACTAG 3900
v v v v v v v v v v v v v v v
AACTGGATAAMCTCCATGTCAACAGCTTACCCTTTTTGT TTCTTGGCCAGGGCTGTCTTTGTCATTGTCACTATCCATAATCCAAATTTTAAACTCATTT C™TTTCCTACCTGAGGCTTAGTTCATTAY TCTT 4050
v v v v v v v v v v v v v v v
AAA TTTGTTATTTTGT TG' TGAG TGTGCA' TCTCAGCATC TTATCTCAATGTGTGCCTACTTCA 4200
v v v v v v v v v v v v v v v
CACA CCAAT ATARR CAP E
C'l'GCTGM:CC'l'CTG(.'I'GACCAGGCTCCACCCCTGAGGACAGAGCTTAGCTHGACCAATGACTTCTAACTACChCGGAGMCAAGGGGCTAGAACHCAGCAGTGGAGGATMAAGGCCACATAGMAATCAGCAGCATACACCTATTTC 4350
v v v v v v v v v
lntVlllull’h.‘l‘hnlnsluoluby‘nhl lalleMetSerleuTrpGlyLyaValAsn] hGluGluuAGlyGlyGluthau&lAh/ Exon 1
TGGTACAGCTGTGATCACCAGCIMSCTCCCAGACﬂGlCACCATGG‘IGClm‘IACTGC AA TATTATCATGAGCCT 'GAATAT TTGGGCAGGT MACACTGGH‘CTC 4500
v v v A\ v v v v v v v v
/glsulauvalvalTyrProTrpth tGlnquthhoGluTth Exon 2
AGT“‘IT"N'AIT K"'ll"‘l'c""'"n" TGACC CT -lll‘l'l"l"l‘TGAGCATCACTMTﬂTCCACCTGHATGGTGACGTATCATAGGUCC'H‘GTTGTC'l'lCCCCTGGACCCAGRGATTC‘H‘TGMACCT 4650
v
haclynsnuus-xhxhhs'zun!hlhtclyhunPxoLynv.lLynhliLlc1yLy.LylVAluurhxs.:l’hoclyclunnv-l' M, P Lauly: "‘yunl'hahhl.y-l‘us-xcluuuHLsCysnsz
TGTCCTCTGCCTC CCA. TGCTGACCTCCTT TGTCAN TGCCTTTGCTAAGCT TGCACTGTGACA 4800
v v v v v v v v v v v v v v
ysLeuHisvalAspP xoGluA-nPh-Ly- /
AGCTGCACGTGGATCCTGAGAACTTCAAGGTAAGTTCAGGAAATGCTACTAGGCTCTTGGCTTTCACTTTGAGACAATAATGGAAGGTTAGACTATGAT TCAACA AGAAAACATAGGTCCAGTTTGGTCTTAAA 4950
v v v v v v v v v v v v v v v
AAGAC TTTCCAGTAGGCATANGC! TGATT AAT TAGTAATAGGCTAAATTTTCTTACCACTTTTCAGGAACATT TGTCAAGAACTGGA TTTTTTCCT ATTATATA 5100
v v v v v v v v v v v v v v v
ATAGCAGACCTCTAC TTGGCTTTTGG' TGTCTCAAGAAAGGACAAATGTCTTATTTATATGGGTCTTGATAATCCAAGCTTAGGAMAGATTTTGTTAAMAMTTTTAAAGGTAGATTTTCTCAA  §250
v v v v v v v v v v v v v v v
AGAAAAATACAGCAAATTCTCTAAAATATATTCTCTGTCAGTAC GAAAT 'TGT' l"'TGGTTGGMIATTTTCMCTCCCACTGMAMTC'l'TGATGAACTGAMTCTGATITTTACAGAAATAATIATMGN $400
v v v v v v
AGA 'GACAAT TAGAGTGAGGATATAGT A ‘|‘G‘l‘TGMTA‘l‘AGGGTTCWAMCTMATTAGGCCTATGT‘l"l‘A‘H‘TMACATATTGGATCAGGGTTGTCAGGAAGTA 5550
v v v v v v v v v v v v
/LeuleuGlyAsnValMetValllel huuhlﬂhxﬂh?thlyLy:Gl uPh-Thr Exon 3
T TTCTTTITITTTCCCTT m.AACA'H‘CTTCTTGGMACTTC‘l‘ACTCAACATGCCA'l"l‘C‘l‘G'I‘C'H'ClT'ﬂ"l‘GTCTTTCAC‘l‘MCAGCTCCTGGGAMTGTGATGGX‘GRTChTTCTGGCTACTCATTTTGGCMqu. 11 ::ACT 5700
v v v v v v v v

Pxnhlp‘ln1GlnllnAl.'l'xpd1nLynl.nuvulsuGlyVn1Aln'rhnlnhuulllul.y-'ryzl-lu'hx
CCTGATGTGCAGGCTGCCTGGCAGAAGCTAGTGTCTGGGGTGGCTACTGCTCTAGCCCACAAGTACCACTGAGTCCTTTTTCCAGTTTGCCAGCATTTCTTTGTGTGCCTTTGACATCCTTTTTCTGAACATGGGGACTGGGATTGTTTT SASO

v v v v v v v v v v v v v v v
CGAA 'AGCTTTCGTTT TACTTTTTATTCAGTAAATAATAAAAAAAA TTTATTTITTTTGCTTTTTCCTTGTATGT AAA TTCATGGGCT ARAAAGTGGCTTTAAAAAG 6000
v v v v v v v v v v v v v v v
ATC TGGATGTTA' TTCTACAGGCCC TTTTATAAGGCT M TAGATAAGTGAGT AMAAMACTTACT 6150
v v v v v v v v v v v v v v v
GCAC 'TARGTGGTAACTGAGAAAGCAAATGTGCAGTACACATCAGATTTGACTGTTAAAAACAACACTCTGTAGGGGCCCCAGCTCTAGGCTAGGGCTAGGTATTAGGCTITTGATTTATCTATTTTACAT €300
v v v v v v v v v v v v v v v
TTTTATCTTTATAT TGAGTATTGGATTGTGTGTTT TGTAATTGAG' TAGTCTTCTTTTCC GGGACCTTCNA' 'CTATGACACTTG 6450
v v v v v v v v v v v v v v v
AAATCATTGTGCATTGCCTTCTGACAGAATGTAACATGCTCTAAGATAAAGT TAGAGT TAGAATATGGTGGGAACTTTTTTGAGACTAATGATAACGACTTCATGAAGGCCATAACATACTAACAAAGTTCCATAATCTAAAACCGGCCG 6600
v v v v v v v v v v v v v v v
ATGGGGCTTAGTGATTCGCAT ' TCTCTGGAAGT AAGATATGGG T T AGTTCTTACAATTTTAATCA, 'AATGAAATGCCTAATAGACTAATCCAA 6750
v v v v v v v v v v v v v v v
AAATATAAAAATAT TGCTATT ACAGCAAACAATAACAATTCTTAAGATTT T T TATTT TGCT TTTACATT €900
v v v v v v v v v v v v v v v
AGATATGGATGATGATTC TATAATACTTGAGCCY TCTGCGAAATGTGAATGATAGACAAAGGTAGAATAGGGGAT GAACTCGTTG ATAACAAAAATGGTCATCT 7050
v v v v v v v v v v v v v v v
GGAGCTTACGGGTGGCCATTCGTGGGACAGTCTCCCTGACAGCCTACAAAAC GCMTTGAAGAACGCGIGGCATCGTCTTMCGAGG(.TCCGAGGCGTCGCATTCTTCAGAT( "TTCAACCC'l'TAICTTAGCGCTTATGGGAGTMTCCC 7200
v v v v v v v v v v
GCATATCCGGTTGTCAGGTCAGGATGB’I’MMCICCT'I'CTTTACACTTTCCCCCO’I'GGTCIG’I’GATGTCTTC'l'TTCAATCG'.I'ACCIGATGTTGTCMTTMTCGTG'.I'TGGCA’CITGTCGTTATGACTATCTTTTCTTTTATCTGCCAGT 7350
v v v v v v v v v v v v v
GClClGClMClTCTCATTCTCACGATGMTGITGACCTGCTGT'.I'Tl'l".I'CCAGCTAATTATCTGATAGTCCAGA» TTCCTGCATCAGTTTGGATCTCACTT AAATGCCAGTGT TAN 7500
v v v v v v v v v v v v v v v
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