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ABSTRACT: All exons of the human thyroid peroxidase gene were cloned from phage and cosmid libraries 
and sequenced, including 2599 base pairs of upstream DNA. The gene contains 17 exons and covers a t  
least 150 kilobase pairs of chromosome 2. The transcription start site was identified by both S1 mapping 
and primer extension; a typical TATA box was found 25 bases upstream of the putative start site. A 
comparison of the gene structures of thyroid peroxidase and a granulocyte protein, myeloperoxidase, revealed 
that the positions of the 3rd through 1 l th  exon-intron junctions in thyroid peroxidase coincide exactly with 
those of the 2nd through 11 th exon-intron junctions in myeloperoxidase except the 7th myeloperoxidase 
junction, that does not have any counterpart in thyroid peroxidase. The amino acid codon separation pattern 
in each junction is well conserved between both enzymes. Four exons, unique to thyroid peroxidase, are 
located at  the 3' end of the gene (exons 13-16), each of which encompasses a different protein module. 
Three of these modules, representing exons 13, 14, and 15, bear significant similarities to C4b-02 glycoprotein, 
the EGF-LDL receptor, and a typical transmembrane domain, respectively. The genes coding for these 
modules were probably fused to an ancestral peroxidase gene to generate the present thyroid peroxidase 
gene. The data suggest that intron loss, and/or insertion, and exon shuffling have played important roles 
in the evolution of the thyroid peroxidase gene. 

y roid peroxidase (TPO;' donor:hydrogen-peroxide oxido- 
reductase, EC 1.1 1.1.7) is a membrane-bound hemoprotein 
which is involved in the biosynthesis of thyroid hormones. It 
catalyzes both the iodination and the coupling of tyrosines in 
thyroglobulin to yield thyroxine (T4) and triiodothyronine (T3) 
(DeGroot & Niepomniszcze, 1977; Nunez, 1980). Human 
TPO was purified by monoclonal antibody assisted chroma- 
tography and appeared to have two bands in the 107-kilodalton 
region of an SDS-polyacrylamide gel (Czarnocka et al., 1985; 
Ohtaki et al., 1986). TPO has been shown to be a major 
component of the thyroid microsomal antigen involved in 
autoimmune thyroid diseases (Czarnocka et al., 1985; Port- 
mann et al., 1985; Kotani et al., 1986). Recently, the cDNA 
clone to human TPO has been isolated, and its nucleotide and 
deduced amino acid sequences have been determined (Kimura 
et al., 1987; Libert et al., 1987a,b; Magnusson et al., 1987). 
The evidence for the identity of TPO as the microsomal an- 
tigen expressed in patients with autoimmune thyroid diseases 
was further provided by cDNA cloning (Libert et al., 1987b). 

A striking homology was found between human TPO and 
human myeloperoxidase (MPO; Johnson et al., 1987; Mori- 
shita et al., 1987a), indicating that both enzymes are members 
of the same gene family and evolved from a common ancestral 
gene (Libert et al., 1987b; Kimura & Ikeda-Saito, 1988). 
Interestingly, the latter enzyme is expressed in granulocytes 
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and monocytes and plays a major role in the HzOz-dependent 
microbicidal system of neutrophils. The tissue-specific ex- 
pression patterns and physiological roles of TPO and MPO 
are quite distinct. Due to the similarities of their cDNAs, we 
sought to examine the relationships between the structure of 
both peroxidase genes. 

The MPO gene has recently been isolated and sequenced 
(Morishita et al., 1987b). This gene is about 10 kilobase pairs 
(kbp) long, contains 12 exons (Morishita et al., 1987b), and 
is located on human chromosome 17 (Weil et al., 1987; Liang 
et al., 1987). On the other hand, the human TPO gene has 
been mapped to chromosome 2 (Kimura et al., 1987; Libert 
et al., 1987b). In the present report, we describe the cloning 
and complete exon structure of the human TPO gene. The 
gene spans over 150 kbp and consists of 17 exons and 16 
introns. A comparison of exon-intron junctions between the 
TPO and MPO (Morishita et al., 1987b) genes revealed that 
the position of the junctions and the amino acid codon sepa- 
ration patterns of both enzymes are well conserved. In ad- 
dition, the 3' portion of the TPO gene has the insertion of four 
unique gene modules which are not observed in the MPO gene. 
The possible evolutionary events responsible for the divergences 
and the conservations of DNA sequence between TPO and 
MPO genes will be discussed. 

MATERIALS AND METHODS 
Cloning and Sequencing of the Human TPO Gene. Total 

DNA was isolated from a blood donor's lymphocytes by a 

' Abbreviations: bp, base pair(s); kbp, kilobase pair(s); TPO, thyroid 
peroxidase; MPO, myeloperoxidase. 
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and BglII were also used to isolate fragments from phage 
clones when these enzymes gave shorter and therefore more 
convenient-sized fragments than EcoRI for subcloning and 
sequencing. Each fragment thus obtained was subjected to 
M13 shotgun sequencing as described under Materials and 
Methods. After partial sequencing, none of the fragments were 
found to contain cDNA sequence which later turned out to 
contain exons 3, 8, 9, 10, and 16 (Figures 1 and 3). Further 
screening of the same XEMBL3 library did not result in the 
isolation of any clones containing these exon sequences. 
However, screening of an amplified human genomic library 
in the vector Charon 4A (Maniatis, 1978) yielded two new 
clones, one of which contains exon 3 and the other of which 
contains exons 8,9, and 10. The cloned DNA containing exon 
16 was not found in any of the phage libraries even after 
repeated screening. This is likely to be caused by the presence 
of sequence around the 16th exon which inhibits growth of 
recombinant phage in Escherichia coli. This sequence may 
be a relatively short sequence (200-500 bp) that contains 
inverted repetitions, which form snap-back and stem-and-loop 
structures (Leach & Stahl, 1983; Wyman et al., 1985). It has 
been shown that a large proportion (8.9%) of the phage car- 
rying different fragments of the human genome fail to grow 
on commonly used rec' hosts due to such secondary structures 
(Wyman et al., 1985). A failure to obtain phage clones 
containing certain portions of the sequence has also been re- 
ported in human thyroglobulin gene (Baas et al., 1986). We 
then constructed a cosmid library to search for a clone con- 
taining exon 16 sequence and to map the TPO gene. A clone 
carrying the exon 16 sequence was successfully isolated from 
the cosmid library. 

In Southern blot analysis of EcoRI-digested genomic DNA, 
the approximate cumulative length of all EcoRI fragments that 
hybridized with full-length hTPO-1 cDNA was about 95 kbp 
(data not presented). Most of the EcoRI fragments found in 
the original phage clones corresponded in size to these genomic 
EcoRI fragments. The fragment containing exon 10, however, 
did not correspond in size to any fragment detected on the 
Southern blot, suggesting that deletions or recombinations 
might have occurred during amplification of the Charon 4A 
library. Alternatively, this could be due to a genomic re- 
striction fragment length polymorphism (RFLP) since the 
DNA used for the Southern blot experiments is different from 
that used for the original construction of the Charon 4A library 
(Maniatis, 1978). Two EcoRIISalI subcloned fragments, that 
were artificially created by the SalI  site in the vector 
XEMBL3, contained 1 l th and 15th exon sequences. By hy- 
bridization of Southern genomic blots with partial cDNA 
fragments containing sequences specific to either of these 
exons, the 1 l th and 15th exons were found to reside within 
23 and 5.5 kbp EcoRI fragments, respectively. On the basis 
of results of sequencing genomic clones, genomic Southern 
blotting, and restriction mapping of phage and cosmid clones, 
a compiled map of the human TPO gene can be drawn (Figure 
1). The total length of the TPO gene is currently not known, 
but we believe it is at least 150 kbp. These genomic cloning 
results also confirmed the previous prediction that the human 
TPO gene is likely to be a large single gene (Kimura et al., 
1987). 

Initiation Site for Transcription. To determine the tran- 
scription start site in the TPO gene, primer extension and SI 
nuclease analysis were performed (Figure 2). Both revealed 
two clusters of start sites, each of which consists of two to four 
bands. The size of the longest extended fragment obtained 
after primer extension analysis was one base different from 

standard protocol. The cells were lysed by osmotic shock and 
treated with proteinase K and RNase. DNA was then purified 
by successive phenol extractions, taking care to avoid shearing 
effects. The DNA was dialyzed exhaustively against 10 mM 
Tris, pH 8.0, and 1 mM EDTA. This DNA was partially 
digested with MboI for various length of time and fractionated 
by sedimentation on either a 5-25% or a 5-30% NaCl gradient 
(in 10 mM Tris-HC1, pH 7.5, and 1 mM EDTA), and frac- 
tions containing fragments of 20-25 or 35-50 kbp were ligated 
to either XEMBL3 or Sp cos 2 (Heilig et al., 1987), respec- 
tively. The libraries were screened without prior amplification 
by plaque or colony hybridization, respectively, using the 
human TPO cDNA, previously designated as phTPO-1 (Ki- 
mura et al., 1987). An amplified human genomic library, 
constructed in the vector Charon 4A by partial HaeIIIIAluI 
digestion of human DNA (Maniatis, 1978), was also screened, 
and two clones covering exons 3, 8, 9, and 10 (Figures 1 and 
3) were obtained. Restriction fragments derived from the 
genomic clones that hybridized to the cDNA were subcloned 
into pUC9. These fragments were used to make M13 shotgun 
libraries (Deininger, 1983), and MI3 clones that gave positive 
signals after hybridization to the cDNA were chosen for se- 
quencing. Sequencing was carried out by using the dideoxy 
nucleotide chain termination method (Sanger et al., 1977), 
and sequence data were compiled and analyzed by the Beck- 
man Microgenie sequence analysis program. 

For mapping of XEMBL3 or cosmid clones, individual clones 
were partially digested with EcoRI, and the digests were an- 
alyzed by electrophoresis on 0.4% and 1.2% agarose gels, 
Southern blotting, and hybridization to the TPO cDNA and 
cos site specific oligonucleotides (New England Biolabs, 
Beverly, MA; Rackwitz et al., 1984). In order to precisely 
determine the exon sites, each clone was also treated with 14 
different restriction enzymes, including EcoRI, by single, 
double, or triple digestion, followed by Southern blotting and 
hybridization to the TPO cDNA. 

Determination of the Transcription Start Site. The start 
site of transcription was determined by both S1 nuclease 
mapping and primer extension analysis using 5' end-labeled 
specific oligonucleotides (positions -17 to +43 and +24 to +43, 
respectively; Figures 2 and 3) as described (Ausubel et al., 
1987). The human thyroid poly(A) RNA used in this study 
was obtained as previously described (Kimura et al., 1987). 
Oligonucleotides were synthesized on an Applied Biosystems 
Model 380B DNA synthesizer (Foster City, CA). Products 
of the S1 nuclease protection and primer extension reactions 
were electrophoresed on 8% polyacrylamide-50% urea gels. 

RESULTS AND DISCUSSION 
Isolation of the Human TPO Gene. We previously isolated 

two human TPO cDNA clones, phTPO-1 [3048 base pairs 
(bp)] and phTPO-2 (2877 bp). The phTPO-2 is 171 nu- 
cleotides shorter than phTPO-l due to the alternative splicing 
of the pre-mRNA in the middle of the coding sequence 
(Kimura et al., 1987). Using the hTPO-1 cDNA, a human 
genomic library, constructed in XEMBL3, was screened, and 
several clones were isolated. These were grouped into different 
classes on the basis of restriction enzyme fragmentation 
patterns. EcoRI fragments derived from representatives of 
each group of clones that hybridized to the cDNA were then 
subcloned into pUC9. In some cases, due to a fusion of human 
DNA to the junction of the phage arms, EcoRIISalI-digested 
fragments were used for subcloning. This SalI site is derived 
from a cloning site in the XEMBL3 vector, and, therefore, the 
subcloned EcoRIISalI fragments do not represent authentic 
EcoRIISalI genomic fragments. Restriction enzymes BamHI 
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FIGURE 1 : Partial map of the human TPO gene. The composite TPO 
gene is indicated by the solid bur. The positions of exons are indicated 
by the black boxes. EcoRI sites used for subcloning and sequencing 
are indicated by small vertical bars except for EcoRI sites denoted 
by arrows that were estimated on the basis of the size of EcoRI 
fragments predicted from genomic Southern blots, hybridized with 
DNA sequence specific to exon 1 I or 15. The positions of the in- 
dividual lambda (A) and cosmid (C) clones are shown under the 
composite gene. 

that of the S1 nuclease protected fragment. This may be due 
to the presence of an mRNA cap structure that prohibits 
complete primer extension. Moreover, the sizes of the frag- 
ments in the lower cluster in primer-extended products and 
S1-protected fragments were also not identical. The reasons 
for these slight discrepancies are not clear, but these results 
suggest that two sets of transcription start sites exist in the 
TPO gene. The start site was assigned to the longest prim- 
er-extended band. 

Sequence of the Human TPO Gene. The nucleotide se- 
quences of all exons and their flanking regions of the human 
TPO gene including 2599 bp upstream, a total of about 32 
kbp, were determined (Figure 3). The gene consists of 17 
exons and 16 introns. All of the intron splice donor and 
acceptor sites follow the GT---AG rule (Mount, 1982; Figure 
3 and Table I). The sequence 5’-TATAA-3‘ is found 25 
nucleotides upstream of the putative cap site. The protein 
initiation codon ATG, following a putative signal peptide, and 
some of the amino-terminal residues of the mature protein 
(Kimura et al., 1987; Libert et al., 1987b; Magnusson et al., 
1987; Kimura & Ikeda-Saito, 1988) are observed in the second 
exon. The 171-nucleotide sequence that was absent in the 
previously reported 2nd cDNA clone, phTPO-2 (Kimura et 
al., 1987), is contained in the 10th exon. Recently, the pos- 
itions of the putative proximal histidine residue that binds to 
the iron center of the enzyme, and the two possible distal 
histidine residues, one of which is important for peroxidase 
activity together with the nearby arginine residue, have been 
reported (Kimura & Ikeda-Saito, 1988). These histidine- 
containing regions are coded for by the latter half of exon 8 
and exons 9 and 10, respectively. 

Libert et al. (1987b) have reported that in the C-terminal 
portion of human TPO, two gene modules exist in precise 
juxtaposition, one of which belongs to the C4b-fl2 glycoprotein 
gene family (Davie et al., 1986) and the other to the EGF- 
LDL receptor gene family (Doolittle et al., 1986). These are 
followed by the transmembrane segment of the protein. The 
boundaries of these gene modules agree very well with exons 
13, 14, and 15, respectively. Furthermore, a sequence similar 
to the cytochrome c oxidase subunit I (Libert et al., 1987b) 
is located on the latter and the former half of exons 9 and 10, 
respectively. Of particular interest is that the autoantigenic 
region proposed by Libert et al. (1987b) is coded entirely by 
DNA in exon 11. 

Comparison of the Structural Organization between Human 
TPO and MPO Genes. The human TPO (3048 bp; Kimura 
et al., 1987; Libert et al., 1987a,b; Magnusson et al., 1987) 
and MPO (3213 bp; Johnson et al., 1987; Morishita et al., 
1987a) cDNAs display 46% and 44% [42% in Libert et al. 
(1987b)l similarities in their nucleotide and deduced amino 
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FIGURE 2: Primer extension and Sl nuclease mapping of the human 
TPO gene. S1-protected fragments generated by two different 
concentrations of S1 nuclease and the primer-extended fragments were 
electrophoretically separated on an 8% polyacrylamide-50% urea gel. 
M 13mpl8 single-stranded DNA vour lunes ut left) was sequenced 
to generate a ladder of fragment-size standards in the same gel. Yeast 
tRNA was used as a control. The 60-mer and 20-mer oligonucleotides 
were used as a probe for S1 mapping and as a primer for primer 
extension, respectively. Fragments at 60 bp represent remnants of 
undigested SI probe, and the fragment at 20 bp is unextended primer 
from the primer extension reaction. The longest fragment generated 
by primer extension is denoted by the arrow at 43 bp. This was 
assigned as the start site (position +1) in the TPO gene in Figure 
3. 

acid sequences, respectively, which clearly indicated that both 
enzymes evolved from a common ancestral gene (Libert et al., 
1987b; Kimura & Ikeda-Saito, 1988). The human MPO gene 
is located on chromosome 17 (Weil et al., 1987; Liang et al., 
1987) and spans about 10 kbp, containing 12 exons and 1 1 
introns (Morishita et al., 1987b), whereas the human TPO 
gene was mapped to chromosome 2 (Kimura et al., 1987; 
Libert et al., 1987b), covers at least 150 kbp, and consists of 
17 exons and 16 introns (Figures 1 and 3). It was, therefore, 
interesting to compare the structure of both genes. 
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-2590 -2500 
TTCCTTCTCATGGCTAAAACTGTCCTCTTTCTCACTGAGTCTCCCCTGCMTCTCTCTGCTCTCCATTGCTGGGTGGCCACGTCTTCCCAATGCTCCTTTCTGACAGAGACTGGGGGCTT 

-2400 
CAGCCAGATCTTTAGTTGCCTCTCTTTCATTCTCCCATTATGTGATAGCCTCGGGTTTTCCACGTCCCCCTGCAGMATCTTCCTTCCCAAGTCCCCCGTCTTCTTTCTCAMMTGTGT 

GTGCTATCCAGTGGGCCTCCTGCMACCCGCCATTCTCAGACTTTTCTCCGCTCCCCTCTCMCATTTCCAGTGTMCAGCTTCCATTGTACTTGATGCATTATTTATATTGTTTMTTA 

G T A T T M M T A A G C A C A T C A T G T M T C C A G C T ~ T A T G T A T T T T C M A T G A T A G A T A C A T T T C T C A T A T T T G T G C G G G G T C A A A T G G T M C A G C M C T T A G A G G A G A G G C T A C ~ C  

GACCTGGAGAGTTGATGTGCCGGCTCGGCCTCCCCCAGCTGTGCATGCAAACCCCCTCTTCCCAGGTCTCCATCGGCACTCGGCATTTTCMGCGTCCTTCTGTGATG~GAGCATCC 

AGTCAGTATTTACTTTACATTTTMTGCTTTCTTCTTCAAACTCTTCCTTGAGTATTTGCCCCACGCTGTCTCATTTTACCACCCACCTTTCTGGCTGTGTGMTTTCCTGCGAATGCCT 

TAACAAAGGGCCACGTGCTTAGTGGCTTTACTCCATCAGCTCCGGAGGTCATAGATCCAAATGAGACTTTTGGCAGCAAGGTCCAGGGACAGGCCTGGTTGTGCCTGGAGACCCCAGAGG 

CCCTGCTCCTGGCCTCCTCCAGTTTCTGGAGGCTCATGCCACGGCCCTCCAGTCTCAGTTTCCATCATCACTTCCCCCTTTCTCCCCTCAGACTTTCCCACCTTTGTCTTGTAAGGAGCT 

GTGTGCTAACACTAAGGCCAGTGGATAATCCAGGCTAATCTCCCCTCCTCAAAATCTTAACTGAATCCCATCTGCAAAGCCCCTTTTGCCATGCAGGTTGCAGTCACAGGCTGGGGGACT 
-1500 -1400 

GTGTCCTAGACGCTGGTGCTCTGAGCTACTCTTGAGGTCTTTTCCATCCACATTCTCCCAAGAAGAATCCCATTCACTCACAGTCCACTACTGTATCCCCCTCAGGACTCCCAAATGTGT 

CTTTTTAAGCTGGACTTCACCCMCAGCTGAAAGTACATTTCCAAATGCCCAAGAGCTCACTGCCCGCCTGTGCCACGGGCACCTCCAACACAATTCCAAGCCTGAGTCTGCTGCTCCTT 

TGCTTGTCACAGCCAGTCTCCTTTCTTCTCTGGCCTTCCTAGGGCCAGTACATGAGATTTTCACTTGCTTAGGCATCAAACCAAGGATGGCTGMTCCTCAGAGGCTCTGTGCTTTTCTT 

CTGTTCCCAACAGTAACTCATCATTGAGCCATGGAATCCTCTTTAATGAGCCACCGAGTCTGGTCCTTCCTCTCTATCCAAACCCCACCCTCCTAGTGACCATTCTCAGGGTGCGTGGGG 

GGATTATATCACTGTTGGCTGATCTCCTCCCTGCTCTTCAGAGCTTGTCTAACTCATTTGTTATCTTCACCCATTTGAGGGGTGAGTGATGAGGATTGAGGGGAGAATGTTAAAGGCAAA 
-900 -800 

TCATCACATTCTTGGGCTTCAGAACATCTTCTAACAAAGATTAATGTTCTGAAGCCTTTGCATCGTGTTTTAGCATTTGGTTTCMATTACCTAGAGGAAGCATCAGTCACATTTGGAGA 

GGGGAAAGAAAAGGAGAAAGATGAAGATGATTTTCACAAACTAGAAACCCATAGGACTTCCGGGGGCATGAAGAGGCTCCAAGTCTCAGGAGCGGGTCATTGAAGATGTGTTATTTTATC 

ATTTTCATGATGAGATACAGCCTGAAAGCAGATCACCCATGAAAACATGTCATCTCCCAGTGTTCGGAATGCAGTCATGGTGACCTTCCTACAGAACATCTCTGTCTTTGTGGGGACTCT 

TTTGATGGGTGCATGATGAGGATTGAGGGGAGAATGCATGCTGGTGAACACACACTGMCTGTGCTCATTTTTCACCTCAACAAATTGGMAAAAGTGTACTTTATTCACCTCTTAGTGA 

TAAGAAAACTAGGGGCTTGGGGACAGGMGCMAAGGCTCAGAGTTGTAGAGCGAGTCATCGGTGGGCCTGGGAGCTGCACCCAACCCMTCCTCGGMGATTMCAGCCCCTTTTTCAC 

AGGGTATTTAACTGTGMAGTMGAGGGAGGAAAATGCAAGTGTCACAAGTCTGGATTTAGTTGGTTTATTCTTTCTCCCTGTATAATTTTTCCCCTCTTCTTCCTMCTCATTCGGCCA 

GAGGCTGGACTGCATGTGGACCCCGATGACATGGCACTTTGTTTCTGACCAGTCAGGACACACMGAGGCCCGGCGCMACACAACMAGCCCGCAGACATTCTGTCCCCACGMGAACG 

GACGCCACTCGACTTCCTAGCATCTTGACGGGCTATCCMGCGCAGAGTCAGTT~GGTGGGTAACCAAGTCCCTG GAAGGCAATTGAGGCGCCCATTTCAGAAGAGTTACAGCCGT EXON 1 

GAAAATTACTCAGCAGTGCAGTTGGCTGAGAAGAGGMAAAAGGTCAG G T T G T A M G C T T T T T A T T T T T C C A T T T T C T A A G A G A M T T C A T C A T T G G M C T T G T A M G T G G C C C M G A G T  

GGCTGTAATTTGGGCCATTATAGCAGGTATGGGTGGCGTCTCTCAGCAAAGCTGACTGACTGACTGATGAGTGCTGTTTGCMTGACCTCCGCTGGMCATGTGAGTCCTGTAGGGTCGA 
TTCCTAGATCACCGTCTACTGAGACACATTCCTGTCAGCATGGACTCACTGGTGCTATCCTGCTTAACAAAATTAGTGGCTCAAAMTAGCCACAGAAAGCCTMGAGAAG~CMGG 
ATTTGAAAGTAGAAATGATGAATTTTGMTCTTCTGTTTTGTCTTAACMCTAGAATTCTAAAATCATTTTATGGACATAAGAATGCTTTMGAAATTCMTAGGCATTTAGGGGTTTTA 
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TTTATCACTTTTATAAAGACT- - - - -  - (0.9 kbp)- - - - -GCCTGCTCAGCGCTGCAGTTTCTGTAACCTCCTGACATGGACGGCGACTCTGGTCTCGCAGACCCCAGGCCTGTGAGGG 
TCGCTCACTGCGGTAGAGGCTGCGTGGAGTCAGTGGAGGGAGCCCCTCAGCAGGGAGACMGGACACAGCGGTTCCCATGGCCTTGTCAGTGCTTGATTACATACTCTGTCTCCTTCCGT 

100 150 
TAATTTTAG AATGAGAGCGCTCGCTGTGCTGTCTGTCACGCTGGTTATGGCCTGCACAGAAGCCTTCT~CCCCTTCATCTCGAGAGGGAMGMCTCCTTTGGG GTAAGTAGCAAACACA EXON 2 

M R A L A V L S V T L V M A C T E A F F P F l S R G K E L l U  
T T G C G G T C T T C T G G C C T T A T A M G T T A T T T T T C A C A C T T A C T A A ~ T A G A G G G C A T ~ T G G T A G C T C C T G A G A G T C A C T T T A G G C C C ~ T G T A G ~ G T ~ T G ~ T T T G T T A T G C T T A A G A A A A A  
AAAATTGTAATTCTTGATTTTAGAAGGATTGAAATATGTACATTTCTTTCTTTAAAAAAGAGCTGATTTTCCTTGGATGACACAATAGACAATTTTCACTTTTACCTATTCATATAACTG 
AAAAAAAMTTCTTTGGGAGTGTTTTTCTTCCTTTGCTACAGAATTATTTTTTATTMATMCTTCTGTGATGTATTTTCTGGAATCAGTGTGCTACTATGTGMAACAAGTTMGAAAG 
CTACTGAGATGCAGTGGTTAAAATAATCACAGATCAAGCTCTTTGCTTTTCTTTTAATAMATAAATAAAGTTCCAAACCCTGAGAACMGTTTCACTGGAGTGAATACTGCAGGGGCAT 
TTGCCTGGACATTTTACCC- - - - - (20.9 kbp)-----GGAGTTTTCTTMCTTTGCTGTATCACACTGTAAGAAACTGGGTGGCCAATGGAACAGACGGAGCAGGGCAGAGTGAGCAG 
GAAGAAATGATGCTGGGGAATTTGTGTGCTCCTTGGGTGGGGACGAGCATGGAAGGCGCGTGGGACTGAAGCCTTGAAGACCCCGCAGGCGCCTCTCCTGGACAGACCTCGTGCAGGCGC 
CTCTCCTGGACAGACCTCGTGCAGGCGCCGCGCTGGACCGACCTCGTGCAGGCGCCGCGCTGGGCCATGGGGAGAGCGAGAGCCTGGTGTGCCCCTCAGGGACTTCTATTTGCTTTTAGG 
AGCCAATTCATTCCTTTGGTGAAGTATTGACTGTACGCAGGTGAATTTAGTAACAGGACTGACGTGTGAACATGGCCGGAAACACTTGCCGTCTTCCTGTTACCGCGTCCGGAACTTCAC 
GGTGATACCCAGAAATGGGATCTTAACCTCTTACACATTCCAGGTGCTAAAACAAATAACACAGGAGTGCTTTCATTGGAAACTACTGGTATAGTGGAATTATTTTATCTTTTATTAAGT 
ACACAAGATAGGCAAATCTTATCAACTTTACCACTGGCTCAGGTAACCAGTGATGAATGTTCAGAACAAAAGTTATTCGGAATCATTTGAAGTGGTTTGGGCAAGTGCGAAATTAAGGTG 
AGTAGCTCTGATCCCATCCTCCAGGCAGCTCCGTGCGGTGGGGGTGGACGCCCCTCTGTAGCGGGGAAGTGAAGGCCTGTGGAGGGAAGCGACCCCGGGACCTGGCTGCCTGCCTGTCCC 
GGAAGCCACGTGGGCATCACCGCAGCAAGATGGGCTTGAGGAACAAAGCAACACTGTCAGTGAATCGCTGAACTGTCATTGCGCTTTGACTGTGTGACATTCTGTTCCGTAG GAAAGCCT EXON 3 

G K P  
200 250 

GAGGAGTCTCGTGTCTCTAGCGTCTTGGAGGAMGCAAGCGCCTGGTGGACACCGCCATGTACGCCACGATGCAGAG GTGAGCCTTGCGGAGGCCGCCGCCCCAAATGCCACCGACAGGC 
E E S R V S S V L E E S K R L V D T A M Y A T M P R  

GCATCCTCCCTGACATCCACACACGTGTGGCCTGATTTTCGCMTTGCAGATGAAMCCTGAAGCTTGCCATTGTTMTTTACTTCCCCAGTGTCATGTGCMGCAGCAGACAGMCTGG 
TATTTAATCTCCMTCCTTTCTTAAGCAAGACACAAAGGAAGAGCACCCTGATGCAATTAGCAATTACGTATACCCTGGTTMAAGACAGTAGAGGCTGACGTCCTGATAGCAAAACCAG 
CCTCTCTTCTCCAGGATTAGGACAGATTMGGAGGAAAAGAGAGACCTAGATCCCAGATCTTTGGTGTTGTGATATMCTGTMCATTACCTGTGGCATAGMTAAAGMTT~TGGGG 
C T C T C C C C C A T T T T T G A A A T A A T T A G C A T T T G T A A T T A T A T M C A G A C A C C A C T A T T A A G M T A T T G T G G T C T C A T A T T A C C T G T C T A G A A A M G ~ G A A - - - - - - ( 7 . 2  kbp)--- 
--GCTCMCTCCMCCCATGAGAGCAGCCAGGTGGGCTGTGTTCAGGGMGCCACAGGGGCAGAGCTGCCCMGGCTATGGGAGCCCATTCCTCACACCAGGGTACAGGACACGGAGTCA 
A A G G A G A T T G T T T C A G A G C T T T M G A T T T A A T G A A T T G C C T G C T G A G T G T A G A C T G G T G T G G G G C C T A T C M G C C T T C C T G T T G G C T G A T T T C T C C C T T T T A G M T G G ~ T A T A C C C  
MTGCTGGTGCCCCCATTGTATCTTGGAAACATATMCTGCTTTTTTATCTCAGAGGCTCATAGGTAGAAGGACCTCATCTCCAGATGAGACTTTGGACTTGGGATTTTGAGTTMTGCC 
AGAATMATTAAGACTTTGGGGGACTGTTGCGAATGCGCMTGTATTTTGGAATGTGAGAAAGGTGTGGGATTTGGGGGAACGGGTAGAATAATAAGGTGTAGATGCTTTTCCCCCTTAA 
ATCTCATGTTAAAATGTGATTCTGGATGTTGGAGGTGAGGCCTGGTGAGAGGCGATTGGATCACAAGGGCMATCCCTGATGMTGGTTTAGCCCCATCCTCTTGGTGATGAGTCAGTTC 
TTGCCCAGGAAGTCCATGTGAGACCTGGTTGTTTTACGTTGTGTGGCACCTGCCCGCTTGACCTCTTGCTCCTTCTCTCACCATGTGAGACACCTGCTCCTGCTGCACCTTCCACCATGA 
CTGTGGCTTCCTGAGGTCTCCCCAGAAGCCAAGCAGATCCTGGGTCCATGTTTGCACAGCCCGCAGAACCTTGAGCCAATTAAATCCCTTTTCTTATAATTACCCATTCTCAGGTATTTC 
TTTACAGCAATGCAAAAATAGTTAACAAGTAAGCTTTTTMAAATTTATTTTTATTGTATGTATTTCCGATGTGCAAAATGATGTTTTGATATACAAATACATAATGAMTGATCACTAC 
CGTCAAACAAAGTTAACATACCCATCACCTTCCGTAGTGATTGGTGTGTACATGTGGTGAGAGCACTTAAAATCTCTCTTAGCACATTAGTTTTTAGTATTCAATATTATTAACTACGGA 
AGGAATACAAGTGCTTAGCACAGCACCTAAAACTTTATTTTCACTCAGTAAGCACTATGTATTTTGGGGTTATTATTAATAAACAAAAATATMACAATGCATTTMTTATGGCAGAACA 
ACTGAAGAGAACAACTAGGTCACTTTTCCCAAAGCCACAGTAGGTGATTCTGAGCCCTGAGCCTCATGTCTAACTTGCAGAGGGAAGGAGGTTCTCCTGCCAGCTCTGTAGTTCTGTCTG 
GCGTCTGACACTCGCACACCTGCCAACACCTCCCCAACTCTACTCTCTTGCTCCTGCTCTTGCTCTAGGACCTGTCCACTCACACACCTGCCGTGGTCACTTGGGCAGTGCTGGCCTCCT 
GTCAGCTGGAGAGGCCCCGCCCTGCAGGCGACTCAGCCAGGGCAGCTGTCTGGAGCCCCCAGAGCACAGTCCGCTGTGGTCACTCTGCTTCTTCTTTGAGGCCTGGCCCTGCCAGCTTTG 
CTGCCAAAGGTGATTGACTCAACATTCAGACAAGAAGGATGGTGAACTTGATGTAGTCCTCCCTTGGGTCCTGGGGACTCAGTAATTCCATTCTGCAGGTGCCTGGACAATGCTCTGATC 
CACCCAGGTGTTGGCAGCATTGTTGCAAAGGTCACCTCTGTGCCTTCTCTCCAGTTCCCCAGGTCCTCAAATGCTAGTAGGCAAGCCAGTTGTGAAACCTTGGATTGGTTCCGTGTAGCT 
GCTGCTGCTGAGMTCTAAAAAGGCCAGGTGCTTGTGTGGGAGACCAGGAGTAAGGGGAGGCCTGCAGGTGAGGGGAGGCCCCAGGTGTGGAGAGGCCTGCAGGTGAGGGGAGGCCTGCA 
GGTGAGGAGAGGCCTGCAGGTGGGGTGAGGCCTGCAGGTGAGGAGAGGCCTGCAGGTGGGGTGAGGCCTGCAGGTGAGGGGAGGCCTGCAGGTGAGGGGAGGCCTGCAGGTGAGGAGAGG 
CCTGCAGGTGGGGTGAGGCCTGCAGGTGGGGTGAGGCCTGCAGGTGAGGGGAGGCCTGCAGGTGAGGAGAGGCCTGCAGGTGAGGAGAGGCCTGCAGGTGGGGTGAGGCCTGCAGGTGGG 
GTGAGGCCTGCAGGTGAGGTGAGGCCCCAGGTAAGGAGAGGCCTGCAGGTGAGGGGAGGCCTGCAGGTGAGGAGAGGCCTGCAGGTGAGGGGAGGCATGCAGGTGGGGTGAGGCCTGCAG 
GTGAGGAGAGGCCTGCAGGTGAGGAGAGGCCTGCAGGTGAGGGGAGGCCCCAGATGAGGAGAGGCATTCAGATGAGGCAGGCTTCACATATTTCTTATTCTATGAGGGTGTGTTTAGCTC 
TCACTGTGAACAGCTTTGCTGCCCCGTTCTAGGGCTGCATTGAGCCAATGCTCTGCACTGGAGTGGGAAGGGMGMGTTGGAGCTGGGACACATGCAGCTTCTGCAGGCTTTGGCTCTG 
AGATCAGGGCAGGGCTGTGCGCTTCCCAGTCTCCTGTTTCATTAGCTGGGATGTAAACAAATCATATCTTGGTTTGGATGTGATGGCCTGTCCGCAATTGTTATGAGMTCCAATTCATT 
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CTGATTTGGCAGTTTTGTAAAGGGCAAGTCTGTGCCATTTTCCTCATCATTCAATACTGATGCATCACTTACACCCTATCCTGTCCTAMCCCAGTGACCCCGTGGMCAGCMCTGCAC 
ATGTTTTACCTGTGCACACCCCGCAGTGCCTGTCACATTGTCTGGGACACAGTAGTTACTCAATMATGTCTGCTTMTTMTTAGTMTTMGTACCAAAGATACCATAGACAAATMT 

CTATTTTATATCTTCTTTATGTGCCATAG AAACCTCMGMMGAGGMTCCTTTCTCCAGCTCAGCTTCTGTCTTTTTCCAMCTTCCTGAGCCMCMGCGGAGTGATTGCCCGAGCA EXON 4 
300 350 

N L K K R G I L S P A P L L S F S K L P E P T S G V I A R A  
400 

GCAGAGATMTGGAAACATCAATACAAGCGATGAAMGAMAGTCMCCTGMMCTCMCAATCACAGCATCCMCGG GTAATCTGTGCCCCTCTCCCCACTGAGGAGTGGCMCTCCC 

GMGGAGGACACCTTGACTTTGTGCAGGGGCTGCTTGCTCAGGGCATGTTTTTTACTTGAGACCMGCAGGATGGGACTCCAGCTCTTTCAAAGCATACMGCTGCMTTTTT~TG 
CTTACCAAACAGTCTCMTATCTTATTTTTGTTACTCTGGAAAATAGCCATTTCTCTCCTATCCAAATCAMTTTGAGMGTAGCTCMTMGCTAAACATCCATTTTTTATGGTATAAA 
ATMTTTAGGMTTTTCCCATAGCCCCCTCTTAGTTAAAACTTGGCMGCTCATTCATAAAACCTCTACAGTGAGGACTTCATGTGTGAGGCAGCGCATTGCAGG~GCCCCATCTTC 
CCACTGAGTTGCTGGTGCCTCAGCAGAACTACCCAGGACATTTGAGAGCCMTTTACTCATCTCTAMATGAGGACAGTGGCACTGCTCACTCCAATGGCTATCAGMGACCAGTGCATA 
AACCAGGAGCAAATGTCGTCATTTCTTCAGCTCTMAGCACTCTATGGGCATMGATACTGAGATGGTMTGCAGGCAGTCAAAAGGCATATTGGTGCTTCCTATGATGCAGAGCMGTA 
AGCGAAATGTCTTTTTMTTAATTTATCAAGAATTTTTTCTCTGCAGCGCCATGAGCTACTTGGCCTCTGAGTTCTTCCTTCTAACTAGCTATAGATCMTTTGGTGCTGGTTACTTAGC 
TTTTAGMTMGACAAACTTGGCTAAATCAGTATTGACCAGMTTCMGGGGTGGTCTGGCTTCTTCTAACMCCMCCATCAGATATGAGAGCAAAGAAATGATTTGTATTTGGAAATT 

ATATTTAAAGGGMGCAGAGCATMCATTTGAAATTTGCCAGGCTAGCACTTGATAGGM------(2.4 kbp) - - - - -GMTTCATGGTTTCCTATTTTTCACAG ATGCTTTATCAGA EXON 5 

A E I M E T S I P A M K R K V N L K T ~ ~ S ~ H P T  

450 

D A L S E  
500 550 

AGATCTGCTGAGCATCATTGCAMCATGTCTGGATGTCTCCCTTACATGCTGCCCCCMAATGCCCAAACACTTGCCTGGCGAACAAATACAGGCCCATCACAGGAGCTTGCMCMCAG 
D L L S I I A N M S G C L P Y M L P P K C P N T C L A N K Y R P I T G A C N N R  

GTATTGTTTGTGGATTTTCTTAATCTTCTCGTGAAAGTTGGATCTGMCATGACTAGATGCCATCATGAAGGMCTTCTACACCACTGGTGGATCTGTATCCACCCCTGAGCCCCTGGTT 
CCTGTCCTTGGCCTCCCCGACATGGCCTCCTGCATGCCTGGTGGTGCCTCMGCAGCGTGCCAAGCAGTACTGTCATTCCCAGCCACMCGTCCCATCCACATAGGTGCTTACAGGTGAC 
TCTTMCTTCCTMCCCCACAAATTCCACCGCCCTTCACCTMGAGCTCMGCCACGTGCTTAGGCGCCATCCTTGATTTCGCTAGCTCCGCTACCCATTGTTTCCMTGCACCCCCMG 
ACTGTCACTTTTACCTCCATGAGTCCTCTCCACTCCCTGTCACCTTAGCTGMGCCAAAATAACCATCCAGCTGCCATCACGTGGTGGTCCCCTCACTGGTTCTCCTMTTTMCTC 
TTGCTTTCCCCATTCACGCTCCCTGTTATGGCCAACACCATCTCAGCACCCTCCTTCTCAACTCCTCCCTCAGTCCCCACTGCACTCAGAGTGAGTTCAGATCCGCCCMCAGTGGT~C 
CGCCCACCTCCTCTGGTCCACAATGGCAGGAGATGGACAGGAGCTTTGGCCACACACAGAGGCATGTGATTCAGTCTGGGGTTCAGMTGGTTTTCTGMGMGGTGATATGC~GTGAG 
CCAAATCTTAMGGATGAGTGGGCATTTCTCAAATGGTCCACAGGGTAGAGAAGAGGGCTTTGCAAAGGCCGGAAAGAGCMGATGCGTTTGGGCTGMACGTGCAGCCTTTGGCACACA - -. - - - - - - - - 
GAGGGGCAGAGGGAGAGCAGCCGGGATTGTGGCGCC~GTGGGGTCTGGGGGAAACAGTGTGCCCGGTGGTCACCTAGAAGCTTTGTCACMTAGTGTGGCGCCAGGATGGCTGCAGGCTT 
GATGTTCACCGATGCAGGCAGCAAAGGTGCTTAGCATGGAAGAACTCCTCAAAGGGACTCGAGCTCCTCACTGCTGGGTGTGCTGAGGTCAGMGGAAGATGCCCCCCCGAGAGAGGGAT 
CAGCGGGACCCAGGCAGAGCCCTGGCTTGGACAGGCCCTGTCCTGAGACAGAGAGCAGGGGCTTTGCGACAATGAACAGGAATCGGGGTCCTGGGTATATGATGATGGTTMGMCMCA 
GCTTTGCAACTGGACAGCCCTGGATTTGAAACCTGGAATCACCACCTATCAGAGGGCAGTTTGTTTCAATTCTTTGAGCTGTAAGAGCTTGTTTGTTAAGCCCACAGCAGGAATGCATAA 
CTGGCCATGTGTGAGGATCTGATCTTAGGACTGCGGAGCCCCGGCTGGAAGAGGCAGCCTGTGCTGAACGCAGAGATGGGTCAGGGCCACACAGGAGGCTGCTGTCCACCCCTCCTGCCC 
TGAAGCCTGGCGGGGGGTCTGTGCCTTCCCGTGGAAGTGGGCTCAGAGGTGGAGATGGCATGTGTCCTGTCCTCAGAGCTCAGTGGGAGACATAGATGTAGACAAAGGATGCACAGGAGA ~~~~ ~~~~~~ ~ _ .  
TGATGCCTGGGAGTATGGGGACACTGAGATGGCTGGTGGGATGCACGGCTGGAGGGACCAGGCCTGGATGGAGGAGGGGATGGGGCTGGAGGGCCTGGGTGGAGGAGGGCAGGGGGTAGG 
TGCAC~GTTGAGTCAGMGCCGGAGCAGAGATGGCTTGGACTACACGGGGAGGAGCAGGGTCTTCAGAAGGACAGGGTGGGGTCTMCGTGCAGGTACATGTTGAGGGTGGGGATCCCGG 
GGGACAGTGGCGTTGGAGATGTGGGGGCGGGGCTGCTCTCTGAATGGGTTTCATACTTCTGATTTTATTAMGAAATATAAGACATTGMTTC-----( l3.5 k b p ) - - - - - A N C A M  
TACAAC~GACTCTCTCTCTCTCTCAGGAGAGACTTMCTTTATTTTTAACTTACTTTATTTTAATTCAMTTCATTTATTMTGGTTCCTTTGACMCCCGCTCACTTCTGAMTCAGM 
AACCAGCMCTTCCTCAGTTCCCACMGTTCGCCTGGACMTCACACGGGCAGGMCAGGCGCGACACCCTGGTGGCTTCATGGTGCTTTGATTAAAGGATGTTTTATGCCACAGGATTT 
CAAATGATCTCTTTGTTTGGAGTACCAGAAGTTTCTGTCCTCCAGAGAACTGCCCCTGGTACATTCTAGAAGGGTGGGAGACCCTCCTTCGGAMACAGGGGAGTGGGAAGGMCCCTGC 
AGGCAGCCACCTCCACACAGCATGTGCTGAGCTCGGGAGAGGGTGCCTGTGGGMCCMGCCTCTGGMTGAGCTCCCTTGMGCCAGTCATGACCTGGGCCTCCAGGAGGCTTTCGGGT 
CTTCTGGGGAGCTGTGCCCCTTGGCCTCCGGAGAGGCCCCACTTATTCTCCCTGAGMTGGTGTCTTATATCTGGMCTCACTGCTTCTGTGTTCTTCTCCCCCATCTCAAACACATCCT 

TGCATTTGTCTCCACAG AGACCACCCCAGATGGGGCGCCTCCAACACGGCCCTGGCACGATGGCTCCCTCCAGTCTATGAGGACGGCTTCAGTCAGCCCCGAGGCTGGMCCCCGGCTTC EXON 6 
600 650 

D H P R U G A S N T A L A R U L P P V Y E D G F S ~ P R G U N P G F  
700 

TTGTACMCGGGTTCCCACTGCCCCCG GTGGGTACTCAGAACGCTACTATCCTGGACTMGATTGGGTCCTGTGATGCTGAGGGAGGGAAATAGCCTTTTACTGGGTTCTTGCTCGTGCT 

GGGTGCTGCGTGCMTCCCTTCAGATCCTCCCAGCCTCCCTTTGATGTAGCAATCACTGTTTCTGCCCTATGGCTTAGGAGCCMGGCTCAGGGAGATTGMATCTCTTAGTGAGTGGM 
CCCTGCAGATTTAAATTAAGTTTTCTCAACCCTAACGTTTCTGTTCCTGAAAATCACTTCAGTGTTTTCAGATAAATTCCTTTATCCATCATGTGGGCTAGGTACATCCCMGATGATTA 
TGAGTTCAGCAATCCACTTGTTGATGTAAAGATGACTGCTTTACTCCCAGAGGTGAATTTATTTGCTGGACATTCATAGCCTAGTAGAATCTACTGGTCTATTTGGTCAAAAAATCGGTC 
ATTTTGCTTGTAATTTAACTACTCATTTCAATGAATAAGCCAGCCTGTTTGCTCTTGTGCCATGTTCAGTGATGAAATTATCTAGAMTACATCAGTGGATGTTCTGTTTAGCCCAAAGA 
GCGCAGGTGGTGGGACTCAGGTCTGACTCAGACCAGCTGTGGACAGATACACCAGCACAGAGTTCCCCTACGAAAGCCAACAACTTTACCTAGGCAATTTTCCTAGGCGGGCTTTTAGTA 
AGAGGACCTGGTGTTCCCAGAAGCCGTGAGAAGCCCTGGGTAGAGCTGGAGGCTGTGTCACTGAAGACGGCTCGGTGCTCCCAGCAGCAGGGACAAGGCAATTGGGCTCAGCTCTGCTCC 
CACTGGCTTCCTGCAAGTCGCTTGCCTTCTTGGCCTCAGTTGGACMTCCCTAAAGTGGGATAACACTGTCTTACCCACCTTATGCTCMCAGTGGACCAGTTCAACCCCCGAGGCTTTT 
TAAGCTCTCAGTATTATGAGATTGTGATTCTGTAAACCCATATTTGCTCAGAATTATTTCACTATTGAGAAAAATCAGAGTTCAAGTGTCTTTAAATGAAATTGTGTTGGTTTTCTACCC 
AGCTGTGACAAATTGCTTCAATTTAGTGGCTGAAAACAACATAAATGTGATCTTCCMTTTCACAATCAGTGTCTGATGTCTCACTTGGCTGMATCAAGGTGTTGCAGAGCTGGTTCT 
TTCTGGAAGCTCCAGGGGAGATCCCTTCCCTGGCAATTCCAGCTTCTGGAGGTGCCTGCATCCCCTGGCTCATGGCCCCTCCTTCCMGCCAGCAATGTGTCTGTCTCTGTGCCTTTGTT 
TGGAGTCACATCTCCACCTCCCGTCAGAGAGGGCCTCCAACTTTAAGGACCCATGTGACTGGATTGGACACTTGTGGAGACCCAGGACMCCTTCCCATCTCAAGGCCCTTMTGTMTC 
GCATCAGCAGGCTCCMGGATTAGCGAATGGATGTTGTGCGAGAGGCATTTTTCTGCCTCCACAGATGACCCACTGACCCTCMAGATTCATACCCAGTCCACATGCCTAACATGCTCAC 
CCCATTCCAAGGTTCCCCCAAACCCCATCCCATGACGGCACCAACTCTAGGCCCMAATCCAATCCMATCTCATCACATMATCATCCACATCAGGTAGGGCAGGCTCAGGGTMGATC 
CATCCAGGACAAAATTCCTCTCCATCTGGACCTAGCCTGTGAGACAGGGAAGCTTGTCGTCTGCTCTCCAGATGCCCTGGCGGAACGGTGTT~CATMCAGCAACAGATGTCTGCGTG 
GAGAATGGAAAGGMGGGGAGTCACTCCTCCCAACCCACGTGGAMTCCAGCCAAGCMCTCCCTTAGGCTTCAAGGCCAAGGAGTACTTGCTTGTGGCTGGAGGCTCTGCCTCTGAGTC 
ATGMCTCAACTGTCCTMAGCCTGGCTGTTTTGTCAATGACTCTTCACTTACCCCACAACMCACTGMAGCTCAACCTTCCATATTMCTTACAGATGAGGMGTGAGGGCTGAGGGA 
AGTTAATGCCAGGCCCTCCAGCCACCACAAATCAAGGCAGGGATTCMGTCCAGGGGCATCTGTCTTCMAGCTTATGCTCCTCCTGCCCTMCTCCAGGGCACAGATCTCCTAGGGGCA 
CCTGGAGCTCTGTGAACMGMCCACACCAGGAAGTGCATGATCCCAAAGGTCATCTTTCTGCTACCACGGGGTCCTCCTATGTCCTGACCAATGGTCTCTTCCTACCCAG GTCCGGGAG EXON 7 

V R E  

GTGACMGACATGTCATTCMGTTTCMATGAGGTTGTCACAGATGATGACCGCTATTCTGACCTCCTGATGGCATGGGGACMTACATCGACCACGACATCGCGTTCACACCACAGAGC 

L Y N G F P L P P  

750 800 

V T R H V I P V S N E V V T D D D R Y S D L L M A U G ~ Y I D H D I A F T P ~ S  

T S K A A F G G G A D C ~ M T C E N Q N P C F P I ~  

850 900 
ACCAGCAAAGCTGCCTTCGGGGGAGGGGCTGACTGCCAGATGACTTGTGAGMCCAAAACCCATGTTTTCCCATACAA GTAAGTTTTAGAAAACGTTTCTATGTTTGTTATGAAACTMG 

TGCTATTTAAAACGTCAAACAGMTGGTATMAACAAMTGTGAAAGTCTGTTTCTTTGTCCTATTCCCAGGGGTAGCAGTTGTGMTATCTGGTGCATCTCACTGGAMTTCCCTGGGT 
ACACGTATATATAGCATGTATGATAGTGTGGGTACACATATATATAGCATGTATGATACTGTGTGTACACATATATATAGTATGTATGATAGTGTGTGGGCAGATGTGTACATAGCATGT 
ATGATACTGTGGGTACACATATATATAGCATGTATGATAGTGTGTGGGCAGATGTGTACATAGCATGTATGATACTGTGGGTACACATATATATAGCATGTATGATAGTGTGTGGGCA~ 

CCGGGGATCTCC TGTGTACATAGCATGTATGATACTGTGGGTACACATATATATAGCATGTATGATAGTGTGTGGGCAGATGTGTACATAGCATGTATGA---------(?)------- -  
ATGTTACAGATGAGMGATGGMGCTGGCCACAGCCAGAGTTGGMTCCCACCCMGGTCTCCTCACTCCCCTCAAGCTGCCTTTACACTAAACAGTGATGCCCACAAAACTCGGAGACT 
GTTTACTCATTGTGCTCCTAAACCMGTCCATGGCACTGGAMGGMGMGTCAGCTCTTCCGAAAGTCAGAMATAAACCAGACCGGGGATTCCATGAGCAGCTAGAGCAGGTCTGAGC 
AGGAGCGAGACTGGCTCAGGCCMGAGCGTCTGAGCTTTGGGGAGATGTGGACTCCTAGGATGTGGGGTCCATCCTCTGGGTTCMCCTCTTCCAGGCMGAGACCACCAGTGAGCAGGC 
TGAGGGGAGGTGCGGGCTGGCTGGACCGACCCCTGCAGCCTCTTCCAGGCMGAGACCACCGGTGAGCAGGCCAGGGGGGAGGTGGGGGGCTGGClGGACfAAffffT~fA~~flflTf~ _ _  __.. _----- _-  ------- ----.-_..---.-. .-- 
AGGCAAGAGACCACCGGTMGCAGGCCGGGGGGGGAGGTGAGGGGACTGGCTGGACTGACCCCTACAGAGGACTGGAGGGGCAGAGAAACGTGCGGCGCTGCGGGGTCGTCGCCGGCCTC 

950 
GMCTTCCAGAGTCTTACAGGGTGCACGGGGGCCCTGGGTGACCTTGAACTCCCCTTTGCCTGCAG CTCCCGGAGGAGGCCCGGCCGGCCGCGGGCACCGCCTGTCTGCCCTTCTACC EXON 8 

L P E E A R P A A G T A C L P F Y  
1000 1050 

GCTCTTCGGCCGCCTGCGGCACCGGGGACCAAGGCGCGCTCTTTGGGMCCTGTCCACGGCCMCCCGCGGCAGCAGATGMCGGG~~~ACCTCGTTCCTGGACGCGTCCACCGTGTATG 
R S S A A C G T G D P G A L F G N L S T A N P R ~ ~ M N G L T S F L D A S T V Y  

1100 1150 1200 
G S S P A L E R P L R N U T S A E G L L R V H A R L R D S G R A Y L P F V P P R  

CGCCTGCGGCCTGTGCGCCCGAGCCCGGCATCCCCGGAGAGACCCGCGGGCCCTGCTTCCTGGCCGGAGACGGCCGCGCCAGCGAGGTCCCCTCCCTGACGGCACTG-ACGCTGTGGC 

GCAGCTCCCCGGCCCTAGAGAGGCAGCTGCGGAACTGGACCAGTGCCGMGGGCTGCTCCGCGTCCACGCGCGCCTCCGGGACTCCGGCCGCGCCTACCTGCCCTTCGTGCCGCCACGCG 

1250 1300 

A P A A C A P E P G I P G E T R G P C F L A G D G R A S E V P S L T A L H T L U  

TGCGCGAGCACAACCGCCTGGCCGCGGCGCTCAAGGCCCTCAATGCGCACTGGAGCGCGGACGCCGTGTACCAGGAGGCGCGCAAGGTCGTGGGCGCTCTGCACCAG GTGCGCGGGGTGG 
L R E H N R L A A A L K A L N A H U S A D A V Y Q E A R K V V G A L H Q  

1350 1400 
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TCCTGGGCGCCCTGGGTGGCTGCGGGCAAAGCGGGGGGCGCCTCGTGTGGGTGCGCAGCATCGTGGCTTCTCTCTCCCAGGTACTTGCACAGCCATCATGGGCGCCCACATGGGTGAGCT 
CCAGGTCGTGGGGCCCTGTGTGGGTGCGCAGTCCTGCTGGGCGCCCTGCATGGGCGTGTGGAGGGTCATCGTGAGCTCCTGTGCAGGGGCCGAAGGGTAACTCCGGAGCTGGCGGCCTCC 
GGGGCCCCTCTGTCCCACCTGCTTACCCTCCAGCCGGCTGGTGATTATCCCACCAAGACCCAACAACCACAGCCCCACAACAGTGGCAGCCAGACCACCCAGGTTTCCCGGTGCGCACAG 
CCAAGCTACGTGCTTTACAGATTTCAACTCATTTAATAATTCCCAGAACAACCCTTGGAGGTGGGTGGACCAGGGGTGCTGGTGTTTTTGTATTTCAGAGACAGTGCAGTGAATGAAGAA 
CCGACTCTGTGTGAGGATTCTGAACTMCAAGTTAGAGTCTATTTGMACCTTTCTTCATTTTATGACTTTCTTMGTATCACATGAGAGGGTCTTGAATGGAGAGTCAAGTTGGCCTTT 
TATTMTTGTGTGATGGAGAMAGCACTTATGCACCTGGMATGCGGTCCCTGACTCTAGGGGTCTCACAGGTTGTTAGGAAGMGGATGGGCTGTTTGATATGCGAGTCACCGTGTGTG 
TCTGTTGCACCAGGCCCTGTGGCGGCCTGGGCATCGTGTCTGCAGTCCTAGCCGGGAGCCTGCA- - - - - - ( 1.2 kbp) - - - - - TAAAAGAGAAGATTCATATTCTAGMTTATTCCTAT 
TATGCTTCATTTGGATGCAGTTTATTGACCAAAATATTCCCCTTAAATACCMMCMCTTGACACTGATTTTTCTGTCTGAMGAAACACTGTTMACCTGAAAGTAGMTCTTGGTAC 
ATAATTCTCCTGGGACCATGTATCAMTCGTMTTTCCAGGCCCTGTGATTGCMCTGTMTTTTCCATCGACAGAGCTCTCTGCCATACAACATGCTTTGATTTMTCCTCACMAGGC 
TCTGGGMTTAGGTATTATTGTTGCTTTGTAGAAAAAGGMCTGCTCCCCACTGTCMTCATCCAGCCAGGAGTCTAGCTGCCCAGCCTGGCCCGGTGGCATTGTTGGCTCGACAGAGGT 
GCTGTCTCTTGCCACTGCCAGCCCCATCACCATCCTGGGMGGAGGCTCTCTAGTCAGCCCTATAMCGCACCTCCTGMTATCCATGM~TCAGCAAGMGGCATTTCTGGGMGT 
TCAGCTGAGGCCCTTATTACMGACGAGMGGGTCCAGTTCCCTGGGGCTGTCMGGMGATGCTCTTCCACACTGCCGCTCGAGGCGACCCTCCTCTGGTATCCTGGGCCTCACTGAGA 

TGCTTTTCCTATCTGCACAG ATCATCACCCTGAGGGATTACATCCCCAGGATCCTGGGACCCGAGGCCTTCCAGCAGTACGTGGGTCCCTATGMGGCTATGACTCCACCGCCMCCCCA 
1450 1500 

I I T L R D Y I P R I L G P E A F O ~ Y V G P Y E G Y D S T A N P  
1550 1600 1650 

CTGTGTCCAACGTGTTCTCCACAGCCGCCTTCCGCTTCGGC~GCCACGATCCACCCGCTGGTGAGGAGGCTGGACGCCAGCTTCCAGGAGCACCCCGACCTGCCCGGGCTGTGGCTGC 
T V S N V F S T A A F R F G H A T I t l P L V R R L D A S F Q E H P D L P G L U L  

ACCAGGCTTTCTTCAGCCCATGGACATTACTCCGTGGAG GTGAGTGAGTGCGGTCCCTGCGCTGGTCCCCATGAACTCTCCCTTCTTTTTTTAATTTTTTTAMTTATATTTTAAGTTCA 
t i Q A F F S P U T L L R G  
TAGGGTACATGTGCACAACGTGCAGGTTTGTTACGTAGGGTATACATGTGCCATGTTGGTTTGCTGTACCCATTAACTCGTAATTTACATTAGGTATTTCTCCTAATGCTATCCCTCCCC 
CTGCCCCCCACCCCACGACAGACGGGATATGATGATCCCCGCCCTGTGTCCATGTGTTCTCATTGTTCAATTCCCACCTATGAGTGAGAACATGCGGTGTTTGGTTTTCTGTCCTTGCGA 
TAGTTTGCTCAGAATGATGGTTTCCAGCTGCATCCATGTCCCTGAAMGGACATGAACTCATCGTTTTTTATGGCTGCATAGTATTCCTTGG-- - - - - (2 .5  k b p ) - - - - - T G G C C A C T  
C C C T C A G C T M G C T G A G T C T T C C T T T C A C T G T T C T G G A T G T T A G A A T T C A G C A A A C G C T T C T T T T T T T T T T G T M T C T T G C T G A G A A A T A A M C A M M G C T T T A ~ C T G G T G G G C T C  
CTTCTCCAGGCCCCTTTCTTTCTGAGGGTCCATCCCCCATGAGCCACATTGTCAGTGCCAGCCCAGTGGTTCACCTGCCAACMGGGCAGTGTCCTGAGGACATTCAGGAAACTCTGGM 
TCACACMGCCGAATTCATGAACTTACACGAAGGTTTGCTGAGGATMGATTGAGCTATTGGGCTGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCAGGCAG 
ATCACCAGGTCAGGAGATTGAGACCATCCTGGCTMCACGGTGMACCCCATCTCTACTAAAAATGC~GAMTTAGCCAAGCATGGTAGCGGGAGCCTGTAGTCCCMTTACTCGGG 
A G G C T G A G G C A G G A G C A T G G C G T G A A C C C G G G A G G C A G A G C T T G C A G T G A G C T G A G A T C G C C A C T G C A C T C C A G C C T G G G C A A C A G A A A G A A C G A G A C T C C G T C T C ~ A M A  

1700 
TTGAGATATTGTTGTTTCTCTAGAACTGAGCCAAGAGCTGTCCTTGCCTTGTGCATGGTATTTTCCAG GTGGTTTGGACCCACTAATACGAGGCCTTCTTGCMGACCAGCCMACTGCA 

G G L D P L I R G L L A R P A K L Q  

V O D O L M N E E L T E R L F V L S N S S ~ L D L A S I N L ~ R G R D H G L P  
TCTGCCAGTTCCTTCCCTTGCACACCTCATGCAGCTGCTGCGGGATTTGCCGAGCTAGCAACCTGCTGCTAGAGAGACTGATTTAGAGGAAAACAATCACAAATCTGAGGCCTTCTMGC 
AACGGCTCTTAAAGGGCTCCAGTTCATTCAGCTMAGTGGCCACTTCCAGCTTTTCTTAGAGATAGAAATGGCACGMGAGGGTGGTTCTGMCCTCCCAGGMCGTATGAGCTGGGACC 
TTGAGAAACAGCCGCTTCTAGTAGAGGGAGGAGGGAGTGCGCGGGCAGACMTGGCAGGTCTGTGTCTGGTATCCCGGGMGCTCCTGGGATGGCTAGAGTGCCCCCCTCCCCTTCTCCT 
CCCCACCACMGGTCCCAGAGCCTGCAMGATCATTCCGTCACATCAGGACTGCTGTTAACTAACTGGTCCMGCTGGCATGAATTCCGCTTTTAAACCTTCTGGCGATCAGCCAGAGGC 
GATTCGACGTCTCGAAGAGGGGCTGGAAGATGGCCTGGCGCACCAGACGTTACTTGGCGTGACTGGCTCAGGG~CCTTCACCATTGCCAATGTCATTGCTGACCTTCAGCGCCCMC 
CATGGTACTTGCGCCCMCMMCGCTGGCGGCCCAGCTGTATGGCGAAATGAAAGAGTTCTTCCCGG~CGCGGTGGMTATTTCGTTTCCTACTACGACTACTATCAGCCGMGCC 
TATGTACCAGTTCCGACACTTTCATTGAGMAGATGCCTCGGTTAACGMCATATTGAGCAGATGCGTTTGTCCGCCACCMAGCGATGCTGGAGCGG-- - - - - - - - (? ) - - - - - - - -  AC 
CCGCCATCACGCGCAGCTMTTTTTGTATTTTTAGTAGAGATGGAGTTTCACCATGTTGGCCAGGACTGGTCTTAAACTCCTGACCTCAGGCMTCCGCCCGCCTCGGCCTCC~GTG 
CTGGGATTACAGGCATGAGCCACCGCACCTGGCCTCTAGMGCGCAGATTTTGMTCTCACTCATGCCTTCCTCTTTCACTTTGTCCATTCTTCCMTCCCTCTTCTTCCMGTTGTTCC 
CACCCCTTTGCTCCATGAGTCTGTTTACCACATGGGCATCCCCTTCCCAGACCMCTGGAGGATGCCTGGCTATTTCTCCCAGTTCTGTTTGGTCTAAACATGAGACACCMGAGGCCCA 
ACCTTCTGTCCCATGAAAGCCTCACTGTCCCTGGGGGGMCCAGCCCAGTGCTCACATGTTGCTGTGCGTGTGCTTGTCCAGGACTTCTGCTGGGAGCCTGTGGTGGGCAGGGCGCTGAG 
AGTAGMCCAGACAGTCTTAGCTAMGCACCACACAGGGCGGGTGGATGAGTAGAGACAGTAGCAGAGGCCCTGGGCGGCGCTCTGATCAGMCCCGTGGGAGTGAGGGTCGCCCATCCT 
TGAGGAGGGAGCACTTCTGGAGGAGGTGACAGCTGMCCMGAGGAGTGGATGAGGGACGAAGGCAGATGTGAGGAGTGGGGCACAGGGAGGGGCACGAGTGTCAGGCAAAGGCGCAGCC 
ACAGAGTCAGACCATGGACGGGGGCCTGGGCAGGGAGCAGCTGAGGCGTGGGTCAGTGAGCAGGAGGAGGAGTGAGMGAGAGGCCAGGGATTCACCAGGGCTCCCAGGMG~GATC 
TCCAGTCTTCMTATGGAGATGAGTGGCCAGACAGATAAAGATATTTGTGTGTGTGTGTGTGAGTGGGTGGGGGGGGGGGTGCTGGCTTCTGTGTGTGCTCCTGATGTCATTGTGGGAGG 
CAAACTCTGMGAGGATGCAGAGCTGTGTCAGTTGCCCTGTAGAGGCMGMCTAAGTGCAGGCTGGGCMTAACAGGMTGCACTTAGATGTCACGGACTCAGCATTCTTGCTGTCTCC 
AGCTCCTTTATCAACAAACCTGCAAAAAGAGCTCTGGCGTCCGAGCTGGMCATTCTAGCCTGGCAAACTGCCGGGCAGTGTCACAGGGTGGGACAGGACTCTGCCCGGCATCTGAGCTG 
GGATATCCTAGCCTGGC~CTGCTGGGCAG~GTCACAGGGTGGGACAGGACTCTGCCGGGCGTCGGAGCTGGMTATCCTAGCCTGGCAAACTGCCAGGCAGTGTCACAGGGTGGGACA 
GGACTCTGCCCCTGTGCGCTTCCAGTCTCGGGGACCATGGCATGAGTGAGATGGGCTGAACAAAAGTTCAGTTCTGTGAGAGAAACCCTGCAGCCTCTCCCCTGTGCAG GTTACAATGAG 

G Y N E  

TGGAGGGAGTTCTGCGGCCTGCCTCGCCTGGAGACCCCCGCTGACCTGAGCACAGCCATCGCCAGCAGGAGCGTGGCCGACAAGATCCTGGACTTGTACMGCATCCTGACMCATCGAT 
U R E F C G L P R L E T P A D L S T A I A S R S V A D K I L D L Y K H P D N I D  

GTCTGGCTGGGAGGCTTAGCTGMAACTTCCTCCCCAGGGCTCGGACAGGGCCCCTGTTTGCCTGTCTCATTGGGMGCAGATGAAGGCTCTGCGGGACGGTGACTG GTACGTTCCTATC 

CAGAGCGTCTTCCTTCACGTTCTGCACAGAGGCAGGTGGTCTGCGTTGGTTCTGAAGCCAGCCAGACCTGCATTCACATTCCGGCTCCACCATTCAACTCTTACGTMGCCTGGTCAGGT 
TGTTTCTCCCACCCACAGCTTCTTTAACCTAGAACAGTGTTTTTATAACAATGAAGCAACTACGAAGCACGTAGCACTTAGAATGGGAGCTAGCACTGATTTTTCCTAGATCCAACCACA 
CGAGCAAGCAGGCACCTAACTAAACAAATTGTGACACAATCGTGACAGCCCGGAGACTGCATCCCATCCCTCACGTCCCATGACAATGCCCGGGAAAGCGCAGAGGTGGACAGTGACTCA 
GGCGCAGACACAGGCCATGCCCGGTGCTCATGGATGCCTCTAGGCTGGACAGGACTTCCCGGCCCCCCAGACCCCACCTACAGATAGCAGATGGTTGCCGGTAGCAGAAAGCTGAGGTCC 
CGCTTTGCCTGCCTCATGCATGTCTGCTCCCTCCTCAAGTTCAACCTAGAATTTGGAGGTTTGTACTGGAGGGAGTCAGAGGCAGATCCTGTTCCCATCTGACTCTGAGTGCATGCCCCC 
CGTAGAAGCAGGTGCGCAGGATACCAGTGTTAGGATTTTGGAACAACACAGACAAAAGCAATAGGAAAATGTTTTCTTTTGCTTTTAAATACATCCCTACCTATCCAAT------  (0.4 
k~) - - - - -GAATTCATCCCTGTGATGGGAAGCAGAAGAGTTTTACGTGGCAGGGGAGATGCACATGGGAGATGCATGCTTTACGGCATTCAGGCCAGGAGCTATTGGGGCTTTGGCAAC 
TATTTTCATATTTTGAGAGGAAAGTGGGACTTCATTTCTTCACATTGCAATTTTTCTGATTAATCATGGCCTGGAGGAAGAAGCTGAAGGTAGAGAGACTGTGCAGGGCACGTTGACTTC 
AGAATAGGAGCACCCTCTAAAATAGCTGGATTTGCTGTCATCATTCTTGTTTTTAACACAGCAATACACCCCAGATAACAGCAATGCAGCAAAATAGATGCTCATAGTCAACAAGCAAAG 
TGGCTCTGAGCCCCTCTTCTGAGGCCGCTCGTTCAGACAGCCAGGTGCACGCTGTGCTGCCCCTCCACATCTCTTCGGGTCCTCAGTACCTGCACCTGAGTGGTCCCGGGTGCTCAGGGG 
TCTGGGCAGACGCCACAGGGTCTCCTTCAGGTCCTCAGTGCCTGCACCTGAGTGGTCCCGGGTGCTGGGGGTCTGGGCAGACGCCACAGGGTCTCCTTCAGGTCCTCAGCGCCTGCACCT 
GTGTGGCCCCGGGTGCTGGGGGTCTGGGCAGACGCCGCAGGAGAGGCTGGCAGCACACAGCTGTGGGCAGCTGGTCTTGAGTGCCTGCCCTGGGGGTTCTCCATGCACTGTGACCTTACT 

CACTGTCTCCTTCTCTGGAG GTTTTGGTGGGAGMCAGCCACGTCTTCACGGATGCACAGAGGCGTGAGCTGGAGMGCACTCCCTGTCTCGGGTCATCTGTGACMCACTGGCCTCACC 

2200 2250 2300 
AGGGTGCCCATGGATCCCTTCCAACTCGGCAAATTCCCCGAAGACTTTGAGTCTTGTGACAGCATCACTGGCATGMCCTGGAGGCCTGGAGGGAAACCTTTCCTCMG GTGAAGTTCGG 

TCTCCTCTCACACCACGTTACAGCACGTGCATCTCATCAAACAAAGCTTATCTTCCCCAGGAGCTGATTTTMCTTTTCACTGTTTAG~TAGTGTCMCGCCCTGCCTTACACCCTC 
AGGGCAGCTCCTGGGGCGGGGCGGGGCGGGGCGGGGCCTTCTCTAGTGAGAAAGGMCTGGAGGCCTAGAGAMGGGAGCCCGCGGGGCCCGATCTGGGAAGAGGCCGTGTGTGCTGCGT 
GGGTGCTCAGTGAGTGACCACAGCAGGGCTCCCCGGCCCTGGCACCAGCCCCTCCAGGGCACAAGCGCACCCGTGACAGGGACGTTGGTGTGTGGTTTTCTTTTCTCGTAGTTTGACTAC 

2350 2400 
ATGTCAACCTGTCCACATTTCATAG ACGACAAGTGTGGCTTCCCAGAGAGCGTGGAGAATGGGGACTTTGTGCACTGTGAGGAGTCTGGGAGGCGCGTGCTGGTGTATTCCTGCCGGCAC 

1900 1950 

2000 2050 

V V L G G L A E N F L P R A R T G P L F A C L I G K Q M K A L R D G D V  

2100 2150 

F U V E N S H V F T D A ~ R R E L E K H S L S R V I C D N T G L T  

R V P M D A F P V G K F P E D F E S C D S I P G M N L E A V R E ~ F P ~  

D O K C G F P E S V E N G D F V H C E E S G R R V L V Y S C R h  
2450 

GGGTATGAGCTCCAAGGCCGGGAGCAGCTCACTTGCACCCAGGAAGGATGGGATTTCCAGCCTCCCCTCTGCAAAG G T C A G T C C T T T C T T C A A T G A C A A T T A C A A A A C A T C T G A A T G T T T  

CCGATATAAGTTAACAATGCAATGTCATTGAAAATTTCTTCGCCAAAAGGTGCTTCTGAAACTGTTATCTTCCCAGGAGCAATCTGGGGATAGAAAGCAAGGGCTCTCCCCTTGGCTGGC 
CATGTTCCCAGCTGGCCTTTTTCTAGGTAGTGAGGCCTCAGGACAGGCACGTGGAATCGTGACCAATGGGGTCACCGGTGAGGGAAGAGAGAGGGGAGTCCGTGAGTTCCAGGCMAGTT 
GTGGTGAACTCGCAGGGGCGCTTTCTCAAAGGGAACACAGCAGCAAACGTCTCCACTCCAGGAACCCATAGAGTAAGGCTCGCCTCCACCTCCACCTCCTACAGGTGGCTGATTCCCAAG 
CCCATGCCTGGTCCTCCTCCAGCCACTGGGTTCCACTCCCAGCCTCCCGCATGTTTAGGTGTGGACAAGTGTGGCTTCCTGGCGGTAATTTGAGAGCAGGATGGGGAGGCACCTTTCAGG 
CCGCAAGGCAAGACAGCCGTGGGCCACTTCCACCTGCTCCTCCCATGTGCTGGCTTGAGCGGGTGTCAGCCCAGGGCACCTGGGAGCAGGTGTGCTGGACAACAGAGCCTCCCGGGGGGA 
GAGCCGTGTACTGGGGTTCCTCTGCGGGGAACAGCAGMTGAGAGTCCCCATCTGACTGTTCTGAGGCAGAGCCTCTGGGTGCGACTCCTGAGGCTGGGGCTTCCTGTCAGAGCAGCTTG 
CGTCCTCCMCTACTTCAGAACTGCCCTCCCACMAACCTGGACCGCTGGTTCTGGTCTCATGGGACAGTGGCGTCAGGGCAGGCAGGAGCAGGAATGGCTGCTGTTCTGGGAGGMGGC 
TGCTCAGATGACACTCACCAGCAATCTTTAGAAGGCCAACCAGCTGCCTTCAGGGACTGCATTTTAGGAGAGGAAAGTTGGCATCAGACTCACAGTCTCCTGTGAGCTACGTGCTATGAG 

C Y E L O G R E O L T C T Q E G U D F P P P L C K  

c- _ _  - _ _  (6.0 K~)-----CCCGGCTCCTCCACTCAGCGGTGAGACTGGGGAGGGTCCCTCCACCTCTCCCAGTGCTTTTGCTCTGTCTAGGGATGTCGTCAGCACCAGGGCCCCAGG 

EXON 9 

EXON 10 

EXON 1 1  

EXON 12 

EXON 13 
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I 

A G T G C A G G G A G G T T G C T G C C T C C A G C C T G G C G G G A G C T C G T G T T C C C C A C A C T G A C A G C A C C  
TGCTCCATTTAGAGAATGCGCACTGGGCATGTAGAGMGACCTGTGACACGCTACAGCTTCTTTTCTAAAACTGGCCAGAAAAGGAACATTATTTGMCAAAATGTACAGCAGGTTATCT 
GGAAACATACGCCTAGGGGATGAGATACTAGGTTGTAGGATTCTTGTGCAGGGGGAGCAGGAGCAGGAGGGGACCCCACATCCTCACTGGCGGTGGCAGGTGGCCCCAGTCCTTGCTCTC 
AGAGGACCTGCCGGCCAGCTGGGAGCATCTGCCTGGGCGMGCAGACCCTGCCCCACCCTCACCCTGGCCCCTTCCTGCCCCCGTGTCCTGCACTTGGCCAAATTCCACATTCCCAGGCA 
GACCCTGATTTCCTCCAGGMGTCTCCTGTGACTCGGGCCTGAGTGAGCCCCAGTGTGTGGACTCCCTGCAGGCTCAGAGCCCGTGGCCAGCGCACATCTGTCTGCTCCTCATCACCTTT 
TCGGATGTGCCGGGAGCAGGGGGCGGCCGGTTCCCCCTAGACCAGGTGGGATGGCAGGCAAAGGGCTGACCTCCCCAGAGAGAAGCACCTCCCAGMCGGGGGTCGCTCGCGGGAGATGG 

2500 7550 

t 
1 1 2 3 4 5  6 7 8 9 10 11 12 

GGGTGCAGCCGCTTCCTCTCACGTGTGTGGCCTTGTGTGTCTGGCAG ATGTGAACGAGTGTGCAGAC~G~GCCCACCCCCCCTGCCACGCCTCTGCGAGGTGCAGAAACACCAAAGG~~~- 
D V N E C A O G A H P P C H A S A R C R N T K G G  

2600 
CTTCCAGTGTCTCTGCGCGGACCCCTACGAGTTAGGAGACGATGGGAGMCCTGCGTAG G T G A G G C T G T T C C C C T C T C T C T C T G T C C G T C C A T T T G C G A G T T T T T G T A A A A T G M G ~  

GTGTGTTCMGTTAGGCAACTGTCMTCACCATCTTGATTGGGMGGGCGGAGATGMTMGACACCMGCCCACGGTGCCCGAGGGGCGTCTGCGCTGTGCTGGGGGCAGAGGATGCAC 
TTCGTGTGCCTGCTGTCTGCAGAGACCCTCGMGCACACTGAGGCTGGGGACGGCAGCCAGAATGCATTGCCAGACMGGCCCACAGGTGTATACCCAGCCTAGATCACACCCCAGACM 
AAAACCTATGAAACAGGCAGGATTCATTACAGACCCATCCATCACCTCTCCTCCTCC- - - - - ( 1 1 .O kbp)- - - - -GAATTCCCACCCATGACCCATATCCCCTTCCCCACACCCCCAG 
CCCCAGGCACACAGGCGGACCCACCTCTAGCAGCCATGGGGTGAGAGCGAGTAGCAGCAGATGGAAACMGMCCCAGCCTCTTCTGGATGCAGGAGGAGCGGCATCCCAGGGCCAGCM 
GCAGCTCTGCTCCCCATGGGCTTTTAGCMGAGGCTGGTGTGCTCAGGTTGCCCTGCAGACTCCCCTGCGTCTGTGAAAGGTGGCAGGMGGAGATCCTGGAGGCGGGAGGATGGTTAGA 
GGAGCCCAGGAGGAAAAGTCATGAGGTGCAAAGGCTMGAGGACAGGATCGTTTTGGAGMACAGTCAGGATGCGCATTTAGGGTTTATTCATTCATTCTTGTATCCMCAAATGCTTGC 
TGAGTGTCCMGACCCATGCGAGGAAGACAGCCACGGACACCACCTGTGTCTGGGCTGGGMAGACCCATGATAGGMGACAGCCATGGACACGACCTGTGTCCGGGCTGCAAATGAGAC 

F P C L C A D P Y E L G D D G R T C V  

ACACCTGCAAATCATGCCCAGGTGCTAAGTGGCACAGGGMCCGCAGTCACCCACAGACGCATTCATCACCGACTTTMAAAATCCAGTGTGAGAAATAGMCCAAACCMGCACCCATT 
C C C C C A G C C G C T G C C T C T G T C T G G T A C C T G A A T G T G C T C T C T T A G C C C C A G A G C C T A T C T T C A A C C A C A C G T G A T G A T G T T T A T C C A G G G C G A C C C A T G T T T G T T T ~ C G C T  
GATTGGTAGTATTTAAATTCTTATTTMMGTCAGTTTTCGTTTCATCTTGGATTTCTCCTCGGCCACCTCGMTGGGTATCCAAACAG~AAGTCGGTAATAAAACTGTGGTCAMGGA . -... - _ _ _  - _ _ _ _  _ _ _  _ _ _ _ _  
GCTC~GAG~TCAGAGCCGCAGTGGCCCAGGCTGGCAGCTCCTTGCAGAAGCACAGAAGCCAAGGCTGGAGCCCAGGAGCCG~~ACTCAGTCCCCGGCTTTTTCAGATGMGACACAGGTC 
CAGGTGGGAGGCACTTCCTCAGGCCCCTCACCAGATGCTCTGGGGCCGGCTCCTGGGCTGCCTCTCTCCTCTGTCCCATCAGGCCTGCACTTCTCTGTCTGATTCCCACCMCCTTGTTC 
GGTTTCTTTCTGGMTTGGCTGATGAGACCCAGGATGAGCTCCAAAATCTGCTGCCATCCCGTGCCCCCGTCCCCCCAGGGCTCCAGCTCTGCMGGTGCTGTCCACCTTCCTTCMCCA 
CGGTTTCACCTCCAGGAGGCTTCTGGGAMGAT~TGCAGCCMGGGCAAAACCTCACAGCGTTATACCGCGTCCCTTACAGCCCACCTTGCGMCCTTTCCCGCCCCGGTCCGAGGC 
CTCCAGGGCTCCCTGGGTCCTGTGGTCCACTCCGAGGGCACTGAGAGCCCTCCCTGGTTTGGGCAGCAAGGTGTGCTTTCTGTCCTGCAGGACGCGTCCATGCCGMCCCACAGTGAGGT 
TCCATAGAGAGAGCTMCTTCTCTGCCCTGTGTCCCCTGCTGGCTCTCCCCACACACGTCACATTCGGATCTGGACTTAGTGGTCTAAATGGCTTTTCTGGGCAGAT~TGTCCCTCCC 
TCCCTGCGTCATGCTGTGGGGTGAAGGCCACTGGCCAGGACAGGGTATGGCCCAGACTCAGGCAGGACMCCTGGCTTGCCCAGGCCCTGGMGGTTCTTCTMCCAGGCCTCTTTCTGT 

GCCCCAG ACTCCGGGAGGCTCCCTCGGGTGACTTGGATCTCCATGTCGCTGGCTGCTCTGCTGATCGGAGGCTTCGCAGGTCTCACCTCGACGGTGATTTGCAGGTG G T M G T C C T T C A C  

TTTTTGACTGTTACTTAGACACAAAGCAATCTCCTTTCCTCTGGACATGGCTGCAATGAAGCTGCTTTATTTTCCCGAAGCTAACACAGGTTACTGGTATCTCMGGCATTGATCTCAGA 
GCTATTTTGTACAACGTAATAGACTCTCCGGATCCGTT- - - - - - - - - (? ) - - - - - - - -  TTTGCTGGCGGTGCTGGMTGGCTATGCGGAGGGCGCTGTGGTGCGGGGACTGCGCTCCCCA 
GGAGGACCTCGGGAGTTGTTTGTTTGTAGGTATTACAGTATTGTCTAACGTTGCCGCGTTGACACAGGGTCACGGGAAGCCACCTCCAGGGCCTGTGGTCCTCTTCAGGCAGGCGGGGCG 
GGGAATGCTCAGGACCGGTGATGATGGTGCCATGCAGAGTTCAGGGATGAATGACCACCAAGGCAAGGGAAGGAGTCCAGCAGCTCAGTATTTGGGGAATGGGGGCGGGGGCAGGTAAAA 
ACGCAGMTCMGGGAAACAAACAGCTGGAAAATATAGTAGCTGTTAAGTTCTGATGGAAAAGCTGTTTTGTACTTACAGTTAAATCCCACAGTATTTGTGATGTATTTCCGGGTAACTT 
GCTCTTCCCTCCTCAAAAGGTCCCAGCCTCACCAGAGCTTCCCTTCCTGCACCGGCCCCAGCTCTCCACGCCTCCCAGAGACCAGGGGGCCTCCACCCTTGCTCCTCTGGGACGGCGCTT 
CCTCCCCCTCATCTCCAGGTCGGGGCTGGGGTCTTCAGGCTCAGGTTGAAGATGCTGTTGGGCCCTTTGCCTGTACAGGGATGGCGCCCGACCCAGGAAAAGCCTAACGTTGTCTGTCAT 
TTGGATGCGTCTCTTGGCAGTGACTGGGGGGAMTCCTCACTGCAGCCCGCGTCCCTTGCATGATTGTTGTAAGAAAGCCCCAGCTCAGCTGCGTGGAGACAGGGTCCTCTTGGCTGCM 
ATTCTMMTCATTTTTCCTATGMGAGAGCAGTGCTMTTTTTCCMAATATATCAGATTATGATCGACTTGACTGAAGTGTGAAATGAAAGTGGGTTGGAGTGTTCCTGCCAAAGACA 
AGCACGGCTGCCTTGCCGTCGCTCGTGCCGTGCTCTCTACCCTCCACAGTCACGGTGCCGGACCCTCTCCCGAT~CTGGACACGTGTCTCCCACAG GACACGCACTGGCACTAAATCCA 

2 6 5 0  2 7 0 0  

D S G R L P R A T W I S M S L A A L L l G G F A G L T S T V I C R W  

T R T G T K S  
2 7 5 0  2800 

CACTGCCCATCTCGGAGACAGGCGGAGGAACTCCCGAGCTGAGATGCGGAAAGCACCAGGCCGTAGGGACCTCACCGCAGCGGGCCGCAGCTCAGGACTCGGAGCAG GTGGGCCACACCA 

TGCCGCATGTTTCCAGCTGCCACCGCAGTGGTTGGACAGGATCTGGGTGTCGGAGCAGCTCTGCTGGGGCTCCCTGCATATTTCTGTTTACTCCGTGTTTCCTAGTCCGTTCTGCACCTT 
CCTCCGGGAGGTTTTATTTACAAGCTMTGACAGTGAGCCAGAATGTGAGCCTGCTTAGTGAGAGGMTGMGATGCCTTCCATTTGTACAAACCGGTTCC~CTMGGGCTCACTTC 
CAGGCGTTTGCTTCCACTTAATCTGAGGATCGGCTGGMGCACAGGAGAGGAAGGAGMGCTGMGCAAAACCCTGACTTTTAAATTCTGATTTTTMGTGGMTAGTTATMTCAGTGT 
GGAAAAATGTGTATGTTTATGTTTACCCCCTTACCTTGTATGCAGMCCCCAAGGGAGCCATATCAAAAACTCACTTGTGTAAGTCTGACTTTTGMCTGAGAGMGCAGAGAGCAGAAC 
AGTGGCCTCCAGAGGGGAGTGGGGAGGTGCTGGTCACAGGCACAMGTCTCAGGCAGGAGGAGGGCGCCTCAGGTCTGCTGCACGGCATGGGGCGCACGCTTCCTCATMTGATCGCATA 
TTTCAAAATTGCTAAAACAATAGGTTTTTTTTTTTTTGAGATAGAGTCTTGCTCTGTCGCCCAGACTGGAGTGCAGTGGCACAAACATAGCTCACTGCAGCTTCGACCCTCCTGCTCAAG 
CMTCCTCTTGCCTCAGCCTCTTGCGTGGCTGGGTCTACAGGCGCTCACCACCATGCCTGGCTAATTTTTAAATTTTTTACAGAGATGCAGCCTCGCTATGCTGCCCAGGCTGG-- - - - -  

(1.9 k b p ) - - - - - G A A T T C A G A C G T T A T T A A T G T T T G T T C T G C A T T T T T G C A G  GAGAGTGCTGGGATGGAAGGCCCGCATACTCACAGGCTGCCGAGAGCCCTCTGAGGGCAAAGTGGC 

T L P ~ S E T G G G T P E L R C G K H ~ A V G T S P Q R A A A ~ O S E ~  

2 8 5 0  2 9 0 0  

E S A G M E G R O T H R L P R A L *  
2 9 5 0  3000 

AGGACACTGCAGAACAGCTTCATGTTCCCAAAATCACCGTACGACTCTTTTCCAAACACAGGCAAATCGGAMTCAGCAGGACGACTGTTTTCCCAACACGGGTAAATCTAGTACCATGT 

CGTAGTTACTCTCAGGCATGGATG-TGTTATAGCTGC ATTTGTCTGGCCTTTTCTTGTAAACATTGCCTGATTTGTTCCTTCTGGGGCTTTGCATTAAAATGTATTTACAGATTA 

CACATCTTTATTTTGTGAACCCTGGAAACACCACTCTTGCAATCCTCCTGTCTCCACCTTCTGGCATCTCTGATGCGTGCTCGTCTGCACTCTGCCCCGGCGGTCCCTCCAGCACTGGTT 
TTTCCACACCCCCTGCCCATCACCAGGTGTCCACAGGGCCTACATCTGGCTTCCCTCTTCTCCTGGGMGAGCACTCCTGGCTTCCTGCAGGGCCGGTGGGAGGAGGAAAGTGATTCTGA 
GGGAGAGGCTGGAGCCTTAAGGACCAACAAGGCAMGTGACTTGTCTCATCCTCCAGAGATTCACCAACACATGAGCCTCAGACCCCAGGCTTCTGCCTCCAGCAGCCGCCCTGCCGCAC 
ACTGCTCTTACTCCTCCTTATACCCTCACTCACGGGGMCACAGCCCAGTGATCCCGGAGGAAACTCACTCCCTCCCTGACTCAACAAGGCAGTCTCGGGGGCACCGTTAGCCACGCGAC 
CCTGTAAAGCTGCCGTCCTCATTTCACATGTGMGCAGCTGMTTC 

3 0 5 0  

4487 

EXON 14 

EXON 1 5  

EXON 16 

EXON 17 

FIGURE 3: Sequence of the human TPO gene. The sequence of the structural gene is displayed beginning at + l .  Upstream sequence begins 
with a -1, immediately before the major start site. Only the exon sequences are continuously numbered, and the location of each exon is indicated 
at the right. Gaps (- - -) represent introns whose sequences were not completely determined. Estimations of unsequenced intron DNA were 
based on sizes calculated from restriction maps in Figure 1 and the size of the intron sequences that had been determined. These are shown 
in parentheses except introns 7, 10, and 15 in which the sizes are not known (marked by ?). The TATAA box and the poly(A) addition signal 
are underlined. Nucleotide sequences coding for the predicted proximal and distal histidine residues (Kimura & Ikeda-Saito, 1988) are bold-ouerlined 
and ouerlined, respectively. The termination codon is marked by an asterisk. 

FIGURE 4: Schematic comparison of the cDNA structures between human TPO and MPO. TPO and MPO cDNAs are divided into 17 and 
12 exons, respectively. The positions of homologous exon-intron junctions between TPO and MPO are shown by a solid line extending between 
the genes. The second exon-intron junction in TPO and the first in MPO are not precisely aligned and therefore are denoted by a dashed 
line. The initiation codon is marked by an asterisk and the stop codon by two asterisks. The poly(A) addition signal is shown by an arrow, 
and the alternatively spliced sequence in TPO (Kimura et al., 1987) is marked by a bracket. The hatched box and the black boxes show the 
conserved putative proximal histidine-containing sequence and the possible distal histidine-containing sequences, respectively (Kimura & Ikeda-Saito, 
1988). 

The relation of the exon-intron junctions of both peroxidases 1987b; Kimura & Ikeda-Saito, 1988; Morishita et al., 1987b) 
is summarized in Figure 4. Alignment of the TPO and MPO revealed that the sequences, corresponding to exons 3 through 
cDNA nucleotide and amino acid sequences (Libert et al., 11 in the TPO genes, displayed significant similarities to those 
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Table I: Comparison of Exon-Intron Junctions in the Human TPO 
Gene with Those of the Human MPO Gene' 

T P O  

M P O  
T P O  

M P O  
T P O  

M P O  
T P O  

M P O  
T P O  

M P O  
T P O  

M P O  
T P O  

M P O  
T P O  

M P O  
T P O  

M P O  
T P O  

M P O  
T P O  

T P O  

T P O  

T P O  

T P O  

T P O  

Exon Intron Exon 

1 

1 
2 

2 
3 

3 
4 

4 
5 

5 
6 

6 
7 

8 
8 

9 
9 

10 
10 

11 
11 

12 

13 

14 

15 

16 

- - - T C A G / G T T G T  

A (521 
... C C A - I  C -  
. - . T G G E / G T A A G .  

GI321 

S S l 8 I  
... A-i G 
. . . A G f i i  G T G A G . .  . 

A r le01 

A I1421 

- . . A C G c l G T A A T . - .  
A11171 

A r 11831 
... I G C G .  
... A C s l  G T A T T -  

A r 11611 

Leu12261 

... TZ/ c -.. 

- 

... 7 7 '  A . . .  

. . . C =  G T G G G - - -  
P r 012041 

- A m '  G T  A A G  
G I n12731 

G I nl4551 
A G  . . .  

- - - C = ' G T G C G - - -  

- ... 

G I nl4461 

GI5411 
A t A . . -  

- - - G G A G /  G T  G A G .  - - 
GI5331 

GI5981 
i G A - - -  

- - .  C C A S /  G T C T G  - - . 
GI5901 

- ... 

- ... 

A im 
- - - T r /  G A - - -  
- - - A C s / G T A C G - . .  

T r 18841 

. - - C A A E / G T G A A - - -  
AI7391 

. . - A A A S /  G T C A G . .  
A17861 

- - - G T A P / G T G A G  
AI8401 

. . - G G s /  G T  A A G -  . . 
T r18231 

. - - G a / G T G G G - - .  
G I nlSl6l 

1 

1 
2 

2 
3 

3 
4 

4 
5 

5 
6 

6 
7 

8 
8 

9 
9 

10 
10 

11 
11 

12 

13 

14 

15 

16 

. . T T T A G I  A A T G  

I a ( 5 2 )  
. . G C  /F~GT. . -  
- - C G T A G  / = A n . . -  

I VI321 

r 181 
- - A G C  / €  T --.  
. . C A  T A G  i A A A  C . .  . 

g I801 

s ~ ( 1 4 2 )  
. . G G  1- T . . .  
- -  C A C A G l a G C . . .  

s ~11171 

g11831 
- - T G  I - C G . - .  
. - C A  C A G  I n G A C . .  . 

g11611 

A I a12271 
. . G  :- ... 

- - C C C A G  = C . - .  
V a 112051 

I 1  ei2961 - . . C T  , A  . . .  

T G C A G / U C - - -  
L e u 12741 

I I el4E61 
... - 

T T T  I 

. C A C A G / & A - - -  
I I e14471 

IY15411 
... - - - c  / 

. - 1 C C A G  / x G G -  - - 
I V I 5 3 3 1  

I y15981 
,T ... 

I VI5801 

g 16Tll 

- - T G C A G I E T A - - -  

C ... - 
- - T G G A G , & T T T - . .  

P 1889) 

. . C A T A G  I U G A -  - - 
I PI7391 

- - G G C A G  / x G T - - -  
I PI7361 

- -  C C C A G l & T C . . .  
s PlmOI 

- - C A C A G I G A C A  
p 18731 

. - T G C A G  / M A . .  . 
G I ~19171 

2 

2 
3 

3 
4 

4 
5 

5 
6 

6 
7 

7 
8 

9 
9 

10 
10 

11 
11 

12 
12 

13 

14 

15 

16 

17 

"The nucleotide and amino acid sequences at the exon-intron junc- 
tions of the TPO gene are compared with those of the MPO gene. In 
the case of MPO, only nucleotides that differ from those of TPO are 
disolaved. 

of exons 2 through 11 in the MPO gene. However, the 
junction between the seventh and eighth exons of the MPO 
gene does not have any counterpart in the TPO gene. The 
intron junction separations of the amino acid codons are very 
well conserved between both enzymes (Table I). 

The intron loss hypothesis was proposed to explain the role 
of introns during evolution (Cornish-Bowden, 1984; Davie et 
al., 1986; Doolittle et al., 1986; Serrapathy, 1986; Gilbert et 
al., 1986; Traut, 1988). In this scenario, introns were originally 
present in the first genes and were lost during the evolution 
of prokaryotes and other organisms in the interest of a more 
effective and rapid means to replicate their genomes. Less 
DNA content due to lack of introns would allow rapid DNA 
replication and quick cellular division. A conversion hypothesis 

is that ancestral genes resembled prokaryotic genes and that 
addition of the introns took place either concomitant with the 
emergence of the eukaryotic cell or gradually in the stream 
of evolution (Rogers, 1985; Traut, 1988). Assuming that the 
intron loss occurred during the evolution of peroxidase, the 
ancestral peroxidase gene probably contained at least 12 exons 
(Table I, Figure 4). 

While 9 exon-intron junctions have been conserved, the 
intron corresponding to intron 1 in TPO was probably lost 
during evolution of the MPO gene, although the possibility 
of intron insertion in TPO cannot be ruled out. The positions 
of second TPO and first MPO introns appear not to be con- 
served, probably resulting from a high divergence in this 
portion of the nucleotide sequences between both enzymes. 
Alternatively, it is possible that intron insertion might have 
taken place independently in both peroxidases. Moreover, the 
seventh intron in MPO does not have a counterpart in TPO, 
further indicating that either intron deletion in TPO or intron 
insertion in MPO has occurred. It is also interesting to note 
that although the overall amino acid sequence similarity be- 
tween TPO and MPO is 4496, the similarity is higher in the 
sequence coding for the mature fully processed MPO protein, 
which is coded by the latter half of the MPO exon 4 (Kimura 
& Ikeda-Saito, 1988). Furthermore, the seventh intron of 
MPO is located just prior to the predicted proximal histi- 
dine-containing region which has 74% similarity between two 
peroxidases. Whether intron deletion or intron insertion events 
played important roles in the evolution of TPO and MPO genes 
should become more evident once other peroxidase genes that 
share the same ancestral gene as TPO and MPO are isolated 
and sequenced, if indeed others exist. 

Exon shuffling (Rogers, 1985; Davie et al., 1986; Doolittle 
et al., 1986; Gilbert et al., 1986) has also played a role in the 
evolution of the peroxidase gene family, for example, in the 
origin of exons 13, 14, 15, and 16 in TPO. In this regard, it 
is interesting to note that the percent nucleotide sequence 
similarity between the TPO and MPO coding regions dras- 
tically decreases immediately after the MPO termination 
codon (where the TPO exon 13 starts). The first poly(A) 
addition signal in the MPO sequence (Johnson et al., 1987; 
Morishita et al., 1987a) was found about 160 bp downstream 
of the stop codon; a similar distance between the poly(A) 
addition signal and protein stop codon is also found in TPO. 
As Libert et al. (1987b) have proposed, and the results in 
Figure 4 and Table I show, four exons coding for different 
protein domains, including the C4b-02 glycoprotein, the 
EGF-LDL receptor, and the transmembrane domain, were 
inserted into the ancestral TPO gene during evolution, resulting 
in the present TPO gene. The addition of other exons, possibly 
derived from other genes, into the TPO gene and the intron 
loss and/or insertion found in both TPO and MPO genes all 
took place after two peroxidase genes separated and started 
their own evolutionary pathways. 

Finally, of more interest, is that in spite of both cDNAs 
having similar length, the size of MPO gene is only 10 kbp 
whereas that of TPO is probably at least 10-fold longer even 
if the 3' portion of the TPO gene which was added later only 
to the TPO gene is not considered. In this regard, it is 
noteworthy that the human thyroglobulin gene, a highly 
specialized gene, is expressed only in thyroid tissue and is over 
300 kbp in length (Baas et al., 1986). The reason for the large 
size of genes specifically expressed in thyroid is presently 
unclear. 
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