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Abstract 
Insulin receptor tyrosine kinase substrate of 53 kDa protein (IRSp53) is now known to be a 
key factor in cytoskeleton reorganization.  The human IRSp53 was identified as a binding 
partner with DRPLA protein, a product of the gene responsible for a neurodegenerative 
disorder, dentatorubral pallidoluysian atrophy, as well as a binding partner with brain-specific 
angiogenesis inhibitor 1.  Previous studies identified at least four isoforms (L-, M-, S- and 
T-forms) in human, where 511 amino acid residues from the N-terminus were identical 
followed by unique sequences of 9-41 amino acid residues.  As each isoform had a distinct 
function, the unique sequences at the C-terminus had a vital role in its function.  Here we 
report that these isoforms were indeed generated by alternative splicing, which was 
established by experimental and computational studies on human and rodent genomes.  
Previous biochemical reports suggested that rodents may lack one of the isoforms (L-form).  
This study solved this issue as a nucleotide substitution occurred at a splice donor site 
followed by a large deletion in rodent genome compared with human, which made the 
generation of the L-form impossible.  This study also revealed overlapping of the IRSp53 
and AATK genes coded for by complementary strands.  
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Introduction 
An insulin receptor tyrosine kinase substrate of 53/58 kDa protein was originally identified in 
hamster cells through biochemical studies after insulin and/or IGF-I treatment (Yeh et al. 
1996).  It is phosphorylated upon stimulation with insulin and/or IGF-I, but differs from 
other members of the well-known insulin receptor substrate groups (namely, human IRS1, 
IRS2 and IRS4) in terms of conserved amino-acid sequence motifs and other features 
(Hubbard and Till 2000).  The human homologue was identified as a binding partner with 
DRPLA (Okamura-Oho et al. 1999), in which CAG triplet repeat expansion in the coding 
region causes a neurodegenerative disorders, dentatorubral pallidoluysian atrophy (Naito and 
Oyanagi 1982, Nagafuchi et al. 1994a, 1994b, Koide et al. 1994).  The human homologue 
was also identified as a binding partner with a serpentine receptor, brain-specific angiogenesis 
inhibitor 1 (BAI1), and named as BAI1-associated protein 2 (BAIAP2) (Oda et al. 1999).  
The human homologue not only has a sequence similarity with hamster IRSp53/58, but also 
has been demonstrated to be phosphorylated upon stimulation with insulin and/or IGF-I 
(Okamura-Oho et al. 1999).  IRSp53 is now highlighted as a key factor in the cytoskeleton 
reorganization:  IRSp53 functions as an adaptor that binds Rho family GTPases (Rho, Rac 
and cdc42) and their effectors (mDia, WAVE2 and Mena), and mediates the activation of 
these molecules (Miki et al. 2000, Krugmann et al. 2001, Miki and Takenawa 2002).  Cdc42 
controls the formation of actin bundles in membrane ruffling and filopodia formation at the 
cellular periphery.  IRSp53 is also known to localize at postsynaptic density of the central 
nerve system, which suggests a role in neurite outgrowth (Abbott et al. 1999, Soltau et al. 
2002)  
To date, at least four isoforms of IRSp53 have been identified in human.  We identified 
IRSp53-L and IRSp53-S consisting of 552 and 521 amino acid residues, respectively, as a 
binding partner with DRPLA protein (Okamura-Oho et al. 1999).  Oda et al. (1999) 
identified 2 isoforms named as BAIAP2-α and -β which carried 521 and 520 amino acids.  
BAIAP2-α is identical to IRSp53-S while BAIAP2-β is unique.  We use IRSp53-T in this 
report instead of BAIAP2-β in accordance.  The fourth isoform (IRS-58) with 534 amino 
acid residues was identified during a cloning process of binding partners with cdc42 (Govind 
et al. 2001).  As the relation between protein isoforms with 53 or 58 kDa and mRNA 
isoforms is still uncertain, IRS-M is used in this report for the isoform.  The four mRNA 
isoforms have been repeatedly confirmed in RT-PCR by us and others as well as in many 
expression sequence tags (EST).  The four IRSp53 transcripts generate respective protein 
isoforms sharing the identical 511 amino acid residues from the N-terminus and differing only 
in short peptide sequences at their C-terminus.  Each isoform has distinct functions: for 
example, IRSp53-L and -S were phosphorylated with insulin but not with IGF-I in transfected 
cultured cells, while IGF-I phosphorylated only the T-form (Okamura-Oho et al. 2001).  
Thus, the unique short peptide sequences at the C-terminus have a vital role in its function 
probably through regulating accessibility to functional sites by intra-molecular binding.  This 
is quite important as there are several discordance results in functional analyses with IRSp53 
expression vectors.  These isoforms are supposed to be generated by alternative splicing, but 
it has been proved yet.  Here, we report that the four isoforms are indeed generated by 
alternative splicing by experimental and computational studies.  This study on human and 
rodent genomes solved the issue of whether rodents lack one of the isoforms (L-form). 
 
Materials and methods 
DNA analyses 
Human genomic DNA was isolated from peripheral leukocytes with the standard 
phenol/chloroform extraction method.  Genomic DNA of mouse and Sprague-Dawley (SD) 
rat was prepared from tail tissues with the Dneasy Tissue Kit (QUIAGEN, Hilden, Germany).  
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Polymerase chain reaction (PCR) was conducted as previously described (Tadokoro et al. 
1992).  Briefly, the reaction mixture consisted of 10 ng genomic DNA, 0.5 μM primers, 200 
μM of each dNTP and 0.5 U Taq DNA polymerase (Takara, Shiga, Japan) in standard reaction 
buffer.  The PCR condition was consisted of one cycle at 94°C for 4 min, 30 cycles at 94°C 
for 1 min for denaturation, 56°C for 1 min for annealing and 72°C for 4 min for extension, 
and then another step at 72°C for 6 min to ensure complete extension.  The following primer 
sets were used to amplify the exon 16 - AATK region: mouse 
5’-TGCAGTCCTGTGCCTTGCGA (forward) and 5’-AGAGATGCCCTCTGCAGGGTAGT 
(reverse); rat 5’-CAGGAATCCCTTCGCCAACGTC (forward) and 
5’-AGATGCCCTCTGCAGGGTAGT (reverse).  PCR products were purified with QIAXII 
(QIAGEN, Hilden, Germany), and subjected to a direct sequence analysis with CEQ2000 Dye 
Terminator Cycle Sequencing with the Quick Start Kit (Beckman Coulter, Fullerton, CA, 
USA) and a Beckman CEQ2000 automatic sequencer (Beckman Coulter, Fullerton, CA, 
USA).  Sequence analyses were done with computer software, Genetyx-Win (Genetyx, 
Tokyo, Japan).   
 
Results and Discussion 
Genomic organization of human IRSp53 
When we started this study, few genomic sequences for IRSp53 were detectable in public 
databases, which made impossible to determine the genomic organization of the IRSp53 gene 
only with computational analyses.  Thus, we attempted to isolate genomic clones especially 
covering the C-terminal region with primer pairs designed based on the cDNA sequences.  
As the order of exon and the boundary were unknown at that time, multiple combinations of 
primers were used to try to clone intronic sequences.  Several sets of primers successfully 
generated DNA fragments by PCR and the nucleotide sequences were determined, some of 
which were deposited in a public database (see the top page).  After more genomic 
sequences were deposited in public databases along with the progress of human genome 
project, it became easier to identify genomic sequences covering the IRSp53 gene by BLAST 
searches with the cDNA sequences as well as the genomic sequences we determined.  The 
representative clones and sequences covering the IRSp53 gene turned out to be PR11-149I9 
(AC115099) and RP13-1277B16 (AC129919).  These sequences had no annotation for 
IRSp53 to date. 
Comparing with the cDNA (accession numbers, NM_017450, NM_017451 and NM_006340 
for the S-, L- and T-forms) and genomic sequences, the human IRSp53 gene spanned about 82 
kp, and consisted of 17 exon (Fig. 1).  Except for the transcriptional termini (exon 14, 16 and 
17), all the exon-intron boundaries were accorded for the consensus GT-AG rule (Fig 2).  
The common part of the four isoforms was encoded by exon 1 through 13 (Fig. 3).  The 
S-form went through to exon 14 and ended with a polyadenylation (polyA) signal.  The 
nucleotide sequence we previously determined (AB017120) had 2033 bp followed by the 
polyA tail, while the NM_017450 sequence had additional 135 bp.  There was a typical 
polyA signal in the genomic sequence near the end of AB017120, but also a continuous A 
sequence as well in genome (at 96747 in AC115099).  Thus, the exact termini of transcripts 
are somewhat uncertain, and we use a longer transcript in comparison in Fig. 2.  The T-form 
skipped exon 14 and used exon 15 and 16.  Both the L and M forms skipped exon 14 and 15 
and reached to exon 16.  The M-form ended with the polyA signal near the downstream 
boundary of exon 16.  In contrast, the L form left exon 16 halfway just ahead of the stop 
codon in frame, and arrived at exon 17 resulting in further extension of amino acid coding.  
The splice donor site in exon 16 for the L-form was also accorded for the consensus GT-AG 
rule, but slightly irregular as intronic +3 and 4 was CT (see below).  It should be noted that 
there were only 5 bp between exon 16 and 17, but the downstream boundary of exon 16 did 
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not provide a splice donor site. 
 
Genomic organization in rodents 
Mouse and human IRSp53 were well conserved despite of long evolutional history.  When 
compared with the S-form cDNA, they were 96% identical over the 522 amino acids and 87% 
identical at the nucleotide level over the entire coding region.  Although three isoforms (S, T 
and M) were identified in rodents (including mouse, rat and hamster), it has been argued 
whether the L-form existed in rodents (Alvarez et al. 2002).  We determined mouse and rat 
genomic sequences covering the region downstream of exon 16 (AB105194 and AB105195, 
respectively).  Rat has been frequently used in studies on IRSp53 as its brain, one of the 
main expression sites, is larger than mouse.  Recently, a mouse genomic sequence covering 
the entire coding region of IRSp53 was deposited in public database (NT_039521).  
Comparing with the cDNA (AF390178) and genomic sequences, the mouse IRSp53 gene 
spanned about 64 kp, and consisted of 16 exon (Fig. 1).  The genomic organization was also 
well conserved between human and mouse although the size of several intron sequences 
varied.  The exon-intron boundaries were similar (Fig. 2), and the generation mechanism of 
the M, S and T-forms was identical to human.  However, there was a notable difference 
between human and rodent genomes which affected the generation of the L-form.  Mouse 
and rat sequences were shorter about 400 bp in the region corresponding to human exon 17.  
In addition, there were many discordant nucleotides in the distal half of exon 16 and most part 
of exon 17 when these were aligned (Fig. 4).  The G nucleotide situated at the position 
corresponding to the splice donor site within exon 16 in human, was replaced with A in 
rodents (Fig 4, arrow).  Although several computer programs to predict splice sites (Splice 
view, http://l25.itba.mi.cnr.it/~webgene/wwwspliceview.html and Splice Site Prediction by 
Neural Network in Berkley Drosophila Genome Project 
http://www.fruitfly.org/seq_tools/splice.html) poorly recognized the splice donor site in 
human, the nucleotide substitution in rodents further decreased the possibility as the 
substitution abolished the GT consensus sequence at the boundary.  Together with the 
finding of lack of the coding sequence specific to the L-form, we conclude that rodents do not 
generate the L-form.   
We previously detected each protein isoform with specific antibodies recognizing the unique 
amino acid sequences at the C-terminus, where the L-form specific antibody recognized some 
protein species in rat brain tissues (Okamura-Oho et al. 2001).  Based on the study described 
here, the detected protein species were not derived from the IRSp53 L-form, although other 
results are still valid.  The L-form specific amino acid sequence may be coded for by another 
gene in rodents as pointed (Alvarez 2002)  The fifth isoform was recently reported in rodents 
which lack 40 amino acid encoded by exon 9 (Alvarez et al. 2002).  This is generated by the 
use of an additional splice acceptor site within exon 9 instead of the start position of exon 9 
described in this report.  The similar mechanism may be possible in human, however, they 
reported no such transcripts detectable in human by RT-PCR.  The isoforms with and 
without the 40 amino acids may reflect the size difference in protein between 53 and 58 kDa.  
However, there is still confusion regarding the identity of protein species, some of which may 
due to different conditions for SDS-PAGE and as yet unknown posttranscriptional 
modifications.  Therefore further studies will be required to identify protein species.   
Regarding with evolution, it is interesting whether human (or ancestor species) have gained 
the additional L-form or rodents have lost one of the isoforms.  The former is plausible as 
each isoform of IRSp53 is involved in fine tuning of its function, which may contribute to 
advancement of the central nerve system.  This should be clarified by examination of other 
mammalian genome as well as by functional analyses of each isoform.   
Finally, the downstream sequence (about 130 bp) of IRSp53 was overlapped with the AATK 
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gene which encoded apoptosis-associated tyrosine kinase (Gaozza et al. 1997) (Fig. 4).  The 
orientation of the transcripts was opposite (thus, encoded by the complementary strand) and 
overlap occurred in their 3’ non-coding regions.  This is highlighted by homology between 
human and rodents sequences in the vicinity of the end of exon 17 although the region was 
not used for IRSp53 in rodents.  The overlap is one of the examples for enriched gene 
distribution in a particular region of genome. 
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Figure legends 
 
Fig. 1.  Genomic organization of human and mouse IRSp53 genes 
Schematic illustrations of the genomic organization for the human and mouse IRSp53 genes.  
The organization is generally well conserved between human and mouse except for exon 17.  
Although we try to illustrate it as faithful as possible, exon and several intron are too small to 
draw in scale.  
 
Fig. 2.  Exon-intron boundaries of the human and mouse IRSp53 genes 
The boundary was defined by alignment of cDNA and genomic sequences.  It should be 
noted that the downstream boundaries for exon 14, 16 and 17 are the end of the cDNA 
sequences indicated, and does not necessarily mean the position of polyA tail.  Upper and 
lower cases indicate exon and intron sequences, respectively, and the position of the boundary 
nucleotide in the given sequence are indicated.  The accession numbers of referenced 
sequences are AC115099 for human genome, NM_017450 for human S-form cDNA, 
NM_017451 for human L-form cDNA, NM_006340 for human T-form cDNA, NT_039521 
for mouse genome and AF390178 for mouse cDNA.   
 
Fig. 3.  Pattern of alternative splicing of the human IRSp53 gene to generate four isoforms 
The filled region is used by respective isoforms.  aaa--- indicates polyA tails.   
 
Fig. 4  Alignment of human, mouse and rat nucleotide sequences covering exon 16 and 17 of 
IRSp53.  
Upper and lower cases indicate exon and intron sequences, respectively.  The identical 
nucleotides and gaps are indicate with * and -, respectively.  The nucleotide change affecting 
the generation of the L-form is indicated by an arrow, and also shows in Fig. 5.  The 
accession numbers of the sequences are AC115099 for human, NT_039521 for mouse and 
AC105195 for rat.  The regions for exon 16 and 17 for IRSp53 are boxed.  As the 3’ 
terminus of the AATK gene is unknown, it is not boxed but just indicated. 
 
Fig. 5. Nucleotide change affecting in the generation of the L-form of IRSp53 
Upper and lower cases indicate exon and intron sequences, respectively.  The identical 
nucleotides between human and mouse are indicated with *.  The amino acid sequences in 
the M-form, which reads through the indicated point, and the L-form, which is generated by 
splicing, are indicated below the nucleotide sequences.  
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human
intron exon intron

---tggttcgggt CCGCT-- 1 --ATAAG gtgagcgccc---
22544 1 147 22692

---tttcttccag ACCAT-- 2 --GGCAG gtggaactgc---
41041 148 223 41118

---tctctctcag GTGTG-- 3 --ACTCG gtgagacccc---
45254 224 310 45342

---tgcttcccag GAGAC-- 4 --AAATG gtgagtccac---
72205 311 372 72268

---ccatgtccag CTGAA-- 5 --TGAGT gtaagtgcac---
73027 373 444 73100

---tgaatctcag GCTGC-- 6 --TGCAG gtaggcccgc---
73816 445 582 73955

---ccctccacag TACAT-- 7 --CCAAG gtgaggcggc---
87301 583 735 87455

---tccacttcag GGCAA-- 8 --TGGGG gtgagtctgt---
90875 736 957 91098

---ttccctgcag CGGAT-- 9 --CACCA gtaagggctc---
91280 958 1159 91483

---gtcccagcag CCGAG-- 10 --AAGAT gtgagtgttt---
91887 1160 1361 92090

---tctcttccag GCGGG-- 11 --ATGAG gtgagctctg---
93451 1362 1430 93521

---gtccctacag CCTGC-- 12 --CCCAG gtcagtgggc---
94118 1431 1593 94282

---ctgcccccag GGCCT-- 13 --AGCAG gtaaggggac---
95848 1594 1628 95884

---tgtttcacag TGGCA-- 14 --ATTGC acgagttggg---
96341 S 1629 S 3168 97887

---ttccttgcag CGCCG-- 15 --AGTTA gtaagttgcc---
98287 T 1629 T 1674 98334

---tctctttcag GAATC-- 16 --CCTGC accagGTGTG---
103143 T 1675 T 2129 103599

---CCTGCaccag GTGTG-- 17 --ACAAT aacttaaaat---
103603 L 1677 L 2877 104807

mouse
---tgcagttgtc GCTTT-- 1 --ACAAG gtgagtttcc---

31401786 1 115 31401902
---tcttttccag ACCAT-- 2 --GGCAG gtatagctgg---

31415754 116 191 31415831
---ctcccctcag GTGTC-- 3 --ACTTG gtaagaccct---

31418809 192 278 31418897
---tttcctccag GGGAC-- 4 --AGACG gtgagtttgg---

31439446 279 340 31439509
---ctgtgtccag CTGAA--- 5 --TAAGT gtaagtacag---

31440050 341 412 31440123
---gggtctccag GCTGC-- 6 --TGCAG gtaggtctgc---

31440646 413 550 31440785
---ctgtccccag TACAT-- 7 --CCAAG gtgagctagg---

31452354 551 703 31452508
---tccactccag GGCAA-- 8 --TGGGG gtgagtcctg---

31455181 704 928 31455407
---cttcctccag CGGAT-- 9 --CACCA gtaagggcct---

31455547 929 1130 31455750
---gtctcggcag CTGAG-- 10 --AAGAT gtgagcaccc---

31456147 1131 1332 31456350
---tttcttctag GCGGG-- 11 --ATGAG gtaagcatac---

31457292 1333 1401 31457362
---cgccccgcag CCTGC-- 12 --CTCAG gtgaggcctg---

31457793 1402 1564 31457957
---ttgttcccag GGTCT-- 13 --AGCAG gtaagaggtt---

31459210 1565 1599 31459246
---tgttccacag TGGCA-- 14 --GCTCT ctgcgcccct---

31459732 1600 1798 31459932
---ttccttacag CGCGG-- 15 --AGTTA gtaagttgcc---

31461696 31461745
---ctttccccag GAATC-- 16 --TCACC atgtgtagtg---

31465018 31465438





human        cctaaaaatt aaaaccacgt ttttctcttt cagGAATCCC TTTGCCCACG 
 mouse       **---***c* g****tg*-* c**ct*tccc ********** **C***A*** 

t           **---***c* g****tg*-* c**ct*t*cc ********** ******A*** ra
 
TCCAGCTGAA GCCGACAGTG GACCAACGAC AGGTCTGCCC CCCTC-CTCA GCTGATGGC- 
****T***** A**A****** ******T*** **A**A**** *T**G-**** *****C**G- 
**T***** A**A****** ******T*** **A**A**** *T**NT**** ********GG **

 
CACATCTGCA GTGCTGCCCA TCTGGTGGCT TCCCCCGCCC TTCCCATGTA GCC-TGTTCT 
*T*C****** TC*ACA*T*- -----**T*C C*A**T***A GCTGAGG**G AT*AG*GCA* 
TC**G*** C**ACA***- -----**T*C C*A***A**A GCTGAGG*** A**AC*GA—— *T

 
GTCATCATCT GTGCGTTCCT GTGTAGAGAA CATCCAGGCC CCGGCTGCCT GGTCTTGCCC 
**TCCTG**C A--------- --*AGA***C **CAAT*C** *ACT*--*** A*C**C***T 
---****C *--------- --*AGA***C *GC*TT*A** *AC**--*** A*CA*CAA—— --

 
CACTTGAGTC TGGCCTGGAC TGGATCCCAG CTGTTCTAGG CAGGGCCGGG CAGAGTGGGG 
***A*CG*C* CA******G* ********** G*****CT** TGA**T-**C TGCCTCAA*A 
----G*C* CA******G* ********** G*****CT** TGA**T-**C TGCCTCAA*A --

 
CGCAGGCCCC TGAAGGGCGA GACCCAGTGG CTGGGCTGCC CAGGGCTGAG GGGCCGCCTC 
G**C*ATG** CC**CA*A*G *G**-**CAC T*****AA*A GG*AC**CT* ATC*TAA**G 
TC*ATG** CC**CA*A*G *GT*-**CAC GA****GA*A GG*AT**CT* ATC*TAA**G G*

 
TTGAGGGT-A CACGCCTCTG GTCACATGGC CATGGAGCCT TGGGTACCCC TGAGTTAAGG 
*G**ACC*CG AGA******* *A****GA-- --GA*GA*A* *CT*CCGG*T **---C*G** 
**ACC*C* AGA******* *ATG**GAA- --GA*GA*A* *CT**CTG*T **---**G** --

 
GAGGACATTT GGCCAGCTGG TGGCTGGGAG GGGAGCCTGG CTGCCCTGCT GCTTCTCCTG 
A***GAGCC* ATT*CCA**C **A**TTT*- ---*A*T*TT T*AT*TCA*G T—GTGT**** 
**GAG**G ATT*CCT**C **AT*TTT*- ---*A*T*TT T*AGTTCANC TTC*TGT*** A*

 
CCTAATAAAC AGGC-TTCTC CTGCaccagG TGTGATCTGT CCGCCCAAGG GCCAGAAGGC 
GTC******* GT*TGC**A* *-AT------ ---------- ---------- ---------- 
C******* *T*TGCC*A* *C*T------ ---------- ---------- ---------- GT

 
CGGGAGCACG GGGATGGGAG CGCCCGCACC CTGGCTGGAA GATGAACTTC CCGTAAGCAC 
---------- ---------- ---------- ---------- ---------- ---------- 
-------- ---------- ---------- ---------- ---------- ---------- --

 
GTAATTCCCT GCAGGTCCGG CAGCTACACC TGGAGTGTGG GGCCTGGTCC CTCCCCATGC 
---------- ---------- ---------- ---------- ---------- ---------- 
-------- ---------- ---------- ---------- ---------- ---------- --

 
CCCTCGGTGG GGCTCTCCTG GGCCCCTCAC TCCCACTGGC AATGTCACAA GGGCCTCCCC 
---------- ---------- ---------- ---------- ---------- ---------- 
-------- ---------- ---------- ---------- ---------- ---------- --

 
AGGCCCCTCC TGCCTCGGGC AGGCCCCAGC CCTCCTCCTT ACCCAACCTC CCATCCAGAA 
---------- ---------- ---------- ---------- ---------- ---------- 
-------- ---------- ---------- ---------- ---------- ---------- --

 
CCTTGCTGCC AGGGCCTCCC AGCTCGCTCC TGCGGCCAAA GGCCAGCTGT CAGGTGCTAT 
---------- ---------- ---------- ---------- ---------- ---------- 
-------- ---------- ---------- ---------- ---------- ---------- --

 
GCGGGGTCAC CAGCAGAGTG CCCGCTGGCA GGTGGGGGCT TCCCCGCTTC CGGGGTCTGC 
---------- ---------- ---------- ---------- ---------- ---------- 
-------- ---------- ---------- ---------- ---------- ---------- --

 
CCCAGGACTC CTGGGTGGAC CTCCCCCCCC CACCTCCGCT GACTCCTGCA GGCACTGGGG 
---------- ---------- ---------- ---------- ---------- ---------- 
-------- ---------- ---------- ---G*G*AG* *GG*GA*CTG TTAG*CT**T --

 
AGCTCTGCTG GAATTGGGGG TTTTAAAACT TCATTAGCAG ATTTGTGCTC TTCCATACTG 
---------- ---------- ---------- ---------- ---------- ---------* 
**TATGA*CA *G*AC****A GG*GGGG*GG **G*A*CTGA C***A*AAG* ------*TG* 

TTTGTTTGTT TGTTAGGTGA AATACAGTGT GGTGAGCTGC ACTGGTGACA ACAGCCCTTA 
*G*AG*GTG* G**CT*T**T GC**TT***C **A***GA*A G*C**CCG** G*C-*AGC*C 
**A*CATGA GCAC**C**T GC***T***C *TA*-*GA*A G*CA*CCC** G*C-*AG**C *
 
CCTGGCTGGG GAGGTGTCTC CAGCAGAGCT CACTCCCGCC TACAGCCACT C-ACACCCCG 
T*CA***ACT TCCCCACT** AGCT*A*AGG T*GGAT*T*T AT-------- --*A*A***A 
*CA****CC TCCC**CT** A*CT*AGA*A **GGAT*T*T CT*TCT*T** *T*A*T***A T
 
GGGACAGGAA GCTGTAGAGT TGGCGG-GCC AGGAGGGCAG TTGAGAGCTG GCCAGCGGAG 
*TC*GGCCCG TG*TC***TG CA****G*TG *****CT*G* C***TG**A* AA-GT**T** 
TC*AGTCTG TGCTC***TG CA**A*T*TG *T***CT*G* *A***GA*A* AA-GTT*T*A *
 
GGTGCAGGGA AG-CCCAGCT GTGCTCAACT CTCCTGCCTC CGCCTTCCAC CCTGGGCCCA 
*A******** **A*****GC AGA**TCCT* *AT*A**TC* *C*AAGAA*T ***---*TTG 
A******TT **A*****G* AGA*CTCCGC TAT*A*TT** *C*AAGAA*T ***---*T-G *
 
GGGACAGACA GACATTGCCC TCAGA---AG GGCAGGGAGG AGGCT——GTC CTGGAGAGGC 
*A*G**CC** CC****ATGT AGGC*TAC** *C***CCCCA *AA*---AGA G*A*G**ACA 
AAG**TC** CC****A*AT AGGC*--C** *CT**CCCCA G*ATGGGAGA G*A*G***CA *
 
CTGTAGGTCC ATTCTTCACC CGTCCCTACC AGGCCAACTC GGCCTGCAGG AAGGGAGACC 
*A*G**TC** ***GCCAGT* TCCTG*CT*T CACT*C**-- -AGTG**CT* GCTCAG***A 
G*G**TC*T G**GCCAGT* TCCTGACT** TACT*C**-- -AGT***C** *CTCAG**TG *
 
TGCAGGGCGC TACCCCTGCG CCCCCACACA CAGTAGGGCC AGAACACCAT CCCCTCCACC 
GA*TA*AA** **GG*AGAT* G*TG*C*--- TG*-***T** ------**T* T*ATC*G*** 
**TA*AA** **GG*AG*T* G*TGAT*--- TG*G***T** ------**T* T*AT------ *
 
GGGGTGTGCC GAGGACAGTG GGGAGGAGAG GAGAGGGGCA GCTTCCTCCT GGCCCCAGGA 
TCA*A*A*** -GTCTT*AG* *AC******* *GTT**A*GG A*C-T*A*** ***ATAT**G 
--*A*A*** -*TCT*GAG* **C******* *GTT**A*GG **C-**A*** ***ATGT**G -
 
AGGGCT---- GGCATCGGG- --TTCCTGGC ACAGCCCCTC CTGTCCAGGA CTTTATCATC 
G--------- -***AAA*-- --AG*TGA*T T*CC*AT**A *CA*A*C*C* GGG*G*T*G* 
CTTT*TNAG ****GA**TG ACAG*TGA** T*CC*ATT*A *CA****CC* GGG*G*T*G* G
 
GGCAGA-CCT CAGAAGACAA CAC-----AC AAAGGTTTCT T--------- ---------- 
TA****-**C **A****A** ***TGAGC** *C***C*GT* *--------- ---------- 
A****T**C **A****A** ***TGAGC*G G-***C*GT* *GTTTTTGTT TTTGTTTTTT T
 
TTGTCTTAG CTTCATTTCT CTTAAAAAAC AAGGAACAAG AAAA-CATTG CACCAG----- 
-**T****** ***GG***** ********** ********** ****T***** ******CGTC 
**T***A*C **GGG***** ********** *G*******A ****T*T*G* *C**N----C T
 
CGTTCTAAGC CTCAAACAAA ACACA-AAAC AAA------- ---------- ----TCCCCC 
*A*C****** *******T** *A***G**** ***AACAAAA CAGAAAACAT TGCCC**A** 
T*C****C* *******T** *A***-**** ***AACAAAA AAGAAAACAT TGCCC**A** *
 
TGCGAAGCAA CAATAAACTT TACATCTCTT TGGCAACAAT AACTTAAAAT CACCCAACTT 
CC*A****** *****T**** *****G**** ********** ******G*** *G***C*T** 
C*A****** AGG**T**-- ---*CG**** ********** ******G*** *G***C-*** C
 
CCATTCGCTC CAACCACAGC AGTTAGTTAG TTACAAAAAT ATTCCCTGTG CTGCCCTGCC 
T*****A*** **G*A*---- ---------* ********** *********A ******A--* 
*****A*** **G*A*---- ---------* ********** *C*******A ******A--* T
 
CCCAGCTCCA CCCCTTCCCC ACCATCCCTC TCCCTGTAGG TAGGAGCCCC CCAACACTGA 
******C*TG TTTTC****A G**------* *G****C*** C********* -**G---**G 
*****C*TG TTTTC****A G**------* *G****C*** C********* AT*G---**G *
 
CTGCGGGGCA TGGCCCCCAC TCTCCTTTGG CAGCTGGGGC ACAGGACCAG ATACTGCCCC 
***TA***T* CC--***T** ******C*A* *CA*CA***T GTG**G*-** GC*******T 
**TA***TC C--------- ******C*A* *CA*CA***T GTG**G*-** GC*****T*T *
 
ACAGAGGGGA GCTGCCTGCA CGGTCCTGCC AAGGGCA 
G*-------- ---------- ---------- ------- 
G*GAG----- ---------- ---------- ------- 
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