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ABSTRACT 

Chicken and pufferfish genomic libraries were screened with the intent of isolating PEA3 

orthologues from evolutionarily removed vertebrate species. The chicken PEA3 gene was found to reside 

within 15 kb of genomic sequence, and approximately 2 kb of promoter sequence has been identified. 

Although the pufferfish PEA3 genomic sequence has yet to be completed, exons 2, 3, 4, 5, 12 and 13 have 

been found, and approximately 1 kb of sequence upstream of the putative start codon has been determined. 

In addition to the genomic sequence that was isolated, 5' RACE using pufferfish heart RNA produced a 334 

bp eDNA sequence encompassing exons 2 to 5 of pufferfish PEA3. A pufferfish homologue of the human 

RNA helicase 1 (HRH1) gene was also found 3' of the PEA3 gene. Given that HRH1 is also found 3' of 

human PEA3 (E1AF) on chromosome 17q21, this finding would seem to indicate that chromosomal 

synteny is maintained between the human and pufferfish PEA3 loci. A four-way alignment of the mouse, 

human, chicken and pufferfish PEA3 promoters revealed that a region spanning from +1 to -260, relative to 

the transcriptional start site of mouse PEA3, is well conserved across the four promoters. Conserved 

transcription factor binding sites for SRY, HNF3~, NFY, AP-1, TCF, AP-2, v-myb, oEF1, and c-Ets-1 

were found in three, and in some cases four of the promoters. An additional outcome of the pufferfish 

genomic library screen was the isolation of a pufferfish orthologue of the Ets transcription factor ERM. 

The relevance of these findings to the issue of transcriptional regulation of PEA3 expression is discussed. 

iii 



ACKNOWLEDGMENTS 

I would like to thank my graduate supervisor John A. Hassell for giving me the opportunity to 

pursue my scientific research interests. Throughout my studies I was encouraged to think critically about 

all aspects of research and I believe that this has prepared me to further pursue my future goals. I would 

also like to thank the members of the Hassell lab, both past and present, for all of their support. 

IV 



CONTRIBUTIONS 

I would like to thank the following individuals for their contributions to my thesis research. DNA 

sequencing and synthesis of oligonucleotide primers was carried out by Brian All ore and Dinsdale Gooden 

in the Central Facility at the Institute for Molecular Biology and Biotechnology (MOB IX), McMaster 

University. Isolation of pufferfish PEA3 genomic cosmids from a gridded genomic pufferfish library, and 

generation of a 5' partial eDNA from pufferfish PEA3 by 5' RACE, was carried out by Jonathon Gilley in 

the laboratory of Dr. M. Fried at the Imperial Cancer Research Fund, London, England. Additional DNA 

sequencing was carried out by Ji-Hou Xin, Jane Barrett and Bonnie Bojovic. 

v 



TABLE OF CONTENTS 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii 


ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv 


CONTRIBUTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v 


LIST OF TABLES................................................................. ix 


LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X 


LIST OF APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xii 


INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 


1. The Ets Family of Transcription Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

2. The PEA3 Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

3. PEA3 Binding Sites are Found in a Variety of Promoters . . . . . . . . . . . . . . . . . . . . . . . . . 9 

4. Ets Transcription Factors and Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

5. Cross Species Comparison of PEA3 Promoters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

6. The Japanese Pufferfish Fugu rubripes as a Mechanism for Promoter Study. . . . . . . . . . . 14 


MATERIALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 


METHODS....................................................................... 21 


1. Isolation and Characterization of Chicken PEA3 Cosmids . . . . . . . . . . . . . . . . . . . . . . . . . 21 


a. Library Screening . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

b. PCR Generation of a Chicken PEA3 Specific Genomic Probe . . . . . . . . . . . . . . . 24 

c. Large Scale DNA Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

d. Restriction Digestion of Putative Positive Cosmids . . . . . . . . . . . . . . . . . . . . . . . 26 

e. Southern Blot Analysis of Cosmid DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

f. DNA Sequencing Using Chicken PEA3 Specific Primers . . . . . . . . . . . . . . . . . . . 27 

g. Subcloning of 5' Genomic Chicken PEA3 Restriction Digest Fragments . . . . . . . 28 


2. Isolation and Characterization of Pufferfish ERM Bacteriophage AClones . . . . . . . . . . . . 30 


a. Library Screening . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

b. ABacteriophage DNA Purification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 

c. Restriction Digestion of Putative Positive ABacteriophage Inserts . . . . . . . . . . . 33 

d. Southern Blot Analysis of ABacteriophage DNA . . . . . . . . . . . . . . . . . . . . . . . . . 33 

e. PCR Generation of a Pufferfish ERM Specific Genomic Probe . . . . . . . . . . . . . . 34 

f. Subcloning of DNA Fragments Containing Pufferfish ERM . . . . . . . . . . . . . . . . 34 

g. DNA Sequencing of Pufferfish ERM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 


3. Reverse Transcriptase Polymerase Chain Reaction Isolation of Zebrafish PEA3 . . . . . . . 36 


vi 



4. Isolation and Characterization of Pufferfish PEA3 Cosmids . . . . . . . . . . . . . . . . . . . . . . . 38 


a. Library Screening . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

b. PCR Generation of a 5' Zebrafish PEA3 eDNA Probe . . . . . . . . . . . . . . . . . . . . . 39 

c. PCR Generation of a Pufferfish PEA3 Specific Genomic Probe . . . . . . . . . . . . . 40 

d. 5' RACE Using a Pufferfish PEA3 Exon 5 Primer . . . . . . . . . . . . . . . . . . . . . . . . 40 

e. Large Scale DNA Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

f. Restriction Digestion of Putative Positive Cosmids . . . . . . . . . . . . . . . . . . . . . . . 41 

g. Southern Blot Analysis of Cosmid DNA.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

h. Subcloning of Pufferfish PEA3 Restriction Digest Fragments . . . . . . . . . . . . . . . 42 

i. DNA Sequencing of Pufferfish PEA3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 


5. Computer Assisted Analysis of Genomic Sequence.... . . . . . . . . . . . . . . . . . . . . . . . . . . 43 


a. Sequence Editing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

b. Multiple Sequence Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

c. BLAST CB.asic Local Alignment .S.earch Iool) Analysis of Sequence Data . . . . . 43 

d. Identification of Consensus Transcription Factor Binding Sites Within 


Promoter Sequences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 


RESULTS....................................................................... 45 


1. Isolation and Characterization of Chicken PEA3 Cosmids . . . . . . . . . . . . . . . . . . . . . . . . . 45 


a. Library Screening and PCR Generation of a Chicken PEA3 Specific 

Genomic Probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 


b. Restriction Digestion of Putative Positive Cosmids . . . . . . . . . . . . . . . . . . . . . . . 48 

c. Southern Blot Analysis of Cosmid DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

d. DNA Sequencing Using Chicken PEA3 Specific Primers . . . . . . . . . . . . . . . . . . 58 

e. Subcloning of 5' Genomic Chicken PEA3 Restriction Digest Fragments . . . . . . . 59 


2. Reverse Transcriptase Polymerase Chain Reaction Isolation of Zebrafish PEA3 . . . . . . . . 62 


3. Isolation and Characterization of Pufferfish PEA3 Cosmids.. . . . . . . . . . . . . . . . . . . . . . 67 


a. Library Screening and PCR Generation of 5' Zebrafish PEA3 eDNA and 

Genomic Pufferfish PEA3 Probes..................................... 67 


b. 5' RACE Using a Pufferfish PEA3 Exon 5 Primer........................ 72 

c. Restriction Digestion of Putative Positive Cosmids . . . . . . . . . . . . . . . . . . . . . . . 72 

d. Southern Blot Analysis of Cosmid DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 

e. Subcloning of Pufferfish PEA3 Restriction Digest Fragments . . . . . . . . . . . . . . . 84 

f. DNA Sequencing of Pufferfish PEA3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 


4. Four-way Alignment of The Mouse, Human, Chicken and Pufferfish PEA3 Promoters . . 94 


a. Sequence Identity Between the Promoters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 

b. Identification of Conserved Consensus Transcription Factor Binding Sites 


Within the Promoters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 

c. Common Features Within the PEA3 Promoters . . . . . . . . . . . . . . . . . . . . . . . . . . 96 


vii 



5. Isolation and Characterization of Pufferfish ERM Bacteriophage AClones . . . . . . . . . . . . 113 


a. Library Screening and PCR Generation of a Pufferfish ERM Specific 

Genomic Probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 


b. Restriction Digestion of Putative Positive ABacteriophage Inserts . . . . . . . . . . . 113 

c. Southern Blot Analysis of ABacteriophage DNA . . . . . . . . . . . . . . . . . . . . . . . . . 121 

d. Subcloning of DNA Fragments Containing Pufferfish ERM . . . . . . . . . . . . . . . . 126 

e. DNA Sequencing ofPufferfish ERM.................................. 126 

f. Computer Assisted Identification of Pufferfish ERM . . . . . . . . . . . . . . . . . . . . . . 129 


6. Two-way Alignment of the Human and Pufferfish ERM Promoters . . . . . . . . . . . . . . . . . 130 


a. Sequence Identity Between the Promoters.... . . . . . . . . . . . . . . . . . . . . . . . . . . 130 

b. Identification of Conserved Consensus Transcription Factor Binding Sites 


Within the Promoters.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 


DISCUSSION.................................................................... 139 


1. Isolation and Sequencing of the Chicken PEA3 Locus . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 


a. Size of Genomic Chicken PEA3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 

b. lntron-Exon Organization of Chicken PEA3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 

c. Conservation of Putative Phosphorylation Sites in Chicken PEA3 . . . . . . . . . . . . 140 


2. Isolation and Sequencing of the Pufferfish PEA3 Locus........................... 142 


a. Partial Size and lntron-Exon Organization of Genomic Pufferfish PEA3 . . . . . . 142 

b. Conservation of Chromosomal Synteny at the PEA3 Locus . . . . . . . . . . . . . . . . . 144 

c. Identification of a 5' Partial eDNA of Pufferfish PEA3 . . . . . . . . . . . . . . . . . . . . 145 


3. Alignment of PEA3 Orthologue Promoters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 


a. Observed Sequence Identity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 

b. Conserved Transcription Factor Binding Sites.. . . . . . . . . . . . . . . . . . . . . . . . . . 151 

c. Common Features Within the PEA3 Promoters.......................... 159 

d. Missing Features Within the Pufferfish PEA3 Promoter. . . . . . . . . . . . . . . . . . . 161 


4. Isolation and Sequencing of the Pufferfish ERM Locus . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 


a. Size of Genomic Pufferfish ERM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 

b. lntron-Exon Organization ofPufferfish-ERM............................ 163 


5. Two-way Alignment of the Human and Pufferfish ERM Promoters................. 163 


a. Sequence Identity Between the Promoters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163 

b. Identification of Conserved Consensus Transcription Factor Binding Sites 


Within the Promoters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164 


CONCLUSION................................................................... 166 


REFERENCES.................................................................... 167 


Vlll 



LIST OF TABLES 

Table I 	 Sub-groups of the Ets Transcription Factor Family ........................ . 3 


Table 2 	 Current Predictions of Approximate Gene Number and Genome Size in 15 

Organisms of Varying Evolutionary Lineage ............................. . 


Table 3 	 Percent Similarity and Percent Divergence Between the Amino Terminal End of 

Pufferfish PEA3 and Other PEA3 Group Proteins ......................... . 148 


IX 



LIST OF FIGURES 

Figure 1 Evolution of the PEA3 Group of Transcription Factors ..................... . 6 

Figure 2 Timeline of Vertebrate Evolution ...................................... . 17 

Figure 3 PCR Generation of a Genomic Chicken PEA3 Specific Probe ................ . 46 

Figure 4 Restriction Digestion of Putative Positive Chicken Cosmids from the Initial 
Library Screen ..................................................... . 49 

Figure 5 Restriction Digestion of Putative Positive Chicken Cosmids from the Second 
Library Screen ..................................................... . 51 

Figure 6 Southern Blot Analysis of Putative Positive Chicken Cosmids from the Initial 
Library Screen ..................................................... . 55 

Figure 7 Southern Blot Analysis of Putative Positive Chicken Cosmids from the Second 
Library Screen ..................................................... . 56 

Figure 8 A Summary of the Subcloned Restriction Digestion Fragments from the Chicken 
PEA3 Cosmids ..................................................... . 60 

Figure 9 Zebrafish PEA3 eDNA Sequence ...................................... . 63 

Figure 10 Zebrafish PEA3 eDNA RT-PCR ....................................... . 65 

Figure 11 PCR Generation of a 5' Zebrafish PEA3 eDNA Probe ...................... . 68 

Figure 12 PCR Generation of a Genomic Pufferfish PEA3 Probe ..................... . 70 

Figure 13 Restriction Digestion of a Putative Positive Pufferfish Cosrnid from the Initial 
Library Screen ..................................................... . 73 

Figure 14 

Figure 15 

Restriction Digestion of a Putative Positive Pufferfish Cosrnid from the Second 
Library Screen ..................................................... . 
Restriction Digestion of Two Further Putative Positive Pufferfish Cosmids from 
the Second Library Screen ............................................ . 

75 

77 

Figure 16 Restriction Digestion of Putative Positive Pufferfish Cosrnids from the Third 
Library Screen ..................................................... . 80 

Figure 17 Southern Blot Analysis of the Putative Positive Pufferfish Cosmid pPEA3-1 ..... 82 

Figure 18 Southern Blot Analysis of the Putative Pufferfish Cosmid pPEA3-1A ......... . 85 

Figure 19 Southern Blot Analysis of the Putative Pufferfish Cosmids pPEA3-lB and 
pPEA3-1C ........................................................ . 87 

X 



Figure 20 Southern Blot Analysis of the Putative Positive Pufferfish Cosmids from the Third 
Library Screen ..................................................... . 89 

Figure 21 A Summary of Subcloned Restriction Fragments from the Pufferfish PEA3 
Cosmids .......................................................... . 92 

Figure 22 Four-way Alignment of the Mouse, Human, Chicken and Pufferfish PEA3 
Promoters ......................................................... . 97 

Figure 23 PCR Generation of a Pufferfish ERM Specific Genomic Probe ............... . 114 

Figure 24 Restriction Digestion of Putative Positive Pufferfish '). Bacteriophage Clones .... 116 

Figure 25 Restriction Digestion and Southern Blot Analysis of the Putative Pufferfish ERM 
I. Clone pERM-A ................................................... . 119 

Figure 26 Southern Blot Analysis of Genomic Pufferfish ').Bacteriophage DNA from the 
Initial Library Screen ................................................ . 122 

Figure 27 Southern Blot Analysis of Genomic Pufferfish ').Bacteriophage DNA from the 
Second Library Screen ............................................... . 124 

Figure 28 A Summary of Subcloned Restriction Fragments Containing Pufferfish ERM .... 127 

Figure 29 Two-way Alignment of the Human and Pufferfish ERM Promoters 5' of the 
Sequence Break .................................................... . 131 

Figure 30 Two-way Alignment of the Human and Pufferfish ERM Promoters 3' of the 
Sequence Break .................................................... . 135 

Figure 31 Alignment of the Deduced Partial Amino Acid Sequence of Pufferfish PEA3 
with Other PEA3 Group Proteins ...................................... . 146 

Xl 



Appendix A 


AppendixB 


Appendix C 


Appendix D 


Appendix E 


Appendix F 


Appendix G 


Appendix H 


Appendix I 


LIST OF APPENDICES 

Chicken PEA3 Genomic Sequence ..................................... . 174 


The Pufferfish PEA3 5' RACE Product .................................. . 189 


Pufferfish PEA3 Genomic Sequence at the 5' End of the Gene ............... . 191 


Pufferfish PEA3 Genomic Sequence Within the Gene ...................... . 195 


Pufferfish PEA3 Genomic Sequence at the 3' End of the Gene ............... . 200 


Pufferfish ERM Genomic Sequence .................................... . 204 


Two-way Alignment of the Mouse and Pufferfish PEA3 Promoters ........... . 211 


Two-way Alignment of the Human and Pufferfish PEA3 Promoters ........... . 219 


Two-way Alignment of the Chicken and Pufferfish PEA3 Promoters .......... . 227 


Xll 



INTRODUCTION 

The Ets Family of Transcription Factors 

The original v-ets (.E26 .transformation ~pecific) oncogene was first discovered as part of a 

tripartite fusion protein expressed by the E26 avian erythroblastosis virus (LePrince et al., 1983; Nunn et 

al., 1983). This replication deficient virus expresses a 5.7 kb RNA that encodes a 135 kDa gag-myb-ets 

hybrid protein where the v-ets sequence is fused to the viral gag gene, as well as a virally transduced form 

of myb (Seth et al., 1992). Whereas the closely related avian myeloblastosis virus (AMV) harbors the v­

myb oncogene and, consequently, is only capable of inducing myeloblastosis, the E26 virus is able to 

induce both erythroblastosis and low levels of myeloblastosis in chickens. It has been demonstrated that 

the Ets portion of the E26 expressed fusion protein is necessary for induction of erythroblastosis (Nunn & 

Hunter, 1989) and that it also plays a role in the transformation of myeloid cells (Golay et al., 1988). Since 

the original discovery of the v-ets oncogene, a large family of cellular counterparts have emerged. This 

emergent Ets gene family has been shown to play an ever expanding role in a wide range of biological 

processes including embryonic development, response to extracellular signaling and cell transformation 

(Scott et al., 1994; Bories et al., 1995; Muthusamy et al., 1995). 

To date, the still growing Ets family of transcription factors is comprised of over 30 members 

encompassing genes that have been isolated from a variety of organisms ranging from Drosophila 

(Macleod et al., 1992; Wasylyk et al., 1993) and C. elegans (Beitel et al., 1995) to humans (Laudet et al., 

1999). The Ets genes that have been identified in vertebrates include c-Ets-1 and c-Ets-2 (Watson et al., 

1988), Fli-1 (Ben-David et al., 1991), ERG (Reddy et al., 1987; Rao et al., 1987), FEV (Peter et al., 1997), 

ER71 (Brown & McKnight, 1992), ER81/ETV1 (Brown & McKnight, 1992), ERM/ETV5 (Monte et al., 

1994), PEA3/E1AF/ETV4 (Xin et al., 1992; Higashino et al., 1993), PU.l/Spi-1 (Klemsz et al., 1990; 

Goebl et al., 1990), Spi-B (Ray et al., 1992), SAP-1 (Dalton et al., 1992), NET/ERP/SAP-2 (Lopez et al., 
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1994), Elk-1 (Rao et al., 1989), ERF (Liu et al., 1997), Elf-1 (Thompson et al., 1992), MEF (Mao et 

al.,1999), Nerf (Oettgen et al., 1996), TEL (Golub et al., 1994), ESX (Chang et al., 1997), and 

GABPa/E41F1 (LaMarco et al., 1991). Within the Ets gene family further sub-classification may be 

carried out on the basis of sequence similarity within the Ets domain, the position of the Ets domain in the 

protein, and additional similarity throughout the remainder ofthe amino acid sequence (Wasylyk et al., 

1993). Using this criteria, the Ets family has been sub-divided into 13 distinct groups (Laudet et al., 1999) 

(Table 1). 

Common to all of the protein products of the Ets gene family is a highly conserved DNA binding 

domain called the Ets domain. This signature element, which is contained in all Ets transcription factors, 

spans 85 amino acids and demonstrates strong conservation throughout the family (Karim et al., 1990). 

Sequence identity between the most divergent Ets domains (from human Ets-1 and PU.1) reaches 35% 

(Wasylyk et al., 1993). Inspection of the primary amino acid sequence within Ets domains from a wide 

variety of Ets factors has revealed the presence of three conserved tryptophan residues that are common to 

all members of the Ets family with the exception ofPU.1 (Macleod et al., 1992). 

The Ets domain may be divided into two distinct regions: an amino-terminal portion which 

contains an a-helical region common to all members of the Ets gene family; and a carboxy-terminal portion 

which contains a basic domain that also exhibits striking identity throughout the family (Laudet et al., 

1993). Comparisons of the configuration of the conserved positions within the Ets domain to other well 

characterized DNA binding motifs such as zinc fingers, homeodomains, or leucine zippers have revealed 

no apparent similarity (Johnson & McKnight, 1989; Mitchell & Tjian, 1989). This finding lends support to 

the conclusion that the Ets domain encodes a new structural motif for DNA binding (Karim et al., 1990). 

Nuclear magnetic resonance (NMR) studies of the Ets domain from the prototypic Ets transcription factor 

Ets-1 have shown that the 85 amino acid Ets domain folds into a winged helix-turn-helix motif. This 

structural motif consists of three a-helices folded into a helix-turn-helix configuration, packed onto a four­

stranded anti-parallel I)-sheet (Donaldson et al., 1996). Further studies have indicated that the protein-DNA 
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Table 1 Sub-groups of the Ets Transcription Factor Family 

The 13 groups of the Ets transcription factor family are shown. The name of the group is given in the first 
column, the factors that comprise a group of transcription factors are given in the second column and the 
organisms where the specific genes have been isolated from are given in the third column. 



PEA3 ER81 ETVl 

ERM ETV5 

• Mouse, human, 
Chicken, Xeno us, Rat 

ETS 
ETS-2 
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interaction encompasses a fairly large stretch of 20 base pairs and that the recognition of the core binding 

sequence occurs in the major groove of the double helix (Donaldson et al., 1996). 

A comparison of the DNA sequences bound by Ets factors has revealed that the Ets DNA binding 

domain binds to a centrally located invariant purine-rich core motif (5' CIA GGA AfT 3') in the middle of a 

10 bp recognition element (Wasylyk et al., 1993). The neighboring sequences to this purine-rich core are 

highly variable amongst different Ets binding sites and it has been hypothesized that this variability confers 

binding site specificity to Ets proteins. Consistent with this hypothesis, it has been determined that the 

consensus binding sequence of Ets-1 is 5' AIGCCGGAAITGT/C 3' (Nye et al., 1992; Woods et al., 1992). 

The PEA3 Group 

PEA3 (J2olyomavirus ~nhancer i!Ctivator .3.), also called E1AF or ETV4, is the founding member of 

the PEA3 group of Ets transcription factors. Other members of the PEA3 group include ER81 (also called 

ETV1) (Brown & McKnight, 1992) and ERM (also called ETV5) (Monte et al., 1994). PEA3 was first 

identified as a factor capable of binding to the PEA3 motif (5' AGGAAG 3'), which was initially found in 

the polyomavirus enhancer (Martinet al., 1988). This Ets transcription factor was identified in mouse 3T6 

nuclear extracts and the eDNA was originally cloned from a mouse FM3A cell library (Xin et al., 1992). 

PEA3, ER81 and ERM share a 95% amino acid sequence identity within their respective Ets 

domains. Further, in the amino-terminal end of the proteins, there is an 85% identical acidic-domain, 

which is believed to play a role in the transactivation potential of PEA3 (Bojovic & Hassell, private 

communication). Overall, the three members of the PEA3 group are 50% identical throughout the full 

length of their protein sequence (Monte et al., 1996). Inspection of the sequence identity within the PEA3 

group has revealed that ERM and ER81 are more closely related to each other than they are to PEA3. This 

finding suggests that a common ancestral gene has undergone two successive duplication events in order to 

produce the PEA3 group (de Launoit et al., 1997) (Figure 1). 
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Figure 1 Evolution of the PEA3 Group of Transcription Factors 

The two successive duplication events leading to the evolution of the PEA3 group are indicated as red 
arrows. 
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It has been determined that the human chromosomal location of PEA3 is at position 17q21 (Isobe 

et al., 1995; Barrett, 1997). ERMis situated at position 3q27-q29 (Monte et al., 1996), and ER81 at 

position 7q21. The position of PEA3 is particularity interesting as it is situated in the vicinity of the 

inherited breast cancer gene BRCA1 (Brody et al., 1995; Osborne-Lawrence et al., 1995). Other genes that 

lie adjacent to PEA3 include human RNA helicase I (directly 3') and MOX1 (lying 5') (Brody et al., 1995). 

The DNA consensus binding site has been determined for PEA3 and a number of other Ets transcription 

factors. Similar to Ets-1 (Nye et al., 1992; Woods et al., 1992) the binding site for PEA3 was determined to 

contain the invariant purine-rich core 5' GGAA!f 3' centered within an approximately 10 bp recognition 

element. The binding site for PEA3 has been determined to be 5' TIC T!G C C GGA AfT G/C C G 3' 

(S. Bowman and J.A. Hassell, private communication). 

In mouse, the expression pattern of PEA3 has been shown to be highly restricted. As a result, 

PEA3 mRNA can only be readily detected in the epididymis, the brain and, to a lesser extent, in the 

mammary gland (Xin et al., 1992). It has been shown however that ERM mRNA is expressed in a much 

more ubiquitous fashion. For instance, in human tissues, ERM mRNA is expressed very highly in brain 

and placenta; highly in the lung and pancreas; moderately in heart and skeletal muscle; weakly in kidney; 

and very weakly in liver (Monte et al., 1994). The expression pattern ofERM has also been examined in 

mouse tissues where it demonstrates an equally wide tissue distribution in that it is highly expressed in the 

mouse brain, and moderately expressed in the spleen, testis, and kidney (Monte et al., 1994). The 

expression pattern of ER81 is similar to that of ERM in that it too shows a wide, somewhat unrestricted, 

expression pattern. In human tissues for example, ER81 is expressed very highly in brain; highly in testis, 

lung and heart; moderately in spleen, small intestine, pancreas and colon; weakly in liver, prostate and 

thymus; very weakly in skeletal muscle, kidney and ovary; and not at all in placenta and blood leukocytes 

(Monte et al., 1995). ER81 mRNA has also been studied in mouse tissues where it has been detected at 

high levels in brain and kidney and at moderate levels in testis (Monte et al.,1994). 

In addition to adult human and mouse tissues, the expression patterns of the PEA3 group 

transcription factors have been studied during mouse embryonic development. Specifically, in situ 
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hybridization analysis of the expression patterns ofPEA3, ERM and ER81 has revealed a considerable 

number of sites of co-expression within the developing embryo (Chotteau-Lelievre et al., 1997). Further 

studies have shown that while PEA3 and ERM exhibit the most striking level of expressional overlap, each 

factor does possess its own unique sites of expression (Laing & Hassell, private communication). This 

finding suggests a potential for the existence of similar transcription factor binding sites in the respective 

promoters, thus governing the overlapping expression. Northern analysis has shown that ERM and ER81 

expression continues after the birth of the embryo in numerous organs, while PEA3 expression drops off 

and is restricted to a relatively small number of organs (Chotteau-Lelievre et al., 1997). Taken together, 

these results seem to indicate that the PEA3 group plays an important role in mouse embryonic 

organogenesis. 

PEA3 Binding Sites are found in a Variety of Promoters 

A number of candidate PEA3 target genes that contain bonafide PEA3 recognition sites within 

their promoters have been identified. To date, this growing group of target genes is comprised almost 

exclusively of matrix metalloproteinases (MMPs), which are required for degradation of the extracellular 

matrix. These proteins provide a mechanism through which PEA3 is able to influence metastasis of tumor 

cells. MMP promoters that contain PEA3 binding sites include gelatinase B (MMP-9), collagenase-3 

(MMP-13), stromelysin-1 (MMP-3), stromelysin-2 (MMP-10), stromelysin-3 (MMP-11), matrilysin 

(MMP-7), and interstitial collagenase (MMP-1) (Matrisian et al., 1994). Despite the presence of PEA3 

binding sites in each of the aforementioned MMP promoters, PEA3 has been only found to upregulate 

transcription from the MMP-1, MMP-9 and MMP-11 promoters (Higashino et al., 1995). PEA3 has also 

been shown to confer an invasive phenotype on a human breast cancer cell line, MCF-7, that is initially 

non-metastatic prior to transfection (Kaya et al., 1996). In addition to MMP promoters, PEA3 binding sites 

have also been found in the urokinase-type plasminogen activator promoter (Rorth et al., 1990). PEA3 has 
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also been shown to transactivate the Vimentin promoter in mammary epithelial and tumor cells (Chen et 

al., 1996), as well as the Her-2/neu receptor tyrosine kinase promoter (Benz et al., 1996). The closely 

related PEA3 group member ERM has also been shown to bind with, and transactivate, the intercellular 

adhesion molecule-1 (ICAM-1) promoter (de Launoit et al., 1998). 

Ets Transcription Factors and Disease 

Since the original discovery of the v-ets oncogene and its ability to induce erythroleukemia in 

chickens (LePrince et al., 1983 ), a wide range of Ets factors have been implicated in the onset of disease in 

both humans and mice. In the case of v-ets induced oncogenesis, the E26 retrovirus induces 

erythroblastosis upon expression of a gag-myb-ets fusion protein (LePrince et al., 1983; Nunn et al., 1983). 

Other cases of retroviral activation of Ets genes are also exhibited in higher vertebrates. Most notably, 

erythroleukemia has been found to arise in mice due to retroviral insertion of either the Friend murine 

leukemia virus (F-MuLV), or the Spleen focus forming virus (SFFV), near the locus ofthe Ets genes Fli-1 

and Spi-1/PU.1 respectively (Ben-David et al., 1991; Dittmer & Nordheim, 1998). These instances of 

tumor onset involving Ets genes suggest that deregulation of Ets gene expression may serve as a critical 

factor during tumorigenesis. 

Ets transcription factors also play an important role in the onset of tumorigenesis in that they serve 

as downstream targets of signaling cascades. In particular, enhanced expression of PEA3 has been shown 

to facilitate tumor progression and metastasis due to overexpression of the rat neu protooncogene in 

transgenic mice. The Her-2/neu protooncogene (also called c-erbB2, and ERBB2) encodes a 185 kDa 

transmembrane protein that is a member of the epidermal growth factor (EGF) receptor family (Bargmann 

et al., 1986). Amplification and overexpression of the human homologue of neu has been clinically 

observed in a large portion (30%) of primary breast cancers and it has been determined that this state 

generally indicates a poor prognosis in affected patients (Slamon et al., 1987). Transgenic mice bearing a 
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constitutively active neu transgene have been shown to rapidly develop mammary tumors that involve the 

entire mammary epithelium. This result suggests that activated neu alone is sufficient to induce 

transformation of mammary epithelial cells (Muller et al., 1988). In contrast, transgenic mice carrying the 

unactivated form of neu have been shown to develop tumors in a much slower fashion. Once primary 

tumors have developed however, the tumors were found to be capable of metastasizing to the lung: an 

observation that was also made in the activated neu transgenic mice. This finding indicates that an 

additional genetic event was required to initiate transformation of the mammary epithelium (Guy et al., 

1992). The expression ofPEA3 has also been studied in transgenic mice bearing the unactivated form of 

neu. In this case, it was determined that high levels of PEA3 RNA were present in neu-induced tumors, 

with little or no expression being observed in adjacent non-transformed mammary tissue. PEA3 RNA 

levels were subsequently studied in mammary tumors that had metastasized to the lungs. In this case, it 

was also determined that PEA3 RNA levels were elevated with no detection of a PEA3 message in the 

surrounding lung tissue (Trimble et al., 1993). When taken together, these results provide convincing 

evidence in support of a role for PEA3 in facilitating mammary epithelial cell transformation and 

metastasis (Trimble et al., 1993). Interestingly, all tissues bearing elevated levels of PEA3 RNA also 

possessed increased levels of neu RNA. This suggests that PEA3 is capable of upregulating endogenous 

neu mRNA levels. Further studies have also shown that PEA3 is capable of transactivating its own 

promoter, thereby providing a mechanism by which an initial signaling cascade can lead to overexpression 

of both neu and PEA3. Given this overexpression, PEA3 is capable of upregulating additional target genes, 

such as the matrix metalloproteinases, and it is in this fashion that PEA3 functions to facilitate the onset of 

tumorigenesis and metastasis (Benz et al., 1996). 

Chromosomal translocation that results in the production of chimeric fusion proteins has been 

implicated in human tumorigenesis. Fusion proteins involving Ets transcription factors have been found to 

occur in various forms of leukemia, including B-type childhood acute lymphoblastic leukemia (ALL) 
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(Dittmer & Nordheim, 1998), and Ewing tumors (Delattre et al., 1992; Zucman et al.,1993). Ewing tumors 

arise from a frequently occurring translocation involving band q12 of human chromosome 22. This locus 

encodes the EWS (Ewing .S.arcoma) protein that contains an RNA binding domain (Zucman et al., 1993). 

By far the most common chromosomal translocation involving EWS and an Ets gene is the 

translocation of band 22q 12 to chromosome 11, resulting in the fusion of the EWS gene with the Ets 

transcription factor Fli-1 gene (May et al., 1993; Braun et al., 1995; Zucman eta!., 1993). The resultant 

hybrid EWS-Fli-1 protein is known to act as a strong transcriptional activator and has been shown to 

facilitate transformation. In particular, EWS-Fli-1 has been shown to specifically interact via the amino 

terminus of EWS with the seventh largest subunit (hsRPB7) of human RNA polymerase II. In this fashion 

this chimeric protein is able to directly affect gene transcription (Petermann eta!., 1998). 

A second, less commonly observed EWS fusion has been found to occur with the closely related 

Ets gene, ERG, which is located on chromosome 21 (Zucman eta!., 1993). Two other Ets transcription 

factors, ER81 and PEA3, have also been found to be involved in the onset of Ewing's sarcoma I PNET 

(urimitive neuro~ctodermal tumors). ER81/EWS fusions arise from the translocation t(7;22)(p22;q12), 

which fuses the EWS sequence to a portion of ER81 that codes for the Ets DNA binding domain (Jeon et 

al., 1995). Although PEA3 has also been identified as a translocation partner of EWS (Urano eta!., 1996), 

this translocation appears to occur far less frequently than the other three EWS-ETS translocation events. 

However, when it does occur, fusion of the EWS sequence to the Ets domain of PEA3 in Ewing's sarcoma 

produces tumors of a very malignant phenotype, and this is not surprising since PEA3 is known to 

transactivate the promoters of a number of matrix metalloproteinase genes (Kaya eta!., 1996; Higashino et 

al., 1995). 

Another Ets factor that has been found to be involved in chromosomal rearrangement is TEL on 

chromosome 12, which has been found to fuse with the DNA-binding and transactivation domains of the 

transcription factor AMLI (located on chromosome 21 at position q22). This translocation, t(12;21), gives 

rise to childhood acute lymphoblastic leukemia (Golub et al., 1995). TEL has also been found to fuse with 
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the PDGF receptor~ via a t(5;12) translocation, giving rise to chronic myelomonocytic leukemia (Golub et 

al., 1994). Finally, the Ets transcription factor ERG has also been shown to fuse with the transcription 

factor TLS on chromosome 16 in some myeloid leukemias (Ichikawa et al., 1994). 

Cross Species Comparison of PEA3 Promoters 

In order to fully understand which transcription factors play a role in regulating PEA3 expression 

it is necessary to identify those regions, or specific binding sites, within its promoter that may be relevant. 

To undertake such a study, it is necessary to examine PEA3 orthologues from a variety of evolutionarily 

removed species. Such a strategy would allow for the identification of conserved sequences in the PEA3 

promoter that could reveal those transcription factor binding sites that are of true importance. Once found, 

these binding sites could be subjected to further study in the context of the mouse PEA3 promoter, either by 

promoter mapping studies in transfection experiments or with in vivo transgenics, where a specific region 

of the mouse PEA3 promoter is used to drive expression of a ~-galactosidase transgene. 

Inspection of the proximal promoter sequences from human and mouse PEA3 indicate a high 

degree of sequence conservation, however, this high degree of sequence identity makes it difficult to 

determine precisely which sequence elements are necessary to govern PEA3 expression. Deletion analysis 

has been somewhat successful in identifying that the core promoter elements lie within the region -156 to 

+676 (Barrett, 1997). This is surprising to a degree since there are an abundance of potential transcription 

factor binding sites directly 5' to these sequences. In an attempt to further define the core promoter, the 

chicken and pufferfish genomic PEA3 homologues were pursued by screening genomic libraries from each 

organism. Following isolation of these genes the promoter sequences were compared with those from 

human and mouse. 
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The Japanese Pufferfish Fugu rubripes as a Mechanism for Promoter Study 

An ideal system in which to carry out cloning, sequencing, and promoter regulatory element study 

would be in a genome that is small, but still maintains the same gene complement as in higher vertebrates. 

The Japanese Pufferfish Fugu rubripes provides just such a system. The pufferfish genome differs from 

many of the conventional organisms of study (such as E. coli, yeast, Drosophila and C. elegans) in that it 

possesses a gene complement that is extremely similar to that of human and mouse (approximately 70,000 

genes) (Miklos et al., 1996) (Table 2). Thus, it is reasonable to assume that all members of the Ets family 

are present in this genome. The evolutionary distance of the pufferfish from higher vertebrates genome 

(approximately 400 million years) (Figure 2) can be used to reveal vital sequence conservation within both 

coding sequences and non-coding elements such as promoters (Brenner et al., 1993). Another advantage to 

using Fugu rubripes as a model genome is that the genome size is reduced by approximately 7 to 8 fold in 

relation to either human or mouse (pufferfish genome - 400Mb, human genome - 3300Mb, mouse genome 

-3300Mb). Given that the gene compliment is the same and that there is a 7 to 8 fold reduction in the size 

of the pufferfish genome, one can reasonably infer that there is a lower abundance of non-coding DNA. 

This inference is supported by the finding that the pufferfish genome contains less than 10% repetitive 

DNA elements and the fact that the G/C content is found to be 44.2%, which is slightly higher than that 

found in the human genome (40.3%) (Elgar et al., 1996). It is also important to note that, in many cases 

where pufferfish gene structure has been compared to human or mouse homologues, intron-exon 

organization was conserved. Sequencing of the pufferfish genome has also shown a high degree of synteny 

conservation between the pufferfish genome and higher mammals, particularly humans (Elgar et al., 1996). 

There are a number of cases in which the pufferfish genome has been used to detect conserved 

regulatory elements are beginning to emerge. For example, mouse and pufferfish sequence comparisons 

have been performed for the Hoxb-4 gene (Aparicio et al., 1995). In this case homologous sequences, 
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Table 2 	 Current Predictions of Approximate Gene Number and Genome Size 
in Organisms of Varying Evolutionary Lineage 

The approximate genome size and gene content is given for each organism. The mouse, human and 
pufferfish information is highlighted in yellow. 



Genes 
Genome Size in 

Mega bases 
Mycoplasma 
genitalium 

473 0.58 

Prokaryota 

Haemophilus 
influenzae 
Bacillus subtilis 

1760 

3700 

1.83 

4.2 
Escherichia coli 4100 4.7 
Myxococcus 
xanthus 

8000 9.45 

Saccharomyces
Fungi 5800 13.5

cerevisiae 

Protoctista 
Cyanidioschyzon 
merolae 

5000 11.7 

Oxytricha similis 12000 600 

Arthropoda 
Drosophila 
melanogaster 

12000 165 

Nematoda 
Caenorhabditis 
ele ans 

14000 100 

Mollusca Loligo pealii >35000 2700 
Ciona intestinalis Not Avail 165 
Fugu rubripes 7()()()() 400 

Chordata Danio rerio Not Avail 1900 
Mus musculus 
Homo sapiens 

7()()()() 
7()()()() 

3300 
3300 

Plantae Nicotiana tabacum 43000 4500 
Arabidopsis thaliana 16000- 33000 70- 145 
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Figure 2 Timeline of Vertebrate Evolution 

Indicated on this timeline is the vertebrate/arthropod divergence approximately 500 million years ago. The 
emergence of the pufferfish and chicken are indicated at 440 million and 220 million years respectively. 
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observed through comparisons, identified conserved enhancer sequences. When these sequences were 

deleted from the mouse promoter, the deletion resulted in tissue-specific loss of activity when assayed in 

transgenic mice. In an additional study, the parallel sequences from the pufferfish promoter were found to 

reconstitute tissue-specific expression in a transgenic animal. The pufferfish genome has also been used 

successfully to identify regions of regulatory significance within the Otx2 gene, which plays an essential 

role in skeletal patterning in mice (Kimura et al., 1997). In this instance, two cis-acting elements critical 

for directing LacZ trans gene expression in the developing mouse embryo were isolated from the mouse 

promoter. Another example of the use of the pufferfish genome as a model for the identification of non­

coding regulatory elements includes the discovery of a conserved 110 base-pair cis-acting element 

governing Wnt-1 expression in the mouse neural plate (Rowitch et al., 1998). Sequences governing 

expression of the intercellular retinoic acid binding protein CRABP-1 have also been identified through use 

of sequence alignment involving the pufferfish genome (Kleinjan et al., 1998). 

Instances of conservation of chromosomal synteny have also been found by comparison of the 

pufferfish and human genomes. In particular, the gene organization directly surrounding the pufferfish c­

Fos gene has been found to mimic the gene sequence that is found on human chromosome 14 at the familial 

Alzheimer's disease (AD3) locus (Trower et al., 1996). In light of this body of research, it is clear that the 

pufferfish genome is an attractive system within which to search for sequences of regulatory significance 

since non-coding, unconstrained sequences will have had a maximum time with which to randomize by 

mutational events (Brenner et al., 1993). Through a comparison of promoters that span the evolutionary 

timeline (Figure 2) (pufferfish, chicken, mouse and human), insight into the conservation of regulatory 

elements within the PEA3 promoter may be gained. To accomplish this, a four-way promoter alignment 

will be constructed in order to facilitate the identification of regions within the promoter that are of 

importance to the regulation of PEA3 expression. 



MATERIALS 

The genomic chicken, and genomic Japanese Pufferfish (Fugu rubripes) libraries were obtained 

from Clontech Laboratories Inc., Palo Alto, CA, USA. Both the Hybond N nylon membranes and the (<X­

32P) dC1P used in the screening of these libraries were obtained from the Amersham Corporation, Oakville, 

ON, Canada. Ingredients used in the production of bacterial media (trypticase-peptone, yeast extract and 

granulated agar) were purchased from Becton Dickinson, Cockeysville, MD, USA. Dr. T. Jessell 

(Columbia University, New York, NY, USA) provided the 3' partial chicken PEA3 eDNA probe 

( cPEA3c.1) that was used in the initial screening of the chicken genomic cosmid library. 

All restriction enzymes were purchased from Gibco BRL, Burlington, ON, Canada. Other 

modifying enzymes (large fragment of DNA polymerase I, Taq DNA polymerase, T4 DNA ligase), 

agarose, nucleotides (dA1P, dG1P, dT1P, dC1P), random hexamers and DNA standards (1 kb ladder, 100 

bp ladder, A.Hindiii Ladder) were also obtained from Gibco BRL. 

Unincorporated (cx-32P) dC1P was removed from random hexamer probe preparations by passage 

through a Sephadex G-50 column (Pharmacia, Uppsala, Sweden). The two vectors used during cloning 

procedures, pBluescript KS II and pCR 2.1 TA cloning vector, were obtained from Stratagene (La Jolla, 

CA, USA) and Invitrogen (Carlsbad, CA, USA) respectively. RNA extraction from tissues (adult zebrafish 

purchased locally) was carried out using TRizol® Reagent (GIBCO BRL). The resultant RNA was then 

used for first strand eDNA synthesis using Superscript™ reverse transcriptase, also obtained from GIBCO 

BRL. 

All oligonucleotide primers used during DNA sequencing and polymerase chain reactions were 

synthesized by Dinsdale Gooden (The Central Facility of the Institute for Molecular Biology and 

Biotechnology, McMaster University, Hamilton, ON, Canada). 

20 




METHODS 

Isolation and Characterization of Chicken PEA3 Cosmids 

Library Screening 

Firstly, the genomic chicken cosmid library was titered by serial dilution followed by plating on 

LB-agar-ampicillin plates (100 ug/ml). In this fashion the titer of the library was determined to be 108 

cfu/ml. In order to ensure full representation of the chicken genome during the library screen, the cosmid 

library was redundantly plated such that ten genomes were present at the beginning of the screening 

process. By dividing the chicken genome size of 1.2 x 109 bp (Burt et al., 1995) by the average insert size 

of the cosmid library (38 kb), it was determined that approximately 3.2 x 104 colonies would be required to 

screen the library once. Therefore, 3.2 x 104 colonies were plated on each often 132 mrn nylon filters, on 

150 mrn LB-agar-ampicillin plates. These ten filters would then serve as master filters during subsequent 

screening steps. These plates were then incubated inverted at 37°C overnight until the colonies were 

observed to be approximately 1mrn in diameter. 

To aid in the selection of positive colonies following probe hybridization, replica filters (two) 

were produced for each of the ten 132 mrn nylon master filters. The master filters were removed from their 

150 mrn LB-agar-ampicillin plates and placed on 3mrn Whatman paper. A fresh replica 132 mrn nylon 

filter was first pre-wetted by placement onto aLB-amp plate. This wetted filter was then placed on top of 

the master nylon filter and covered with a piece of 3mrn Whatman paper and a glass plate. Pressure was 

then applied to ensure even transfer of bacterial colonies onto the replica filter. The glass plate and 

Whatman paper were then removed and a series of holes were made in the master/replica filter stack to aid 

in realignment following hybridization. A second replica filter was then produced in the same fashion. 
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Each of the resultant replica filters were then incubated overnight at 37°C on 150 rnrn LB-agar-ampicillin 

plates. 

The replica filters were then prepared for probe hybridization in the following fashion. Firstly, 

each filter was placed colony side up on 3rnrn Whatman paper that had been pre-wetted with 0.5 N NaOH 

for 30 seconds. Secondly, the filters were transferred to a piece of 3rnrn Whatrnan wetted with 1 M Tris­

HCl (pH 7.6) and allowed to soak for 30 seconds. Thirdly, filters were placed on Whatrnan paper soaked in 

1 M Tris-HCl (pH 7.6)/1.5 M NaCI and allowed to stand for 30 seconds. Each replica filter was then 

immersed in 1 M Tris-HCl (pH 7.6)/1.5 M NaCl and gently agitated to remove loose bacterial debris. 

Filters were then placed on a fresh sheet of 3mrn Whatrnan paper and allowed to dry. 

DNA was then crosslinked to the nylon filters by exposure to UV light. Each filter was placed 

into a Stratalinker™ UV crosslinker and exposed to 120 000 uJ of UV energy. Following crosslinking, the 

replica filters were then immersed in 1 M Tris-HCl (pH 7.6)/1.5 M NaCI a second time and gently washed 

with a gloved hand to remove remaining bacterial debris. The filters were then allowed to dry on 3rnrn 

Whatman paper. 

Replica filters were then prepared for probe hybridization by immersion and incubation in pre­

hybridization solution. Aqueous pre-hybridization solution was prepared to the following proportions: 5x 

Denhardt's solution (100x Denhardt's solution: 10 g Ficoll 400, 10 g polyvinylprrolidone, 10 g BSA 

[bovine serum albumin] in a total volume of 500 ml), 5x SSC, 1.5% SDS, 0.1 mg/ml sheared salmon sperm 

DNA in a total volume of 200 mi. The pre-hybridization solution was preheated at 75°C prior to adding of 

the sheared salmon sperm DNA, which was boiled for 10 minutes before its addition. Replica filters 

containing crosslinked DNA were then incubated in the resultant solution for 2 hours at 65°C. Following 

this period the pre-hybridization solution was changed as it often became filled with residual bacterial 

debris (incubation of probe with replica filters in hybridization solution containing bacterial debris results 

in high levels of background following autoradiography). 
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Radio labelled probe synthesis was performed using random hexamer oligonucleotide priming 

(Feinberg & Vogelstein, 1983). The DNA of interest (a 3' chicken PEA3 partial eDNA [cPEA3c.l] or an 

exon 6 genomic fragment), that was to be used as a probe, was prepared by restriction digestion or 

polymerase chain reaction. This DNA was then purified by agarose gel electrophoresis. The DNA 

fragment was then extracted from the agarose gel by Qiagen Gel Extraction ™ using a microcentrifuge. The 

DNA fragment (1 00 ng) was then combined with 5 ug of random hexanucleotide in a total volume of IOul. 

This DNA mixture was then boiled for 5 minutes and then placed on ice. Following a 5 minute incubation 

on ice, 20 ul of the following mixture: 3 ul each of IOmM dATP, dTIP, dGTP; 3 ul20 mM DIT; 3 ul lOx 

RP buffer [90 mM HEPES (pH 6.6), 100 mM MgC12]; 5 ul IOuCilul a-32 P dCTP was added to the DNA 

mix. In addition, I ul (6 units) of Klenow fragment (large fragment of DNA polymerase I) was added to 

the resultant labeling reaction. This mixture was then incubated at 37°C for 2 hours. Following incubation, 

two 2ul aliquots of the probe reaction product were spotted on DE81 cellulose filters. These filters were 

then used for phosphate precipitation testing to determine the incorporation of radio labelled nucleotides 

into the probe. One of the duplicate DE81 filters was washed with 0.5 M Na2HP04 followed by rinsing 

with distilled water. The filter was then rinsed with 95% ethanol and allowed to air dry. The washed and 

unwashed filters were then placed in Beckman Ready-Safe Liquid Scintillation Cocktail™ in scintillation 

vials. The specific activity of the probes was then determined using a Beckman 6800 scintillation counter. 

Radio labelled nucleotide incorporation was then calculated as a percentage by division of the washed 

specific activity by the unwashed specific activity. An incorporation percentage above 30% would indicate 

adequate radiolabelled nucleotide (a-32 P dCTP) incorporation into the probe. The remaining volume of the 

probe labeling reaction was then spun through a sephadex G-50 column to remove any unincorporated a-32 

P dCTP. The column eluted probe was then boiled for 5 minutes, quenched on ice for 1 minute, then added 

to the prehybridization solution and incubated at 65°C overnight. Using the liquid scintillation results from 

the washed DE81 filter an estimated 500 000 probe counts/ml of hybridization solution was obtained. 
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Following overnight incubation with radiolabelled probe, the filters were washed at 65°C with two 

successive wash solutions. The filters were first washed at low stringency with 2x SSC/0.5% SDS for three 

consecutive fifteen minute periods. A second washing step was then carried out at higher stringency using 

0.2x SSC/0.5% SDS for 30 minutes. Following the washing procedure the filters were then wrapped in 

saran wrap and taped to a backing which had Stratagene orientation markers fixed to it (these aid in the 

alignment of the autoradiogram with the replica filters). Filters and backings were then placed in 

autoradiography cassettes with Kodak XAR film with intensifying screens and exposed for one to three 

days at -80°C. Following exposure the autoradiography films were developed and matched to the filters 

using the Stratagene orientation markers and the holes that had been made in the filters during replica 

plating. Duplicate films were used to determine which colonies on the master filters represented a positive 

signal. These colonies were then selected by overlaying the master filters on top of the autoradiography 

film. Using a yellow pipette tip, it was possible to select a small number of colonies during the first round 

of screening, or a single colony prior to cosmid DNA preparation. During the primary and secondary 

rounds of screening the selected colonies, or colony, were placed into a 15 ml Falcon tube containing 1 ml 

of LB-ampicillin (100 ug/ml) media. The Falcon tubes were then vortexed to resuspend the bacteria evenly 

in the media. Serial dilutions of the original inoculate were then plated onto 132 mm nylon filters on 150 

mm LB-agar-ampicillin plates. These plates were then incubated inverted at 37°C overnight. Serial 

dilution plates, which contained well-spaced bacterial colonies, were then selected for use during the 

subsequent screening round. 

PCR Generation of a Chicken PEA3 Specific Genomic Probe 

Following the initial library screening using the 3' partial chicken PEA3 eDNA probe (cPEA3c.1), 

a second screen was conducted using a genomic chicken PEA3 fragment containing ex on 6. This screen 

was done to identify other cosmid inserts, which would encompass the entire chicken PEA3 locus. To 
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produce this probe, PCR (polymerase chain reaction) was performed using gene specific primers designed 

to intron sequences lying on either side of exon 6. The PCR reaction contained 100 ng of template DNA 

(cPEA3-B), 1 mM dNTPs, PCR buffer (20 mM Tris-HCl pH 8.4, 50 mM KCl), 5 U Taq DNA polymerase, 

0.5- 2.5 mM MgCl2, 100 pmol of each primer (primer numbers AB. 12782 and AB. 12783). Each reaction 

was performed in a final volume of 100 ul. Amplification of the product was carried out using the 

following PCR cycle: denaturation at 94°C for 30 seconds, primer annealing at 60°C for 30 seconds and 

primer extension at 72°C for 30 seconds. This cycle was repeated 30 times using a Perkin-Elmer GeneAmp 

PCR System 9600. Following amplification, lOul of the PCR reaction volume was run on a 1% analytical 

agarose gel to visualize the product DNA. 

Large Scale DNA Preparation 

Following the library screening procedure, putative positive bacterial colonies were selected for 

cosmid purification using the Qiagen Plasmid Maxiprep Kit. As detailed above, single bacterial colonies 

were selected based on their position corresponding to a duplicate positive signal on replica 

autoradiography films. Once selected, these colonies were used to inoculate 500 ml volumes of LB­

ampicillin (100 ug/ml) media. Cosmid cultures were incubated for 16 hours at 37°C with constant shaking 

in a Fisher Scientific Controlled Environment Incubator Shaker. Cultures were then centrifuged at 4200 

RPM at 4°C in a Sorvall RC-3B refrigerated centrifuge for 15 minutes. The bacterial pellets were then 

drained of all traces of supernatant. Pellets were then resuspended in 10 ml of resuspension buffer PI (50 

mM Tris-HCl, pH 8.0; 10 mM EDTA; 100 ug/ml RNase A). Bacterial cells were then lysed with 10 ml of 

lysis buffer P2 (200 mm NaOH; 1% SDS) which was allowed to incubate at room temperature for 5 

minutes. The bacterial lysate was then neutralized by addition of 10 ml of chilled neutralization buffer P3 

(3.0 M potassium acetate, pH 5.5). Following addition of buffer P3, samples were incubated on ice for 20 

minutes. Samples were then centrifuged at 4200 RPM at 4°C for 30 minutes. During the centrifugation 
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step, a Qiagen-tip 500 was equilibrated with 10 ml of equilibration buffer QBT (750 mM NaCI; 50 mM 

MOPS, pH 7.0; 15% isopropanol; 0.15% Triton X-100). Following centrifugation, the supernatant was 

applied to the Qiagen-tip 500 column. However, to avoid bacterial debris from entering the column, the 

sample supernatant was first passed through Miracloth (Calbiochem, La Jolla, CA.) before its addition. 

The sample was then allowed to drip through the column resin by gravity flow. Once the entire sample had 

drained through the column resin, two successive washes with wash buffer QC (1.0 M NaCI; 50 mM 

MOPS, pH 7.0; 15% isopropanol) were carried out. The DNA was then eluted from the column using 15 

ml of elution buffer QF (1.25 M NaCI; 50 mM Tris-HCI, pH 8.5; 15% isopropanol). DNA was then 

precipitated by addition of 10.5 ml (0.7 volumes) of isopropanol to the column eluate. The sample was 

then mixed by inversion and then centrifuged at 9500 RPM at 4°C in a Beckman RC-5B refrigerated 

superspeed centrifuge. The supernatant was then decanted off of the DNA pellet and 2 ml of 70% ethanol 

was added. A second centrifugation at 9500 RPM was then carried out for 5 minutes. The supernatant was 

once more decanted from the pellet, which was then allowed to air-dry for 5-10 minutes. DNA pellets were 

then resuspended in 1E (10 mM Tris-HCl, pH 8.0; 1.0 mM EDTA, pH 8.0) and quantified by UV 

spectrophotometry using a Beckman DU 640 Spectrophotometer. 

Restriction Digestion of Putative Positive Cosmids 

Following purification of putative positive cosmids from the genomic library screen, restriction 

endonuclease digestion followed by southern blot (Southern; 1975) analysis was performed. Restriction 

digestion of cosmid DNA was carried out by digesting I ug of each DNA sample in a 20 ul reaction 

volume according to the manufacturer's specifications. Digestion reactions were incubated at 37°C for 4 to 

6 hours to ensure complete digestion of the cosmid DNA. The DNA fragments produced by restriction 

endonuclease digestion were separated by agarose gel electrophoresis in 0.8% agarose gels at 80 V. 
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Southern Blot Analysis of Cosmid DNA 

After electrophoresis the gel was denatured by soaking for 45 minutes in several volumes of 1.5 M 

NaCl, 0.5 N NaOH with gentle agitation. The denatured gel was then briefly rinsed in several volumes of 

deionized water to remove any residual denaturing solution. The gel was then neutralized by soaking for 

30 minutes in 1 M Tris-HCl (pH 7.4), 1.5 M NaCl at room temperature with constant agitation. Lastly, the 

gel was soaked in lOx SSC for 30 minutes. The DNA was then transferred to a Hybond N nylon membrane 

by capillary action (Sambrook eta!., 1989). Following the transfer step the DNA was crosslinked to the 

nylon membrane by exposure to 120 000 uJ of UV energy using a Stratagene Stratalinker™ UV 

crosslinker. The nylon membrane was then soaked in 6x SSC for 5 minutes at room temperature with 

gentle agitation to remove any residual agarose. The membrane was then prehybridized and hybridized in 

the same fashion as described in the library screening protocol. 

DNA Sequencing using Chicken PEA3 Specific Primers 

Since a 3' partial chicken PEA3 eDNA sequence existed prior to isolation of cosmids bearing 

genomic chicken PEA3, it was possible to design sequence specific primers for use in DNA sequencing. 

Exon specific primers, as well as primers designed to newly found intron sequence, were used to sequence 

the region of chicken PEA3 spanning from exon 6 to exon 13. In order to sequence 5' from exon 6, a series 

of intron specific sequencing primers were synthesized and used in DNA sequencing reactions. In this 

fashion genomic sequence was obtained up to the intron residing between exons 4 and 5. The remainder of 

the genomic sequence was obtained through the sequencing of subcloned restriction digestion fragments 

(using a combination of T3, T7 and gene specific primers) from the 5' end of the PEA3 gene. DNA 

sequencing was performed by the Central Facility at the Institute for Molecular Biology and Biotechnology 

(MOB IX) at McMaster University using an ABI 373 automated DNA sequencer. 
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Subcloning of 5' Genomic Chicken PEA3 Restriction Digest Fragments 

In order to facilitate the sequencing of genomic chicken PEA3 and its promoter, a number of 

restriction digestion fragments were subcloned. Knowing that the promoter region of mouse and human 

PEA3 has a high GC content, consistent with the presence of a CpG island (Barrett, 1997), the chicken 

PEA3 cosmid was digested with Not I (recognition sequence GCGGCCGC) and Xba I. The resultant 

fragments were then cloned into the pBluescript KS II vector (either as Not J/Xba I directional or Xba I 

non-directional clones). Cosmid DNA (1 ug) was digested with Not I and/or Xba I according to 

manufacturer's specifications. This digestion was incubated at 37°C overnight to ensure complete digestion 

of cosmid DNA. Vector DNA was also digested with Not I and Xba I, or Xba I alone, for 1 hour at 37°C. 

To prevent religation of the vector plasmid that had been digested with Xba I alone, the DNA was 

subjected to dephosphorylation using calf intestinal alkaline phosphatase (ClAP). Following the restriction 

digestion with Xba I, 2 ul of lOx dephosphorylation buffer (500 mM Tris-HCl pH 8.5, 1 mM EDTA) was 

added to the digestion reaction along with 5 U of ClAP enzyme (1 ul). The dephosphorylation reaction was 

incubated for an additional 1 hour at 37°C. Both vector and cosmid insert DNA were then purified by 

electrophoresis at 100 V for 4 hours in a 0.8% agarose gel. Following electrophoresis, the 3 kb linearized 

pBluescript KS II band and the cosmid digestion bands were excised from the gel using sterile scalpels. 

The DNA was then removed from the gel slices using the Qiagen Gel Extraction Kit. A second agarose gel 

was then run to allow for verification of the gel extraction procedure as well as to allow for approximation 

of DNA amounts during ligation reactions to follow. Ligation reactions were then prepared such that insert 

DNA was present in molar excess to vector DNA based on approximation from the analytical agarose gel 

that was run following Qiagen DNA extraction. The ligation reaction consisted of 1 ul of vector DNA, 1-6 

u1 of insert DNA (based on approximation), 2 ul of 5x ligation buffer (0.66 M Tris-HCl, pH 7.5, 50 mM 

MgC12, 50 mM DTT, 10 mM ATP) and 1 ul (1 U) of DNA ligase (Gibco BRL). The volume of the ligation 

reaction was then adjusted to 10 ul with de-ionized distilled water. The ligation was then incubated at 

room temperature for 16 hours. 
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Prior to transformation of the ligation reactions into bacteria, competent cells were produced. 

DH5a bacteria (genotype- F <j>SOdlacZ ~ M15 ~ (lacZYA-argF)U169 deaR recA1 endA1 hsdR.l7(rK· 

,mK+) phoA supE44 ').; thi-1 gyrA96 relA1) were grown in 10 ml of LB media without supplements 

(ampicillin etc.) at 37°C overnight with gentle shaking. These starter bacterial cultures were then used to 

inoculate 200 ml volumes of LB media and allowed to grow at 37°C until they reached an OD61x> (optical 

density at a wavelength of 600 nm) of 0.5 (approximately 2 hours of incubation was required). The 

cultures were then centrifuged at 4000 RPM for 10 minutes at 4°C. The supernatant was then removed 

from the bacterial pellet. At this point 40 ml of cold solution 1 (10 mM NaOAc pH 5.6, 50 mM MnCl2, 5 

mM NaCl) was used to resuspend the bacteria, and allowed to incubate on ice for 20 minutes. The 

resuspended volume was then centrifuged at 4000 RPM for 10 minutes at 4°C. The supernatant was once 

again removed and the pellet was resuspended in 4 ml of cold solution 2 (lOmM NaOAc, 5% glycerol, 70 

mM CaC12, 5 mM MnCl2). The resultant resuspensions were then flash frozen in an ethanoVdry ice bath 

and stored at -80°C in 100 ul aliquots. 

Ligation reactions were then used to transform competent DH5a bacteria. Competent cell aliquots 

were removed from -80°C and thawed on ice. Once thawed, 100 ul aliquots of competent cells were 

placed in chilled 15 ml Falcon tubes. The entire 10 ulligation reaction was then added to the 100 ul cell 

volume. Bacterial cells were then incubated on ice for 30 minutes. The cells were then heat-shocked at 

37°C for 45 seconds. The Falcon tubes were then placed on ice for 2 minutes. Following recovery, 1 ml of 

room temperature LB (no additives) was added, and the transformed cells were incubated with gentle 

agitation for 1 hour at 37°C. Transformed cells were then plated on LB-agar-ampicillin (100 ug/ml) plates, 

which had previously been spread with 40 ul each of 40 mg/ml X-Gal (5-bromo-4-chloro-3-indolyl-~-D­

galactoside) and 100 mM IPTG (isopropyl-~-D-thiogalactopyranoside) to allow for blue/white selection of 

positive ligation products. 

White colonies were selected for small scale DNA preparation by picking with a sterile yellow 

pipette tip. This tip was then used to inoculate 5 ml ofLB-ampicillin (100 uglml) media for overnight 

growth at 37°C with gentle shaking. Small scale DNA preparations were then carried out using alkaline 
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lysis (Birnboim et al., 1983). The resultant DNA was then subjected to restriction digestion with Not I and 

Xba I or with Xba I alone. The products of the restriction digests were then separated on a 1% agarose gel 

by electrophoresis at 100 V. 

Isolation and Characterization of Pufferfish ERM Bacteriophage A Clones 

Library Screening 

Before screening of the pufferfish Agenomic library was initiated, host bacteria (K802 genotype: 

galK2 gaiT22 hsdR2(rk·· mk+) [acYl mcrA- mcrB· metBl mrr+ supE44) were first prepared by inoculation 

of 50 ml of LB, supplemented with 0.2% maltose and 10 mM MgS04, with a single bacterial colony. The 

bacterial inoculation was then allowed to incubate overnight with shaking at 30°C. Cells were then spun 

down at 2000 RPM for 10 minutes. The supernatant was then removed and the pellet resuspended in 15 ml 

of 10 mM MgS04 without vortexing. This bacterial suspension was then diluted to an OD6<xJ of 0.5/ml with 

10 mM MgS04. The Alibrary lysate was then titered by serial dilution in lambda dilution buffer (lOx 

buffer: 1.0 M NaCI, 0.1 M MgS04-7H20, 1.0 M Tris-HCl pH 7 .5) followed by incubation of the diluted 

phage with 200 ul of prepared K802 host bacteria at 37°C for 15 minutes. Following incubation 3 ml of 

50°C top agarose (LB media containing 0.7% agarose) was added and the resultant mixture poured onto a 

LB-agar plate supplemented with 10 mM MgS04• Plates were incubated overnight at 37°C and the 

resultant number of plaques was used to determine the titer of the library lysate. In this fashion the titer of 

the pufferfish Agenomic library was determined to be 1 x 109 pfu/ml. 

In order to ensure full representation of the pufferfish genome during the library screen, the A 

bacteriophage library was plated redundantly, such that the genome would be represented ten times at the 

beginning of the screening process. The size of the pufferfish genome has been reported to be 

approximately 4.0 x 108 bp (Brenner et al., 1993). Therefore, by division of the genome size by the average 
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size of the Ainserts (15 kb) it was determined that 2.6 x 104 plaques would be required to screen the 

pufferfish genome once. To plate the library redundantly, 6 LB-agar-10 rnM MgS04 dishes were plated at 

a density of 5.0 x 104 pfu/plate. This plating was accomplished by incubation of 5.0 x 104 pfu with 600 ul 

of freshly prepared bacterial host in 6 separate 15 ml Falcon tubes. To each of these tubes, 6.5 ml of top 

agarose was added and the resultant mixture spread onto each of 6 separate LB-agar-1 0 rnM MgS04 plates. 

These plates were then incubated overnight at 37°C. Following incubation the plates were then allowed to 

cool at 4°C to prevent the top agarose from sticking to nylon membranes in subsequent screening stages. 

Nylon membranes were then placed on the top agarose layer and allowed to stand for 2 minutes. 

A series of holes were made in the membranes to allow for alignment of replica filters at later stages of the 

library screen. Following the 2 minute transfer, the membranes were submerged in denaturing solution (1.5 

M NaCI, 0.5 M NaOH) for a further 2 minutes. Next, the membranes were submerged in neutralizing 

solution (1.5 M NaCI, 0.5 M Tris-HCI pH 8.0) and incubated for 5 minutes at room temperature. Filters 

were then rinsed for 30 seconds by submergence in 0.2M Tris-HCI pH 7.5/2x SSC. Following the final 

rinse the filters were allowed to dry on 3mm Whatman paper. Replica filters were prepared in exactly the 

same fashion except that the transfer time was extended to 5 minutes. The filters were then treated in the 

same fashion as was described in the screening process of the chicken genomic cosmid library. However, 

during the library screening process for pufferfish ERM, two separate probes were used. Initially a full­

length mouse PEA3 eDNA was used to isolate a single Aphage clone, which contained sequences from 

exon 4 to exon 13. During this screen both the probe hybridization and subsequent wash steps were done at 

55°C. The second probe that was generated by PCR off of the original phage clone was used with a 

hybridization and wash temperature of 65°C. 
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ABacteriophage DNA Purification 

Host bacteria (K802) were grown for 16 hours at 30°C in 5 ml of LB media supplemented with 

0.2% maltose and 10 mM MgS04 . An individual plaque, which had been determined to positively 

hybridize to the radiolabelled probe during the library screen, was selected using a sterile pasteur pipette. 

The plaque was then placed in a drop of overnight bacterial culture in a 6 ml polypropylene Falcon tube. 

An additional2 ml ofLB-0.2% maltose-10 mM MgS04 was then added and the samples incubated 

overnight with shaking at 37°C. Following incubation 100 ul of chloroform was added and mixed 

thoroughly. Samples were transferred to a 15 ml Falcon tube and incubated at 37°C for 15 minutes. The 

supernatant was then removed and stored at 4°C. One milliliter of overnight culture was then incubated for 

5 minutes at room temperature with 15 ul of the primary supernatant, which had been collected earlier. An 

additional 50 ml of LB-0.2% maltose-10 mM MgS04 was then added. The resultant inoculation was then 

split into two 50 ml Falcon tubes for overnight incubation at 37°C. Following overnight incubation, 250 ul 

of chloroform and 0.75 g of NaCl was added to each tube and shaken at 37°C until the NaCl had fully 

dissolved. Tubes were then centrifuged at 4200 RPM for 15 minutes at 4°C. The phage supernatants were 

then removed and added separately to 2.5 g of PEG (polyethylene Glycol- one for each replicate) in a 50 

ml Falcon tube. Samples were incubated at 4°C for 1 hour. Each tube was then centrifuged at 4200 RPM 

for 30 minutes at 4°C. The supernatant was then removed and the bacteriophage pellet was resuspended in 

0.6 ml of SM buffer without gelatin (0.1 M NaCl, 50 mM Tris-HCl pH 7.5, 10 mM MgS04-7H20). To 

remove any contaminating bacterial genomic DNA, 2.5 ul ofDnase I (10 ug/ml) was added and the 

samples incubated at 37°C for 1 hour. To protect against the subsequent degradation of A. phage DNA, 2 ul 

of DEPC was added to each sample. At this point the individual samples were split into two eppendorf 

tubes, and 0.6 ml of bacteriophage lysis buffer (1M Tris-HCl pH 8.5, 1% SDS, 0.1 M EDTA) was added to 

each tube. Lysis of the phage was carried out by incubation of the samples at 70°C for 5 minutes. 

Following this incubation, 300 ul (0.25 volumes) of 5 M potassium acetate was added. Samples were then 

incubated on ice for 30 minutes. Eppendorf tubes were then spun in a microcentrifuge at 4 oc for 15 
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minutes. One milliliter of supernatant from the centrifugation was transferred to a fresh microcentrifuge 

tube and 600 ul (0.6 volumes) of isopropanol was added. Precipitated DNA was pelleted by centrifugation 

at room temperature for 15 minutes. The supernatant was then removed by aspiration. The DNA pellet 

was then resuspended in 500 ul ofTE (10 mM Tris-HCl pH 8.0, 1 mM EDTA). A single 

phenol/chloroform extraction was then performed by addition of 250 ul each of buffer saturated phenol and 

chloroform. The aqueous upper phase was then removed and transferred to a fresh microcentrifuge tube. 

The DNA was then reprecipitated by addition of 0.1 volumes (50 ul) of 3M NaOAc and 2 volumes (1 ml) 

of absolute ethanol. DNA was pelleted by centrifugation at 13 000 RPM in a microcentrifuge at 4°C. DNA 

pellets were then resuspended in 50 ul of TE buffer. The DNA was then quantified by UV 

spectrophotometry. 

Restriction Digestion of Putative Positive ABacteriophage Inserts 

Restriction digestion of the putative positive Abacteriophage clones was carried out as was 

described for the chicken PEA3 cosmids. 

Southern Blot Analysis of ABacteriophage DNA 

Southern blot analysis of ABacteriophage DNA was carried out as was described for the chicken 

PEA3 cosmids. However, probe hybridization and subsequent washing was carried out at either 55°C or 

65°C depending upon which probe was being used (mouse PEA3 eDNA or pufferfish ERM PCR generated 

exon 4 fragment respectively). 
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PCR Generation of a Pufferfish ERM Specific Genomic Probe 

Initial screening of the pufferfish /.. genomic library produced a single clone containing pufferfish 

ERM sequences from exon 2 to exon 13 plus additional genomic sequence 3' of the ERM gene. A second 

screen was performed using a genomic pufferfish ERM fragment containing exon 4 as a probe. To produce 

this probe, PCR was carried out using gene specific primers designed to intron sequences lying on either 

side of exon 4. The PCR reaction contained 100 ng of template DNA (pERM-A), lmM dNTPs, PCR 

buffer (20 mM Tris-HCl pH 8.4, 50 mM KCl), 5 U Taq DNA polymerase, 0.5-2.5 mM MgCl2, 100 pmol 

of each primer (primer numbers AB. I2422 and AB. I2423). Each PCR reaction was performed in a final 

volume of I 00 ul. The PCR cycle which was used to amplify this region of the pufferfish ERM gene was 

as follows: denaturation at 94°C for 30 seconds, primer annealing at 65°C for 30 seconds and primer 

extension at 72°C for 30 seconds. This cycle was repeated 30 times using a Perkin-Elmer GeneAmp PCR 

System 9600. Upon completion of the PCR cycling, 1110 of the reaction volume was run on a I% agarose 

gel to visualize the product DNA. 

Subcloning of DNA Fragments Containing Pufferfish ERM 

To facilitate the sequencing of pufferfish genomic ERM, it was desirable to subclone the 

restriction digestion fragments which were shown by southern analysis to share sequence with either the 

mouse PEA3 eDNA or pufferfish ERM exon 4 genomic probe. Southern blot analysis of pERM-A had 

shown that a 3.8 kb Xba I fragment had hybridized to the mouse PEA3 eDNA probe. Restriction digestion 

was carried out on pERM-A by incubation of I ug of DNA with Xba I according to manufacturer's 

specifications. Vector DNA (pBluescript KS II) was also cut with Xba I for I hour at 37°C. To prevent the 

recircularization of the vector DNA, ClAP enzyme was added. Following the restriction digestion with 
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Xba I, 2 ul of lOx dephosphorylation buffer (500 mM Tris-HCl pH 8.5, 1 mM EDTA) was added along 

with I ul (5 U) of ClAP. The dephosphorylation reaction was allowed to proceed at 37°C for an additional 

I hour. Both the phage DNA restriction digestion products and the vector digestion/dephosphorylation 

product were then electrophoresed at IOO V for 4 hours in a 0.8% agarose gel. The 3.8 kb Xba I fragment 

and the digested vector band at approximately 3 kb were excised with sterile scalpels. The insert and 

vector DNA fragments were then extracted from the agarose gel slices using the Qiagen Gel Extraction Kit. 

The products of the gel extraction were then visualized on a second agarose gel to confirm that the 

extraction was successful and to allow for estimation of DNA amounts during the ligation to follow. The 

ligation reaction consisted of I ul of vector DNA, 5 ul3.8 kb insert DNA (based on approximation), 2 ul of 

5x ligation buffer (0.66 M Tris-HCl pH 7.5, 50 mM MgC12, 50 mM DTT, IO mM AlP), I ul (I U) of 

DNA ligase and lui of sterile distilled water. The ligation reaction was incubated at room temperature for 

I6 hours. 

A similar approach was taken to the subcloning of a 7.0 kb Xho I band from pERM-2D which had 

hybridized to the pufferfish ERM exon 4 genomic probe during southern analysis. Phage DNA (1 ug) was 

digested with Xho I according to manufacturer's specifications. Vector DNA (pBluescript KS II) was also 

digested with Xho I followed by a dephosphorylation treatment with ClAP as was described previously. 

Both vector and insert DNA were purified by electrophoresis and extracted from gel slices using the 

Qiagen Gel Extraction Kit. The ligation reaction consisted of 1 ul vector DNA, I 0 ul of insert DNA, 4 ul 

of 5x ligation buffer (0.66 M Tris-HCl pH 7.5, 50 mM MgC12, 50 mM DTT, 10 mM ATP), 1 ul (1 U) of 

DNA ligase and 4 ul sterile distilled water. Once again the ligation reaction was incubated at room 

temperature for I6 hours. Both the 3.8 kb Xba I and 7.0 kb Xho I ligation reactions were used to transform 

competent DH5a as was previously described for the subcloning of chicken PEA3 restriction fragments. 
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DNA Sequencing of Pufferfish ERM 

Sequencing of pufferfish ERM began by using T3 and T7 primers to begin sequencing the 3.8 kb 

Xba I fragment of pERM-A. Additional primers were then designed to newly found sequence within this 

DNA fragment. In this fashion pufferfish ERM genomic sequence from exon 10 to 13 was completed. 

Sequencing 5' of the 3.8 kb Xba I fragment was also carried out by the design of sequencing primers to 

newly determined sequence. Phage DNA was used as template for sequencing using these primers. Primer 

walking towards the 5' end of the gene completed the genomic sequence up to the 5' end of the pERM-A 

insert. The 7.0 kb Xho I subcloned fragment was also used to verify the genomic sequence as well as to 

generate approximately 800 bp of sequence upstream of the putative pufferfish ERM start codon. 

Reverse Transcriptase Polymerase Chain Reaction Isolation of Zebrafish PEA3 

Total zebrafish RNA was acquired by TRIZOL RNA extraction from adult zebrafish. Single 

zebrafish were homogenized in 3 ml of TRIZOL Reagent. This volume was then increased to 5 rn1 by 

addition of a further 2 ml of TRIZOL. The homogenized samples were then allowed to incubate for 5 

minutes at room temperature. A single milliliter of chloroform was then added and the tubes shaken 

vigorously by hand for 15 seconds. Samples were then incubated at room temperature for 3 minutes. The 

aqueous phase was then separated by centrifugation at 4000-RPM for 15 minutes at 4°C in a Sorvall RC-3B 

refrigerated centrifuge. Following centrifugation the colorless upper aqueous phase was extracted and 

transferred into a fresh tube. The RNA was then precipitated by addition of 2.5 ml of isopropyl alcohol. 

The precipitation was allowed to proceed at room temperature for 15 minutes. RNA was then pelleted by 

centrifugation at 4200 RPM at 4°C for 30 minutes. Following centrifugation the supernatant was removed 

and the RNA pellet was washed once with 5 ml of 75% ethanol (DEPC- Diethyl-pyro-carbonate- treated). 
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The samples were mixed by vortexing and centrifuged at 4200 RPM at 4°C for 15 minutes. Supernatants 

were then removed and the pellets allowed to air-dry for 10 minutes before being dissolved in DEPC 

treated sterile water. 

First strand eDNA synthesis was then carried out using Superscript™ reverse transcriptase (Gibco 

BRL) in a 20 ul reaction containing 1 ug of total zebrafish RNA and 250 ng of oligo (dT) 18 primer. This 

mixture was first heated to 70°C for 10 minutes followed by a quick chilling on ice. Following a brief 

centrifugation to collect the sample at the bottom of the eppendorf tube, 4 ul of 5x first strand buffer (250 

mM Tris-HCl pH 8.3, 375 mM KCl, 15 mM MgC12), 2 ul 0.1 mM DTT, and lul10mM dNTP mix (10 mM 

each dATP, dGTP, dCTP, dTTP) was added. The sample was then incubated at 42°C for 2 minutes, 

followed by addition of 1 ul (200 units) of Superscript™ reverse transcriptase enzyme. The first strand 

synthesis reaction was then incubated for 50 minutes at 42°C. Following completion of the incubation the 

enzyme was heat inactivated by incubation at 70°C for 15 minutes. RNA, which was complementary to the 

first strand eDNA, was then removed by treatment of the sample with 2 units of E. coli RNase H, which 

was incubated at 37°C for 20 minutes. 

The product of the first strand eDNA synthesis was then used as template for PCR amplification 

of a zebrafish PEA3 eDNA. In a 100 ul reaction volume the following components were combined: 10 ul 

of lOx PCR buffer (200 mM Tris-HCl pH 8.4, 500 mM KCl), 1-5 ul50 mM MgC12 (the optimum 

concentration of MgC12 must be determined for each template-primer pair), 2 ul 10 mM dNTP mix, 2 ul of 

each zebrafish PEA3 specific primer (lOuM), 2 ul eDNA (from first strand reaction), 1 ul Taq DNA 

polymerase (5 units). The PCR reaction volume was then adjusted to 100 ul by addition of sterile distilled 

water. The PCR cycle, which was then used to amplify the eDNA target, was as follows: denaturation at 

94°C for 30 seconds, primer annealing at 65°C for 30 seconds and primer extension at 72°C for 60 seconds. 

This cycle was repeated 30 times using a Perkin-Elmer GeneAmp PCR System 9600. The PCR product 

was then analyzed by gel electrophoresis in a 1% agarose gel. 

Based on the published sequence of zebrafish PEA3 (Brown et al., 1998), the expected size of the 

PCR product was 1.7 kb. A 1.7 kb product was visible on the ethidium bromide stained agarose gel. This 
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band was excised using a sterile scalpel and the DNA was extracted from the gel using the Qiagen Gel 

Extraction kit. This PCR product was then subcloned into the pCR 2.1 TA cloning vector. In a 10 ul 

ligation reaction volume 3 ul of gel extracted PCR product, 1 ul10x ligation buffer, 2 ul pCR 2.1 vector, 

and 1 ul T4 DNA Ligase (4 units) were combined. An additional3 ul of sterile water was then added to 

increase the reaction volume to 10 ul. The ligation reaction was then incubated at 16°C for 16 hours. 

Transformation and selection of colonies for analysis was then performed in the same fashion as described 

earlier. 

Isolation and Characterization of Pufferfish PEA3 Cosmids 

Library Screening 

The library screening procedure was identical to that described for the chicken genomic cosmid 

library screen. As was described during the screening of the pufferfish genomic 'A phage library, the 

approximate size of the pufferfish genome is 4.0 x 108 bp (Brenner et al., 1993). The average insert size of 

the cosmid library used in this screen was 38 kb. It was therefore determined that 1.0 x 105 cfu would be 

required to represent the pufferfish genome once. To ensure that all cosmid inserts were present during the 

screen, the library was plated at ten fold redundancy, in that 1.0 x 105 cfu were plated onto 10 separate 150 

mm LB-agar-ampicillin (100 ug/ml) plates overlaid with 132 mm nylon membranes. 

Two separate probes were used during the genomic pufferfish cosmid library screen for PEA3. 

The first probe was a full-length zebrafish PEA3 eDNA, which was isolated as previously described. The 

second probe that was used to isolate cosmids bearing genomic pufferfish PEA3 sequence was a 5' portion 

of the zebrafish PEA3 eDNA (exons 2 to 4). Each of these probes were hybridized, and the replica filters 

subsequently washed, at a temperature of 65°C. 
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A third library screen was conducted independently (from the effort that was described above) by 

Dr. M. Fried. A 636 bp genomic pufferfish PEA3 probe was produced by PCR (see PCR Generation of a 

Pufferfish PEA3 Genomic Probe to follow) from a cosmid (pPEA3-I) that was isolated by the full-length 

zebrafish PEA3 eDNA library screen. This probe was used to screen a gridded pufferfish genomic cosmid 

library that had been made available by the Human Genome Mapping Project Resource Centre (HGMP­

RC). 

PCR Generation of a 5' Zebrafish PEA3 eDNA Probe 

Screening of the pufferfish genomic cos mid library using a full-length zebrafish PEA3 eDNA as a 

probe produced a single cosmid that contained genomic pufferfish PEA3 sequence from ex on 5 to ex on 13 

inclusive. In order to obtain further 5' sequences, including the promoter, a second library screen would 

have to be performed using a different probe. The probe that was used was a PCR generated fragment of 

the zebrafish PEA3 eDNA spanning from ex on 2 to 4. The PCR reaction contained 100 ng of template 

DNA (zebrafish PEA3 eDNA in the pCR 2.I cloning vector), 1mM dNTPs, PCR buffer (20mM Tris-HCl 

pH 8.4, 50 mM KCl), 5 U Taq DNA polymerase, 0.5- 2.5 mM MgC12, 100 pmol of each primer (primer 

numbers AB. 15392 and AB. 17059). Each reaction was performed in a final volume of 100 ul. 

Amplification of the product was achieved by using the following PCR cycle: denaturation at 94°C for 30 

seconds, primer annealing at 65°C for 30 seconds followed by an extension step at 72°C for 30 seconds. 

The above PCR cycle was repeated 30 times using a Perkin-Elmer GeneAmp PCR System 9600. Upon 

completion of the 30 cycles, I 0 ul of the total reaction volume was electrophoresed on a I% agarose gel at 

80V. 



40 

PCR Generation of a Pufferilsh PEA3 Specific Genomic Probe 

A third probe was produced during the screening of the pufferfish genomic cosmid library. This 

probe was generated by PCR using primers (AB. 16819 and AB. 16372) designed to intron sequences lying 

on either side of exon 5 in the newly found pufferfish PEA3 genomic sequence. Using the reaction 

conditions described earlier (in PCR Generation of a 5' Zebrafish PEA3 Probe), and the initial pufferfish 

PEA3 cosmid (pPEA3-l) as a template, a 636 bp product was obtained. This DNA fragment was then sent 

to Dr. M. Fried at the Imperial Cancer Research Fund, 44 Lincoln's Inn Fields, London England, WC2A 

3PX. The 636 bp genomic fragment was then used as a probe to screen a gridded pufferfish cosmid library. 

5' RACE using a Pufferfish PEA3 Exon 5 Primer 

Using the sequence of exon 5 from pufferfish PEA3 a gene specific primer (AB. 17060) was 

designed in an attempt to determine the nucleotide sequence of the 5' end of the eDNA. This primer was 

then sent to Dr. M. Fried where a 5' RACE (.Rapid Amplification of &DNA Ends) experiment was carried 

out on poly(At pufferfish heart RNA. 

Large Scale DNA Preparation 

Once the library screening was complete, large scale DNA preparation of putative positive 

cosmids was carried out. This procedure was done as was described for the preparation of chicken cosmid 

DNA. DNA preparation of twelve cosmids that were received from Dr. M. Fried was carried out in the 

same manner, except that the antibiotic used in the overnight culture of bacteria was kanamycin at a 

concentration of 60 uglml. Two subcloned Xmal restriction fragments (900 bp and 3.3 kb) cloned into the 
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pBluescript KS II cloning vector and a 5' RACE product cloned into the pGEM-Teasy cloning vector were 

sent from the Fried laboratory as 500 ng spots on 3mm Whatman paper. Upon receiving these DNA 

samples, the spots were cut out using a sterile scalpel. The paper circles were then placed into sterile 

eppendorf tubes and 50 ul of 10 mM Tris-HCl pH 8.0 was added. The DNA was allowed to resuspend for 

5 minutes at room temperature. Sample tubes were then flash spun in a microcentrifuge at 13 000 RPM. 

From the supernatant, 2 ul (approximately 10 ng, based on a 50% recovery rate) was then used to transform 

competent DH5a bacteria as previously described. Single colonies were then selected to inoculate large 

scale DNA preparations. 

Restriction Digestion of Putative Positive Cosmids 

The restriction digestion of putative positive clones from the pufferfish genomic cosmid library 

screens were conducted in the same manner as was described for restriction digestion of chicken PEA3 

cosmids. 

Southern Blot Analysis of Cosmid DNA 

Southern blot analysis of the products of the pufferfish genomic cosmid library screen was carried 

out as was described for the chicken PEA3 cosmids. However, a number of probes were used to perform 

southern analysis on putative positive cosmid clones. These probes include: full-length zebrafish PEA3 

eDNA, 5' zebrafish PEA3 eDNA (exons 2- 4), 5' RACE product of pufferfish PEA3 (5' from exon 5, 

provided by Dr. M. Fried). All probes were hybridized to their respective membranes and washed at 65°C. 
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A separate southern analysis was also carried out in the Fried laboratory on the twelve cosmids 

that were isolated from the gridded pufferfish cosmid library. In this case the 636 bp genomic pufferfish 

PEA3 fragment was used as a probe. 

Subcloning of Pufferfish PEA3 Restriction Digest Fragments 

Restriction endonuclease digestion products that had been demonstrated to hybridize to any of the 

probes used during southern analysis were recognized as potential candidates for subcloning. These 

subclones would then be used to facilitate the sequencing of genomic pufferfish PEA3. The 4.8 kb BamHI 

fragment from pPEA3-1, the 6.5 kb BamHI fragment from pPEA3-1A, the 2.8 kb EcoRI fragments from 

pPEA3-1A, pPEA3-1B and 019G13, the 900 bp Xmal fragment from 019G13 and the 3.3 kb PspAI 

fragment from pPEA3-1 were all subcloned into the pBluescript KS II cloning vector as previously 

described in a 10 ulligation reaction. Transformation of competent bacteria and subsequent small scale 

preparation of DNA occurred as previously described. 

DNA Sequencing of Pufferfish PEA3 

A combination of direct sequencing of cosmid insert DNA as well as sequencing of subcloned 

restriction digest fragments produced pufferfish PEA3 genomic sequence. In each case T3, 17, M13 

forward, and M13 reverse primers located within the vector DNA were used to initiate the sequencing 

effort. Once genomic sequence had been obtained, specific primers were ordered to produce further 

sequence data. 
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Computer Assisted Analysis of Genomic Sequence 

Sequence Editing 

All genomic sequence that was produced for each of the three genes under study in this work was 

assembled by use of the Sequence Editing and Analysis subprogram of the DNA Star Lasergene software 

package. 

Multiple Sequence Alignment 

The promoter sequences of mouse, human, chicken and pufferfish PEA3 were aligned by use of 

the Clustal alignment tool within the Multiple Sequence Alignment subprogram of the DNA Star Lasergene 

software package. Further, identification of pufferfish ERM was possible by alignment of the assembled 

amino acid sequences corresponding to open reading frames for this putative pufferfish Ets protein with the 

amino acid sequences from the mouse PEA3 group members. From this alignment a table of percent 

similarity and divergence was obtained. 

BLAST Q!asic !ocal i!lignment §.earch tool) Analysis of Sequence Data 

Once sequence information had been produced for a given target DNA template, the Sequence 

Editing and Analysis subprogram of DNA Star was used to copy the sequence into the BLAST homepage 

at http://www.ncbi.nlm.nih.gov/BLAST (Altschul et al., 1990). Once here the sequence of interest was 

then compared against either the nucleic acid database (nr) or the protein database (Swiss Protein) to 

identify regions that were homologous to known sequence. 

http://www.ncbi.nlm.nih.gov/BLAST
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Identification of Consensus Transcription Factor Binding Sites within Promoter Sequences 

The promoters of human, mouse, chicken and pufferfish PEA3, as well as pufferfish ERM were 

surveyed for the presence of consensus transcription factor binding sites through use of the Matinspector 

2.2 search program at http://transfac.gbf.de/cgi-bin/matSearch/matsearch.pl (Quandt, et al., 1995). The 

Sequence Editing and Analysis subprogram of the DNA Star Lasergene software package was used to 

insert the promoter sequence of interest into the search utility at the above web address. The parameters of 

the search were set such that the core binding site similarity was 100% and the adjacent binding site 

similarity was 85%. 

http:http://transfac.gbf.de/cgi-bin/matSearch/matsearch.pl


RESULTS 

Isolation and Characterization of Chicken PEA3 Cosmids 

Library Screening and PCR Generation of a Chicken PEA3 Specific Genomic Probe 

In order to isolate and sequence the putative promoter region of chicken PEA3, a chicken genomic 

cosmid library was screened. Initially a 3' partial eDNA (cPEA3c.l acquired from Dr. T. Jessell, Columbia 

University, New York, NY, USA) was used. This eDNA probe contained sequences inclusive of exons 7 

to 13. Using this probe, an initial library screen produced six cosmids: cPEA3-A, cPEA3-B, cPEA3-C, 

cPEA3-D, cPEA3-E and cPEA3-F. Sequencing of cosmid cPEA3-B produced genomic sequence of the 

chicken PEA3 gene from exons 6 to 13. At this point a second library screen was performed in order to 

ensure that a number of different cosmid inserts were obtained, that when taken together would span the 

entire chicken PEA3 locus. To this end, gene specific primers were designed to intron sequences lying on 

either side of exon 6 (AB. 12782 and AB. 12783). Using these primers, PCR amplification of a 680 bp 

genomic fragment encompassing exon 6 was carried out using cPEA3-B DNA as a template for the 

reaction (Figure 3). PCR reactions were prepared at a number of differing MgC12 concentrations (0.5 mM ­

2.5 mM), since the optimal Mg2
+ concentration varies with each primer/template pair used. Using this 

specific genomic probe, three further cosmids were isolated: cPEA3-Bl, cPEA3-B2 and cPEA3-B3. 
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Figure 3 PCR Generation of a Genomic Chicken PEA3 Specific Probe 

PCR amplification of a 680 bp chicken PEA3 genomic fragment was carried out using gene specific 
primers that were designed to intron sequences lying on either side of exon 6 (AB. 12782 & AB. 12783). 
The template used in each of the PCR reactions was cPEA3-B. A Mg2 

+ titration was performed (0.5 mM ­
2.5 mM) since the optimal concentration varies with each primer/template pair used. A no template 
negative control has also been included. A 100 bp DNA ladder has been included, and a number of size 
markers have been indicated. The position of the major PCR product (680 bp) has been noted. 
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Restriction Digestion of Putative Positive Cosmids 

Once the cosrnid products from the initial screen of the chicken genomic library had been purified, 

they were subjected to restriction endonuclease digestion (EcoRI) followed by electrophoresis in a 0.8% 

agarose gel at 80 V. Analysis of the ethidium bromide stained gel revealed that cPEA3-A, cPEA3-B, 

cPEA3-C, cPEA3-D and cPEA3-E all possessed the same restriction digestion banding pattern when cut 

with EcoRI, while cPEA3-F possessed a unique digestion pattern (Figure 4). 

Restriction endonuclease digestion was also performed on the cosmids that were produced from 

the second library screen using the genomic chicken PEA3 probe (Figure 5). When these three cosrnids 

(cPEA3-Bl, cPEA3-B2 and cPEA3-B3) were digested with EcoRI and the digestion fragments separated in 

a 0.8% agarose gel, it was clear that although each of the three new cosmids had unique restriction 

digestion patterns, cPEA3-B 1 and cPEA3-B2 shared a number of EcoRI digestion fragments in common. 

A comparison of the two cosmids with cPEA3-B, one of the initially isolated cosmids also revealed shared 

digestion fragments. A band that migrated at an approximate size of 3.1 kb, relative to the 1 kb ladder, as 

well as a group of bands migrating at or above 8 kb appeared to be present in the EcoRI digestion products 

of cPEA3-B (used for comparison), cPEA3-Bl and cPEA3-B2. Given the fact that the banding pattern of 

cPEA3-B3 was found to be quite different from that found for the other cosmids it is likely that cPEA3-B3 

was a false positive product, although Southern blot analysis of these cosmids would be required to validate 

this claim. 
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Figure 4 	 Restriction Digestion of Putative Positive Chicken Cosmids 
from the Initial Library Screen 

Putative positive cosmids cPEA3-A, cPEA3-B, cPEA3-C, cPEA3-D, cPEA3-E and cPEA3-F were digested 
with EcoRI and the product fragments separated by agarose gel electrophoresis. The partial chicken PEA3 
eDNA cPEA3c.l was also excised from the pBluescript II KS vector by EcoRI digestion and the products 
were electrophoresed to serve as a positive control during subsequent southern analysis. A 1 kb DNA 
ladder has been included, and a number of size markers have been indicated. The position of a common 
8.2 kb restriction fragment within the six cosmid product lanes is shown. The position of the 2.2 kb 
restriction fragment containing the cPEA3c.l partial eDNA is also noted. 
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Figure 5 	 Restriction Digestion of Putative Positive Chicken Cosmids 
from the Second Library Screen 

Putative positive cosrnids cPEA3-BI, cPEA3-B2, and cPEA3-B3 were digested with EcoRI and the 
product fragments separated by gel electrophoresis. The chicken cosmid cPEA3-B was also digested with 
EcoRI and the product fragments electrophoresed to serve as a restriction fragment pattern comparison to 
the other three cosmids. This lane would also serve as a positive control during subsequent southern 
analysis using the cPEA3 genomic exon 6 probe that was produced using cPEA3-B as a PCR template. A 
I kb and a A HinDIII DNA ladder have been included, and a number of size markers have been indicated. 
The position of a common 8.2 kb restriction fragment has been noted. 
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Southern Blot Analysis of Cosmid DNA 

Subsequent to the restriction digestion of the cosrnid clones from each library screen, southern blot 

analysis was performed. Following the electrophoresis of the restriction digestion products from each of 

the cosmids, the DNA bands were immobilized by transfer to nylon membranes. Hybridization of the 3' 

partial chicken PEA3 eDNA to the nylon membrane bearing the EcoRI digestion products of the six initial 

cosmid isolates was then carried out (Figure 6). This revealed that the probe hybridized specifically to a 

single restriction digestion band of an approximate size of 8.2 kb. This hybridization was observed in all 

six cosrnids with the exception of cPEA3-F. This result, taken together with the restriction digestion 

patterns of the cosmids, suggests that the first five cosmids represented identical clones while cPEA3-F was 

a false positive. 

Hybridization of the genomic chicken PEA3 probe to the immobilized EcoRI digestion products 

from cPEA3-B, cPEA3-Bl, cPEA3-B2 and cPEA3-B3 showed probe hybridization to a band of an 

approximate size of 8.2 kb in the first three cosmids (Figure 7). As was the case with cPEA3-F, cPEA3-B3 

did not hybridize to the probe and was therefore determined to be a false positive. 

The combination of overlapping restriction digestion products and hybridization of the genomic 

probe to a common 8.2 kb digestion fragment confirmed that cosmids cPEA3-A to cPEA3-E share 

sequence in common with cosmids cPEA3-Bl and cPEA3-B2. It is important to note however, that the 

presence of unique digestion fragments in each of cPEA3-B 1 and cPEA3-B2 demonstrates that these two 

cosmid inserts also possess unique genomic sequence. 
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Figure 6 	 Southern Blot Analysis of Putative Positive Chicken 
Cosmids from the Initial Library Screen 

The 3' partial chicken PEA3 eDNA (cPEA3c.l) probe was hybridized to the immobilized EcoRI restriction 
fragments of cPEA3-A, cPEA3-B, cPEA3-C, cPEA3-D, cPEA3-E and cPEA3-F. The size of the 
restriction fragment (8.2 kb) that hybridized to the probe is indicated. The lane containing the immobilized 
1 kb DNA ladder fragments is included. Further, the size of the restriction fragment in the cPEA3c.l 
positive control lane (2.2 kb) that hybridized to the probe is shown. 
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Figure 7 	 Southern Blot Analysis of Putative Positive Chicken 
Cosmids from the Second Library Screen 

The 680 bp chicken PEA3 genomic probe containing exon 6 was hybridized to the immobilized EcoRI 
restriction fragments of cPEA3-B, cPEA3-B 1, cPEA3-B2 and cPEA3-B3. The size of the restriction 
fragment (8.2 kb) that hybridized to the probe is indicated. The lanes containing the immobilized 1 kb and 
'}.. HinD III DNA ladder fragments are noted. 
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DNA Sequencing using Chicken PEA3 Specific Primers 

Initially, cosmid cPEA3-B was used as a template for sequencing using exon specific primers, 

which were designed from the 3' partial chicken PEA3 eDNA sequence (cPEA3c.l). These exon specific 

primers reproduced the ex on sequences of chicken PEA3 from exons 7 to 13 and also generated a large 

amount of intron sequence lying between these exons. Additional primers were then designed to intron 

sequences and used to produce continuous sequence spanning from slightly 5' of exon 6 to exon 13. All of 

the sequence information that was produced wasjoined together using the Sequence Editing and Analysis 

subprogram of the DNA Star Lasergene software package. The continuous 3' genomic sequence was then 

surveyed for the presence of useful restriction endonuclease recognition sites by using the Restriction 

Analysis and Mapping subprogram of the DNA Star package. From this analysis, restriction digestion 

followed by subcloning of the resultant fragments allowed for the sequencing of the 5' end of genomic 

chicken PEA3. Sequencing of the subcloned restriction digest fragments was carried out by using a 

combination of T3 and T7 sequencing primers followed by the use of gene specific primers designed from 

previous sequence data. 

Subsequent sequencing of the cPEA3-B2 insert, using the T3 and T7 priming sites located within 

the pWE15 cosmid vector revealed that the 3' end of the insert resided approximately 500 bp 3' of the stop 

codon (ex on 13) of chicken PEA3. Therefore, knowing that the minimum insert size of the cosmid library 

was 35 kilobasepairs, it was then reasonable to assume that the cPEA3-B2 cosmid insert encompassed the 

entire genomic chicken PEA3 gene. Based on this, cPEA3-B2 was used for all subsequent cloning 

experiments as well as the direct sequencing of the 5' end of the PEA3 gene. The complete sequence of 

genomic chicken PEA3 is presented in Appendix A. 
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Subcloning of 5' Genomic Chicken PEA3 Restriction Digest Fragments 

The genomic chicken PEA3 cosmid cPEA3-B2 was cut with the restriction endonucleases Notl 

and Xbal. From this digestion, eight fragments were observed following separation of the digestion 

products by electrophoresis (data not shown). A band was observed to migrate at an approximate size of 

8.1 kb. Based on its size, it was concluded that this band, was the cosmid vector pWE15, which possessed 

Notl restriction sites at either end of the cosmid insert but did not possess Xbal sites internally. From the 

remaining restriction fragments observed on the ethidium bromide stained gel, five bands were excised, and 

the DNA extracted. The three largest bands (12, 9.0 and 7.5 kb) possessed Noti/Xbal produced sticky ends 

while the two smaller bands (3.8 and 3.0 kb) were the product of Xbal digestion. All five fragments were 

then subcloned into the appropriately digested pBluescript KS II vector. These subcloned products were 

then sequenced using the T3 and T7 priming sites located within the pBiuescript vector sequence. Analysis 

of the sequence data revealed that the Noti!Xbal 12 kb and 7.5 kb DNA fragments possessed chicken PEA3 

genomic sequence in the 5' end of the gene. 

Further subcloning was performed from the Noti!Xbal 7.5 kb fragment by restriction digestion 

with Notl and EcoRI, followed by subsequent cloning into the pBluescript KS II vector. Two restriction 

digest products, a Noti!EcoRI 1.2 kb fragment and a 200 bp EcoRI fragment, were cloned. Sequencing of 

these restriction digest fragments confirmed a portion of the genomic sequence surrounding exon 4, which 

had been difficult to sequence in the 7.5 kb Noti!Xbal fragment. A summary of the subcloned chicken 

PEA3 restriction fragments is presented in Figure 8. 
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Figure 8 	 A Summary of the Subcloned Restriction Digestion Fragments 
from the Chicken PEA3 Cosmids 

The intron-exon organization of the chicken PEA3 gene is indicated to scale, with exons boxed in blue and 
introns depicted by thin black line. Each blue box has been numbered corresponding to which exon it 
represents. A I kb marker has been included to indicate scale. Below the depiction of the chicken PEA3 
gene, the restriction fragments that were subcloned are indicated. On either end of the fragments the 
restriction enzyme recognition sites are indicated. The 12 kb Xbal fragment has not been drawn to scale 
(as indicated by the hatched line). 
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Reverse Transcriptase Polymerase Chain Reaction Isolation of Zebrafish PEA3 

PCR amplification of zebrafish PEA3, using two sets of gene specific primers (AB. 15392115395 

& AB. 15393115394 shown in Figure 9), was carried out on the product of first strand eDNA synthesis 

from total zebrafish RNA. Five separate PCR reactions were completed for each primer pair at various 

Mg2
+ concentrations ranging from 0.5 mM to 2.5 mM. Following PCR, 10 ul of the reaction volume was 

electrophoresed in a 1% agarose gel. The ethidium bromide stained gel revealed the presence of a major 

band at 1.7 kb in the 2.0 and 2.5 mM Mg2 
+ lanes in each PCR experiment (using different primer pairs) 

(Figure 10). Based on the published sequence (Brown et al., 1998), the expected size of the zebrafish 

PEA3 eDNA product was 1.7 kb. A number of other bands are also present at smaller sizes possibly due to 

non-specific hybridization of the primers to other eDNA targets. Incomplete extension of the 1.7 kb 

product could also explain the slight "laddering" effect that was observed on the gel. In each case a "no 

reverse transcriptase control", that did not contain first strand eDNA product, and a "no template control" 

did not exhibit product bands. Subcloning of the 1.7 kb band through the use of the TA cloning vector pCR 

2.1, and subsequent sequencing using the Ml3 forward and M13 reverse sequencing primers, confirmed the 

sequence of the zebrafish PEA3 eDNA. 
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Figure 9 Zebrafish PEA3 eDNA Sequence 

The 1710 bp zebrafish PEA3 eDNA sequence, as reported by Brown et al., 1998, is shown (Accession 
numbers: AJ003200, DRAJ3200). The position of nucleotides is indicated by numbering to the right of the 
sequence. Highlighted in green is the nucleotide sequence that encodes the acidic domain of zebrafish 
PEA3. Highlighted in yellow is the nucleotide sequence that encodes the Ets domain of zebrafish PEA3. 
Boxed in blue are in-frame termination codons that flank the open reading frame. The two in-frame start 
codons are underlined in black. The position of each of the zebrafish PEA3 eDNA sequence specific 
primers that were used to isolate the full length eDNA from total zebrafish RNA, and to generate a 5' 
eDNA probe, are indicated by black arrows with the primer numbers included below. 



AB. 15393 


AB. 15392 


AGCCTAAATGACCACAAACGG~GCATGGATTATTAGATGG~GATATCTGGACCA 60 
GCAAGTGCCTTATACTTTAGCTAATAGGTCGCAAGGAAATGGGCCCCTAAATAGACTGTT 120 
GATGGCGACAAAAAGGAAATACATGGACGCAGAATTACCCCCTCA~AATCTGAAGACCij 180 
tfTTCAGGATTTAAGCCAACTTCAGGAGACCTGGCTCACCGAAGCTCAAGTTCCTGACAGI 240 

AB.17059 

~GATGAGCAGTTTGTTCCTGA~CACTCAGAGAACTCAGTGGCATTCCACAGCCCGCC 300 
TGTGAAGATTAAGAAAGAGCCGCAGAGTCCCGGATCAGATCCCAGCCAGTCCTGCAGCCA 360 
CAAGCAAAGCTTCAGCTACCCCAATGGAGAGCAGTGCCTTTACGCCAGTGCCTATGAGCA 420 
GAAGAGAGCAGCCGTGGCAGGAGCAGGAGGATCTAAGAGCTCATGTCCAGCGACGCCCAT 480 
GTCCCCTATGCAGCATTATTCCCCCAAACCAACAGTGGGAACTCGGCAGGAATCAGGGTA 540 
TATGAATCCACCCTCATCCAGCCAATCCCACGCCTGCCACAGCCACAGTTACCCCATGAA 600 
CCCCAGTTCCAGGTTCCCTTCCGGCTCGGCAGAGATGTGCCCACCATTCGCTTCCCAAGG 660 
CCAGGCCCTGCAGCGCATCGATCCTGCCCATGCCAGCGGAGGCGGAGGAGGCGGCTACCA 720 
TCGGCAACACTCTGACCCCTGCTTGCCTTATATCCTCCTCAGCAGACCTTTAAGCAGGAGTA 780 
CATGGACCCTCTGTATGACCGAGCGGCCCACATTAACGGACCACAGCCTCAGAGGTTTCC 840 
TCCTGCCCATATGATGGTCAAACAGGAGCCCACCGACTACACTTACGAACCTGATGTGCC 900 
TGGCTGCCCATCCATGTACCATCACAATGAAGGCTACTCCAACCCACAGCACAACAGTGA 960 
AGGCTACATGTTTGAAAATGATTCCCGTGTTGTGCCAGAGAAATTTGAAGGTGAGGTGAA 1020 
ACAAGAAGGGGGCAGTGTGTTTCGTGAAGGTGCCCCCTATCAGCGTCGiGGCTCACTTCN 1080 
@CTATGGCAGTTCTTGGTTGCCCTTCTTGATGACCCCAGCAATGCCCACTTCATCGCATGJ 1140 
pACGGGCCGTGGCATGGAATTCAAACTCATTGAGCCAGAGGAGGJGGCAAGACTCTGGGGI 1200 
PATGCAGAAGAACCGCCCAGCCATGAACTATGACAAACTGAGTCGCTCTTTGCGTTACTN 1260 
ttfATGAGAAGGGAATTATGCAAAAGGTGGCTGGTGAGCGTTATGTTTACAAATTTGTGTq 1320 
~CAGAAGCTTTGATAACCTTGGCTTTTCCCGACAATCAGCGGCCAAGTCTGAAGGC 1380 
GGAATTTGAGCGCTACGTCAACGAGGAGGACACTGTGCCACTGTCCCACCTCGATGAGGG 1440 
AGTTTCTTACCCTCCCGAACCAGCTGCCACCAACATGGGCCCTCAGCCCTACTCCAAAGG 1500 
CTACATGTACJIItGCCACCGACATTCTCCTTTGTTTCCCATCCCAGTTTACCACCCGCT 1560 
GCACCTATTGCACATGCCCACCCCATCCTCTTGTATATAAGGCTATGTTTTATGTTTTTG 1620 
TTTTGATTAAATTAATCTCATTAGGGACTCTGCATT~TCTCACTTCTGAGGCCTATCTA 1680 
ATCTAAACACAATACTGTGGTTCAAGAGATTGCTTA Au. 15394 1710 

AB. 15395 
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Figure 10 Zebrafish PEA3 eDNA RT-PCR 

PCR amplification of a 1.7 kb zebrafish PEA3 eDNA following first strand synthesis from total zebrafish 
RNA is shown. The left panel of the gel shows the results of PCR using zebrafish PEA3 specific primers 
AB. 15392 and AB. 15395. The right panel of the gel shows the results of PCR using zebrafish PEA3 
specific primers AB. 15393 and AB. 15394. With each primer pair that was used a Mg2 

+ titration (0.5 mM 
- 2.5 mM) was carried out. PCR amplification was also performed on a no reverse transcription (RT) 
negative control. Further, a no template PCR negative control has also been included. A 1 kb DNA ladder 
has been included as a size marker. The position of the 1.7 kb major product is indicated. 
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Isolation and Characterization of Pufferfish PEA3 Cosmids 

Library Screening and PCR Generation of 5' Zebrailsh PEA3 eDNA 
and Genomic Pufferfish PEA3 Probes 

In order to conduct a four-way alignment of the PEA3 promoter region from a variety of 

evolutionarily divergent organisms, a pufferfish genomic cosmid library was screened. This library was 

screened on two separate occasions using two different probes. The first probe was a full-length zebrafish 

PEA3 eDNA, which had been isolated by RT-PCR from total zebrafish RNA as described previously. 

Screening of the pufferfish genomic cosmid library with this probe produced a single cosmid isolate: 

pPEA3-1. Subsequent to the isolation of this cosmid, a second library screen was conducted using a PCR 

amplified fragment of the zebrafish PEA3 eDNA containing exons 2 to 4. A single primer (AB. 17059) 

was designed in ex on 4 of zebrafish PEA3 and this primer was then used with one of the original primers 

(AB. 15392) to amplify the 5' end of zebrafish PEA3. Using the full-length eDNA as a template for the 

PCR reaction a single amplification product was produced at a size of 215 bp (Figure 11). Using this 5' 

zebrafish PEA3 probe, three further cosmids were isolated: pPEA3-1A, pPEA3-1B and pPEA3-1C. 

Using a gridded cosmid library made available by the Human Genome Mapping Project Resource 

Centre (HGMP-RC), a third pufferfish genomic cosmid library screen was conducted using a genomic 

probe that was PCR amplified from pPEA3-1 (Dr. M. Fried and colleagues). Sequencing of pPEA3-1 

generated genomic sequence spanning exon 5, including intron sequences adjacent to this exon. PCR 

primers, designed to intron sequences on either side of exon 5 (AB. 16819 & AB. 16372), were used to 

PCR amplify a genomic fragment of pufferfish PEA3. By using pPEA3-1 as a template for the PCR 

reaction, a single 636 bp product was produced (Figure 12), and this genomic fragment was subsequently 

used for the screening of a gridded pufferfish genomic cosmid library. This library screen produced 12 

positive cosmid clones designated 019G13, 019G21, 037A22, 042K06, 073B12, 113Fl3, 117D03, 143G07, 

184Nll, 184M16, 196D02 and 196E02. 
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Figure 11 PCR Generation of a 5' Zebrafish PEA3 eDNA Probe 

PCR amplification of the 5' end of the zebrafish PEA3 eDNA sequence was carried out using the primers 
AB. 17059 and AB. 15392. A Mg2 

+ titration was performed (0.5 mM- 2.5 mM) to determine the optimal 
concentration for this primer/template pair. A 100 bp ladder has been included and a number of the size 
markers have been indicated. The position of the 215 bp major band is noted. 



..... ..... 
(I) (I)

(I)"t:l Mg2+ Cone. "t:l......"t:l "t:l 
(I) ~ (I) 

...J a. ...J 

a. ::2: ::2: ::2: ::2: ::2: E a. 
_Q E (I) ..aE E E E I­
0 L/") 0 L/") 0 L/") 0 
0 00 

N0 N z 

2072 bp 

1500 bp 

600 bp 

200 bp +- 215 bp 



70 

Figure 12 PCR Generation of a Genomic Pufferfish PEA3 Probe 

PCR amplification of a 636 bp pufferfish PEA3 genomic fragment was carried out using gene specific 
primers that were designed to intron sequences lying on either side of exon 5 (AB. 16819 & AB. 16372). 
The template that was used in each of the PCR reactions was the pufferfish PEA3 cosmid pPEA3-1. A 
Mg2

+ titration was performed (0.5 mM - 2.5 mM) since the optimal concentration varies with each 
primer/template pair used. A no template negative control has also been included. A 100 bp DNA ladder 
has been shown and a number of size markers have been indicated. The position of the 636 bp major PCR 
product has been noted. 
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5' RACE using a Pufferfish PEA3 Exon 5 Primer 

Using the sequence of the 636 bp genomic fragment from pufferfish PEA3, gene specific 5' RACE 

primers were produced. Using poly( At RNA from pufferfish heart tissue, three products were produced 

using 5' RACE. The first product was 259 bp in length, and when translated, had an amino acid sequence 

that was extremely similar to zebrafish PEA3. The second 5' RACE product was 363 bp in length and 

possessed a nucleotide sequence that was identical to the first product, up to the 5' border of exon 3. 

Upstream from this point the two sequences were completely dissimilar, possibly because the 363 bp 

product retained intron sequence from a partially unprocessed mRNA. The third 5' RACE product was 334 

bp in length and contained identical sequence to the first product with an additional 81 bp on the 5' end 

(See Appendix B for sequence). Presumably, this further sequence represents the 5' untranslated region 

(ex on 1 or 1 ') of PEA3, possibly up to the transcriptional start site. The deduced amino acid sequence of 

the 334 bp product was aligned against the amino acid sequence of other PEA3 orthologues as well as other 

PEA3 group protein sequences and the highest degree of similarity was found to be shared with zebrafish 

PEA3. 

Restriction Digestion of Putative Positive Cosmids 

Following purification of the cosmid products from each stage of the library screen (including the 

12 cosmids produced in the third library screen) restriction endonuclease digestion was performed. The 

initial library screening product pPEA3-1 was digested with EcoRI, BamHI, HinDill, Xbal and Sstl and the 

products were then separated by electrophoresis in a 0.8% agarose gel (Figure 13). Cosmids pPEA3-1A, 

pPEA3-IB and pPEA3-1C, produced from the second library screen, were digested with Notl, EcoRI, 

BamHI, Xhol, Xbal and HinDIII. The products of these digestions are shown in Figures 14 and 15. 
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Figure 13 	 Restriction Digestion of a Putative Positive Pufferflsh Cosmid 
from the Initial Library Screen 

The putative positive pufferfish PEA3 cosmid pPEA3-1 was digested with EcoRI, BamHI, HinDIII, Xbal, 
and Sst I and the product digestion fragments separated by gel electrophoresis. The position of a 4.8 kb 
restriction fragment in the BamHI lane is indicated. A 1 kb and a AHinDIII DNA ladder have been 
included. As a positive control for future southern hybridization, 10 ng of zebrafish PEA3 eDNA (1.7 kb) 
was electrophoresed. 
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Figure 14 	 Restriction Digestion of a Putative Positive PufferfiSh Cosmid 
from the Second Library Screen 

The putative positive pufferfish PEA3 cosmid pPEA3-lA, that was isolated by screening the genomic 
pufferfish cosmid library with the 5' end of the zebrafish PEA3 eDNA, was digested with Not!, EcoRI, 
BarnHI, Xhol, Xbal and HinDIII and the product digestion fragments separated by gel electrophoresis. The 
position of a 6.5 kb restriction fragment in the BarnHI lane is indicated. A 1 kb and a 'A HinD III ladder 
have been included. As a positive control for future southern hybridization, 10 ng of the 5' zebrafish PEA3 
eDNA (215 bp), that was produced by PCR, was electrophoresed. 
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Figure 15 	 Restriction Digestion of Two Further Putative Positive Pufferfish Cosmids 
from the Second Library Screen 

The putative positive pufferfish PEA3 cosmids pPEA3-IB and pPEA3-IC, that were isolated by screening 
the genomic pufferfish cosmid library with the 5' end of the zebrafish PEA3 eDNA, were digested with 
Notl, EcoRI, BamHI, Xnol, Xbai and HinD III. The products of these restriction digestions were then 
separated by gel electrophoresis. The position of a 6.5 kb fragment in the BamHI lanes and the position of 
a 2.8 kb fragment in the EcoRI lanes are indicated. A I kb and a/.. HinD III DNA ladder have been 
included. As a positive control for future southern hybridization, I 0 ng of the 5' zebrafish PEA3 eDNA 
(2I5 bp), that was produced by PCR, was electrophoresed. 
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Examination of the EcoRI restriction digestion products from pPEA3-1A, 1B and 1 C revealed that these 

cosmids had a number of restriction fragments in common. Specifically, the 1.5, 1.8, 2.6, 2.8, 4.2, 4.9, 5.2 

and 8.0 kb restriction fragments appeared to be present in each of the EcoRI restriction products from these 

three cosmids. This finding suggests that these three cosmids share a considerable amount of sequence. 

The restriction fragment patterns produced for pPEA3-1B and pPEA3-1C were the same, indicating that 

these two cosmids are identical to each other. 

Restriction digestion analysis was also performed on each of the twelve cosmids produced in the 

third library screen (Figure 16). Each cosmid was digested with EcoRI and the restriction fragments 

separated on a 0.8% agarose gel. Examination of the restriction fragment pattern produced by this 

digestion revealed that these twelve cosmids also shared restriction fragments in common with pPEA3-1A, 

pPEA3-1B and pPEA3-1C. Also a 1.5, 2.8, and 5.2 kb EcoRI restriction fragment appeared to be shared by 

all 15 cosmids. These results indicated that the cosmids produced by the screening of the genomic library 

with the 5' end of the zebrafish PEA3 eDNA had sequence in common with the cosrnids derived from the 

use of the 636 bp pufferfish PEA3 genomic probe. 

Based on the fact that a single Xmal restriction site exists slightly 5' of exon 5, a Xmal restriction 

digest was also performed on the 12 cosmids from the third library screen. This digest proved to be 

extremely useful in the identification of restriction fragments bearing genomic sequence surrounding 

exon 5 (data not shown). 

Southern Blot Analysis of Cosmid DNA 

Following restriction endonuclease digestion of pPEA3-1 cosmid DNA, southern blot analysis 

was performed by hybridization of a full-length zebrafish PEA3 eDNA probe to DNA fragments that had 

previously been immobilized on a nylon membrane. The resultant autoradiogram revealed that a number of 

bands hybridized to the zebrafish PEA3 probe (Figure 17). Of particular interest was a single 4.8 kb 
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Figure 16 	 Restriction Digestion of Putative Positive Pufferfish Cosmids 
from the Third Library Screen 

The putative positive pufferfish PEA3 cosmids 019013,019021, 037A22, 042K06, 073B12, 113F13, 
117D03, 143007, 184N11, 184M16, 196D02 and 196E02, that were isolated by screening a gridded 
genomic pufferfish cosmid library, were digested with EcoRI and the products separated by gel 
electrophoresis. The position of a 2.8 kb fragment common in each of the lanes is indicated. A 1 kb and a 
A, HinD III ladder have been included. As a positive control for future southern hybridization 25 ng of the 
pufferfish PEA3 5' RACE product in the pOem-T Easy vector was electrophoresed. 
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Figure 17 Southern Blot Analysis of the Putative Positive Pufferfish Cosmid pPEA3-1 

The full length zebrafish PEA3 eDNA probe was hybridized to the immobilized restriction fragments from 
the digestion of pPEA3-1 with EcoRI, BamHI, HinD ill, Xbal and Sstl. The size of the restriction fragment 
(4.8 kb) that hybridized to the probe in the BamHI lane is indicated. Further, the size of the zebrafish 
PEA3 eDNA positive control (1.7 kb) is also shown. 
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BamHI restriction fragment that migrated separately from the remaining BamHI restriction products. This 

fragment was used in subsequent subcloning experiments. 

Southern blot analysis was also performed on the restriction fragments that were produced by 

digestion of pPEA3-1A, 1B and 1 C with Noti, EcoRI, BamHI, Xhol, Xbai and Hindiii. The probe used for 

this analysis was the same probe that had been used to isolate these cosmids during the second library 

screen (exon 2-4 of the zebrafish PEA3 eDNA). Examination of the autoradiograms from these southern 

blots showed that a 2.8 kb EcoRI restriction fragment hybridized to the 5' zebrafish PEA3 eDNA probe in 

each of the three cosmids under study (Figures 18 and 19). 

A similar analysis was performed on the twelve cosmids that were isolated through the library 

screen using the pufferfish PEA3 genomic probe. In this case, the probe used for hybridization was the 334 

bp 5' RACE product that contained pufferfish PEA3 eDNA sequence from slightly 5' of the putative start 

codon to exon 5. The autoradiogram from this southern analysis showed strong probe hybridization to a 

2.8 kb EcoRI restriction fragment (Figure 20). Probe hybridization was also observed to occur to a band of 

an approximate size of 10 kb. 

An additional southern analysis was also performed on the 12 cosmids generated from the screen 

of the gridded pufferfish genomic cosrnid library. During this analysis immobilized Xmal restriction digest 

fragments were hybridized to the 636 bp genomic pufferfish PEA3 probe containing exon 5. This analysis 

revealed that the probe hybridized to a 900 bp and a 3.3 kb fragment (data not shown). 

Subcloning of Pufferfish PEA3 Restriction Digest Fragments 

From the southern analysis, a number of restriction digest fragments, which hybridized to various 

PEA3 probes, were subcloned into the pBluescript KS II cloning vector. The first fragment to be 

successfully subcloned was the 4.8 kb BamHI digestion product from pPEA3-1. This fragment was 

selected as a candidate for subcloning since it hybridized to the full-length zebrafish PEA3 eDNA probe. 
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Figure 18 Southern Blot Analysis of the Putative Pufferfish Cosmid pPEA3-1A 

The partialS' zebrafish PEA3 eDNA (21S bp) probe was hybridized to the immobilized fragments from the 
digestion of pPEA3-IA with Notl, EcoRI, BamHI, Xhol, Xbal and HinD III. The size of the restriction 
fragments (6.5 kb and 2.8 kb) that hybridized to the probe in the BamHI and EcoRI lanes are indicated. 
Further, the size of the partialS' zebrafish PEA3 eDNA positive control (21S bp) is shown. 
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Figure 19 	 Southern Blot Analysis of the Putative Pufferflsh Cosmids 
pPEA3-1B and pPEA3-1 C 

The partialS' zebrafish PEA3 eDNA (21S bp) probe was hybridized to the immobilized fragments from the 
digestion of pPEA3-1B and pPEA3-1C with Notl, EcoRI, BamHI, Xhol, Xbal and HinDill. The size of 
the restriction fragments (6.S kb and 2.8 kb) that hybridized to the probe in the BamHI and EcoRI lanes are 
indicated. Further, the size of the partialS' zebrafish PEA3 eDNA positive control (21S bp) is shown. 
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Figure 20 	 Southern Blot Analysis of the Putative Positive Pufferfish Cosmids 
from the Third Library Screen 

The pufferfish PEA3 5' RACE product was used as a probe to hybridize to the immobilized EcoRI 
restriction fragments from cosrnids 019G13, 019G21, 037A22, 042K06, 073B12, 113F13, 117D03, 
143G07, 184Nll, 184M16, 196D02 and 196E02. The size of the 2.8 kb restriction fragment that 
hybridized to the probe in each of the lanes is indicated. 
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A second restriction fragment that was cloned was the 6.5 kb BamHI fragment that was produced by 

digestion of pPEA3-lA. Again, this fragment was shown to hybridize to the 5' zebrafish PEA3 eDNA 

probe (exons 2-4). The 2.8 kb EcoRI restriction fragment was subcloned from a wide variety of cosmids, 

namely pPEA3-1A, pPEA3-1B and 019013. This 2.8 kb fragment also hybridized to both the 5' zebrafish 

PEA3 eDNA probe (in the pPEA3-1A, pPEA3-1B and pPEA3-1C southern blots) and the 5' RACE 

pufferfish PEA3 product (12 cosmids from the third screen). 

The two Xmal fragments (900 bp and 3.3 kb) that had hybridized to the 636 bp genomic pufferfish 

PEA3 probe were also subcloned into the pBluescript cloning vector. The 900 bp Xmal fragment had been 

subcloned and forwarded to our laboratory, and the 3.3 kb Xmal fragment was cloned as a PspAI digestion 

product (a neoschizmer of Xmal) into pBluescript. A summary of the subcloned genomic fragments from 

pufferfish PEA3 is shown in Figure 21. 

DNA Sequencing of Pufferfish PEA3 

To this point the sequencing of genomic pufferfish PEA3 is incomplete. However, three 

continuous portions of the gene have been sequenced. The first, is 2.3 kb in size and contains the 5' end of 

the PEA3 gene including exons 2 to 4 as well as approximately 1 kb of sequence upstream of the putative 

start codon. This sequence was derived through sequencing of the 6.5 kb BarnHI fragment from pPEA3­

1A using primers specific to exon sequence from the 5' RACE product. The second genomic fragment of 

pufferfish PEA3 that has been completed encompasses slightly over 4.0 kb of sequence. Within this region 

only exon 5 has been identified based on sequence comparison to the 5' eDNA sequence that was 

determined through 5' RACE analysis. Exon 5 was found to reside approximately 900 bp into this genomic 

sequence. Analysis of the remaining 3.1 kb of downstream sequence, via alignment to other PEA3 

orthologue cDNAs, including that of zebrafish PEA3, failed to allow for the identification of further 

potential exons. Since this approach failed to clearly denote the position of further exons, it is reasonable 
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Figure 21 A Summary of Subcloned Restriction Fragments from the Pufferflsh PEA3 Cosmids 

A. 	 The intron-exon organization of the 5' end of the genomic pufferfish PEA3 gene is depicted. Exons 
have been indicated as blue boxes with the corresponding number given above. In this case, exons 2, 3 
and 4 have been shown. A 1 kb marker is also present to indicate the scale of the illustration. Below, 
is a summary of the restriction fragments that have been cloned which contain exons 2, 3 and 4 as well 
as a region of non-coding sequence 5' of ex on 2. The restriction sites are indicated at either end of the 
fragment and the parent cosmid from which the fragment was subcloned is indicated. Broken lines 
indicate that this region of the fragment has not been sequenced. 

B. 	 The central portion of genomic pufferfish PEA3 is presented. Ex on 5 has been depicted as a blue box 
with the ex on number given above. A 1 kb marker is also present to indicate the scale of the 
illustration. Below, is a summary of the restriction fragments that have been cloned which contain 
genomic sequence within this region. The restriction sites are indicated at either end of the fragment 
and the parent cosmid from which the fragment was subcloned is indicated. 

C. 	 The intron-exon organization of the 3' end of the genomic pufferfish PEA3 gene is depicted. Exons 
have been indicated as blue boxes with the corresponding number given above. Here, exons 12 and 13 
of pufferfish PEA3 are shown. Further, the final two exons of the pufferfish homologue of human 
RNA helicase 1 (HRHl) are shown. A 1 kb marker is also present to indicate the scale of the 
illustration. Below, the single BamHI fragment, from which the sequence was generated, is indicated. 
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to assume that the sequences of exons 6 to II in pufferfish PEA3 are highly dissimilar to any other 

orthologous PEA3 sequence. As such, the central and 3' end of the pufferfish PEA3 eDNA will be required 

to clearly identify these exons within the genomic sequence. This sequence was produced by direct 

sequencing using cosmid pPEA3-l as a template, coupled with the sequencing of the 900 bp Xmai 

fragment from cosmid 019G13 and the 3.2 kb PspAl fragment from cosmid pPEA3-l. The third 

continuous portion of genomic sequence that has been produced encompasses just under 2.5 kb of sequence 

and resides at the 3' end of the pufferfish PEA3 gene. This sequence was found to contain exons 12 and 13 

as well as the pufferfish homologue of the human RNA helicase 1 (HRHI) gene. Genomic sequence in this 

region of the PEA3 gene was produced by sequencing a 4.8 kb BamHI fragment from the pPEA3-1 cosmid. 

The partial genomic sequence of pufferfish PEA3 is presented in Appendices C, D and E. 

Four-way Alignment of the Mouse, Human, Chicken and Pufferfish PEA3 Promoters 

Sequence Identity Between the Promoters 

Alignment of the mouse, human, chicken and pufferfish PEA3 promoters revealed that directly 

upstream of the transcriptional start site (as identified in the mouse and human sequence) a significant 

amount of four-way sequence identity could be found. Specifically, this region was found between 

positions -260 and+1, relative to the mouse PEA3 promoter. As well, a striking 14 bp region of four-way 

identity was observed between positions -254 and -240. Further sporadic sequence identity may also be 

observed to occur elsewhere within the alignment. The results of the four-way alignment of the promoters 

is shown in Figure 22. Two-way alignment of the pufferfish PEA3 promoter with each of the mouse, 

human and chicken PEA3 promoter sequences may be seen in Appendices G through I. These two-way 

alignments illustrate the sequence identity that is observed between each sequence pair. 
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Inspection of the four-way promoter alignment also reveals that in the case of the mouse, human 

and chicken genomic sequence, the putative start sites of transcription, the putative start sites of translation 

and exons 3 and 4 are well aligned with one another. However, when the pufferfish genomic sequence is 

aligned, exons 3 and 4 are found to perfectly coincide with the other sequences, but the putative start codon 

in ex on 2 of the pufferfish gene aligns upstream of the start codons in the other three genes. 

In addition to the four-way sequence identity that was observed, a much higher amount of three-

way sequence identity may be found between the mouse, human and chicken PEA3 promoters. The region 

of three-way identity may be found to span from approximately position -300 to the transcriptional start 

point at +1. 

Identification of Conserved Consensus Transcription Factor 
Binding Sites Within the Promoters 

Within the region of four-way promoter alignment from -260 to the transcriptional start site at+I 

a number of different conserved consensus transcription factor binding sites are present. Those binding 

sites that are only conserved across three of the promoters include: 2 HNF3P, 2 NFY, I SRY, I TCF, 2 

AP-2, and I v-myb. Outside of the region of sequence conservation a single AP-2 and a single c-Ets-I 

binding site may also be found within these three promoters. A limited number of transcription factor 

binding sites are also conserved in each of the four promoters. These binding sites include: I SRY, I AP-I 

and I crEFI. The positions of each of these consensus binding sites may be seen in Figure 22. 
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Common Features within the PEA3 Promoters 

A number of other features also become evident through the production of the three-way 

alignment of the mouse, human and chicken PEA3 promoters. Firstly, at position -22 just 5' of the 

transcriptional start site, there appears to be a conserved CCAAT box common to all three promoters. This 

sequence matches very closely ( 10 positions out of 12) with the recognized CCAA T consensus sequence 

(Bucher, 1990). Secondly, surrounding the major start site of transcription, the initiator or cap signal may 

be readily observed in the mouse and human sequence. The alignment also shows that in the chicken the 

initiator element is also present and very closely matches with the consensus (6 positions out of 8) (Bucher, 

1990). Lastly, both the mouse and human eDNA and genomic PEA3 sequences contain two putative start 

sites of translation within ex on 2. Inspection of the genomic chicken PEA3 sequence reveals that it only 

contains one putative A TG codon, that through alignment, matches most closely with the second start 

codon in human and mouse PEA3. Further, the first start codon in the human and mouse sequence does not 

lie within an optimal Kozak consensus element. The second translational start site however does possess 

an adenosine residue at position -3, and this position is conserved across all three sequences. This is of 

interest since an adenosine residue at position -3 has been shown to be the minimal requirement to support 

translational initiation (Kozak, 1991). 



97 

Figure22 	 Four-way Alignment of the Mouse, Human, Chicken and 
Pufferfish PEA3 Promoters 

The existing sequence upstream of ex on 4 of mouse, human, chicken and pufferfish PEA3 was aligned 
using the Clustal Alignment subprogram of the DNAStar software package. The alignment has been 
numbered in relation to the mouse PEA3 sequence with +1 indicating the start site of transcription. Four­
way positional identity has been indicated in green throughout the alignment. The defined exon sequences 
from mouse, human and pufferfish PEA3 are boxed and indicated at the beginning of each exon. No exons 
have been identified in the chicken sequence because a 5' chicken PEA3 eDNA has not been identified. 
Putative consensus transcription factor binding sites that are found to be conserved in three or four of the 
promoters, and which are 100% identical to a core transcription factor consensus binding site and 85% 
identical or greater to the adjacent sequence within the consensus site have been included. The names of 
the transcription factors have also been indicated. The putative start codons of mouse, human, chicken and 
pufferfish PEA3 have been shown. Further, the -3 position upstream of the second in-frame start codon in 
the mouse, human and chicken sequence is circled in red. The position of a putative CCAAT box and a 
consensus initiator or cap signal is shown. 



Mouse PEA3 Promoter [G A - A T T C T G G G T C A G A C T G A G T T G A G A G A C C C T G T C T C A A A A A C A T G G T A 
Human PEA3 Promoter G G - G ­ - - - A G G T T G A G G T G - T T A G G A ­ - - - - T A G C T T G A A G C C A G G G 
Chicken PEA3 Promoter A A - A ­ - - - - G G A C T T G G A C T C ­ C C A T G A C C 
Pufferfish PEA3 Promoter G G T A C T T T G G A T C G G A C C G - - - C C T - - - - C T G G A G C T - - - ­

- 3 kb 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chic ken PEA3 Promoter 
Puffer fish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Puffe r f i sh PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

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

A G - ­

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

- - - - G C 

G 
N 
A 
G 

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

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

C A C T T G C T 

A C C C T C C T 


- - - T T G C A 


C T T T T C A G 
T C T C C T A A 
C T G A T T A G 
c c - ­ C T G G • 

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

A A G A A A A A A A A A A A - - A A A A A A A A A A A 

A T G - - - - - - - - ­
G - - - - - - - - - - - - ­

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

- - - - - A C A C 

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

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

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



- - - - - - - - - - - - - - - - - - - -

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

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

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

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

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

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

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

-
-
-

T 
T 
C 
T 

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

• 

-
T T C A - - C A A C C T C C C ­

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

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

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

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

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

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

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



- - - - -

- - - - - - - - - - - - - - - - - - - -

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

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

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

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

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

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

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

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

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

A G G 

A - ­
G A G 

A A A 


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

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

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

• 

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

- - - - - - - - - - - - - - - C A A A C A A A 

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

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

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



- - - - - -

- - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - -

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

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

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

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

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

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

-

A 
G 

A 

- - - - - G G A G 

C A C A T A 
G A C C T - - - ­

G A T A G G G A G G T A G G C T T 
G A T A A G G A T G T C T A T A C 
A A T A A C A A A G - - - G T T C 
- - - - - - - - - - - - - - T C T • 

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

( 
G 
T 

G 

T 
G A 

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

- - A G A 
- - - - - A A A A C 

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

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

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

G T T T - - - T T A 

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

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


- - - T G C T G A A A T C A G A T - - - - - - - G A 
- - - T T T C T T T C T - - - - - - - - - ­ c - ­

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

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

- T T T T G T G A 

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

G G C T T C - - C T G G 

G - - - - - C A G 

A G C C A C A A T - - ­

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

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

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

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



Mouse PEA3 Promoter G A C C C A C C A A C C T T C A T G G 
Human PEA3 Promoter - - - - - A C A A G C C T T - A T A G 
Chicken PEA3 Promoter G G - - T A T C G - - T G T C G C A T 
Pufferfish PEA3 Promoter - C T G A T G - C T G C C G C G C 

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

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

Mouse PEA3 Promoter T G C C T G C C T T C C T C C C C C 
Human PEA3 Promoter G G G A A G C T T A C T T C - - - C 
Chicken PEA3 Promoter - G T A T G -
Pufferfish PEA3 Promoter - - - - - - - - - - C C C C G C C C 

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

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

c 
T 
T 
T 

Mouse PEA3 Promoter C T A A A C T G G C T C C A T C C G C C C C A A G C C G G G A T T T G C T T G G G C T T G 

Human PEA3 Promoter G G A A T G A G C C C T T A T G A A C A C T A A A C - A G C A A T T G T A T G T T T T A G 

Chicken PEA3 Promoter - - - - - - - - - - - - - A A C T G G G G G A C G T A T - - T C T - -

Pufferfish PEA3 Promoter - - - - - - - G T C C T C A T - - - - - - - - - - - - - - - - - - - - - - - - - T C C A G 


C C T C C 
T C A A T 
T ­

C T G T 
C T - T 
T T G C 

Mouse PEA3 Promoter C T T T C C T T G G G C A G G - G T G C C T G C G G G G C T C C G T T G C T T A G C T 
Human PEA3 Promoter A G T T C - - T G G C C A G A C A G G C C C A A A G A G C T T A C A T G T G T C A T T 
Chicken PEA3 Promoter A G C T T C C C A G - - - - - - - - - - - - - - - - - T A G C A 
Pufferfish PEA3 Promoter - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A C T 

• 

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

Mouse PEA3 Promoter G T A G C T G T T C A C C T G A C A G G C A T T T T G T G C A A C T C T T G A G T G C G A A G C G A 
Human PEA3 Promoter C T G A A A C T C C A C - T G C C T - - C A T C T - G T A - A A G T G G C G G G T G T T A G G T T A 
Chicken PEA3 Promoter G A A G - - T T A A C T G - - - C T T G A A C A A A T T G C - - - T A C A A A A C A A 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter G G C T C A A G G A A G G A G T C - C T C C T C T G G G C C C C C G C A G A G A T C C C C A T A A C 
Human PEA3 Promoter G A T G A A T T T G G G A A G C C A C T C C T G C T G G C C T - - G G C A T T T G A A C A T T 
Chicken PEA3 Promoter T A T - - - - - - - - - - - - - - - - C T G T A T A T - T C T G T A T A T C 
Pufferfish PEA3 Promoter - - - - - - - - G G C C C G C G T G G G - - - - - ­



Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

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

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

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

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

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

A A T 

A C C T C A C C A T A 

G C - - - G C T A T A 

T C A T - - T C A T A 


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

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

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

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

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

- - C T G T T T - - - - T C 

- - - - - - A A T C 
• 

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

G A G G A G A G 

G G C T G G A G 


A A G G G G A G 


G G G A G G A 

A T T C A T G 


A - - - - - ­

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

- - - - A C C A A - - - - - T C A 

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

T G G T ­

T T T C T A A 
A A A C C A C 
- T T T C A C 
- A T C C C A 

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

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

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

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



- - - - - - - - - - - - - - - -

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

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

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

- 1029 

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

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

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

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

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

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

G c A A C A C A A 
A G G G G A ­ - A 
G c A A G A T 
A A A A G C T 

-

A C A A C C 
A 
c C A G T T 
T C A A C C 

T C T T G G A C A A A A T T G G A A C C C A T C C T G T C T T T T G A T C A C C A A G T C A C T T G 
- - - - G G C T G A G A G - G G A G C N A C A C T T T T C G G G A A A T C A T T C T A C C C C T G G 
T C T - - - - A T A T A G T - - A T T A ­ A 
T G T T G A ­ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - C T G C 

• 

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

-826 

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

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



- - - - - - - - - - - - - -

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

A A G C G G 
G T G C C A 
-- - TTG 

- - A 

- 756 

I 
C G G T T 
T A C T G 

C G - - ­

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

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

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

- 656 

I 

C A 
C A 
T G 
C A 

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

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

--CC C . ----GT-C 

- T T T - T T T 
C C C C G C C C C C - T C C 

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

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

- A A A T A T C C T T A A G A ­
c - - - - - - - - - - - - - - - - - - - - - ­

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

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

- 556 

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

A T T A G C A C G T G 

A T G A G C A C G T G 


G T C C G - G C G C G 




Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

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

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

-456 

I 
T T C A C A C T 

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

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

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

C C A C G - A G A T A G A T G C A C A G G T G C - T G A A C c c c C G C A A G 

C C 
 C C A C C G G A G 

- C 


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

C A 

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

T A G G G T G G GA A A C A A A A A A A A A - - - A A A G G T C T G - - T 

- 356 

I 
T C A - G G T C C T T A G A C C C A A A A C C C A G G T T G G A A C C C G T G G A G A A G c 
A C G C G G C G C A T C G A C C C A A G A C C G T G G C G A G A C G G T G A A G A A G G 
G T G C - T C G G T C - - - - - - - - - - - - G G G 
A - G C G G C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ­ T• 

G G T C T A G C T T C C G T C T T T T T T T C T A A T T C T T T A T G A A T G A A C T A A A 
G G T C C G G C T T C T C T C T T T T T C T C T G G T T C T T T A T G A A T G A A C T C C A 
- - - - T G A G C T C C - - G-IIf!=~ C_T C:......:. C A,__,_ "---" "'--''--" "'-"'--"--,____ __,T T ,...:T_..::. A G _;C::.._:: ~ T_"---" T_;G A'-A T G--'A A C T -
G G T A A A - - C T T C C C C T G G T - - - - - - - - - - - - - - - - - - ­

~-=~-------------------------------J 
- 256 HNF3[~

HNF3fl 
I 

G C C G A A A G G A .-G___T_T___T__A A A T C C A A A A A G A A " 
C C G G A G C A C A A 

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

A A 
-GTT-­

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

~--------------------- SRY 



- -

-2-+1--+6/ 
T C 
T C 

v-myb 

Mouse PEA3 Promoter G C C A G G A G C C A G C C T A 
Human PEA3 Promoter G C C G G G A G C C A A C C T A 
Chicken PEA3 Promoter C A C C A G T G C - - G - G 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter C T G - - - G G G T T T C A T T 
Human PEA3 Promoter C T G C T G G G G T T C C A T T 
Chicken PEA3 Promoter G c - - -
Pufferfish PEA3 Promoter C 

1st Nucleotide of 5' RACE Product (Exon 2) 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 

Exon 1 ( + 1)
Pufferfish PEA3 Start Codon / I 1 Initiator I Cap Signal

2nd in-frame Start Codon 

C A G T C C A 

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

- 156 

I 
T C A G 
C A G G 
c c 
T C A T 

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

T T T C T G A T T G G T 
A T T c T G A T T G G C 
G C T c T G A T T G G C 
G C - - - - - - - - A G 7 

NFY 

T T C G T G C T G G G A A 
c c G C G C T G G G A Ac 

A T - - A A C G G C G G.£.T C C A T T A C G C G C G 

NFY 
G T 
G T 
G C 
C A 

TCF 

T C 
T C 
C A 
T C 

G G 
A G 
C A 
A G 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Putative CCAAT Box+ 21 

1H 
AP-2 

Mouse PEA3 Promoter TI 
Human PEA3 Promoter A ~ 
Chicken PEA3 Promoter 'tG 

~ Pufferfish PEA3 Promot er E A A A Tj - - G T A G - T A T G A T G AG 

A A A G C C G G G G T C T G G G A C C G 
A A A G T C G G T A G N T G G G A C C G 
A G - G C C G ­ - - G C ­ G G - - - - G 

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

T c - GIA c c G - - - - - - T c c G 

c-Ets-1 (GGA Core) 

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

Promoter ~--~~~----~~~~~~~~~~~~~~~~------------------------------~ 

-7 



Mouse PEA3 Promoter C C C C G C C A C C T T A G T T G T G T C A T C C C C C G G G C A T G C T G A G C A T C C 
Human PEA3 Promoter C C C C G C G G C C C T C G T T G C G - - G G C T C C A G G G C A T G C T C G G G A - C C 
Chicken PEA3 Promoter - - - - - - - - - - - - - - - G G C T C C - - - G C A T G - - - - - - - -
Pufferfish PEA3 Promoter C - - - A C G G C T T T A T T T G T T T T A A T C - - - - - - - - - - - - - - - - G T C G 

+ 121 
c- Ets-1 

Mouse PEA3 Promoter 

C G T C G C 

C T G C G G A A G G 
Human PEA3 Promoter C T G C G G G A G G 
Chicken PEA3 Promoter G C G G G G C C 
Pufferfish PEA3 Promoter 

+ 221 

I 
Mouse PEA3 Promoter G G A G A G T G T C T G T G A T T T C C C C G C T T C A T C T C C C A C A C A C C 
Human PEA3 Promoter G G A G A G T G T C T G T G A T T - C C C C G C C T C G C C T C C A A T G C A C A 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter - - - G A G T - - - - - - - - T T T - - - - G C T C C G T - - ­

T C C G G G G C G G G G G T G G Mouse PEA3 Promoter A C A C T C T C T C T G T T C G G C G C C C C T T C C G C A C A 
T C C A G G G C G G G G G T G GHuman PEA3 Promoter C C A C A C T C A C T - C T C A C C A C C C C C T C C G C A G A 

Chicken PEA3 Promoter - - - - - [!] C G G G G C T C C C T G G G A C C G - - G G 
Pufferfish PEA3 Promoter - - - - - - - - - - - - G G C A G C A C C - C T G T G T G 

Mouse PEA3 Promoter G A G 
Human PEA3 Promoter G A G 
Chicken PEA3 Promoter G A G 
Pufferfish PEA3 Promoter 

c 
T 


T 


• 

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

+ 321 

I 
A T G G G C G T G C G 
G T G G G C A T G C G 

G T G C G C G C G C G 

Mouse PEA3 Promoter A A T G G T G T G C G C C G C G C G - - - - - - - G C G C G C C C A C A T A C A C A C A C A 
Human PEA3 Promoter A - T G G T G T G C G C T T C G C C T G T T C C T C C G C G C G C G C G C G C G T A C A C A C A C A 
Chicken PEA3 Promoter - - - - - - C T G T C T C - - - - - A C T C G C T T A C T G A A G T T 
Pufferfish PEA3 Promoter A G - A G C G A G T G - T G C G T G T G T G T G T T T G T G T G C G - - - - - - - - - - - - - - - ­



- - -

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

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

+ 421
Exon 1' I 

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

IG - - T T G G G C T G A G C A G G G C T G C A G A A A G C A G A C A C A C C A A C C C 
A G C C C G G G T A A A G C A G G G C T G C A G A A A G C A G A A A C G G C G A G C C 
G G T C C C G G T T - - - C T - - - - - - - - - - - - - - T C 
A G T - - - - - - - - - - - - - - G A A A A T - G T T G C G C T A A C G T 

lAG G GAG c A GIG T G G G A c c T c T T T T c G G---- GAG A G GAG T G G c 
T G G G A G C A G G T G G G A C C T C C T T T G G T C T T T G G C G G G A G T G G G 

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

G 
T C G 
T C C 
T T G 

T T C 
T T C 

C 

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

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

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

- - T A G C C C - - - C C A T C - ­
C C G A G C G - - - - - - - - G C C A C T T T • 

T G T C C G A T C C A A A G G N G A T C G 
C G T C G G A C C C A G A T G G G A C T G 
C G G C C C G C T G G T A T ­

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

- - G T T T T G 

ACT - T TAT G T A A C c0 
G T T C T T A T G T A A C C G 
G C T C C C C T G - - - G 
G T C C T A A - ­ - A A C T A 

AGCTCA I 
G G C T C C 
A G C ­
A A T - - ­

T G G A c 
T G G C c 

G T c 
T G A T T 

+ 521 

I 
C C A C G A 
C C A T G A 
T C G C A G 
C T C C A G 

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

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

+ 621 
1 Exon 2 

C G C G C G A A C T - - G C C T C C C C C C T C - C C A G G~ 
G G T G T G A A C G C A G CCC C C T CCC C C A C C A G~ 
C G G G A 

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



Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Human PEA3 Promoter 
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Isolation and Characterization of Pufferfish ERM Bacteriophage A Clones 

Library Screening and PCR Generation of a Pufferfish ERM 
Specific Genomic Probe 

The initial screening of the genomic pufferfish Abacteriophage library was conducted in the 

attempt to isolate phage clones whose inserts bore pufferfish PEA3 sequence. To this end, full-length 

mouse PEA3 eDNA was used as a probe in the screen. This first attempt at isolating clones containing 

pufferfish PEA3 sequence produced ten bacteriophage ADNA species, however, initial sequencing of these 

clones revealed that the genomic sequence of the related Ets gene ERM had been discovered. Based on this 

finding, the ten clones from the first screen were given the designations: pERM-A, pERM-B, pERM-C, 

pERM-D, pERM-E, pERM-F, pERM-G, pERM-H, pERM-I and pERM-J. Following the initial isolation of 

pERM-A, both subcloning and sequencing from this clone allowed for the generation of genomic sequence 

from slightly 5' of exon 4 to exon 13 inclusive. Once it was determined that pERM-A did not contain a 

large amount of pufferfish ERM promoter sequence, a second library screen was started in an attempt to 

isolate further phage clones containing distal ERM promoter sequence. The genomic probe for this screen 

was produced by the design of intron specific primers on either side of exon 4 (AB. 12422 and AB. 12423), 

followed by the use of these primers in a PCR experiment. The use of pERM-A as a template for PCR 

produced a single product of 450 bp (Figure 23). Using this genomic probe to screen the pufferfish A 

genomic library produced four new phage clones: pERM-2A, pERM-2B, pERM-2C and pERM-2D. 

Restriction Digestion of Putative Positive A Bacteriophage Inserts 

Putative positive A phage DNA from the first library screen was subjected to restriction 

endonuclease digestion using Xhol (Figure 24). Xhol was selected for use in this digestion since 

recognition sites for this enzyme are located on either side of the insert borders and are not present 
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Figure 23 PCR Generation of a Pufferfish ERM Specific Genomic Probe 

PCR amplification of a 450 bp pufferfish ERM genomic fragment was carried out using gene specific 
primers that were designed to intron sequence lying on either side of exon 4 (AB. 12422 & AB. 12423). 
The template used in each of the PCR reactions was pERM-A. Once more a Mg2 

+ titration (0.5 mM - 2.5 
mM) was performed. A no template negative control has also been included. A 100 bp DNA ladder has 
been included, and a number of size markers have been indicated. The position of the major PCR product 
( 450 bp) has been noted. 
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Figure 24 Restriction Digestion of Putative Positive Pufferfish A Bacteriophage Clones 

Putative positive Abacteriophage clones pERM-A, pERM-B, pERM-C, pERM-D, pERM-E, pERM-F, 
pERM-G, pERM-H, pERM-1 and pERM-J were digested with Xhol and the product fragments were 
separated by agarose gel electrophoresis. As a positive control for future southern hybridization 25 ng of 
the RSV /PEA3 expression vector was included during the electrophoresis. A 1 kb and a AHinD III ladder 
have been included, and a number of size markers have been indicated. 
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anywhere else in the EMBL SP6m Aphage arms. Following restriction digestion of the ten putative 

positive Aclones, the product restriction fragments were separated in a 0.8% agarose gel and visualized by 

ethidium bromide staining. The observed restriction fragment banding pattern revealed the presence of a 

9.2 and a 20.1 kb band in each of the samples except for pERM-C and pERM-!, whose sample lanes 

appeared not to contain DNA. The 9.2 and 20.1 kb bands correspond to the known size of the EMBL 

SP6m Aphage arms. All of the remaining phage clones, except pERM-J, possessed the same Xhol 

restriction digestion banding pattern. Aside from the phage arm bands, a single restriction fragment was 

observed at an approximate size of 4.9 kb relative to the 1 kb ladder. A further restriction fragment 

migrated at a size of approximately 10 kb. Clone pERM-J exhibited a unique restriction digestion pattern, 

with two phage arms evident, but only a single other band running at a position corresponding to a DNA 

fragment of an approximate size of 15 to 16 kb. 

Clone pERM-A was also digested with Xhol and Xbal to identify other restriction fragments that 

could possibly hybridize to the full-length mouse PEA3 eDNA during southern blot analysis (Figure 25A). 

To this end, pERM-A was first cut in a double digestion with Xhol and Xbal followed by a single digestion 

with Xbal. Digestion of pERM-A with Xhol and Xbal produced the expected 20.1 and 9.2 kb Aphage arm 

fragments, as well as four additional digestion products of sizes 4.8, 3.8, 3.5 and 3.1 kb. An additional 

band was also observed to migrate at a position similar to the 20.1 kb phage arm, and presumably this band 

represents undigested Aphage DNA of an extremely high molecular weight. Digestion of pERM-A with 

Xbal alone produced three bands, one corresponding to an approximate size of 3.8 kb; and two other bands 

that were extremely large (greater then 20 kb). These two larger bands represent the Aphage arms fused to 

portions of the insert DNA. As before, another band was otiserved that was larger than the Aphage arm 

fragments, and again, this band most probably represents uncut Aphage DNA. 

Restriction endonuclease digestion was also performed on the Aphage clones that were isolated 

from the second library screen using the genomic pufferfish ERM probe (data not shown). Both pERM-2A 

and pERM-2B, when digested with Xhol, produced the two expected EMBL SP6m Aphage arm 

fragments as well as a single fragment of an approximate size of 15 to 16 kb. When pERM-2C was 
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Figure 25 	 Restriction Digestion and Southern Blot Analysis of the Putative 
Pufferfish ERM /.. Clone pERM-A 

A. 	 The putative positive pufferfish ERM Aclone pERM-A was subjected to two restriction 
digestions. The first involved digestion with both Xhol and Xbal and the second involved 
digestion with Xbal alone. The products of these digestions were then separated by agarose gel 
electrophoresis. As a positive control for subsequent southern hybridization, 25 ng of full-length 
mouse PEA3 eDNA was electrophoresed. The position of this band has been indicated (1.5 kb). 
The position of a 3.8 kb fragment in each of the digestion lanes has also been shown. 

B. 	 A full-length mouse PEA3 eDNA probe was hybridized to the immobilized restriction fragments 
from digestion of pERM-A with Xhoi!Xbal and Xbal. The size of the restriction fragments (3.8 
kb and 1.5 kb) that hybridized to the probe are indicated. 
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digested with Xhoi, the 9.2 and 20.1 kb Aphage arm fragments were observed. In addition, an 8.0 kb 

fragment and a 7.2 kb fragment were also observed. Finally, digestion of pERM-2D with Xhoi produced 

the expected Aphage arm fragments as well as two other restriction fragments of sizes 7.0 and 12 kb. 

Southern Blot Analysis of ABacteriophage DNA 

Following restriction digestion of the putative positive Aphage clones from both the first and 

second library screens with Xhoi, transfer to nylon membranes immobilized the product restriction 

fragments. The membrane containing the restriction fragments from the digestion of pERM-A through 

pERM-J was then used for southern analysis using full-length mouse PEA3 eDNA as a probe (Figure 26). 

This southern analysis revealed that the probe hybridized to a single restriction digestion fragment of a size 

slightly larger than 10 kb. This hybridization was observed for pERM-A, pERM-B, pERM-D, pERM-E, 

pERM-F, pERM-G and pERM-H. Hybridization was not observed for either pERM-Cor pERM-1, and it 

appeared that no DNA was present in these lanes. Hybridization was not observed anywhere in the pERM­

J lane, and when taken together with its restriction digestion pattern, this result suggested that pERM-J was 

a false positive. 

Southern blot analysis was also carried out on the products of the digestion of pERM-A with Xhoi 

and Xbai, and with Xba I alone. By hybridizing a full-length mouse PEA3 eDNA to the immobilized 

restriction fragments from these digestions it was found that the mouse PEA3 probe specifically hybridized 

to the 3.8 kb band that was present in the products of each digestion (Figure 25B). 

Hybridization of the genomic pufferfish ERM probe to the immobilized Xhoi digestion fragments 

from pERM-2A and pERM-2B showed probe hybridization to a 15-16 kb band in both samples. 

Hybridization was not observed to any of the bands that were produced by digestion of pERM-2C with 

Xhol. This result suggested pERM-2C was a false positive product. Strong probe hybridization was also 

observed to the 7.0 kb Xhoi restriction fragment from pERM-2D (Figure 27). 
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Figure 26 	 Southern Blot Analysis of Genomic Pufferfish J... Bacteriophage DNA from the 
Initial Library Screen 

The full-length mouse PEA3 eDNA probe was hybridized to the immobilized Xhol restriction fragments of 
pERM-A, pERM-B, pERM-C, pERM-D, pERM-E, pERM-F, pERM-G, pERM-H, pERM-1 and pERM-H. 
The size of the restriction fragment (10 kb) that hybridized to the probe in each sample lane is indicated. 
Hybridization is also seen to the 6.5 kb RSV/PEA3 expression vector band. 
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Figure 27 	 Southern Blot Analysis of Genomic Pufferfish ABacteriophage DNA 
from the Second Library Screen 

The 450 bp pufferfish ERM genomic probe containing exon 4 was hybridized to the immobilized Xhol 
restriction fragments of pERM-2A, pERM-2B, pERM-2C, pERM-2D. The size of the restriction fragment 
(7 kb) that hybridized in the pERM-2D lane is indicated. The lanes containing the immobilized I kb and A 
HinD III DNA ladder fragments are noted. 
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Subcloning of DNA Fragments Containing Pufferfish ERM 

Once it had been determined that the 3.8 kb Xbal restriction fragment of pERM-A hybridized to 

the full-length mouse PEA3 eDNA probe during southern analysis, a subcloning strategy was undertaken. 

This 3.8 kb Xbal restriction fragment was purified by gel electrophoresis, followed by Qiagen Gel 

Extraction, and then subcloned into the pBluescript KS II cloning vector. This subcloned fragment was 

then used to provide sequence information from which the identity of the gene was determined. Further 

subcloning was also carried out by ligation of the 7.0 kb Xhol fragment (produced by digestion of pERM­

2D with Xhol) with the pBluescript KS II cloning vector, which had previously been digested with Xhol. 

A summary of the subcloned fragments of genomic pufferfish ERM is presented in Figure 28. 

DNA Sequencing of Pufferfish ERM 

Subcloning of the 3.8 kb Xbal restriction digest fragment from pERM-A allowed for the 

production of genomic sequence spanning from 5' of ex on 10 to ex on 13 as well as a large portion of 

sequence 3' of the pufferfish ERM gene. This sequencing began by using the T3 and T7 priming sites 

located in the pBluescript KS II vector. Additional sequencing through the remainder of the 3.8 kb 

fragment was accomplished by the design of specific primers within newly defined genomic sequence, 

followed by the use of these primers in sequencing reactions. The entire 3.8 kb fragment was sequenced on 

both strands to ensure that the data were reliable, and all of the resulting sequencing information was joined 

together using the Sequence Editing and Analysis subprogram of the DNA Star Lasergene software 

package. As a result of the extremely high degree of nucleotide and amino acid identity within the Ets 

domain (encoded within exons 11, 12, and 13), sequencing of the 3.8 kb fragment was not, on its own, 

sufficient to confirm the identity of the gene. Although BLAST (Il.asic local f!lignment .s.earch !ool) 

(Altschul et al., 1990) analysis of the genomic sequence between exons 10 and 13 confirmed that this gene 
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Figure 28 A Summary of Subcloned Restriction Fragments Containing Pufferfish ERM 

The intron-exon organization of the pufferfish ERM gene is indicated to scale, with exons boxed in green 
and introns depicted by thin black lines. Each green box has been numbered according to which ex on it 
represents. A 1 kb marker has been included to indicate scale. Below the depiction of the pufferfish ERM 
gene, the restriction fragments that were subcloned are indicated. On either end of the fragments the 
restriction enzyme recognition sites are shown. 
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was a PEA3 group member orthologue, the sequence was too similar to that of PEA3, ER81 and ERM to 

make a definitive identification. In order to identify which pufferfish PEA3 group member had been 

discovered, further 5' sequencing was performed to generate additional sequence outside of the Ets domain 

encoding exons. 

Upstream genomic sequence was produced by the design of specific primers 5' of ex on 10 that 

were used in succession in order to sequence into the intron between exons 3 and 4. This primer walking 

strategy used pERM-A as a template during the sequencing reactions. Once exon 4 had been found, a 

genomic probe was produced by PCR amplification, and this probe was used in a second library screen. 

Sequencing of the 7.0 kb Xhoi fragment from pERM-2D (a product of the second screen) by using T3, 17 

and a number of other gene specific primers revealed that the entire genomic locus resided within this 

subcloned fragment. The 7.0 kb Xhoi subclone was then used exclusively to sequence the remainder of the 

gene. Using the phage clone pERM-2D, an additional500 bp region of promoter located 5' of the Xhoi 7.0 

kb fragment was also sequenced using gene specific primers designed within the extreme 5' end of the 7.0 

kb subcloned insert. The complete sequence of genomic pufferfish ERM is presented in Appendix F. 

Computer Assisted Identification of Pufferfish ERM 

Completion of the genomic sequence of this PEA3 group member also allowed for identification 

of the gene. The amino acid sequences corresponding to open reading frames, which bore similarity to 

amino acid sequences within the PEA3 group of proteins, were assembled and subjected to alignment with 

the mouse PEA3, ER81 and ERM amino acid sequences. By using the Multiple Sequence Alignment 

subprogram of the DNA Star Lasergene software package a determination of percent similarity and 

divergence could be determined. It was found that this pufferfish Ets gene was most closely related to 

mouse ERM at 44.7%, followed by mouse ER81 at 38.2%, and finally by mouse PEA3 at 33.4%. 

Although the percent similarities are lower than would be expected, it is important to note that this is most 
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likely due to the incorporation of extra amino acids into the pufferfish ERM primary amino acid sequence, 

necessitated by the lack of an available eDNA sequence. Despite this, the result was sufficient to identify 

the gene in question as being a pufferfish orthologue of the PEA3 group transcription factor ERM. 

Two-way Alignment of the Human and Pufferfish ERM Promoters 

Sequence Identity Between the Promoters 

From the sequencing of the genomic pufferfish orthologue of the PEA3 group member ERM, 

approximately 1.2 kb of proximal promoter sequence was generated upstream of the putative start codon 

located within ex on 2. Previously, a small non-coding region of the 5' end of genomic human ERM was 

sequenced (Monte et al., 1996). The availability of this sequence allowed for a further alignment of 

promoters from evolutionarily divergent Ets genes. However, the published sequence of genomic human 

ERM has a number of sites, contained within introns, where the sequencing is incomplete. This was 

particularly evident in the 5' end of the genomic sequence where approximately 2.5 kb of sequence is 

missing between the non-coding ex on 1' and the coding ex on 2. 

To complete an alignment of the promoters, the human ERM sequence was split into two separate 

regions, one portion lying upstream of the 2.5 kb break in the sequence, and one portion lying downstream 

of the 2.5 kb break. Alignment of the genomic human ERM sequence upstream of this discontinuity with 

the pufferfish ERM sequences lying upstream of the putative start codon in exon 2 revealed that sporadic 

sequence identity does exist between the 5' regions of these two genes (Figure 29). However the percent 

similarity across the entire region under study was only approximately 20%. Further, alignment of the 

human ERM sequences downstream of the break to exon 4 with the pufferfish ERM sequences 3' of the 

putative start codon to exon 4 revealed a similar level of sequence identity (Figure 30). Once more, only 
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Figure 29 	 Two-way Alignment of the Human and Pufferfish ERM Promoters 5' 
of the Sequence Break 

The human ERM genomic sequence was split into two separate regions, the first lying upstream of the 2.5 
kb break in the sequence between exons 1' and 2, and the second lying downstream of the 2.5 kb break in 
the sequence. The human ERM sequence upstream of the discontinuity was aligned with the pufferfish 
ERM sequence upstream of the putative start codon in ex on 2. This alignment was accomplished using the 
Clustal Alignment subprogram of the DNAStar software package. Two-way positional identity has been 
indicated in blue throughout the alignment. The defined exons within the human ERM sequence have been 
boxed and the exon number is indicated. No untranslated exons have been identified to date within 
pufferfish ERM. Putative consensus transcription factor binding sites that are found to be conserved in 
both promoters, and which are 100% identical to a core transcription factor consensus binding site and 85% 
identical or greater to the adjacent sequences within the consensus site have been indicated. The names of 
the transcription factors have also been included. 
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Pufferfish ERM Promoter A A A C A T G G G C A A C A A T G T T T T A A G A A T T T T A G T A c A T T A A A 
Human ERM Promoter - - - - - ------ C C G c c c c c c c c - G C C G G 

Pufferfish ERM Promoter G T A T A A T G G A T T T T A T A c A G A A A A A A A A A T c 
Human ERM Promoter - c G T c G G G C G -------

Pufferfish ERM Promoter A T T 
Human ERM Promoter 

Pufferfish ERM Promoter A A c 
Human ERM Promoter G 

A 
G 

T c 
T 

A c 
G 

A T C A T T C A G A G 

Pufferfish ERM Promoter C A G A T G A G A A G T G T G G A C A T A A A A 
Human ERM Promoter - - C A G c G G c c G G T G 

Pufferfish ERM Promoter A A G G A A G T A A A A A G A G A A T A c A A A A C A A T A G G 
Human ERM Promoter G G - ­ G G C G A G T - - - - - c G 

Pufferfish ERM Promoter A G C T A C T T T T T G T 
Human ERM Promoter - - - - - - - - C 

Pufferfish ERM Promoter 
Human ERM Promoter 

Pufferfish ERM Promoter 
Human ERM Promoter 

Pufferfish ERM Promoter 
Human ERM Promoter 

T c A C A T G 
G T G ­ c c c 

T c c T T 
G G G 



- Putative Start CodonPufferfish ERM Promoter T A C A T A T 
Human ERM Promoter - - G G G G C 

• 
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Figure 30 	 Two-way Alignment of the Human and Pufferfish ERM Promoters 3' 
of the Sequence Break 

The human ERM sequence downstream of the discontinuity was aligned with the pufferfish ERM sequence 
downstream of the putative start codon in exon 2 up to the 3' end of ex on 4. This alignment was 
accomplished using the Clustal Alignment subprogram of the DNAStar software package. Two-way 
positional identity has been indicated in blue throughout the alignment. The defined exons with the human 
ERM sequence have been boxed and the exon number is indicated. Putative consensus transcription factor 
binding sites that are found to be conserved in both promoters, and which are 100% identical to a core 
transcription factor consensus binding site and 85% identical or greater to the adjacent sequences within the 
consensus site have been indicated. The names of the transcription factors have also been included. The 
putative start codon in the pufferfish ERM and the recognized start codon of human ERM or both boxed. 



Pufferfi.sh ERM Promoter ~A I G G C T A T G A A G G G C A T G T 
Human ERM Promoter ~ T A A A A A A A T A A C 

Pufferfish ERM Promoter 
Human ERM Promoter 

G 
T 

Pufferfish ERM Promoter G C A A T G 
Human ERM Promoter C T T c c T 

Pufferfi.sh ERM Promoter A T A A A G A CCA TTAA 
Human ERM Promoter G A G C T T C T T G C C T C 

Pufferfish ERM Promoter 
Human ERM Promoter 

Pufferfish ERM Promoter GGATAA I GA 
Human ERM Promoter A A G C T T C C 

Pufferfish ERM Promoter A T A G C C A A A A G T A T c 
Human ERM Promoter G G C A T A G C T G A A T c T

• 
Pufferfi.sh ERM Promoter T G A A G C T C T T G T c A AGI GTT I TAAA C T l A ATGI T
Human ERM Promoter C C C T T C C C C A G C G A - - T T C c T C G G G 

Pufferfish ERM Promoter G T T G 
Human ERM Promoter 

Exon 4 AP- 1 

Pufferfish ERM Promoter 
Human ERM Promoter 
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sporadic identity was observed and the percent similarity between these two sequences in this region was 

only 25%. 

Identification of Conserved Consensus Transcription Factor 
Binding Sites within the Promoters 

Analysis of each of the sequence alignments between human and pufferfish ERM revealed that 

very few transcription factor binding sites may be found to be conserved between these two sequences. It 

is important to indicate that a large number of consensus transcription factor binding sites were identified 

within the individual sequences, but that these sites simply did not overlap within the two promoters. 

Within the alignment which illustrates the sequence identity between the region of the human ERM 

sequence 5' of the 2.5 kb sequence break and the pufferfish ERM sequence 5' of the putative start codon, a 

single MyoD consensus binding site was found to be conserved. This site directly corresponds to the 3' 

border of the untranslated ex on 1' in the human ERM sequence. Of further interest within this alignment 

was the presence of a 100% match to the consensus binding site that has been reported for PEA3 (Bowman 

and Hassell, private communication). However, no Ets binding sites were observed to occur at this position 

in the pufferfish ERM promoter following alignment. The positions of the putative MyoD and PEA3 

binding sites are indicated in Figure 29. 

Inspection of the alignment of the sequences 3' of the sequence break in human ERM and the 

sequences 3' of the putative start codon in pufferfish ERM, also indicates an absence of conserved 

consensus transcription factor binding sites in this region. Only one potentially conserved AP-1 binding 

site was found (Figure 30). This site was observed within the coding sequence of exon 4 in both the human 

and pufferfish ERM sequences. 

Another observation that may be made regarding the pufferfish ERM promoter is that a large 

number of SRY binding sites may be observed within its sequence. Within the region bounded by the 

extreme 5' limit of the known promoter and exon 4, there are a total of 22 candidate SRY binding sites. A 

single SRY binding site was also found to occur in the human ERM genomic sequence 5' of exon 3. 
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However, none of these binding sites, within either of the ERM promoter sequences, were found to 

coincide following alignment, although this does not rule out the possible significance of these sites to the 

regulation of expression of ERM. 



DISCUSSION 

Isolation and Sequencing of the Chicken PEA3 Locus 

Size of Genomic Chicken PEA3 

Sequencing of chicken PEA3 revealed that this gene encompasses approximately 12.5 kb of the 

chicken genome. This is quite comparable to the size of mouse PEA3, which resides within approximately 

15 kb of genomic sequence (Smillie, 1993). It is also comparable to human PEA3, which is roughly 15 kb 

in size (Barrett, 1997), although direct size comparison is difficult because the human gene has not been 

fully sequenced through a single large intron between exons 4 and 5. Within the genomic sequence, the 

positions of the coding exons have been determined for the 3' end of the gene. These exons were identified 

through sequence comparison of the 3' partial eDNA with the genomic sequence. The exact positions of 

exons 1 to 7 remain undetermined, and only the open reading frames bearing amino acid homology to other 

PEA3 orthologues in these regions have been identified. In addition to the coding sequence that has been 

identified, a portion of the proximal promoter region has also been sequenced. This region spans 2 kb 

upstream from the putative start codon of chicken PEA3. 

Intron-Exon Organization of Chicken PEA3 

Direct comparison of the molecular organization of introns and exons between human, mouse and 

chicken PEA3 was also performed. The intron-exon organization of chicken PEA3 was found to be nearly 

identical to that of the PEA3 orthologues from human and mouse, with one notable exception. Namely, 

inspection of the 3' partial eDNA of chicken PEA3, and the genomic sequence in the 3' end of the gene 
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revealed that exon 9 was not present. The absence of this exon in each of these sequences refutes the 

hypothesis that this ex on was differentially spliced out of the PEA3 message. It is important to note 

however, that a number of open reading frames do exist between exons 8 and 10 in the genomic sequence. 

The possibility therefore exists that exon 9 is present in the genomic sequence, but its nucleotide sequence 

is so dissimilar that it cannot be identified. This, in conjunction with a hypothetical splice variant of the 

PEA3 message, could explain why it appears that this ex on is not present. However, if the absence of ex on 

9 is valid, the potential importance of the amino acids encoded by it is brought into question. Two 

opposing viewpoints may be raised with regards to this question. Firstly, the absence of the exon may 

suggest that these amino acids play a trivial role in the overall folding, and therefore function, of the native 

protein. Secondly, it may be argued that over the course of evolution, this ex on has become incorporated 

into the gene and has subsequently introduced functional domains into PEA3. The second hypothesis is 

unlikely due to the fact that in zebrafish PEA3 (Brown et al., 1998) exon 9 is present. The presence of 

exon 9 in an evolutionarily removed vertebrate as well as in higher vertebrates, suggests that exon 9 has 

most probably been lost during the evolution of the chicken genome. Therefore, exon 9 does not play a 

role in PEA3 function within chickens, but it may be required for the specific role PEA3 plays within mice 

and humans. This proposal is supported by the finding that amino acids encoded within exon 9 may 

function, in whole or in part, as a DNA binding inhibitory domain of mouse PEA3 (B. Bojovic and J.A. 

Hassell, private communication). 

Conservation of Putative Phosphorylation Sites in Chicken PEA3 

The ability of Ets transcription factors to bind with, and transactivate, target gene promoters is 

thought to be influenced by post-translational modification, specifically phosphorylation. A number of Ets 

factors have been shown to be targets of the mitogen activated protein kinase (MAPK) pathway. 

Specifically, the Ets factors Elk-1, Sap-1, and Erp/Net/Sap-2 are all activated by extracellular response 
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kinases (ERK) (Jank:necht et al., 1993; Marais et al., 1993; Whitmarsh et al., 1995). These factors have 

also been shown to be phosphorylated by the Jun N-tenninal kinase (JNK) as well (Cavigelli et al., 1995; 

Whitmarsh et al., 1995). Further, the PEA3 group Ets transcription factors ERM and ER81 have both been 

demonstrated to be targets of phosphorylation by intracellular signaling cascades (Janknecht et al., 1996a; 

Janknecht et al., 1996b). Recent work has also demonstrated that PEA3 is phosphorylated by the 

extracellular response kinases (ERK-1 and ERK-2) as well as by JNK (M. Cox and S. Perron, private 

communication). Within the primary amino acid sequence of mouse PEA3 there are eight candidate 

proline directed serine phosphorylation sites. Alignment of the amino acid sequence of mouse and human 

PEA3 demonstrated that all eight were present in these two PEA3 proteins. However, alignment of the 

chicken and zebrafish PEA3 protein sequences with that of the mouse and human, revealed that a subset of 

the candidate phosphorylation sites were not conserved. Specifically, the phosphorylation sites at serines 

22, 198, 285 and 458 (numbered relative to the mouse amino acid sequence) are not found in the amino 

acid sequence of either chicken PEA3 or zebrafish PEA3. Of these sites only serine 458 has been found to 

be phosphorylated in vivo. This site has also been found to be phosphorylated by JNK in vitro. The 

remaining candidate sites at positions 90, 101, 134 and 143 were conserved within all four PEA3 proteins. 

Interestingly, sites 90, 101 and 134 were all found to undergo phosphorylation in vivo. These three serine 

residues have also been demonstrated to be phosphorylation targets of both ERK and JNK kinases. The 

presence of these three sites within the primary amino acid sequence of chicken and zebrafish PEA3 

supports the claim that these serine residues are bonafide sites of phosphorylation in PEA3. 
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Isolation and Sequencing of the Pufferfish PEA3 Locus 

Partial Size and Intron-Exon Organization of Genomic Pufferfish PEA3 

Although the sequencing of genomic pufferfish PEA3 remains incomplete, a number of coding 

exons have been identified. Specifically, exons 2, 3, 4, 5, 12 and 13 have been sequenced and, from this 

sequencing, a number of observations may be made. Firstly, whereas the genomic distance between the 

start codon in exon 2 and the 3' end of exon 4 is 654 bp in human PEA3, and 764 bp in mouse PEA3, the 

comparable sequence in pufferfish PEA3 was found to be 743 bp in length. Although this finding suggests 

that the spatial relationships between exons in the 5' end of the PEA3 gene have been conserved, closer 

inspection of the sizes of the individual introns within this sequence has revealed that this is not the case. 

The intron between exons 2 and 3 is 191 bp in mouse PEA3 and 147 bp in human PEA3. Surprisingly, the 

same intron in pufferfish PEA3 is found to be 431 bp long: roughly two-fold larger than in the mouse gene, 

and almost three-fold larger than in the human gene. This indicates that the general genomic architecture 

of the 5' end of the PEA3 gene in pufferfish is not evolutionarily conserved. It may further suggest that 

these introns, which are not reduced in size within the pufferfish genome, may potentially contain regions 

of functional significance to the regulation of expression of PEA3. 

Secondly, within both mouse and human PEA3 there is an extremely large intron situated between 

exons 4 and 5. Within genomic mouse PEA3 this intron is roughly 6 kb in length. Given the hypothesis that 

gene size is reduced seven to eight fold in the pufferfish genome (Brenner eta!., 1993), the equivalent 

intron in the pufferfish PEA3 gene should be approximately750 to 850 bp in length, however this is not the 

case. Combination of the genomic sequence that has been identified downstream of exon 4 and upstream 

of exon 5, currently totals 1392 bp, with an unknown amount of sequence still residing between the two 

endpoints. From this observation it is clear that the size of this intron is not reduced to the extent that was 

expected. This finding could suggest that the large intron between exons 4 and 5 may house regulatory 
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elements that govern the expression of PEA3, however, alignment of existing sequence from this intron 

with all available PEA3 orthologues has not revealed any substantial sequence similarity (data not shown). 

Thirdly, a genomic distance comparison between PEA3 orthologues was conducted at the extreme 

3' end of the gene. The distance between exon 12 and the putative polyadenylation site (AAT~) is 1290 

bp in mouse PEA3, and 1370 bp in human PEA3. Within pufferfish PEA3 there is an approximate two­

fold reduction in the size of the equivalent sequence. Again, as with the intron sequences between exons 4 

and 5, it appears that the 3' end of the gene does not support that there is a seven to eight fold reduction in 

the size of the pufferfish genome. Although the regions that have been sequenced are relatively small, it 

appears that pufferfish PEA3 is not reduced in size by the predicted amount, and that it may in fact be fairly 

large. 

One potential problem with the sequencing of pufferfish PEA3 is that the genomic sequence was 

generated through the use of three separate cosmids, namely pPEA3-1, 019013 and pPEA3-IA. This 

causes a problem, because the continuous, non-overlapping sequences must be identified as originating 

from the same gene. The first two cosmids, pPEA3-1 and 019013, were used to produce the continuous 

sequence surrounding exon 5, and the sequence encompassing exons 12, 13, and the neighboring pufferfish 

homologue of human RNA helicase I (HRHI). The 900 bp Xmai fragment from 019013 was found to 

overlap with the intron sequence directly 5' of ex on 5 from cosmid pPEA3-l. Thus, both of these 

sequences can be identified as pufferfish PEA3 genomic sequence, based on both sequence similarity to 

other PEA3 orthologues, and synteny conservation with the human PEA3 locus. The problem arises when 

an attempt is made to properly identify the genomic sequence of the 5' end of the gene. The continuous 

sequence surrounding exons 2, 3 and 4, including the promoter sequence, was produced by subcloning a 

6.5 kb BamHI fragment from the cosmid pPEA3-1 A. At this point none of the genomic sequence from this 

cosmid overlaps with the sequence that was produced from pPEA3-l or 019013. This raises the possibility 

that the genomic sequence inclusive of exons 2 to 4 is not PEA3 but rather a PEA3 homologue, most 

probably ER81 (since pufferfish ERM has already been sequenced). However, the 5' RACE product 

sequence was found to be 100% identical to the ex on 5 sequence found in the continuous genomic 
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sequence produced from cosmids pPEA3-1 and 019G13. Further, the eDNA sequence of exons 2, 3 and 4 

was also found to be I 00% identical to the corresponding exons found within the genomic sequence 

produced from pPEA3-IA. Based on these findings , it is highly unlikely that the 5' genomic sequence 

inclusive of the promoter is from a pufferfish version of ERM or ER81, although the remainder of the 

genomic sequence of pufferfish PEA3 must be completed to further verify this claim. To accomplish this, 

further subcloning and sequencing from pPEA3-1A and from 019G13 should be performed in order to 

sequence the large intron between exons 4 and 5. Also, further attempts should be made at producing 

eDNA sequence between exons 5 and 13 using techniques such as 3' RACE or RT-PCR. This type of 

approach would allow for direct sequencing of pPEA3-1 using specific primers designed within exons 6, 7, 

8, 9, 10 and 11. 

Conservation of Chromosomal Synteny at the PEA3 Locus 

Another characteristic of the pufferfish genome that has become evident is the fact that genomic 

synteny, or the order relationships between genes, is often conserved between higher vertebrates and 

pufferfish (Brenner et al., 1993; Trower et al., 1996). In humans, approximately 1 Mb of the BRCAl locus 

on chromosome I7q21 has been sequenced (Brody et al., 1995; Osborne-Lawrence et al., 1995), and it was 

found that human PEA3 (ElAF) resides directly 5' to the human RNA helicase HRH1 gene, a homologue 

of the yeast RNA helicase Prp22 (Ono et al., 1994). Sequencing of the 5' end of pufferfish PEA3 revealed 

that a pufferfish homologue of HRHl is situated 100 bp directly 3' of the putative pufferfish PEA3 

polyadenylation signal. The discovery of the HRH1 homologue 3' of the pufferfish PEA3 gene provides 

further evidence to support the claim that this pufferfish Ets gene is in fact PEA3. From this sequencing it 

is also possible to determine that pufferfish PEA3 and the pufferfish homologue of HRH1 lie in opposite 

directions in the pufferfish genome. This is analogous to the situation in the human genome where these 

two genes are found to be transcribed in opposite directions (Brody et al., 1995). Thus, sequencing of the 
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pufferfish PEA3 genomic locus has provided yet another example of conservation of chromosomal synteny 

between the pufferfish and higher vertebrate genomes. This finding lends further support to the use of the 

pufferfish genome as a model for gene discovery within extremely large genomes. 

Identification of a 5' Partial eDNA of Pufferfish PEA3 

In addition to the genomic sequencing that has been accomplished for pufferfish PEA3, a partial 5' 

eDNA has also been produced by 5' RACE. This product was generated through the use of pufferfish 

PEA3 specific primers derived from exon 5 sequence and poly (At heart RNA. The isolation of a PEA3 

eDNA using heart RNA is surprising since PEA3 mRNA expression is highly restricted, and has not been 

identified in the mouse heart (Xin eta!., 1992). The expression of PEA3 in the adult pufferfish heart 

suggests that the role of PEA3 in the pufferfish may be significantly different from that which it plays in 

the adult mouse, however, further study of the overall expression pattern of PEA3 in the adult pufferfish is 

required to validate this claim. 

Alignment of the deduced amino acid sequence (from the 5' partial eDNA) of pufferfish PEA3 

with other PEA3 orthologues (Figure 31 ), as well as with the equivalent sequences from mouse ERM, 

mouse ER81, human ERM, human ER81 and xenopus ER81 has shown that the amino-terminal end of 

pufferfish PEA3 is 92.5% homologous to the amino-terminus of zebrafish PEA3. Further, pufferfish PEA3 

was found to be 61.3% homologous with the amino-terminal ends of both mouse and human PEA3. When 

the amino-terminal end of pufferfish PEA3 was compared to that of mouse ERM and mouse ER81 the 

percent similarities were found to be 51.4% and 53.3% respectively. Comparable percent similarities were 

observed in comparisons with human ERM and human ER81, where the similarities were found to be 

50.0% and 53.3% respectively. The amino terminal end of the pufferfish PEA3 protein was also compared 

to the equivalent sequence from the newly defined Xenopus laevis ER81 protein (Chen eta!., 1999; 

Munchberg eta!., 1999). This comparison revealed a percent similarity of 56.0% (Table 3). When the 
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Figure 31 	 Alignment of the Deduced Partial Amino Acid Sequence of Pufferfish PEA3 
with Other PEA3 Group Proteins 

Alignment of the deduced amino acid sequence from the pufferfish PEA3 5' RACE product with the 
amino-terminal ends of various evolutionarily removed PEA3 group proteins. The corresponding ex on 
borders have been indicated within the sequence. The amino acids contained with the conserved acidic 
domain are underlined in red. Positional identity in all seven sequences is indicated in blue. 



2 3 
Mouse PEA3 N E R R M K G Y L D Q R ~ P Y T F C S K S P G N G S L G E A L M V P Q G K L M D P G S L P P S D S 
Human PEA3 N E R R M K A Y L D QQ P Y T F S S K S P G N G S L R E A L I G P L G K L M D P G S L P P L D S 
Zebrafi.sh PEA3 N D Y K M - D Y L D QQ P Y T L A N R S Q G N G P L N R L L M A T K R K Y M D A E - L P P Q E S 
Pufferfi.sh PEA3 N D Y K M - D Y L D QQ P Y T L A N K S H G N G P L N T L L M A A K R Y M E T E - L P P Q E S 
Mouse ERM N D - ­ F C D QQ P F M V P G K S R S E D C R G R P L I D R K R F V D T D L - - A H D S 
Human ERM N D ­ F Y D Q Q P F M V P G K S R S E E C R G R P V I D R K R F L D T D L - - A H D S 
Mouse ER81 N D ­ F Y D Q Q WP Y V V T N S Q R G R N C T E K P T N V R K R F I N R D L - - A H D S 
Human ER81 N D ­ F Y D QQ P Y M V T N S Q R G R N C N E K P T N V R K R F I N R D L - - A H D S 
Xenopus ER81 N D - ­ F Y D Q P Y V L P N N Q S G G P S H E R S S S S R K R F L N R D L - - A H D 

3 4 4 5 

Mouse PEA3 E D L F Q D L S H F Q E T L A E A Q V P D S D E Q F V P 0 F H 
Human PEA3 E D L F Q D L S H F Q E T L A E A Q V P 0 S D E Q F V P D F H 
Zebrafi.sh PEA3 E D L F Q D L S Q L Q E T L T E A Q V P 0 S E Q F V P 0 F H 
Pufferflsh PEA3 E D L F Q D L S Q L Q E T L T E A Q V P 0 S 0 E Q F V P 0 F H 
Mouse ERM E E L F Q D L S Q L Q E A L A E A Q V P 0 - D E Q F V P D F Q 
Human ERM E E L F Q D L S Q L Q E A L A E • Q V P 0 - D E Q F V P D F Q 
Mouse ER81 E E L F Q D L S Q L Q E T W L A E A Q V P 0 N 0 E Q F V P 0 Y Q 
Human ER81 E E L F Q D L S Q L Q E T W L A E A Q V P 0 N D E Q F V P 0 Y Q 
Xenopus ER81 E E L Q L T L A E A V P 0 S E F V P 0 Y Q 

Acidic Domain 

http:Zebrafi.sh
http:Pufferfi.sh
http:Zebrafi.sh
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Table 3 Percent Similarity and Percent Divergence Between the Amino Terminal End 
of Pufferfish PEA3 and Other PEA3 Group Proteins 

This table summarizes the percent similarity and percent divergence between the amino-terminus of 
pufferfish PEA3 and the amino-termini of other PEA3 group proteins from a range of evolutionarily 
removed species. 



1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

P t S"mil "tercen I anty 
1 2 3 4 5 6 7 8 9 
"' 90.2 61.3 61.3 44.6 43.2 45.3 45.3 46.7 MousePEA3 

9.8 It' ,~t, , ,1, 61.3 61.3 45.9 44.6 45.3 45.3 48.1 HumanPEA3 
32.5 32.5 ',~. !!' 92.5 51.4 50.1 53.3 53.3 57.3 Zebrafish PEA3 
32.5 32.5 7.5 1-;1(· . " 1~ 51.4 50.1 53.3 53.3 56.1 Pufferfish PEA3 
45.9 44.6 41.1 41.1 ''"'' f;;,_;)' 94.6 67.6 68.9 64.9 MouseERM 
47.3 45.9 42.5 42.5 5.4 ,, 'lli, _f!%, 68.9 70.3 67.6 HumanERM 
49.3 49.3 43.2 43.2 28.4 27.1 I''"' · ,"~> ,;: 97.3 80.1 MouseER81 
49.3 49.3 43.2 43.2 27.1 25.7 2.7 ' ~~ ~' ; .. 

·,,;; 78.7 HumanER81 
48.1 46.7 39.2 40.5 31.1 28.4 20.0 21.3 ,.;;, Xenopus ER81 

1 2 3 4 5 6 7 8 9 
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existing eDNA sequence of puffetfish PEA3 was compared to the genomic sequence of pufferfish ERM, 

the nucleotide sequences were found to be dissimilar. This indicates that this newly identified putative 

PEA3 gene was not the puffetfish version of ERM. These results, when taken together, suggest that the 

eDNA produced during the 5' RACE analysis was in fact from the puffetfish orthologue of PEA3 and not 

one of the other PEA3 group members ERM or ER81. 

Alignment of PEA3 Orthologue Promoters 

A large number of genomic PEA3 orthologue genes are beginning to emerge from a wide variety 

of evolutionarily removed vertebrate species. These genes can be extremely useful for understanding 

which cis-acting elements within non-coding sequence govern the expression of PEA3. As was discussed 

earlier, the utility of direct promoter comparison has been substantiated in a number of systems, most 

notably Hoxb-4 (Aparicio eta!., 1995), Otx2 (Kimura et al., 1997), Wnt-1 (Rowitch eta!., 1998) and 

CRABP-1 (Klein jan eta!., 1998). In each of these cases, comparison of the promoter from the Japanese 

Pufferfish Fugu rubripes gene with the promoter from the mouse gene has revealed the importance of 

specific elements to the expression of their respective genes. Following these examples a four-way 

alignment of the PEA3 promoters from mouse, human, chicken and puffetfish was conducted. 

Observed Sequence Identity 

Alignment of the mouse and human PEA3 promoters showed an extremely large amount of 

sequence identity spanning from -300 bp upstream of the transcriptional start site to the intron between 

exons I' and 2. This region was found to be 90% identical between the human and mouse PEA3 genes 

(Barrett, 1997). The occurrence of sequence conservation within introns downstream of the transcriptional 
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start site is not unprecedented, as this situation has been reported within a number of other genes, including 

the distantly related Ets gene PU.l (Chen et al., 1995). The inclusion of additional promoter sequences was 

required to further narrow the search for regulatory elements within the PEA3 promoter. 

From the four-way promoter alignment it is evident that the observed sequence similarity exists in 

a much smaller region than was previously described between the mouse and human genes (Figure 22). 

This region aligns directly upstream of the start site of transcription relative to the mouse promoter. 

Specifically, this region was found to extend from position +I to approximately -260 bp upstream of the 

transcriptional start site. Downstream of the start site of transcription there does not appear to be any 

further remarkable sequence identity, however, directly 3' of exon 3 there does appear to be a short stretch 

of sequence that is conserved between all of the genomic PEA3 orthologues under study. When the 

remainder of the promoter alignment is examined for the occurrence of four-way nucleotide identity it is 

apparent that only sporadic conservation exists outside of coding exons 3 and 4 and the +I to -260 region 

described above. This finding suggests that the region bounded by position +I and -260 relative to the 

mouse PEA3 promoter plays a role in the regulation of PEA3 expression. A detailed analysis of the 

consensus transcription factor binding sites found within this region may serve to indicate those 

transcription factors, which may govern this expression. 

Conserved Transcription Factor Binding Sites 

Analysis of the promoters using the Transcription Factor Database shows that there are a number 

of different consensus transcription factor binding sites present within the region spanning from+ 1 to -260. 

Further inspection of this small region has also revealed that a number of consensus binding sites are only 

conserved across three of the four promoters. These sites include: 2 HNF3p, 2 NFY, I SRY, 1 TCF, 
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I AP-2, and I v-myb. Outside of the+I to -260 region a single AP-2 binding site was found to be located 

within exon 1 in the mouse, human and chicken genomic sequences. A single c-Ets-1 binding site was also 

found directly downstream of exon 1 in the mouse, human, and chicken sequences. 

A limited number of consensus transcription factor binding sites were also observed in each of the 

four promoters. Specifically, centered at position -248 in the context of the mouse promoter, a I5 bp region 

of sequence identity was observed with only a single position not conserved across the four promoters 

under study. When this I5 bp region of the pufferfish PEA3 promoter is analyzed using the transcription 

factor database, a consensus SRY binding site is revealed. However, analysis of the equivalent I5 bp 

region of the mouse, human and chicken PEA3 promoters did not reveal similar findings. In fact, no 

binding sites were found within these sequences at all. Nonetheless, it is likely that this 15 bp element 

within the mouse, human and chicken promoters does serve as a binding site for the SRY transcription 

factor, regardless of the fact that a point mutation may have occurred during the evolution of these 

promoters. It is also unlikely that this I5 bp element has simply been spared from random mutational 

events. A more plausible explanation for the conservation of this element is that this sequence serves some 

definite purpose. 

A second binding site that was conserved across all four promoters was a single AP-I transcription 

factor binding site located approximately 100 bp upstream of the transcriptional start site in the mouse 

PEA3 promoter. This site was perfectly aligned in the mouse, human and chicken promoters, however the 

pufferfish AP-1 binding site was slightly offset in the 5' direction. The final binding site that was found to 

be conserved across all four promoters, but was located outside of the + 1 to -260 region, overlapped with 

the extreme 3' border of exon 3. This sequence was found to correspond to a consensus binding site for the 

transcription factor oEF1. It is important to note that the binding sites that have been described above are 

only putative and that they should not be taken as bonafide transcription factor binding sites until proven 

experimentally. Also, there may be additional sites within these promoters that were not identified, 

possibly because the binding site is not defined by the transcription factor database. 
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At the extreme 5' boundary of the +1 to -260 region, a single HNF3~ binding site was found to be 

conserved between the mouse, human and pufferfish PEA3 promoters. A second HNF3~ site was also 

found to occur approximately 100 bp upstream of the transcriptional start site in the mouse, human and 

chicken PEA3 promoters. The forkhead winged helix transcription factor, the founding member of the 

HNF3/forkhead family, has been shown to control gut and central nervous system development in 

Drosophilia (Becket al., 1999). HNF3/forkhead homologues have been identified in both mice and 

humans and have been shown to be expressed in a wide variety of tissues including: brain, kidney, liver, 

intestine, lung, lymphocytes, and testis (Monaghan et al., 1993; Wiese et al., 1997; Frank & Zoll, 1998; 

Becket al., 1999). This pattern of expression is of interest since PEA3 expression has been observed at 

varying levels within a number of these tissues, specifically within the brain, kidney, intestine and testis 

(M. Laing, private communication). Also, the expression of a human transcription factor (Human 

HNF3/forkhead-like 5- HFKL5), homologous to members of the HNF3/forkhead factor family, has been 

observed in fully differentiated neurons in fetal and adult brain, as well as in parasympathetic ganglia of the 

small intestine (Wiese et al., 1997). Recent evidence has shown that the PEA3 group of transcription 

factors, most notably ER81 and PEA3, are expressed in motor and sensory neurons (Lin et al., 1998). 

PEA3 and ERM have also been proposed to act downstream of neuroregulin-1, a member of the EGF 

superfamily, which influence growth and differentiation of neuronal cells (Hagedorn et al., in press). Of 

further interest is the fact that HNF3 factors (a., ~ and y) have been shown to bind to the neuronal promoter 

of the human aromatic 1-amino decarboxylase gene, thus indicating that HNF3 factors are expressed in 

neuronal cells (Raynal et al., 1998). The potential role that HNF3/forkhead factors play in transactivating 

the PEA3 promoter in neuronal cells is interesting since it has recently been hypothesized that PEA3 is 

required during innervation of the male sex organs (M. Laing, private communication). In fact, PEA3-null 

mice are phenotypically sterile (Laing, 1998), possibly due to this aberrant innervation. The observed co­

expression of members of the HNF3/forkhead family and PEA3 in a variety of tissues may suggest that the 

reported binding sites for HNF3~ in the PEA3 promoter may be functionally significant. 
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Two well-conserved putative binding sites have also been identified for the Y chromosome 

associated HMG (High Mobility .Group) box containing SRY transcription factor. These sites are located 

within the +1 to -260 region. The first, being present at the extreme 5' end, is found in all four promoter 

sequences and the second, being found approximately 100 bp upstream of the transcriptional start site, is 

conserved in the mouse, human and chicken PEA3 promoters. SRY acts as a molecular switch that initiates 

the pathway that leads to differentiation of the genital ridge to testis rather than ovaries in the developing 

male embryo (Brennan et al., 1998). Interestingly, PEA3 has also been shown to be expressed in the 

genital ridge of developing embryos (M. Laing, private communication). Further, SRY is expressed in both 

fetal and adult Sertoli and germ cells in the testis (Hacker et al., 1995; Salas-Cortes et al., 1999). PEA3 has 

been shown to be expressed at moderate to high levels within the testis. It is therefore possible that SRY is 

capable of upregulating PEA3 expression in the testis via the conserved binding sites within the promoter. 

A further major site of expression of PEA3 mRNA is in the adult epididymis. The SRY related SOX9 

transcription factor has been shown to be expressed at high levels in both the adult testis and the epididymis 

(Kent et al., 1996). The fact that SOX9 is expressed in the adult epididymis raises the possibility that this 

factor may upregulate expression of PEA3 through one of the two SRY consensus binding sites. 

Interestingly, the SRY related SOX transcription factors may also play a role in regulating PEA3 

expression within the mammary gland as well. During embryogenesis PEA3 expression is lost in the 

mammary gland of male mice (L. MacNeil, private communication). The SRY transcription factor has 

been shown to act as either a transcriptional activator or a transcriptional repressor depending upon the 

target promoter. Specifically, SRY has been shown to repress the P450 aromatase promoter and to 

transactivate the Mullerian inhibiting substance (MIS) promoter. P450 aromatase catalyzes the conversion 

of testosterone to estradiol during female gonadal specification, while MIS, a member of the transforming 

growth factor ~ family, is responsible for regression of female reproductive ducts in male mice. Therefore, 

by functioning in a dual role, SRY is capable of acting as the molecular switch leading to development of 

male specific structures (Haqq et al., 1993). The SRY related factor SOX4 has been shown to be expressed 

in both normal and breast cancer cells (Graham et al., 1999). The presence of SRY binding sites within the 
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PEA3 promoter could suggest that SRY or SOX factors could possibly act in a repressive role within the 

mammary gland of male mice. Promoter mapping studies in FM3A cells using deletions of the mouse 

PEA3 promoter have provided evidence to support this claim. Specifically, the region of the mouse PEA3 

promoter between -256 and -156 has been shown to decrease expression from luciferase reporter constructs 

(Barrett, I997). A conserved SRY binding site may be found at position -250 within the mouse PEA3 

promoter (Figure 22). This provides evidence to suggest that SRY binding sites in the PEA3 promoter may 

potentially act in a repressive role. 

Two NFY (CAAT binding factor) binding sites were found within the mouse, human and chicken 

PEA3 promoters, with the first being present at position -19I, and the second being found at position -135 

(numbered relative to the mouse promoter). NFY is a heterotrimeric transcription factor that has been 

shown to interact with the central region of the co-activator p300. The formation of this complex has been 

shown to be greatly increased by the presence of cAMP. It has been proposed that the interaction of NFY 

with p300 provides a mechanism by which promoters lacking cAMP-response-elements (CRE) respond to 

cAMP. Further, NFY has been shown to interact with TFIIB, which is a component of the basal 

transcription machinery (Faniello eta!., 1999). 

A single AP-I consensus binding site was found to be conserved between all four of the PEA3 

promoters under study. This binding site was found at position -97, and was perfectly aligned in the human 

, mouse and chicken PEA3 promoters. A single AP-1 binding site was also found in the pufferfish PEA3 

promoter, although this site was situated slightly 5' of the others in the four-way alignment. The occurrence 

of a conserved AP-I binding site in the PEA3 promoter is significant because AP-1 binding sites have been 

found to occur in close proximity to PEA3 binding sites in other promoters. One such promoter is the 

urokinase-type plasminogen activator (uP A) promoter in which two PEA3/AP-1 sites cooperate to mediate 

transcriptional activation following induction by TPA and FGF-2 (D'Orazio eta!., 1997). The presence of a 

conserved AP-I binding site in the proximal PEA3 promoter is of interest because footprinting analysis of 

the mouse PEA3 promoter has indicated that PEA3 binds to a position ( -49 to -27) just 3' of the conserved 
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AP-1 binding site (Benz et al., 1997). This finding may suggest that PEA3 and AP-1 cooperate to 

transactivate the PEA3 promoter. 

A single conserved TCF (I .Qell factor)/LEF-1 (Lymphoid £<nhancer factor-1) binding site was 

found to be conserved within the mouse, human and chicken PEA3 promoters. TCF/LEF-1 transcription 

factors mediate the nuclear response to Wnt signals by heterodimerization with ~-catenin (Eastman & 

Grosschedl, 1999). Once this interaction has occurred, the ~-catenin/ TCF complex may bind with and 

transactivate target promoters. Specific target genes that are known to be responsive to ~-catenin mediated 

signaling include cyclin D1 (Tetsu & McCormick, 1999; Shtutman et al., 1999) and matrylisin (Crawford 

et al., 1999). In fact, the expression of each of these genes is known to be upregulated in colon carcinoma 

cell lines where there is an increase in free stabilized ~-catenin levels. Multiple intestinal neoplasia (MIN) 

mice bearing mutations in both alleles of the adenomatous polyposis coli (APC) gene (Mahmoud et al., 

1999) have been shown to overexpress PEA3 in colorectal tumors (H. Crawford, private communication). 

This suggests that the presence of a conserved TCF binding site within the PEA3 promoter may confer 

responsiveness to both the Wnt signaling pathway and to uncontrolled accumulation of ~-catenin as a result 

of mutational events leading to cellular transformation. 

Two AP-2 binding sites were also found to be conserved between the mouse, human and chicken 

PEA3 promoters. However, throughout the region of sequence conservation (from+1 to -260) no AP-2 

binding sites were found in the pufferfish PEA3 promoter. The two conserved AP-2 sites were found to lie 

on either side of the major transcriptional start site located at the beginning of ex on 1. AP-2 binding sites 

are of interest to the expression of PEA3 since AP-2 (a, ~ and y) transcription factor levels have been found 

to be increased in cell lines overexpressing c-erbB-2 (Her2hieu) and c-erbB-3 (Kraus et al., 1987; Skinner 

& Hurst, 1993). High levels ofPEA3 mRNA have been observed in Her2/neu induced mammary tumors 

(Trimble et al., 1993). These findings suggest that increased levels of AP-2 may play a role in the 

overexpression of PEA3. Other sites of co-expression of the AP-2 transcription factors and erbB receptor 

familty members exist. Specifically, AP-2 factors and the erbB2 and erbB3 receptor tyrosine kinases are 

expressed in the mouse cerebellum (Ozaki et al., 1998). Since PEA3 expression has been observed at a 
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high level in the brain, it is possible that AP-2 sites within the PEA3 promoter may govern PEA3 

expression following activation of signaling cascades downstream of erbB2. Further, erbB2 and erbB3 

expression has also been reported to be enhanced in colorectal tumors (Maurer et al., 1998). Since PEA3 

expression is upregulated in MIN mouse colorectal tumors, it may be possible that this overexpression is a 

consequence of both ~-catenin!TCF activity as well as other transcription factors, possibly including AP-2, 

which are responsive to erbB2 signaling. PEA3 expression has also been reported in the mouse uterus and 

intestine (M. Laing, private communication). The presence of erbB receptor family members in each of 

these tissues (Lim et al., 1998; Kataoka et al., 1998) may further suggest that PEA3 transcriptional 

regulation may be controlled by AP-2 transcription factors here as well. 

A single consensus v-myb binding site also appeared to be conserved in the PEA3 promoter, and 

was located directly 3' to the start site of transcription in exon 1 in the mouse, human and chicken 

sequences. A single v-myb binding site was also present in the pufferfish PEA3 sequence, however, it was 

located slightly 5' of the v-myb site that was conserved in the other three sequences. Ets transcription 

factors and c-myb have been found to have opposing actions on the promoters of human and mouse colony­

stimulating factor-1 receptor ( c-fms) genes. In particular, a number of Ets factors, including c-Ets-1, c-Ets­

2, PU.1 and PEA3 were found to transactivate the c-fms proximal promoter, while the c-myb proto­

oncogene was found to repress promoter activity in macrophage and block the transactivating function of c­

Ets-1 and c-Ets-2 (Reddy et al., 1994). These findings suggest that, the v-myb binding site in the PEA3 

promoter may serve a repressive role in the context of PEA3 expression. 

Of particular interest to the study of the PEA3 promoter is the search for potentially conserved Ets 

binding sites. In the past it has been shown that PEA3 is capable of transactivating its own promoter in 

COS cells. As was previously mentioned, PEA3 is also capable of binding to the mouse promoter, thereby 

inducing DNase-I hypersensitivity sites between positions -49 and -27, and positions -302 and -280 in the 

mouse PEA3 promoter (Benz et al., 1997). These findings provide convincing evidence in support of the 

claim that PEA3 autoregulates its own expression. Identification of conserved Ets/PEA3 binding sites 

within the four PEA3 promoters would be extremely beneficial to the understanding of this phenomenon, 
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specifically because it might allow for the identification of the PEA3 responsive element. Interestingly, 

the PEA3 footprint that was found between positions -49 and -27 falls within the region of homology 

defined by the four-way promoter alignment. Although this footprint site did not contain a consensus Ets 

binding site, the possibility still exists that this region of the PEA3 promoter may be PEA3 responsive. A 

survey of the promoter alignment revealed only a single site where c-Ets-1 binding sites (and therefore a 

potential PEA3 binding site) were conserved across a number of the PEA3 promoters. In particular a c-Ets­

1 binding site was found directly 3' of exon 1 in the mouse, human and chicken PEA3 promoter sequences. 

A c-Ets-1 binding site was also found in the pufferfish PEA3 promoter at a position slightly upstream of the 

sites identified within the other promoter sequences. Whereas the c-Ets-1 binding site found in the mouse 

PEA3 promoter possessed the prototypical GGAAIT core binding motif, the c-Ets-1 binding sites found in 

the other three promoter sequences possessed only a GGA core element. The conservation of this site may 

also indicate that other members of the Ets transcription factor family, aside from PEA3, are capable of 

binding to, and transactivating, the PEA3 promoter. Other potential Ets binding sites were also found 

throughout each of the individual promoters, however they did not occur within the regions of sequence 

identity. It is possible then that other Ets binding sites function as binding sites for PEA3, but that the 

locations of these sites vary within the promoters. 

A single candidate binding site for the DNA binding protein oEFl was also found to reside 

directly 3' of exon 3 in each of the PEA3 promoters being studied. oEFl contains a homeodomain and two 

zinc finger clusters, and is believed to be the vertebrate homologue of the Drosophilia factor zfh-1 (zinc 

finger homeodomain-containing factor-1) (Takagi et al., 1998). This factor has previously been shown to 

regulate eye lens specific transcription by binding to the 51-crystallin enhancer (Funahashi et al., 1993). 

This transcription factor is also present in a number of other mouse tissues including restricted expression 

in a few sites within the brain and spinal cord (Takagi et al., 1998). In addition to its role as a 

transcriptional activator, oEFl has also been shown to carry out a repressive function by competitively 

binding to E2 box elements (Sekido et al., 1996). The E2 box (5'-CACCTG-3') or related sequences, have 

been shown to act as binding sites for members of the myogenic basic helix-loop-helix (bHLH) 
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transcription factor family (Sekido et al., 1994). Interestingly, PEA3 has been shown to be an important 

regulator of activated satellite cell function following muscle degeneration (Taylor et al., 1997). The up­

regulation of PEA3 in activated myoblasts is co-incident with the accumulation of MyoD in the same cells 

and it is therefore possible that myogenic factors affect the expression of PEA3 during my blast activation. 

However, PEA3 expression is down-regulated in fully differentiated myotubes (Taylor et al., 1997) and this 

might indicate a possible role of the transcriptional repressor 8EF1. It is possible that 8EF1 may act 

competitively with myogenic factors to modulate PEA3 expression during different stages of myogenic 

stem cell activation and differentiation. 

Common Features within the PEA3 Promoters 

Alignment of the proximal PEA3 promoters from human, mouse, chicken and pufferfish has 

revealed a number of interesting features that may be involved in governing both transcription of the 

various PEA3 genes, as well as the translation ofPEA3 mRNA in each system. Firstly, the start site of 

transcription has been determined for both the mouse (Smillie, 1993) and human (King et al., database 

submission) PEA3 (E1AF) sequence and in each case the major start site is centered on a well-conserved 

initiator element or cap signal (Bucher, 1990). Inspection of the chicken PEA3 sequence following 

alignment, indicated that the chicken sequence also possessed a close match to the initiator element 

consensus. This finding suggests that the thymidine residue in the chicken initiator might function as the 

major start site of transcription for the chicken PEA3 gene. The start site of transcription in the pufferfish 

PEA3 gene has not been identified, nor does a candidate start site align with the other PEA3 sequences. As 

a result, it is not possible to infer the position of a potential transcriptional start site in pufferfish. Further 5' 

RACE experiments are required to produce the extreme 5' end of the pufferfish PEA3 eDNA. In the mouse 

gene, a second transcriptional start site was found to reside 3' of the major start point (exon 1') (Smillie, 
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1993), however this start site does not appear to be conserved across all four promoters. Given that a 

second transcript originating at a second transcriptional start site has not been identified in human 

PEA3, these results suggest that the first start site of initiation located at the beginning of exon 1 is 

responsible for transcriptional initiation of the majority of PEA3 transcripts. 

Residing slightly upstream (position -22) of exon 1 and of the major transcriptional start site is a 

putative CCAA T box, which shows a high degree of conservation across the mouse, human and chicken 

promoters. The CCAAT box sequence within these promoters is highly similar to the previously reported 

CCAAT box consensus sequence (Bucher, 1990). In vertebrates, this promoter element is found between 

positions -212 and -57 relative to the transcriptional start site. Since the majority of CCAA T boxes lie 

within this specified range, it is possible that the putative PEA3 CCAA T box lies too close to the start site 

of transcription. However, even though the majority of CCAA T boxes are found to lie slightly 5' of 

position -57, there have been a small number reported outside of this optimal range (Bucher, 1990). 

Transcription factors which are known to bind to the CCAA T element include NF-Y and CP-l. As 

previously discussed, NFY is a heterotrimeric transcription factor that has been shown to interact with both 

the co-activator p300, and TFIIB, a component of the basal transcription machinery. CP-1 has been shown 

to bind with high affinity to the CCAAT elements contained within the human a-globin promoter and the 

adenovirus major late promoter (Chodosh et al., 1988). 

Further inspection of the four-way promoter alignment revealed sequence identity surrounding the 

start site of translation. Specifically, the mouse, human and pufferfish PEA3 genes were each found to 

possess two putative start codons within exon 2. Chicken PEA3, was found to contain only one putative 

ATG start codon. Alignment of the promoters, including exons within the 5' end of the PEA3 genes, 

indicates that the chicken PEA3 start codon aligned with the second start codon of human and mouse 

PEA3. A similar alignment was not observed between the mouse, human, chicken and pufferfish PEA3 

sequence because the pufferfish start codon aligns further upstream than that of the other three genes. The 

second ATG start codon in all four sequences was found to possess an adenosine residue at position -3 

relative to the A TG. It has been proposed that this configuration surrounding the start codon is sufficient 
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for start codon selection during translation (Kozak, 1991). When taken together, the absence of the first 

ATG in chicken PEA3, and the discovery of a conserved adenosine residue at position -3 upstream of the 

second start codon in human, mouse and pufferfish PEA3, suggests that the biologically relevant start 

codon is most likely the second of the two. 

Missing Features within the Pufferflsh PEA3 Promoter 

In addition to providing useful information regarding sequence conservation, the four-way PEA3 

promoter alignment also highlights regions that are missing within one or more of the promoter sequences. 

For instance, whereas both the mouse and human PEA3 genomic sequences possess a CA repeat sequence 

between exons 1 and 1' (+221 to +421), the chicken and pufferfish genomic sequences do not. Given that 

CA repeats have been shown to act as silencer elements within promoters (Wu et al., 1994), their presence 

in the mouse and human genomic sequence, might suggest that the CA element is import to the 

transcriptional regulation of PEA3 in higher vertebrates. 

It is also important to note that the putative start codon in ex on 2 of pufferfish PEA3 was found to 

align upstream from the position where the other three start codons were found. This suggests that the 

sequence, essentially from the start of exon 1 up to the 5' end of exon 2, in the mouse, human and chicken 

sequence is missing in the pufferfish. One interpretation of this finding is that this sequence plays a 

minimal role in the regulation of PEA3 expression. Another is that the inclusion of this sequence in higher 

vertebrate genomes functions to add a higher level of transcriptional regulation to these genes. Since 

mouse PEA3 is known to possess two transcriptional start sites (Smillie, 1993), it is reasonable to predict 

that there may be two unique promoters driving transcription from each site. The absence of the second 

promoter element from the start of ex on 1 up to the beginning of ex on 2 may then suggest that this region 

of the mouse, human, and chicken genomic PEA3 sequence is responsible for a highly restricted, tissue 

specific expression of PEA3 transcripts bearing ex on 1' as an untranslated ex on. In fact, promoter mapping 



162 

studies have shown that the non-coding sequence of the mouse PEA3 promoter between positions + 1 and 

+676 was capable of producing maximal reporter gene activity in the FM3A mouse mammary tumor cell 

line (Barrett, 1997). This finding could suggest that the second promoter was active in this cell line, while 

the first promoter that drives expression from exon 1, was silent. It is also important to note that when the 

non-coding sequences from -156 to +676 were assayed for promoter activity in the FM3A cell line, a 

similar level of reporter gene activity was found, however, this may be due to the fact that the sequences 

between -156 and +1 are transcriptionally inactive in FM3A cells. Further experimentation involving other 

PEA3 expressing cell lines is required to assess the ability of the sequences upstream of ex on 1 to support 

transcription. Such experiments would also shed light on the possible existence of a dual promoter. 

Isolation and Sequencing of the Pufferfash ERM Locus 

Size of Genomic Pufferfish ERM 

Sequencing of pufferfish ERM revealed that this gene resides within approximately 4.5 kb of 

pufferfish genomic sequence. Although a substantial portion of the gene sequence is unknown (Monte et 

al., 1996) the approximate size of the human ERM gene is roughly 65 kb. This indicates that the pufferfish 

orthologue of the ERM gene is reduced in size by approximately 14 fold. This finding was unexpected 

since it has been reported that, on average, pufferfish genes are reduced in size by seven to eight fold in 

comparison to their counterpart genes in higher vertebrates (Brenner et al., 1993). In addition to the coding 

sequence that has been identified, a portion of the proximal promoter region has also been sequenced. This 

region spans approximately 1.2 kb upstream of the putative start codon of pufferfish ERM. 
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Intron-Exon Organization of Pufferfish ERM 

Both pufferfish and human ERM share a similar molecular organization of introns and exons. As 

was observed in chicken PEA3, exon 9 is apparently not present, however this finding cannot be 

completely confirmed since a eDNA sequence is not available for pufferfish ERM. It is important to 

indicate that a number of open reading frames exist within the genomic sequence between exons 8 and 10. 

As a result, exon 9 may be present, but its nucleotide sequence (and deduced amino acid sequence) may be 

too dissimilar from other ERM orthologues for an identification to be made. The absence of ex on 9 in both 

chicken PEA3 and pufferfish ERM possibly suggests that the amino acids encoded by this exon are 

relatively unimportant to the function of these two proteins. However, as was argued earlier, the possibility 

exists that the incorporation of ex on 9 into higher vertebrate versions of PEA3 and ERM may have 

introduced functional domains into these proteins. Thus, the possibility remains that in chicken, and in 

pufferfish, the PEA3 group of transcription factors may have evolved without exon 9. 

Two-way Alignment of the Human and Pufferfish ERM Promoters 

Sequence Identity Between the Promoters 

The availability of promoter sequence for the Ets transcription factor ERM, from two 

evolutionarily divergent species (human and pufferfish) made it possible to identify conserved regions 

within these promoters, as well as specific transcription factor binding sites that might govern the 

expression of ERM. This kind of information is extremely valuable to the understanding of the expression 

of the related Ets transcription factor PEA3, since these two genes are found to be co-expressed in a variety 

of tissues during mouse embryonic development (Chotteau-Lelievre et al., 1997). 
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Since the 5' end of the genomic human ERM sequence is discontinuous in a number of locations 

(particularly within large introns) two separate alignments were produced. The first illustrated the two-way 

sequence identity that was found upstream of a break in the human ERM sequence between exons 1' and 2. 

This alignment showed an extremely sporadic pattern of sequence identity with no significantly long 

stretches of sequence conservation between the two promoters. This alignment also showed that the two 

sequences were only 20% identical to one another. When the sequences lying downstream of the sequence 

break in human ERM were aligned with a region of pufferfish ERM sequence encompassing exons 2 to 4, a 

similar level of sequence similarity was observed (approximately 25% ). These two alignments demonstrate 

that additional human ERM promoter sequence is required to make such a comparison useful. It is 

important to note that the sequence break between exons 1' and 2 in human ERM may house regulatory 

elements that are important to the transcriptional regulation of ERM in a similar manner to that reported 

for PU.1, where regulatory elements were found to reside downstream of the transcriptional start site (Chen 

et al., 1995). An analogous situation has also been reported for the mouse PEA3 promoter, where the 

sequences from +1 to +676 relative to the transcriptional start site was found to constitute a core promoter 

(Barrett, 1997). In order to more fully examine this promoter, it will be necessary to complete the 5' end of 

the genomic sequence of human ERM, and to determine additional promoter sequence from other 

organisms. 

Identification of Conserved Consensus Transcription Factor 
Binding Sites Within the Promoters 

Within the promoter alignments there was a surprising lack of concensus transcription factor 

binding sites conserved between the two promoters. In fact, only two specific binding sites were found to 

be present within both of the promoters. The first was a conserved MyoD binding site that was found to 

correspond to the 3' border of the untranslated ex on 1'. The existence of a MyoD binding site within the 

ERM promoter is not surprising since there is evidence to support a role for PEA3 in the activation, 



165 

migration, and differentiation of myogenic stem cells (Taylor et al., I997). The fact that there is no 

apparent phenotype involving muscle dysfunction in PEA3-null mice (M. Laing, private communication) 

may suggest that ERM is able to functionally substitute for PEA3 in these mice, thereby allowing a normal 

phenotype to emerge. 

The second binding site that was found to be conserved was a consensus AP-I binding site. It has 

been reported that Ets transcription factors may function in tandem with AP-I to effect transactivation of 

target promoters (D'Orazio et al., I997). A number ofEts binding sites were found in the human ERM 

promoter, including a PEA3 binding site that was 100% identical to the consensus PEA3 binding site. 

Based on this result, the possibility exists that Ets factors and AP-I may function cooperatively to 

transactivate the ERM promoter. 

Unfortunately, the lack of human ERM promoter sequence has hindered the search for conserved 

consensus transcription factor binding sites. Further sequencing of the human ERM gene, as well as the 

isolation of additional ERM genes would allow for a more substantial analysis of evolutionary sequence 

conservation within their promoters. 



CONCLUSION 

The genomic orthologues of PEA3 from the chicken and Japanese Pufferfish Fugu rubripes were 

isolated from genomic libraries. The chicken PEA3 gene was completely sequenced, including 

approximately 2 kb of its proximal promoter, while the pufferfish PEA3 gene was only partially sequenced, 

including approximately 1 kb of its proximal promoter. These promoter sequences were aligned with the 

known promoters of both the human and mouse PEA3 genes. This alignment revealed that a region 

between positions +1 and -260 relative to the transcriptional start site in the mouse PEA3 gene was 

conserved across all four promoters. Further analysis identified a number of candidate transcription factor 

binding sites present within this defined region. The conservation of these binding sites suggests that they 

may play a distinct role in governing the expression ofPEA3, although further experimentation is required 

to validate the importance of these sites. These findings could in the future guide in the selection of 

candidate promoter sequences to be used to drive expression of ~-galactosidase in transgenic mice. These 

experiments could possibly identify the minimal core PEA3 promoter and its essential transcription factor 

binding sites. An additional outcome of the search for pufferfish PEA3 was the discovery of a pufferfish 

orthologue of the related Ets transcription factor ERM. Alignment of the proximal promoter from the 

pufferfish ERM gene with the existing human ERM promoter sequence failed to identify a clearly 

conserved region within the promoter. Further sequencing of both the human and pufferfish ERM 

promoters, as well as the isolation of a mouse ERM promoter, will be necessary to elucidate the mechanism 

of transcriptional regulation of ERM in higher vertebrates. 
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Appendix A Chicken PEA3 Genomic Sequence 

The genomic sequence of chicken PEA3, including 2 kb of sequence upstream of the putative start codon in 
exon 2, is depicted. The genomic sequence has been translated according to the three possible reading 
frames, and the resultant amino acid sequence has been shown below each nucleotide sequence line. The 
deduced amino acid sequences that are homologous to other PEA3 orthologue protein sequences, and that 
correspond to open reading frames within the genomic sequence have been boxed. The boxes are colored 
and correspond to the legend that may be found at the bottom of the sequence. The putative start codon in 
exon 2, and the putative polyadenylation signal have been indicated. The putative stop codon is also 
shown. Where two possible exons are found to reside within one large open reading frame, the amino acids 
encoded by each ex on are approximated based on amino acid sequence similarity to other PEA3 proteins. 
Exons 8 to 13 have been underlined in the nucleotide sequence based on the available 3' eDNA sequence. 



AAAGGACTTGGACTCCCATGACCAGAAGAGCAAAAGCAAAAGGCTGCAGGAACAGCAGCAATCCACAGAGCTGGAATGTTCATGAGGCTGATTTAGAATGACACAAAAACACTCAAAAGTGTT 123 
K G L G L P . P E E Q K Q K A A G T A A I H R A G M F M R L I . N D T K T L K S V 
K D L D S H D Q K S K S K R L Q E Q Q Q S T E L E C S . G . F R M T Q K H S K V F 

Q R T W T P M T R R A K A K G C R N S S N P Q S W N V H E A D L E . H K N T Q K C 
TCCTGGGTCAGGATCTGCATTCTTTCAGATATTCCATCAACTTAAGGATGAAGATGGCTAATATCGACAGCTGAAGAGTAGAGTCAGCACCTTATTCACAACCTCCCCACCCAGGGAACAACG 246 
S W V R I C I L S D I P S T . G . R W L I S T A E E . S Q H L I H N L P T Q G T T 

P G S G S A F F Q I F H Q L K D E D G . Y R Q L K S R V S T L F T T S P P R E Q R 
F L G Q D L H S F R Y S I N L R M K M A N I D S . R V E S A P Y S Q P P H P G N N 
GGGCATCAGAGAACGGCTGAACTCAGTCCTGATGGTACAAAACCTGAGCTCTTCACCCAGCTGTTTATTTTTATAAAACTGCAGGTCTGCTTATGCTCTATTCTAAACGTGTCTCTGCACCTC 369 
G H Q R T A E L S P D G T K P E L F T Q L F I F I K L Q V C L C S I L N V S L H L 

G I R E R L N S V L M V Q N L S S S P S C L F L . N C R S A Y A L F . T C L C T S 
G A S E N G . T Q S . W Y K T . A L H P A V Y F Y K T A G L L M L Y S K R V S A P 
TGCACTTCAGTCAAGAAAAGAGTCAAGAAAGCTGGGAAGGTTATTTTTGTGTACAGAGATGGGGAAGTGAGAAGACAACCATGCAGAGACATAAGGCCTCTGTCAGTTCTGTCATTGCCCACT 492 

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

L H F S Q E K S Q E S W E G Y F C V Q R W G S E K T T M Q R H K A S V S S V I A H 
GGATGGGAAATTAGAACATCATAAAGCAAACAAATATAACAGTGGAAAATCCCATCCGGTTCAGAGCGCAGCCATATGCTGAAATCAGATCTGAAATAACAAAGGTTCCATTATATCTTAACC 615 
G W E I R T S . S K Q I . Q W K I P S G S E R S H M L K S D L K . Q R F H Y I L T 

D G K L E H H K A N K Y N S G K S H P V Q S A A I C . N Q I . N N K G S I I S . P 
W M G N . N I I K Q T N I T V E N P I R F R A Q P Y A E I R S E I T K V P L Y L N 
AGGAAATGCAGCATTAATAACCAAGAGTTAAATGGCTATTTTGCAATGACCTGTATAGCAGAAAGTGCAAAGCAAAGCAGGGGTATCTGGTGTCGCATAGACTTTGCAGGACACTTAAAGTAT 738 

R K C S I N N Q E L N G Y F A M T C I A E S A K Q S R G I W C R I D F A G H L K Y 
G N A A L I T K S . M A I L Q . P V . Q K V Q S K A G V S G V A . T L Q D T . S M 

Q E M Q H . . P R V K W L F C N D L Y S R K C K A K Q G Y L V S H R L C R T L K V 
GAATTGCTTAACAGCAATCTAACTGGGGGACGTATTCTCTTGCAGCTTCCCAGTAGCATTCGATTGAAGTTAACTGCTTGAACAAATTGCTACAAAACAATATCTGTATATTCTGTATATCTG 861 

E L L N S N L T G G R I L L Q L P S S I R L K L T A . T N C Y K T I S V Y S V Y L 
N C L T A I . L G D V F S C S F P V A F D . S . L L E Q I A T K Q Y L Y I L Y I C 

. I A . Q Q S N W G T Y S L A A S Q . H S I E V N C L N K L L Q N N I C I F C I S 
TATATAATATCCCCAGTAATATCTGGGGATGCGCTATAAGTTAGCATGTTCTTGTTTTGCCCCCATGAACAGATTAAACCTGCTTTTGGGGCTGTTTTCCTGACAGAGTGGGTTCCTGGTAAT 984 
Y I I S P V I S G D A L . V S M F L F C P H E Q I K P A F G A V F L T E W V P G N 

I . Y P Q . Y L G M R Y K L A C S C F A P M N R L N L L L G L F S . Q S G F L V M 
V Y N I P S N I W G C A I S . H V L V L P P . T D . T C F W G C F P D R V G S W . 
GCTGAAGCTGCCTTTTTTTTCCAGCAGAAAGATTAAAATACACTTAAACTGAATACTTTTCCATCATACACGTGTCATGCTGATCGCATTGGCTGCAGAGAAAACATGACAAAGATGCTCAGT 1107 
A 	 E A A F F F Q Q K D . N T L K L N T F P S Y T C H A D R I G C R E N M T K M L S 


L K L P F F S S R K I K I H L N . I L F H H T R V M L I A L A A E K T . Q R C S V 

C . S C L F F P A E R L K Y T . T E Y F S I I H V S C . S H W L Q R K H D K D A Q 



TTCTATATAGTATTAAGAGTAATTTGTGCTCATCCCTTCCTGTGCAGCAAGAGTAAAACTGGTTTTGGTTGCTTGGGCTTTAATTATTCTAACTCCAGGTGCATGAGTGAGATTTTTTTTCCA 1230 

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

S I . Y . E F V L I P S C A A R V K L V L V A W A L I I L T P G A . V R F F F Q 


F L Y S I K S N L C S S L P V Q Q E . N W F W L L G L . L F . L Q V H E . D F F S 

GATCTTGTTGGAACTTGAAGAACTTCCCGGGAACAGGGCTGAAAATATCCTTAAGACTCTTAGAAAATGACTGCAGTGTGGGTGAGAACTGGCAGGCCCCGTCGTGTGCCGCGCTGGGTAGGA 1353 

D L V G T . R T S R E Q G . K Y P . D S . K M T A V W V R T G R P R R V P R W V G 

I L L E L E E L P G N R A E N I L K T L R K . L Q C G . E L A G P V V C R A G . E 


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

GGCTGAAAGTGCAGGCTGAGCGTGCTCGGTCGGCGGCGGTTCGAGCTCCTTTGCAGCCTCTCATGAATGAACTTCCAGAGTTTTTTTATGAATGGGCGCTCCGTCCTTGAATGAACACCAGTG 1476 

G 	 . K C R L S V L G R R R F E L L C S L S . M N F Q S F F M N G R S V L E . T P V 

A E S A G . A C S V G G G S S S F A A S H E . T S R V F L . M G A P S L N E H Q C 


R L K V Q A E R A R S A A V R A P L Q P L M N E L P E F F Y E W A L R P . M N T S 


R R A L I G P G G . S H A H F P P S V L R L V D A P Q P R A S F T K S M K Q R S G 

A A L . L A P A D K A T P T F P P A C C D W W T R P 5 P G L H 5 R S Q . N K G A G 


A P R 5 D W P R R I K P R P L S P Q R A A I G G R A P A Q G F I H E V N E T K E R 


E P S 5 . R R R C A N G R P P P G A Q R P E R P R G R G C V G L R M G R E 5 P P G 


CGCCGCGCTCTGATTGGCCCCGGCGGATAAAGCCACGCCCACTTTCCCCCCAGCGTGCTGCGATTGGTGGACGCGCCCCAGCCCAGGGCTTCATTCACGAAGTCAATGAAACAAAGGAGCGGG 1599 


GAGCCGAGCTCGTGAAGGCGGCGATGCGCCAATGGGAGGCCGCCCCCGGGCGCTCAACGGCCTGAACGGCCGCGCGGGCGGGGCTGCGTGGGGCTCCGCATGGGCCGGGAGTCGCCACCGGGT 1722 


5 R A R E G G D A P M G G R P R A L N G L N G R A G G A A W G 5 A W A G 5 R H R V 

G A E L V K A A M R Q W E A A P G R 5 T A . T A A R A G L R G A P H G P G V A T G 

GAGGCGCGGGGCCGGAGGGTCGGGGCTCGTCCTGGGACCGGGGAGGGCTCATTCTCAGGGTCGGGGAGTTCTGTCTCACTCGCTTACTGAAGTTCTAGGGGCGGCTCGGCGCTCCCCTGGGGT 1845 

E 	 A R G R R V G A R P G T G E G S F S G S G S S V 5 L A Y . 5 5 R G G S A L P W G 

R R G A G G S G L V L G P G R A H 5 Q G R G V L 5 H 5 L T E V L G A A R R S P G V 


. G A G P E G R G S 5 W D R G G L I L R V G E F C L T R L L K F . G R L G A P L G 


P G S S 5 P L F L Y P V G G A P L V A• P I L G R C R P A G 5 L P L C L P Q V R S E 

p v L p A L y 5 5 T R w G v L R L . I P p s s A G A G p L v A F L c A s p R c A p Rl 


S R F F Q P 5 I P L P G G G C S A C S P H P R Q V P A R W . P S 5 V P P P G A L R 


5 R E L R G R G G S A R A A G . R G T W T S R C R S L S P R . V V A L P G V G G G 

A G S S A A A E V A P G R D E G V R G P A G A V H F P P G E W W L Y R A W E G D 


E P G A P R P R R . R P G G R M K G Y V D Q Q V P F T F P Q V S G G 5 T G R G R G 


S G P G Q P P F G A S R . S A L P A A A A G P C G L R V P D 5 D G R C K E P H G A 

G R D 5 L R S G P R A D P L F P P P P G H A G S G C R T P T G A A K S P M E P 


CCCGGTTCTTCCAGCCCTCTATTCCTCTACCCGGTGGGGGGTGCTCCGCTTGTAGCCCCCATCCTCGGCAGGTGCCGGCCCGCTGGTAGCCTTCCTCTGTGCCTCCCCCAGGTGCGCTCCGAG 1968 


AGCCGGGAGCTCCGCGGCCGCGGAGGTAGCGCCCGGGCGGCAGGifGAAGGGGTACGTGGACCAGCAGGTGCCGTTCACTTTCCCCCAGGTGAGTGGTGGCTCTACCGGGCGTGGGAGGGGGA 2091 


TCAGGGCCGGGACAGCCTCCGTTCGGGGCCTCGCGCTGATCCGCTCTTCCCGCAGCCGCCGCCGGGCCATGCGGGCTCCGGGTGCCGGACTCCGACGGGCGCTGCAAAGAGCCCCATGGAGCC 2214 


I R A G T A S V R G L A L I R S S R S R R R A M R A P G A G L R R A L Q R A P W S 
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GGGCTTGCTGCCGGCGCAGGATTCGGAAGGTAAGGGTGGGGGGGGGGCTGTAGGGGGAGGCTGGGGAAGGCTCTGGGCAGGGTCCAGGTCCTCCCCCTGTGCCTCCGCCCCCACCTCCCCGTC 2337 
G L A A G A G F G R . G W G G G C R G R L G K A L G R V Q V L P L C L R P H L P V 
G L L P A D S E G K G G G G A V G G G W G R L W A G S R S S P C A S A P T S P S 

R A C C R R R I R K V R V G G G L . G E A G E G S G Q G P G P P P V P P P P P P R 
CCGCCCGGCATCTCCCCGCTGGAGCATCCCGCTGTCCCTCCCCAGCGCTCCACTGAAGAAACCTCTCGCTTTTCGTGCAGACCTCTTCCAGGACTTGAGCCAGTTCCAGGAGACTTGGCTGAC 2460 
P P G I S P L E H P A V P P Q R S T E E T S R F S C R P L P G L E P V P G D L A D 

I R p A s p R w s I p L s L p s A p L K K p L A F R A D L F Q D L s Q F Q E T w L T l 


P A R H L P A G A S R C P S P A L H . R N L S L F V Q T S S R T . A S S R R L G . 

AGAAGGTAGGCTCCTTCCCCTTTCTCTGTTTTGGTTTCTTCGTCTTTCGCTTCTTTGTCTTTTTGGTGTTTGTACTGTTCCTTTGCTTTGTTTGCCCAGCTCCAAACATTGAGGATTTTTTTC 2583 
R R . A P S P F 5 V L V S S S F A S L 5 F W C L Y C S F A L F A Q L Q T L R I F F 
IE G R L L p L s L F w F L R L s L L c L F G v c T v p L L c L p s s K HI . G F F s 

Q K V G S F P F L C F G F F V F R F F V F L V F V L F L C F V C P A P N I E D F F 
AGGCTTGCCAACCTCTGCGCTGTGTAAATGAAGAAGCATGAATCACACCATTGNCTGGGTATTTGCTTATGAATGGAACTTGGCCGCCAGCCCGTTTTCCTGGTACAATTTTTGTTTCAGCCT 2706 
R L A N L C A V . M K K H E S H H ? L G I C L . M E L G R Q P V F L V Q F L F Q P 
G L P T S A L C K . R S M N H T I ? W V F A Y E W N L A A S P F S W Y N F C F S L 

Q A C Q P L R C V N E E A . I T P L ? G Y L L M N G T W P P A R F P G T I F V S A 
CTTCTTGTAACCGGTTTGATTTTATGCTAATTTGTCGCTGATCTTTGTTAGTTACCAAAACATTTATATTTCCTTAAGCAAACAATGAACTGTTATTTTAATCTGGGAGACGAGGTGCTTTTC 2829 
L L V T G L I L C . F V A D L C . L P K H L Y F L K Q T M N C Y F N L G D E V L F 
F L . P V . F Y A N L S L I F V S Y Q N I Y I S L S K Q . T V I L I W E T R C F S 

S S C N R F D F M L I C R . S L L V T K T F I F P . A N N E L L F . S G R R G A F 
CTAACGCTTTTTTCTTTTGGACGATAATTCTCTGCAAGCACCGTCCTGGAGTTCATCTTTCTACATTAGCATCTAAACTGTTTTGCCTCTTGACTTCAAGGAAGAGAAAACCTCAAGTGTTGG 2952 
L T L F S F G R . F S A S T V L E F I F L H . H L N C F A S . L Q G R E N L K C W 

. R F F L L D D N S L Q A P S W S S 5 F Y I S I . T V L P L D F K E E K T S S V G 
P N A F F F W T I I L C K H R P G V H L 5 T L A S K L F C L L T S R K R K P Q V L 
GGAGTGCCGTTAATTCCAAGTGAAAATAGTTCTAAGCAATGGAGTGAACTTTGTTCTAATTTCAGTACTCCAAATGATCTATTTTGTTGAGGAACTGAAAAGGTTTCGTTAAGTACAGACTCC 3075 
G V P L I P S E N S S K Q W S E L C S • N F S T P N D L F C . G T E K V S L S T D S 

E C R . F Q V K I V L S N G V N F V L I S V L Q M I Y F V E E L K R F R . V Q T P 
G S A V N S K . K . F . A M E . T L F . F Q Y S K . S I L L R N . K G F V K Y R L 
TGATAAATAGGAGAGCACTTACTGTGATATCAGTTCTTAATAGTTAAATAGTTGCTAAGTAAAGAAATGAAATACCTTATGTTCCTTAAAATTTGGAGTGGGTAGAATTCAGTGAGGATTTAA 3198 

. I G E H L L . Y Q F L I V K . L L S K E M K Y L M F L K I W S G . N S V R I . 
D K . E S T Y C D I S S . L N S C . V K K . N T L C S L K F G V G R I Q . G F K 

L I N R R A L T V I S V L N S . I V A K . R N E I P Y V P . N L E W V E F S E D L 
GGGTACAATAGGAATTAACTGAGGCTGTTCTGGGGTTGAAACACCGCTGATTTGAAGCAGGAATGTAGGTATCACTGGTCGTCTGTTGGATCTGATGAAGGTGCACACTTGCTTGGGACTGAT 3321 
G Y N R N . L R L F W G . N T A D L K Q E C R Y H W S S V G S D E G A H L L G T D 
G T I G I N . G C S G V E T P L I . S R N V G I T G R L L D L M K V H T C L G L I 

R V Q . E L T E A V L G L K H R . F E A G M . V S L V V C W I R C T L A W D . 
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TTCTCCATTGAGATGTTTATATCACAGTCAGATTGTGCCAGTCTTTCGACTTTGAGTTTTCTGATGCTTGATAATATTTTTCAGATATTAATCCAAAGAATTTGTGACCATCTGTGTGAATTC 3444 
F S I E M F I S Q S D C A S L S T L S F L M L D N I F Q I L I Q R I C D H L C E F 
S P L R C L Y H S Q I V P V F R L . V F . C L I I F F R Y . S K E F V T I C V N S 

F L H . D V Y I T V R L C Q S F D F E F S D A . . Y F S D I N P K N L . P S V . I 
ATCCCTGCTCTGCTACTGGCAGACGTTCCATAGTCAGTGCCTCAGGTGGAAGTGAGGTTGCATTGAGGTCTCATAGCAGTGGATGGAAAAAGGGAATTGTCATTAATGTGTCTCATTATGTAT 3567 

I P A L L L A D V P . S V P Q V E V R L H . G L I A V D G K R E L S L M C L I M Y 
S L L C Y W Q T F H S Q C L R W K . G C I E V S . Q W M E K G N C H . C V S L C I 

H P C S A T G R R S I V S A S G G S E V A L R S H S S G W K K G I V I N V S H Y V 
AATGCAAACCTTAGAGGAAAAGTAGCAGCACAGTGTTATGATTCCAGCTGAGTTCCTTCTGCCTGGAGGAAGAACTCTTTAATAGCCCTGAGGATGGAAGGAACTTTGGGTTGTGCTAACAGC 3690 
N A N L R G K V A A Q C Y D S S . V P S A W R K N S L I A L R M E G T L G C A N S 
M Q T L E E K . Q H S V M I P A E F L L P G G R T L . . P . G W K E L W V V L T A 

. C K P . R K S S S T V L . F Q L S S F C L E E E L F N S P E D G R N F G L C . Q 
TCCGCTCTTTGCATCCTATCAGATGAAATCCCCCCCCTTTCTCACTCTTTATGAATACTCCGTAGCTTTAAAATGCCTTTCACTCCAATAACTTCAGGAACTTTGTTGCTTTCTATGAATTAC 3813 
S A L C I L S D E I P P L S H S L . I L R S F K M P F T P I T S G T L L L S M N Y 
P L F A S Y Q M K S P P F L T L Y E Y S V A L K C L S L Q . L Q E L C C F L . I T 

L R S L H P I R . N P P P F S L F M N T P . L . N A F H S N N F R N F V A F Y E L 
TCCTCACGATGCACTCAGCAATGGTGTGCTGTGCTCTCAATCTTCTGCTGGGGGCAGCTGAGTGGCGAAGCATCCCAGCATCTTATCGAGATCCCACAGCTAAGGATGGGGCTCTGGGTTTCC 3936 
S S R C T Q Q W C A V L S I F C W G Q L S G E A S Q H L I E I P Q L R M G L W V S 
P H D A L S N G V L C S Q S S A G G S . V A K H P S I L S R S H S . G W G S G F P 

L L T M H S A M V C C A L N L L L G A A E W R S I P A S Y R D P T A K D G A L G F 
TATTACCTGATTTTTATGCTGCAGTCACAAAAAGCGCAGTGCCTGCAGTGCTCAGTGCCTCATAAAACGTAATGACTTTTCTTTTTGATGGACATGCAGAGTATTCTTGAAATTACTAATGAA 4059 

Y Y L I F M L Q S Q K A Q C L Q C S V P H K T . L F F L M D M Q S I L E I T N E 
I T . F L C C S H K K R S A C S A Q C L I K R N D F S F . W T C R V F L K L L M N 

L L P D F Y A A V T K S A V P A V L S A S . N V M T F L F D G H A E Y S . N Y . 
TCTTCGGAGCTGAGAAGACAAGATTTTAATGGGGACAAAATGAAATGAGAGGGTAGAGCCCAGAAATACCAGCCATTAAAACATGGAAGGCTTCAGAGGTGGCTTTGTGCGGTGGGTTATTTC 4182 
S S E L R R Q D F N G D K M K . E G R A Q K Y Q P L K H G R L Q R W L C A V G Y F 
L R S . E D K I L M G T K . N E R V E P R N T S H . N M E G F R G G F V R W V I S 

I F G A E K T R F . W G Q N E M R G . S P E I P A I K T W K A S E V A L C G G L F 
TGAGAGGTTACAGTAGAAGTGGAGAACAAAAATCTGTTGTAGGCTGTTTTGTTGCTGTCTGTTAGCAGGCAGATCTTCCGTCCCCTTTATCCTTGTTACCAGATTAAACCTCCAGGCTGAATG 4305 

. E V T V E V E N K N L L . A V L L L S V S R Q I F R P L Y P C Y Q I K P P G . M 
E R L Q . K W R T K I C C R L F C C C L L A G R S S V P F I L V T R L N L Q A E C 

L R G Y S R S G E Q K S V V G C F V A V C . Q A D L P S P L S L L P D . T S R L N 
CAAGAGAAATGCTTGCGAGAAAATGCCCTGTGATTTAGAAACGACTGCATGCTTTCAGAAAAGAGGAAGGTTTTATATGGCTCATCCACATCCAGAATCTGTCAGAATGTGCTGATGTGACGC 4428 
Q E K C L R E N A L . F R N D C M L S E K R K V L Y G S S T S R I C Q N V L M . R 
K R N A C E K M P C D L E T T A C F Q K R G R F Y M A H P H P E S V R M C . C D A 

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



TGGCAGATGGTGACAGTGCAGAAGTGATCTTGGAATGAAGCTGTCAGCAAAGCGACGCTCAATAAGCTGAGAAACCCAACCTCGGCTCAGACGGTGTGATCGTATTATTTCTCCTAAGCCACT 4551 
W Q M V T V Q K . S W N E A V S K A T L N K L R N P T S A Q T V . S Y Y F S . A T 
G R W . Q C R S D L G M K L S A K R R S I S . E T Q P R L R R C D R I I S P K P L 

L A D G D S A E V I L E . S C Q Q S D A Q . A E K P N L G 5 D G V I V L F L L 5 H 
TTCTGAAGGTGGTTCACACAATGAATTGGGCAGGTTTGCTTCTGTTCCCCTCCCTTTGTTGCTTATGGTTCCCGTTAGCCGTCACATGGGTTATTTTAAGGAGCAGTGATTGCAGTGAGAAGA 4674 

F 	 . R W F T Q . I G Q V C F C S P P F V A Y G 5 R . P S H G L F . G A V I A V R R 
S E G G S H N E L G R F A S V P L P L L L M V P V S R H M G Y F K E Q . L Q . E E 

F L K V V H T M N W A G L L L F P S L C C L W F P L A V T W V I L R S S D C S E K 
GCTCAGCTAGTTCCACTCTAATCCACTGCCCATTGTTAGCATGGGATTATTCCCTGAGGTTTATTTTTGGCATGTCTTGTCTATCTTGGCTTCACATGACCGAGATTAGTAGGCTTCCATTCC 4797 
A Q L V P L . S T A H C . H G I I P . G L F L A C L V Y L G F T . P R L V G F H S 

L S . F H S N P L P I V S M G L F P E V Y F W H V L S I L A S H D R D . . A S I P 
S S A S S T L I H C P L L A W D Y S L R F I F G M S C L S W L H M T E I S R L P F 
TCATCTCCCTTTACTCTGACTGCATTGCTTTAGAGCTAAGTGCAGACTTCTGTTCACGCCGCAATATCCAGAGCAAAGCAAGGTCTGCAGTGAACCAGCAGTATATTTTGTGAATGGTTTTGT 4920 
S S P F T L T A L L . S . V Q T S V H A A I S R A K Q G L Q . T S S I F C E W F C 
H L P L L . L H C F R A K C R L L F T P Q Y P E Q 5 K V C S E P A V Y F V N G F V 

L I S L Y S D C I A L E L S A D F C S R R N I Q S K A R S A V N Q Q Y I L . M V L 
GACTTAAGCTGCAAGCTCTCCCTTCCCTGCAGTTAAAGGGACATAAAAGTAATAGCTGGAAGTTATAAAATATTATTGCAACNCGCGTGTGCTGTGGTGAAGGTTCTCCCCGAGATGATTCCT 	 5043 
D L S C K L S L P C S . R D I K V I A G S Y K I L L Q ? A C A V V K V L P E M I P 
T . A A S S P F P A V K G T . K . . L E V I K Y Y C N ? R V L W . R F S P R . F L 

. L K L Q A L P S L Q L K G H K S N S W K L . N I I A T R V C C G E G S P R D D S 
CCCAGCTGCTGTGCAGTGAGGGCTGTGGGATGTGGGCTCAGCTGCACCTGAGCTGAGGGAAGCAGAGCACCCCCATCACCAAGGATGGGGCTCAGTAGTGTTTGTGCTTGGAACACGGGAAAG 5166 
P S C C A V R A V G C G L S C T . A E G S R A P P S P R M G L 5 S V C A W N T G K 
P A A V Q . G L W D V G S A A P E L R E A E H P H H Q G W G S V V F V L G T R E R 

S Q L L C S E G C G M W A Q L H L S . G K Q S T P I T K D G A Q . C L C L E H G K 
GATTATTCCCTGTATGGATGTGCAAGGGTGAAGTTAGGAATGCTGCTCTTGGCAAATGGGAGATGCAGGAAGTGAAGGAGGACATGTGTGGCTGACGGCTGTGAAATCACAAAGCTGGTAACT 5289 
D Y 5 L Y G C A R V K L G M L L L A N G R C R K . R R T C V A D G C E I T K L V T 

I I P C M D V Q G . S . E C C S W Q M G D A G S E G G H V W L T A V K S Q S W . L 
G L F P V W M C K G E V R N A A L G K W E M Q E V K E D M C G . R L . N H K A G N 
ACAACAAACAAAGCAGCACCAGTAAGATATCCCAGCATTCTGGTGTCAAACCTGTACAGCAGCACTCTGGACTATGAAAGCATTCGATCTTTTGAATGTTAATCTGCCAAAAACACACTTGAG 5412 
T T N K A A P V R Y P S I L V S N L Y S S T L D Y E S I R S F E C . S A K N T L E 
Q Q T K Q H Q . D I P A F W C Q T C T A A L W T M K A F D L L N V N L P K T H L S 

Y N K Q S S T S K I S Q H 5 G V K P V Q Q H S G L . K H 5 I F . M L I C Q K H T . 
CACCTTGCAGTCAAACTCCTTCCTCTATTGTGCTGCTGACTTTGTGCCATGAGGCTCTTCGTTTTGGCTGAGGGAGACATTAAGTCGGACTTTGTGCTGTTAGTGAGATGCTGAAGTTGTTCA 5535 
H L A V K L L P L L C C . L C A M R L F V L A E G D I K S D F V L L V R C . 5 C S 
T L Q S N S F L Y C A A D F V P . G S S F W L R E T L S R T L C C . D A E V V Q 

A P C S Q T P S S I V L L T L C H E A L R F G . G R H . V G L C A V S E M L K L F 



GCAATATCTTCTTCCAAGTATCATTATTTTCCTCCTAAATGTTGTCTTCCTGTCTGTCTACAAGTGGTCTCCTATCCTGCTAGCAGCTATCCCCTGCTGCTGGAGCTGCTGAAAGGATACTTC 5658 
A I S S S K Y H Y F P P K C C l P V C l Q V V S Y P A S S Y P L L L E L L K G Y F 
Q Y L L P S I I I F L L N V V F L S V Y K W S P I L L A A I P C C W S C . K D T S 

S N I F F Q V S L F S S . M L S 5 C L S T S G L L S C . Q L S P A A G A A E R I L 
CTATACAGAGATGTAGGTGTTTCCTGCTCTCCTCGCTGCTTTGGCACAGCCTTTCCAAATCCACCAGCTGGTCAGAGCGTTTCCTTTACTGAATGCTTAAAAAAAGATCTCACCAATGATGCT 5781 
L Y R D V G V S C 5 P R C F G T A F P N P P A G Q S V S F T E C L K K D L T N D A 
Y T E M . V F P A L L A A L A Q P F Q I H Q L V R A F P L L N A . K K I S P M M L 

P I Q R C R C F L L S S l L W H S L 5 K S T S W S E R F L Y . M L K K R S H Q . C 
GGTTGGGAAGAGTGAACCTGGAGCTAATAAACGTCACCCTTTTTGCTCCCAAGGAAGGGGCGGGATGCTGAGCCACAGCTCTGCGGGCAGCAGAGCTGGAGTCATGAATCCCAAAGGGAAGCA 5904 
G W E E . T W S . . T S P F L l P R K G R D A E P Q L C G Q Q S W S H E S Q R E A 
V G K S E P G A N K R H P F C S Q G R G G M L S H S S A G S R A G V M N P K G K Q 

W L G R V N L E L I N V T L F A P K E G A G C . A T A L R A A E L E S . I P K G S 
GCTCATCGGCACCAAAGTGCCTCCCCACAGAAGGCTCAGGTCTTTCCAGCGTAGAATCATTCCTACCTTACTGTTAATTGCACCATACAAAGTGCCAAATCTAATTCTCCTCTCTCTCTCTCT 6027 
A H R H Q s A s P Q K A Q v F P A . I N H s Y L T v N c T I Q s A K s N s P L s L s l 

L I G T K V P P H R R L R S F Q R R I I P T L L L I A P Y K V P N L I L L S L S L 
S S S A P K C L P T E G S G L S S V E S F L P Y C . L H H T K C Q I . F S S L S L 
CTCTTCTCCCCTCCCCCCGGCAGTCAGGTTCCAGACAGCGATGAGCAATTTGTGCCTGACTTCCATTCAGAAAACCGTAAGTGGCGCGGGGCGGCTGTGCACCTCAGGGGAGAAGGGCTGGAT 6150 
IL F s P P P G s Q v P o s o E Q F v P o F H s E N R K w R G A A v H L R G E G L ol 

S S P L P P A V R F Q T A M S N L C L T S I Q K T V S G A G R L C T S G E K G W I 
S L L P S P R Q S G S R Q R . A I C A . L P F R K P . V A R G G C A P Q G R R A G 
ATGTTTACAGGATCCATTTACCCCCAAAGGGCTCTGCAGATGTGGCACAGATATGGAGGCTGAAGTGCTCTGCTCAGCCCTGCTTTGTTGTGACAGTGACAACGAAGCCCTGGTGTTCCCATT 6273 
I M F T G s I y p Q R A L Q M w H R y G GI . s A L l s p A L L . Q . Q R s p G v p I 

C L Q D P F T P K G L C R C G T D M E A E V L C S A l L C C D S D N E A l V F P F 
Y V Y R I H L P P K G S A D V A Q I W R L K C S A Q P C F V V T V T T K P W C S H 
CATACAATGGAGGGATATCTGCGTGCTCGGAGCTGATCAAACCTTATGCTGAGCTGATTCAGTGGGTGTGTTTCAGGTGGTGCACATGTGAATGGTCAGGCATCCTGTGAAGAGCTTACAGAG 6396 
H T M E G Y l R A R S . S N L M L S . • F S G C V S G G A H V N G Q A S C E E L T E 
I Q W R D I C V L G A D Q T L C . A D S V G V F Q V V H M . M V R H P V K 5 L Q S 

S Y N G G I S A C S E L I K P Y A E L I Q W V C F R W C T C E W S G I L . R A Y R 
TGCGTTAATATGATAACCAAAGGTAGAATTTGTGCTGTCTCTCATCCCAGAGTGAAAGGAGTTGGGCTATGTGTGGAATTCTGGGTGCTGTACATCCCAGGTGGGGATGCTTTGGGGCTCTGC 6519 
C V N M I T K G R I C A V S H P R V K G V G L C V E F W V L Y I P G G D A l G L C 
A L I . . P K V E F V L S L I P E . K E L G Y V W N S G C C T S Q V G M l W G S A 

V R . Y D N Q R . N L C C L S S Q S E R S W A M C G I L G A V H P R W G C F G A L 
TCACCCACATGAGCTCGTGCTGCTGGGATCACATCCCACTGCCATTAGGAACTGAAGATACGTGCTGAAAATAGCCCTGTTTGCACCAGAGTGTGCAAAGCACAGCATTTGCATCCATCCTGC 6642 
S P T . A R A A G I T S H C H . E L K I R A E N S P V C T R V C K A Q H L H P S C 
H P H E L V L L G S H P T A I R N R Y V l K I A L F A P E C A K H S I C I H P A 

L T H M S S C C W D H I P L P L G T E D T C . K . P C L H Q S V Q S T A F A S I L 
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AGAGCAGTGAGCACTGTGCAGGTCCCACATGGGGCTGGGAGCTTCTGCCCATGGCTGTGCAGCAATTCCTTCTCTTTTCCTGCCCAAATGCCAACGGCACAGCGGTCGCTCCATCGTCTGGGC 6765 
R A V 5 T V Q V P H G A G 5 F C P W L C S N 5 F S F P A Q M P T A Q R 5 L H R L G 

E Q . A L C R 5 H M G L G A 5 A H G C A A I P 5 L F L P K C Q R H 5 G R 5 I V W A 
Q 5 S E H C A G P T W G W E L L P M A V Q Q F L L F 5 C P N A N G T A V A P 5 S G 
AGCTCTGGGAAGTTCATTCAGAGCCATTGCGGTCGGCTGTGCTGTTATCCCACCTCTGTTCCTCTCTGCTTGGGGCAGTTTTCCCTATGAAAACCAAAACGAAATGCTCCTCCAAGCGGTTCT 6888 
S 5 G K F I Q 5 H C G R L C C Y P T 5 V P L C L G Q F 5 L . K P K R N A P P S G 5 
A L G 5 S F R A I A V G C A V I P P L F L 5 A W G 5 F P Y E N Q N E M L L Q A V L 

Q L W E V H 5 E P L R 5 A V L L S H L C S S L L G A V F P M K T K T K C 5 5 K R F 
CTCCTCCCTCCTTCCCGACTTGGCTCTGGGTGTGCTCTCTGAGTCATGCAGCTTGTTTCTTCCTCTCTTTGACCTAGAACTAAGAGGAGGGCTGTCCCATGTTTCGCTCTGAATGAATGAGCC 7011 
L L P P S R L G S G C A L . V M Q L V S 5 5 L . P R T K R R A V P C F A L N E . A 
S S L L P D L A L G V L 5 E S C S L F L P L F D L E L R G G L S H V S L . M N E P 

5 P P 5 F P T W L W V C 5 L S H A A C F F L S L T . N . E E G C P M F R 5 E . M S 
AGTTGTAATGCGATCGCCTGTTCCAGCTAGCAGGGGCCAGAAAGGAGTGGGCTGCTCCCAGCACATTTTACTGCTTGAGGTTTCAATGGAGCTCAGTGTACTGAGCAGAGCATTTCTATTGGT 7134 
S C N A I A C 5 5 . Q G P E R 5 G L L P A H F T A . G F N G A Q C T E Q S I S I G 
V V M R 5 P V P A S R G Q K G V G C 5 Q H I L L L E V 5 M E L 5 V L 5 R A F L L V 

Q L . C D R L F Q L A G A R K E W A A P S T F Y C L R F Q W 5 5 V Y . A E H F Y W 
CTTTTATTTTTCCTGCAGGCTCAGCCAACACATCAGTGTTTTTAGATGGGTTCTGTACATCCCTTTATGCTGTACATTGGGAAGAGCAGCTCAGGGCTGCCCATGGGAGCCCCTCATCCCCAG 7257 
L L F F L Q A Q P T H Q C F . M G S V H P F M L Y I G K S 5 5 G L P M G A P H P Q 
F Y F 5 C R L 5 Q H I 5 V F R W V L Y I P L C C T L G R A A Q G C P W E P L I P R 

5 F I F P A G 5 A N T 5 V F L D G F C T S L Y A V H W E E Q L R A A H G 5 P 5 S P 
GGAGGAGCAGGAGCCAAAAGCAGTTTGAGGCTCTGCTCTCTGATGGTTGTATTTATTTACTCTGATTCTGTCAGCTGCTTGGATCCCTCTGGGTGCTGGCATGATGCAGAGGGTGAAGGGAGG 7380 
G G A G A K 5 5 L R L C 5 L M V V F I Y S D 5 V 5 C L D P S G C W H D A E G E G R 

E E Q E P K A V . G S A L . W L Y L F T L I L S A A W I P L G A G M M Q R V K G G 
G R 5 R S Q K Q F E A L L S D G C I Y L L . F C Q L L G 5 L W V L A . C R G . R E 
CTTTCCTGGAGTGTGCTGAATCCCAAGGCAGGCAAACAGAGCCAGGCTGGTGGGTTTTTTTTTTCCCCCATCTTGCTGAGATCAAATTCTGGAGCTGGGTGGGGGAAGTGCTGCAGTAAGAAG 7503 
L S W 5 V L N P K A G K Q S Q A G G F F F S P I L L R S N S G A G W G K C C S K K 
F P G V C . I P R Q A N R A R L V G F F F P P S C . D Q I L E L G G G S A A V R S 

A F L E C A E S Q G R Q T E P G W W V F F F P H L A E I K F W S W V G E V L Q . E 
TGTCAGAACGTCATGTACTGAGAGAAAGAACAGCAGCCCCTTCCCCAGCCCTCTTGCCAGCAGCTTGCTGGGGCACTTAGGAATTGCCAGGCTTGCAGTGAGGCACAGCTGGTGCTCCTGTGG 7626 
C Q N V M Y . E K E Q Q P L P Q P 5 C Q Q L A G A L R N C Q A C S E A Q L V L L W 
V R T S C T E R K N 5 5 P F P S P L A 5 5 L L G H L G I A R L A V R H 5 W C S C G 

V S E R H V L R E R T A A P S P A L L P A A C W G T . E L P G L Q . G T A G A P V 
CACGGATTAGTGCAGAAACAGACCCAGCAAAGTGAGTTATTCGCGGCTCAGGATGTGATCTTCCACCCTTCAAACTGTAATCACAGCTCTGGACATCCCACTCCTTGTAAGTAGGGTTGTGTC 7749 
H G L V Q K Q T Q Q S E L F A A Q D V I F H P S N C N H S S G H P T P C K . G C V 
T D . C R N R P 5 K V S Y S R L R M 5 5 T L Q T V I T A L D I P L L V S R V V S 

A R I 5 A E T D P A K . V I R G 5 G C D L P P F K L . S Q L W T 5 H 5 L . V G L C 



AGCTCAAAGAGGTGGGAGGAAACTGGCGAAGGGACTGCAGTGAGCCTTGGGAAGGGCTCAGCCCTCGTTTGGGAGACCGACCTCTCCCTTGTTTGTACAAACAGAGCTGGGTACTTCTTTGGG 7872 

S S K R W E E T G E G T A V S L G K G S A L V W E T D L S L V C T N R A G Y F F G 

A Q R G G R K L A K G L Q . A L G R A Q P S F G R P T S P L F V Q T E L G T S L G 


Q L K E V G G N W R R D C S E P W E G L S P R L G D R P L P C L Y K Q S W V L L W 

GTTACTCTTCCTTCCTCCCTAAGTGCCATAGCCTCCTACCAGCAGCAGGGTCCATAGGCAGAAGATGCTCACCACATCCCTAAGCCAGGGTGAGATTTCCAGAGGAATCGGTGAAGGAAGTTG 7995 

V T L P S S L S A I A S Y Q Q Q G P . A E D A H H I P K P G . D F Q R N R . R K L 


L L F L P P . V P . P P T S S R V H R Q K M L T T S L S Q G E I S R G I G E G S C 

G Y S S F L P K C H S L L P A A G S I G R R C S P H P . A R V R F P E E S V K E V 


C S L L D L I K H K K . R Y P H P D T V N C N P H L L F M K P . P A Q K . S S Y Y 


V F P A G F N . A Q E V T L P T S . H C E L Q P T F V I H E T L T S P E I V L L L 


R L G G R L Q R G P A S C S S S L E V G L V K T G A . S Q V L L C A L C E Q . C S 


TGTTCCCTGCTGGATTTAATTAAGCACAAGAAGTAACGCTACCCACATCCTGACACTGTGAACTGCAACCCACATTTGTTATTCATGAAACCTTAACCAGCCCAGAAATAGTCCTCCTATTAT 8118 


V P C W I . L S T R S N A T H I L T L . T A T H I C Y S . N L N Q P R N S P P I I 


AGGCTAGGAGGGAGGCTGCAGAGAGGACCTGCAAGCTGCTCTTCCAGCTTGGAGGTGGGTTTGGTGAAAACAGGGGCCTGAAGTCAGGTTCTGCTGTGTGCTCTGTGTGAGCAGTGATGCAGC 8241 


G . E G G C R E D L Q A A L P A W R W V W . K Q G P E V R F C C V L C V S S D A A 

. A R R E A A E R T C K L L F Q L G G G F G E N R G L K S G S A V C S V . A V M Q 

TCTTCTAGAACAGGACCTCCAGTTCTGGGTTGGTTGTGCTTCTGGAGATGCTTCTTGTATGAGAGTTAGTCTGGTGACTGCCTGTAATAGGATGCAATGTATGTAATAGGATGCAATCTATAA 8364 

S S R T G P P V L G W L C F W R C F L Y E S . S G D C L . . D A M Y V I G C N L . 

L L E Q D L Q F W V G C A S G D A S C M R V S L V T A C N R M Q C M . . D A I Y N 


. Y F P R E S P Q L I V Y R S L T L I F M Q D K P Y N Q E M H S V A L C Y C I I T 

S I F P G K A L S S L 5 T E A S H L F S C R T N H T I R K C T V W H C V I A L . L 


I V F 5 Q G K P S A H C L Q K P H T Y F H A G Q T I Q 5 G N A Q C G I V L L H Y N 


. C S V T W . C Y P . D M L N K Y A N • R R E F C L M M Q T K A L L S C V E K . D S 

N A V L R G N A T H K T C L T S M P T E E S F A . . C K P K L C F H V L K N R I P 


L M Q C Y V V M L P I R H A . Q V C Q Q K R V L P D D A N Q S F A F M C . K I G F 


C M Q P L G S F S I Y E R S L S L I F P P L P L S S F S . S S C K D . K G T T E S 

A C N P S G V S P Y M R E V S A . F S H L S P S V A F H S P P A K I K K E P Q S P 


L L G P H A V L Q P Q A A I P V P Q W R A V P L C Q V T Q G G T G A V G K L G A A 


L F . N R T S S S G L V V L L E M L L V . E L V W . L P V I G C N V C N R M Q S I 

TAGTATTTTCCCAGGGAAAGCCCTCAGCTCATTGTCTACAGAAGCCTCACACTTATTTTCATGCAGGACAAACCATACAATCAGGAAATGCACAGTGTGGCATTGTGTTATTGCATTATAACT 8487 


TAATGCAGTGTTACGTGGTAATGCTACCCATAAGACATGCTTAACAAGTATGCCAACAGAAGAGAGTTTTGCCTGATGATGCAAACCAAAGCTTTGCTTTCATGTGTTGAAAAATAGGATTCC 8610 


TGCATGCAACCCCTCGGGAGTTTCTCCATATATGAGAGAAGTCTCAGCTTGATTTTCCCACCTCTCCCCCTCAGTAGCTTTTCATAGTCCTCCTGCAAAGATTAAAAAGGAACCACAGAGTCC 8733 


L H A T P R E F L H I . E K S Q L D F P T S P P Q . L F I V L L Q R L K R N H R V 

CTCCTCGGACCCCACGCTGTCCTGCAACCACAAGCAGCCATTCCAGTACCGCAATGGAGAGCAGTGCCTTTATGCCAGGTAACACAGGGAGGGACGGGGGCTGTTGGGAAATTGGGTGCTGCT 8856 


S S D P T L S C N H K Q P F Q Y R N G E Q C L Y A R . H R E G R G L L G N W V L L 
P P R T P R C P A T T S S H S S T A M E S S A F M P G N T G R D G G C W E I G C C 



GTGTTATCTGATGAGCTCTTATTGCCACAACCTGACCTGGGGGAGAGCAGTGTGGTATGGATCTGCAGCCACGGATCACGCAGGGGTTGGTATTTCCAATGCATGGCATAGCTCAGAGCCATG 8979 
V L S D E L L L P Q P D L G E S S V V W I C S H G S R R G W Y F Q C M A . L R A M 
C Y L M S S Y C H N L T W G R A V W Y G S A A T D H A G V G I S N A W H S S E P W 

( v I . . A L I AT T . I P G G E Q ( G MD L Q p R IT Q G L v F p M H G I A Q s HI 
GGGGAGATCAGGGCCAGCATCTTTTTTTCCTCCCTAGTGCTGATGAGAGCAATACTGAGTGCATAATAACCCATAGGATTGTAACGCTCCAATATCTGTTTGACTCCCCCAGTGCCTATGATC 9102 
G E I R A S I F F S S L V L M R A I L S A . . P I G L . R S N I C L T P P V P M I 
G R S G P A S F F P P . C . . E Q Y . V H N N P . D C N A P I S V . L P Q C L . S 

IG G D Q G Q H L F F L p s A D E s N T E c I I T H R I v T L Q y L F D s p s A y D l 

AACCCAGACCGGTTGGGATCAAATCCCCTGACCCAGGAACCCCAATCCAGTCACCGCTCCAGCAGTTCCCCAGACAGGACAGGAACTTCCTGACCCCTTCAGGGCCACCCCACCCCACATCCA 9225 
N P D R L G S N P L T Q E P Q S S H R S S S S P D R T G T S . P L Q G H P T P H P 
T T G W D I P . P R N P N P V T A P A V P Q T G Q E L P D P F R A T P P H I Q 

Q P R P V G I K S P D P G T P I Q S P L Q Q F P R Q D R N F L T P S G P P H P T S 
GCTGTGGATACCTCATTGAAAACAGGTGAGCTGTGGGTGGAGGTGGCAGCCAGCAGTTGGGTCTGTCTGATTGGGTTTGGGAAGGACAGGGGACTACACTAGCAGAGGGGTGGCAGCATGGCA 9348 
A V D T S L K T G E L W V E V A A S S W V C L I G F G K D R G L H . Q R G G S M A 

L W I P H . K Q V S C G W R W Q P A V G S V . L G L G R T G D Y T 5 R G V A A W Q 
Is c G Y L I E N Rl . A v G G G G 5 Q Q L G L 5 o w v w E G Q G T T L A E G w Q H G 

GGGAGGGGACTGTGCCCCTCTGCTCTGCCCTTATGGGACCCCCAGCACAACAAAGATGTGGGGTGGGTCCAGAGGAGAACACAAGGATTATCAGAGGCTGCAGAACCTCTGCTTTGGAGAAAG 9471 
G R G L C P 5 A L P L W D P Q H N K D V G W V Q R R T Q G L 5 E A A E P L L W R K 
G G D C A P L L C P Y G T P S T T K M W G G 5 R G E H K D Y Q R L Q N L C F G E R 

R E G T V P L C S A L M G P P A Q Q R C G V G P E E N T R I I R G C R T S A L E K 
GTTGAGGGAGAAGAGAAGGCTCTGGGGGAGGCCTCATTGCAGCCTCCTTGTGCTTGAGAGGAGCTTATAAACAGGAGGGAGAATGCCTTTAAACTAAAAGAGGGGAGATGTAGGTGAGATGCA 9594 
V E G E E K A L G E A S L Q P P C A . E E L I N R R E N A F K L K E G R C R . D A 

L R E K R R L W G R P H C S L L V L E R S L . T G G R M P L N . K R G D V G E M Q 
G . G R R E G S G G G L I A A 5 L C L R G A Y K Q E G E C L . T K R G E M . V R C 
AGGAGGAAATTCTTTACCCAGAGGGCAGTAAGGCTGTGGCACTGCTGCCCAGAGCTGGGGTGCCAACCCCTGAAGGTGCCCATGGCCATGGATGGACCCTGGGCTGCCTGAGCTGCTGGAGGG 9717 
R R K F F T Q R A V R L W H C C P E L• G C Q P L K V P M A M D G P W A A . A A G G 
G G N 5 L P R G Q . G C G T A A Q S W G A N P . R C P W P W M D P G L P E L L E G 

K E E I L Y P E G 5 K A V A L L P R A G V P T P E G A H G H G W T L G C L 5 C W R 
CACTGAGCCCATGGCAGGGGGAGTGGAACCAGATTTGTTTAGGGCCCCTTCTAATACAGCTGTTCCATGACCCAGACCAAAGTGNTCAGTTTNTAGCAATCCCCCCCCACCCTGAAGCACCTT 9840 
H 	 . A H G R G S G T R F V . G P F . Y S C 5 M T Q T K V ? S ? . Q S P P T L K H L 
T E P M A G G V E P D L F R A P S N T A V P . P R P K ? 5 V ? 5 N P P P P . S T L 

A L S P W Q G E W N Q I C L G P L L I Q L F H D P D Q 5 ? Q F ? A I P P H P E A P 
GAATCCACAGCTGCTGCTTGGGGTTTGAAGGGAAGTCTGACATGAGGCTCATCAATTGTTGTGAATGATGGGCTGTGTTGTTGTCATTGCAAATACCCACTGTAGGTTCTGCTCCCTGCCCCA 9963 
E S T A A A W G L K G S L T . G 5 S I V V N D G L C C C H C K Y P L . V L L P A P 
N P Q L L L G V R E V . H E A H Q L L . M M G C V V V I A N T H C R F C S L P H 


. I H S C C L G F E G K S D M R L I N C C E . W A V L L 5 L Q I P T V G 5 A P C P 
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TCTCTGTGTGCAGCTCCTCCAGCCCTCACAACAAGCAGCACGAGGCCCTTTGTCCCCTTGACCAGCCCCACACCAGCTCCCAAGTCCAGGAAAGCATCCCAAGTCCTCTCTTCTCTTGCAGCT 10086 
S L C A A P P A L T T S 5 T R P F V P L T S P T P A P K 5 R K A S Q V L 5 S L A~ 

L C V Q L L Q P 5 Q Q A A R G P L 5 P . P A P H Q L P 5 P G K H P K 5 5 L L L Q L 
I 5 V C S 5 5 5 P H N K Q H E A L C P L D Q P H T 5 5 Q V Q E 5 I P 5 P L F 5 C 5 
CTGCCTACCAGCCACCTGTGGAGATGTGCCACTCCTTCCCTCCCTCCCAGGGCATGGCCCAGGATGCTCCCATCGCCTACCAGCGCCCCATGTCCGAGCAATGCCTTCAGTTCCCCCCGCAGG 10209 

L P T 5 H L W R C A T P 5 L P P R A W P R M L P 5 P T 5 A P C P S N A F 5 5 P R R 
C L P A T C G D V P L L P S L P G H G P G C S H R L P A P H V R A M P S V P P A G 

S A Y Q P P V E M C H S F P P 5 Q G M A Q D A P I A Y Q R P M S E Q C L Q F P P Q 
GCTTCAAGCAGGAGTTCCATGACCCACAGTATGAGCAGGCGGGCAGCAGCTGCCAGTACCCAGCAGCCGTGGTCATCAAGCAGGAGCAGGTGGACTACATGTATGACTCAGGTGGGCAAAGAG 10332 
A S 5 R S 5 M T H 5 M 5 R R A A A A 5 T Q Q P W 5 5 S R S R W T T C M T Q V G K E 

L Q A G V P . P T V . A G G Q Q L P V P S 5 R G H Q A G A G G L H V . L R W A K R 
G F K Q E F H D P Q Y E Q A G S S C Q Y P A A V V I K Q E Q V D Y M Y D S G G Q R 
AGCTCTTTCTGACCGTGGCATTGGCATGGATGAGCCAAGTCCATGGGTGAACATCCATCACTGGTGGGTTCTGGCCTTTCCAATTGTACTTTTGCATCTTCAGGAGCTGGGAAGGTGGCTGTG 10455 
S S F . P W H W H G . A K S M G E H P S L V G S G L S N C T F A S S G A G K V A V 
A L 5 D R G I G M D E P S P W V N I H H W W V L A F P I V L L H L Q E L G R W L C 

E L F L T V A L A W M S Q V H G . T S I T G G F W P F Q L Y F C I F R S W E G G C 
TAATGGGGAATGCAAGCAGTTCTGGCTGCTTGGGGCCTCCAAGAGGAGGTCAGGGCATTCACTTTCTGTAAGAAGTTATAGGAAGAAATTTCTGATAGGTTAGGAACTAGATGTAGGAGCTCA 10578 

. W G M Q A V L A A W G L Q E E V R A F T F C K K L . E E I S D R L G T R C R S S 
N G E C K Q F W L L G A S K R R S G H S L S V R S Y R K K F L I G . E L D V G A Q 

V M G N A 5 S 5 G C L G P P R G G Q G I H F L . E V I G R N F . . V R N . M . E L 
GAGGTGAAGATAACCCCACTCAGACTAGATTTAAGGCATGCTTCTTGTTGTTTTGCAAGAGAATAAGCAGCCTTTGGAGGAGGCTTTGCAATTCACTGATTAACCCAGAAGAGCTTGGCTTAT 10701 
E V K I T P L R L D L R H A 5 C C F A R E . A A F G G G F A I H . L T Q K 5 L A Y 
R . R . P H 5 D . I . G M L L V V L Q E N K Q P L E E A L Q F T D . P R R A W L I 

R G E D N P T Q T R F K A C F L L F C K R I 5 5 L W R R L C N 5 L I N P E E L G L 
TCTTAAGGCTGTTTTGGCAGCCCTGGAGGTCAAACGTTCTTCCTTGCCTCATGCTGAAGTTGAGTGCCTTTGGACAACAGCTGATTTTGACAGGATGAGAAGCCTGTTCTGACTTAGTGTTCT 10824 
5 	 . G C F G 5 P G G Q T F F L A 5 C . S . V P L D N S . F . Q D E K P V L T . C S 

L K A V L A A L E V K R S S L P H A E V E C L W T T A D F D R M R S L F . L S V L 
F L R L F W Q P W R S N V L P C L M L K L S A F G Q Q L I L T G . E A C S D L V F 
CCCTGCCCACTCCATTCTGGTGAAGCTGCTCCAGAAACTGCAGGGTTGTGCTCATCATTACATCCCAAGCTCTTTGGTGAAGTCTGAACTGGGCTTCTATTCCCCTCCCCGCCACCTTTCCAG 10947 
P C P L H S G E A A P E T A G L C S S L H P K L F G E V . T G L L F P S P P P F Q 
P A H S I L V K L L Q K L Q G C A H H Y I P S S L V K S E L G F Y S P P R H L S R 

S L P T P F W . S C S R N C R V V L I I T S Q A L W . S L N W A S I P L P A T F P 
AGCAGTGTGGGCATGTGGGATCACATTCATCAAAAACCAAATCTATAAAGCATGAGAAAGGAGCCCTTTGTGTTTGTAGGTAATTAAAAACCTGGAAAAGACTNCTAAAAATGGTCCATGCAA 11070 
5 S V G M W D H I H Q K P N L . S M R K E P F V F V G N . K P G K D ? . K W S M Q 
A V W A C G I T F I K N Q I Y K A . E R S P L C L . V I K N L E K T ? K N G P C N 

E Q C G H V G S H S S K T K S I K H E K G A L C V C R . L K T W K R L L K M V H A 

- Exa18 



TGCCATACCTCATCTCAGCCAGGCTGGGTCAACTGCATTAATAAACACCACTGATTTCATTTGCATTAATGGAACCAAAACCGGCTTCTTGGGCTGCAGTCCCTAAAAGCCACTTGGGCCTCT 11193 

C H T S S Q P G W V N C I N K H H . F H L H . W N Q N R L L G L Q S L K A T W A S 

A I P H L S Q A G S T A L I N T T D F I C I N G T K T G F L G C S P . K P L G P L 


M P Y L I S A R L G Q L H . . T P L I S F A L M E P K P A S W A A V P K S H L G L 

GCCCAGCCTGGTGCATTTGGGAGGTTTGGACAAGAATCTTGCATTCTTAGGTATATTTTTATCTGGTCAGGTAATGCTGATCATTCTGGTTGGATTCCAAGGGCGAGTCCCTAAAGGCAGGAG 11316 

A Q P G A F G R F G Q E S C I L R Y I F I W S G N A D H S G W I P R A S P . R Q E 

P S L V H L G G L D K N L A F L G I F L S G Q V M L I I L V G F Q G R V P K G R S 


C P A W C I W E V W T R I L H S . V Y F Y L V R . C . S F W L D S K G E S L K A G 

CTTGGCTCTGCCAGAGGACTGGCAGAGAAACTGGAATCAGGGCTTGTCTGCTTCATTTTCTGCCCTAGAAGTGTTGTAAGTTTTCTCCTATCTCAGTAGCAATGCATTTCCACTGCCATAGAA 11439 

L G S A R G L A E K L E S G L V C F I F C P R S V V S F L L S Q . Q C I S T A I E 


L A L P E D W Q R N W N Q G L S A S F S A L E V L . V F S Y L S S N A F P L P . N 

A W L C Q R T G R E T G I R A C L L H F L P . K C C K F S P I S V A M H F H C H R 


Q G M M Q M E M Y S l G N C . P Q G Q G M I G A V V F A A R S V I R I K H l C K G 


T R N D A N G N V Q P R E l L A P G P R N D R S C C l C C P V C D P D K T S V Q R 


A N K C N N G H K . I T F L l A S L Q P D N D V H C V K G T F F S S P F F S S F F 

Q T N A T M D T S R . P S F . L P C S R T M M C T V l R G P F F P P P F l A H F l 


C K Q M Q Q W T Q V D N l P F S F P A A G Q . C A L C . G D L F F L P L F . L I F 


V Y L L G H T R H Q K Q D L G G I S R L L L F T S F R R H L E T I V V L H . R L R 

S I S L V I R G I R N R I L G E S Q D F C Y S L P S E G I W R P . W S Y I E G S D 


C L S P W S Y E A S E T G S W G N L K T S A I H F L Q K A F G D H S G P T L K A P 


H I N S S G . R A L C R E L Q H W A L K L R I E G I R N G G E G K G V P S F K G S 


T H . l I W l E S S V Q R T P T l G A E A S H . R H . K W R R G K R C S Q l Q G E 


S P l E G D V E A G R K Q R G R D V R S V W M E l Y Q K P S T I N S R K E G I Q Y 


L R A S V E H P P Q V S A A E V S l S C L K C R G C A I l . D D A M G . C Y G M T 

S E P V W N I H l R S l Q Q R C L . A A S A G V V l Y Y K M M L W G S A M G . H 


S Q S Q C G T S T S G l C S R G V S K l l E V Q G l C Y T I R . C Y G V V l W D D 


CAAGGAATGATGCAAATGGAAATGTACAGCCTAGGGAACTGTTAGCCCCAGGGCCAAGGAATGATAGGAGCTGTTGTCTTTGCTGCCCGGTCTGTGATCCGGATAAAACATCTGTGCAAAGGT 11562 


K E . C K W K C T A . G T V S P R A K E . . E l L S l l P G L . S G . N I C A K V 


GCAAACAAATGCAACAATGGACACAAGTAGATAACCTTCCTTTTAGCTTCCCTGCAGCCGGACAATGATGTGCACTGTGTTAAGGGGACCTTTTTTTCCTCCCCCTTTTTTAGCTCATTTTTT 11685 


GTCTATCTCCTTGGTCATACGAGGCATCAGAAACAGGATCTTGGGGGAATCTCAAGACTTCTGCTATTCACTTCCTTCAGAAGGCATTTGGAGACCATAGTGGTCCTACATTGAAGGCTCCGA 11808 


CACATTAACTCATCTGGTTAGAGAGCTCTGTGCAGAGAACTCCAACACTGGGCGCTGAAGCTTCGCATTGAAGGCATTAGAAATGGAGGAGAGGGAAAAGGTGTTCCCAGCTTCAAGGGGAGT 11931 


T l T H L V R E l C A E N S N T G R . S F A L K A L E M E E R E K V F P A S R G V 


TCCCCTCTTGAGGGGGATGTGGAGGCTGGCAGGAAGCAGAGAGGGAGAGATGTGAGATCAGTGTGGATGGAATTATACCAAAAACCTTCTACCATTAACAGCAGAAAGGAAGGAATCCAATAT 12054 


P L l R G M W R L A G S R E G E M . D Q C G W N Y T K N l L P l T A E R K E S N I 

F P S . G G C G G W Q E A E R E R C E I S V D G I I P K T F Y H . Q Q K G R N P I 

CTCAGAGCCAGTGTGGAACATCCACCTCAGGTCTCTGCAGCAGAGGTGTCTCTAAGCTGCTTGAAGTGCAGGGGTTGTGCTATACTATAAGATGATGCTATGGGGTAGTGCTATGGGATGACA 12177 




CTCTGTGCCCTCCTGGCCCCGTTCAAACCCTAACCCTATAAACTGACAAACTGAGCCTGTTGCCCCAGACTTGATGTGAAGGCTGTTCTGCAGGAAGCCAGGTAGCACTGTGGAGATCAGCTG 12300 
l C A l l A P F K P . P Y K l T N . A C C P R l D V K A V l Q E A R . H C G D Q l 
S V P S W P R S N P N P I N . Q T E P V A P D l M . R l F C R K P G S T V E I S W 

T l C P P G P V Q T l T l . T D K l S l l P Q T . C E G C S A G S Q V A l W R S A 
GTTCAATTCATGGTACCAAACGTGGTGAAAGTGAAGTTGTAGTGGAGCAGCTGGGCTGCAAGAAGGGATCTGTCTGTCTTCTGCCCTTCGTGGGTGCTGCTAAAACTGTGCTTGTGCTGCCAT 12423 
V Q F M V P N V V K V K l . W S S W A A R R D l S V F C P S W V l l K l C l C C H 

F N S W Y Q T W . K . S C S G A A G l Q E G I C l S S A l R G C C . N C A C A A I 
G S I H G T K R G E S E V V V E Q l G C K K G S V C l l P F V G A A K T V l V l P 
ATCTGCTTCTGACCCTCTGTGCCTTCCTTCCCTTCCACGCTGCAGCTATGACAAGCAGATGAGGCCCTTTGCTGACGATGTCTGTGTTGTTCCAGAAAAATTTGAAGGTTAGAGGAAGAATAA 12546 

I C F . P S V P S F P S T l Q l . Q A D E A l C . R C l C C S R K I . R l E E E . 
S A S D P l C l P S l P R C S Y D K Q M R P F A D D V C V V P E K F E G . R K N N 

Y l l l T l C A F l P F H A A A M T S R . G P L L T M S V l F Q K N l K V R G R I 
CTTCTTTAAATGGGGTTATCCAGCATCTCTGCTAGCAGCTTGGCCACTGCCTGCATTGCTCATAGTGCATTCACTGTGATTCATGAGCGGCTCTTTGGCACCCTGTTTCCTGAGCATCTTTAG 12669 
l 	 l . M G l S S I S A S S L A T A C I A H S A F T V I H E R L F G T L F P E H l . 
F F K W G Y P A S L L A A W P L P A L L I V H S L . F M S G 5 l A P C F l S I F S 

T 5 l N G V I Q H l C . Q L G H C L H C S . C I H C D S . A A L W H P V S . A S L 
CAGCACGTTGTAATGATCGTATCTTAATTGGGAAGTGCATCAGAGCTTCTAGAAGAGCTGCTGGTGAATTTGCTGCTTTGGTTTGTGTGAACTGAAATATGCCGGGTAAACTTTGGTGAGATG 12792 
Q H V V M I V S . L G S A S E l L E E l L V N l l L W F V . T E I C R V N F G E M 
S T L . . S Y L N W E V H Q 5 F . K 5 C W . I C C F G L C E L K Y A G . T L V R C 

A A R C N D R I L I G K C I R A S R R A A G E F A A L V C V N . N M P G K L W . D 
TGCTCTCTTTGCAGCTGTGTTTTACCCTCAGAAGCACTTTGTCCCTCTCAGCAGGTGACATCAAGCAGGAGGTCGGAGGGTACCGGGAGGGCCCTCCCTATCAGCGGAGGGGATCTCTCCAGC 12915 
C 5 L C 5 C V L P S E A L C P S Q Q V T S 5 R R 5 E G T G R A L P I 5 G G D l 5 5 
A L F A A V F Y P Q K H F V P L 5 R . H Q A G G R R V P G G P S L 5 A E G I 5 P A 

V L S l Q L C F T L R 5 T l 5 L S A G D I K Q E V G G Y R E G P P Y Q R R G 5 l Q 
TCTGGCAGTTCCTTGTGGCTCTATTGGATGATCCCACCAACTCCCACTTCATTGCCTGGACTGGAAGAGGGATGGAGTTCAAGCTGATTGAGCCAGAAGAGGTGAAGCCTTCTTGTTTCTCTG 13038 
S G S 5 L W L Y W M I P P T P T 5 L P e G L E E G W S S S . l S Q K R . S L l V S L 

L A V P C G S I G . S H Q l P l H C L D W K R D G V Q A D . A R R G E A F L F L C 
L W Q F L V A L L D D P T N S H F I A W T G R G M E F K L I E P E E V K P S C F S 
CAAGCTCAGGGGGAGCAGCTGCTGACCTCTGAGAGCCTCCCCAAGTCCAACCTCAGCCCACCCCCACCGTGCCCACCAACCACATCCCTCAGTGCTCCATTTTCACTGTTCTTAATGTCCTGC 13161 
Q A Q G E Q L L T S E S L P K S N L 5 P P P P C P P T T S L S A P F S L F L M S C 
K L R G S S C . P L R A S P S P T S A H P H R A H Q P H P S V L H F H C S . C P A 

A S S G G A A A D L . E P P Q V Q P Q P T P T V P T N H I P Q C S I F T V L N V L 
AGGCAATTGGAACTGCTGAGCCCGTGCTATTGTTTGAGCCTCTTCCTTAAATGCTGTAAATGTTTCTATGTGCTGCGGTCCCCTTCATCTGAAGATGATCAGCTGGATGGTGTTCTTTGTGCT 13284 
R Q L E L L S P C Y C L 5 L F L K C C K C F Y V L R 5 P 5 S E D D Q L D G V L C A 
G N W N C . A R A I V . A 5 5 L N A V N V S M C C G P L H L K M I S W M V F F V L 

Q A I G T A E P V L L F E P L P . M L . M F L C A A V P F I . R . S A G W C S L C 

Exon 10 Exon 11 



CACAGCCACTCACACACTCTGTGGCTTTATCCTGCAGGTAGCCAGGCTGTGGGGCATCCAGAAGAACCGGCCAGCCATGAACTACGACAAGCTGAGCCGCTCTCTTCGCTACTATTATGAGAA 13407 
H S H S H T L W L Y P A G S Q A V G H P E E P A S H E L R Q A E P L S S L L L E0 

T A T H T L C G F I L Q V A R L W G I Q K N R P A M N Y D K L S R S L R Y Y Y E K 
S Q P L T H S V A L 5 C R P G C G A S R R T G Q P T T T S A A L F A T I M R o o o 

AGGCATCATGCAGAAGGTGAGTTTGCAAAGCATCATACAATGGCCTGGGTTAAAAAGGACCACAATGATCATCCAGTTCCAACCCCCTGCTGGTTGGCAGCCCTGCACATAGCAGACCAGGCT 13530 
R H H A E G E F A K H H T M A W V K K D H N D H P V P T P C W L A A L H I A D Q A 
G I M Q K V S L Q 5 I I Q W P G L K R T T M I I Q F Q P P A G W Q P C T Q T R L0 

K A S C R R V C K A S Y N G L G K G P Q S S S S N P L L V G S P A H S R P Go o 0 

GCCCAGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCCTTGGGCAACCTGTTCCAGTGTGTCACCACCCTCTGGGTGAAAAAATTCCTCCTCATATCCAA 13653 
A Q S H I Q P G L E C L Q G W G I H S L L G Q P V P V C H H P L G E K I P P H I Q 

P R A T S S L A L N A C R D G A S T A S L G N L F Q C V T T L W V K K F L L I S N 
C P E P H P A W P M P A G M G H P Q P P W A T C S S V S P P S G K N S S S Y Po 0 

CCTAAACCTCCCCTGTCTCAGTTTAAAACCATTCCCTTTTGTCCTATCACCATCCCACCCTCATAAACAGAGCAGCTGGAGCTTTTGTGCCACTTGTGATGATCCCTTCTGGGAGAGCCAGGA 13776 
P K P P L S Q F K T I P F C P I T I P P S T E Q L E L L C H L S L L G E P Go 0 

L N L P C L S L K P F P F V L S P S H P H K Q S S W S F C A T C D D P F W E S Q E 
T T S P V S V N H S L L S Y H H P T L I N R A A G A F V P L V M I P S G R A Ro o 

AGCCTTGCAGGTGCACCATGTCCTCGGGCTCACTGATATACTCATCCCTTATCCACGCTCTGCAGCAGGTAAATGAGGATGGTGCAAAGGAGCTGGAGCCAGGAATGACATAAAGAAATGATG 13899 
S L A G A P C P R A H Y T H P L S T L C S R M R M V Q R S W S Q E H K E M M o o o 

A L Q V H H V L G L T D I L I P Y P R S A A G K G W C K G A G A R N D I K K Wo 0 

K P C R C T M 5 S G 5 L I Y S S L I H A L Q Q V N E D G A K E L E P G M T R N D0 

GCTCCTCTTTGTATTTTCCTGCATATCAGTAGTAAGAAGAGTTTCAATTTAGGCAGCTGCAAAGGTGTACAATCAGGTGAGGGAGAGACCCACTGCATGTGGCTTGGCTCTGCATGGTGGGGA 14022 
A P L C I F L H I S S K K S F N L G S C K G V Q S G E G E T H C M W L G S A W W G 

L L F V F S C I S V V R R V S I A A A K V Y N Q V R E R P T A C G L A L H G G D0 

G S S L Y F P A Y Q E E F Q F R Q L Q R C T I R G R D P L H V A W L C M V Go o o 

TGTTCTCTCCCAGATCCAGGACATTGGAGGGGATAACTGTGCGTGTGACACCGTGCTGGGCAATGAAGCTGTCGGCTGCATCCTCTGCTCTCTTTCTCCCTACAGGTGGCGGGGGAACGCTAC 14145 
C S L P D P G H W R G L C V H R A • G Q S C R L H P L L S F S L Q V A G E R Yo 0 o 

V L S Q I Q D I G G D N C A C D T V L G N E A V G C I L C S L S P Y R W R G N A T 
M F S P R S R T L E G I T V R V T P C W A M K L S A A S S A L F L P T G G G G T L 
GTCTACAAGTTTGTGTGTGAGCCCGAGGCTCTGTTCTCTCTGGCCTTCCCTGACAACCAGCGGCCGGCCCTGAAGGCAGAGCTGGAGAGGCAGATCAGCGAGGAGGACACGGTGCCTCTGTCC 14268 
V Y K F V C E P E A L F S L A F P D N Q R P A L K A E L E R Q I S E E D T V P L S 
S T S L C V S P R L C S L W P S L T T S G R P R Q S W R G R S A R R T R C L C Po 

R L Q V C V A R G S V L S G L P Q P A A G P E G R A G E A D Q R G G H G A S Vo 0 

CACCTGGATGAGAGCACTGCTTACCTGCCTGACCTTGGGAGCCTCCCCCCGCAGCTCTATGGCAAAGGCTACACCTAdiii[GCTGCTGGAGCTGTGTGCCACCCTGATCGTGTATATAAGGA 14391 
H L D E S T A Y L P D L G S L P P Q L Y G K G Y T Y C C W S C V P P S C I Go o o 

T W M R A L L T C L T L G A S P R S S M A K A T P T S A A G A V C H P D R V Y K E 
P P G E H C L P A P W E P P P A A L W Q R L H L L V L L E L C A T L I V Y I Ro o 

Exoo 12 Exoo 13 • Putative Stop Cocbn r-.bte: The end of the rep:rted eDNA sequence is shoNn 



GATGTCTGGTTAGTAACCAAGCTGTATAGGTGTTTTCCCAGGCCAGCCTGGGGCTGCACAGAGCTATGATACCTGCTGAGGGCAGGAGAAAGGTTCAGGTCAATGTGTGGCTGGATAACCAGC 14514 
D V W L V T K L Y R C F P R P A W G C T E L . Y L L R A G E R F R S M C G W I T S 
M S G . . P S C I G V F P G Q P G A A Q S Y D T C . G Q E K G S G Q C V A G . P A 

R C L V 5 N Q A V . V F S Q A S L G L H R A M I P A E G R R K V Q V N V W L D N Q 
AGGGGGTCAATGGGGCTGCTGGGTGCTGGTGGTGCCAACCCCATATCTGGCAGGATGGGACCACTCCTCAGTGTGAAGTCATCACCTGAGCAGGGCAGCTGTGGCTTCCCAGCATCACAGGTG 14637 
R G S M G L L G A G G A N P I S G R M G P L L S V K S S P E Q G S C G F P A S Q V 
G G Q W G C W V L V V P T P Y L A G W D H S S V . S H H L S R A A V A S Q H H R W 

Q G V N G A A G C W W C Q P H I W Q D G T T P Q C E V I T . A G Q L W L P S I T G 
GTCGCTGCCTCCAGCAGGAGCCCACCTACAGCATTCCTCCCCCCTTGGCAGATGTGATGCCATCCTGCTTGGCTTCTTCTCACAGCTGGGGATGCTACAGCTGCTGCTGGCTGCCTTCCTCCA 14760 
V A A S S R S P P T A F L P P W Q M . C H P A W L L L T A G D A T A A A G C L P P 

S L P P A G A H L Q H S S P L G R C D A I L L G F F S Q L G M L Q L L L A A F L Q 
G R C L Q Q E P T Y S I P P P L A D V M P S C L A S S H S W G C Y S C C W L P S S 
GTGCTGACCCCCTGGGTATATTGCCCTCAGCCGGGGCAGCCCAGACCAGTGCAGATTCACCTCCTCAGGGCCAACCTTCTCTTCTGCCCAGGAGAGC 14857 
V L T P W V Y C P Q P G Q P R P V Q I H L L R A N L L F C P G E 
C . P P G Y I A L S R G S P D Q C R F T S S G P T F S S A Q E S 

S A D P L G I L P S A G A A Q T S A D S P P Q G Q P S L L P R R A 
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AppendixB The Pufferllsh PEA3 5' RACE Product 

The nucleotide sequence as well as the deduced amino acid sequence is shown. The exon borders have 
been indicated by vertical line, and the in-frame start codons in exon 2 are boxed in green. 



CAGGTCAAACGGTTAACGGATGGATTATAAG TG~ATGGATATTTGGACCAGCAAGTGCCTTACACTTTAGCAAA~TCGCATGGAAATGGGCCCCTAAACAGACTGTTAATGGCAGC 120 

R s N G . R M 0 y K M 0 G y l 0 Q Q v p y T l A NI ~. s H G N G p l N R l l M A A 


Exon 2 Exon 3 

CAAGAGGAAATACATGGAAACAGAGCTGCCACCTCAGGAATCCGAAFATCTTTTTCAGGATTTAAGCCAACTCCAGGAGACGTGGCTCAC~AAGCTCAGGTTCCTGACAGCGACGAGCA 240 
K R K y M E T E l p p Q E s E I0 l F Q D l s Q L Q E T w L T IE A Q v p 0 s 0 E Q 

Exon 3 Exon 4 Exon 4 Exon 5 

GTTTGTTCCCGACTTCCAT 259 
FVPOFH 

• 
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Appendix C Pufferfish PEA3 Genomic Sequence at the 5' End of the Gene 

The genomic sequence of the 5' end of pufferfish PEA3, including 1 kb of sequence upstream of the 
putative start codon in exon 2, is depicted. Exons 2, 3 and 4 have been underlined. The two in-frame start 
codons in exon 2 are indicated. 



GGTACTTTGGATCGGACCGCCTCTGGAGCTGCAGCCTCTGGAGTTGCAGCCTCTGGAGCTGCAGCCTCTGGAGCTTTAGATCCTGCGGTTTCCGTGTGGCGCAGACCTAAATAAAAAACCTCAG 124 
G T L D R T A S G A A A S G V A A S G A A A S G A L D P A V S V W R R P K . K T S 
V L W I G P P L E L Q P L E L Q P L E L Q P L E L . I L R F P C G A D L N K K P Q 

G Y F G S D R L W S C S L W S C S L W S C S L W S F R S C G F R V A Q T . I K N L R 
GAATTCAAGAATTCTTCAGGATTGCGTCAGTTTGGGAGCTGATATAAAGGGCTGCTTTTTTTTTCTTCTATTTTGTCTGTTTTTCATTTTAAAACAACACTGACGCGAGTCAAAGTTAAAACAA 248 
G I Q E F F R I A S V W E L I . R A A F F F F Y F V C F S F . N N T D A S Q S . N K 
E F K N S S G L R Q F G S . Y K G L L F F S S I L S V F H F K T T L T R V K V K T 
N S R I L Q D C V S L G A D I K G C F F F L L F C L F F I L K Q H . R E S K L K Q 

ACAAAAAAAAAAGATAGATAGAGAGAAAAACATGTCGGGAGTTTTCGTGCCAGGGCAGGTTTTTATGAATGGAGCCCTTTTCTTTCTCTCTCTCTCTTTTTGTGAATGAAAAACAACTGGAAAA 372 
Q K K K I D R E K N M S G V F V P G Q V F M N G A L F F L S L S F C E . K T T G K 

N K K K R . I E R K T C R E F S C Q G R F L . M E P F S F S L S L F V N E K Q L E K 
T K K K D R . R E K H V G S F R A R A G F Y E W S P F L S L S L F L . M K N N W K 

GCCACAATAAAACCCAGCAGCTGATTGGCTGCCGCGCAACCTCGGCCCCGCCCACCGACGTTATCGTCCTCATTCCAGCACTTCCGATTGGCCCGCGTGGGGAGAGGAGGGGGGGTTCATTCAT 496 
A T I K P S S . L A A A Q P R P R P P T L S S S F Q H F R L A R V G R G G G V H S 

P Q . N P A A D W L P R N L G P A H R R Y R P H S S T S D W P A W G E E G G F I H 
S H N K T Q Q L I G C R A T S A P P T D V I V L I P A L P I G P R G E R R G G S F I 
AAGTGAGCGTATTCAAGGGGACAAAGGGGAGAAATTCGAGCTCTTGAAAGAGGAAATCCACCAATCAGGAGGCGAAGCAACTTTATCCCCGAATCTGTCCGGCAGGCGCCGTGACGGTGCAAAC 620 
. V S V F K G T K G R N S S S . K R K S T N Q E A K Q L Y P R I C P A G A V T V Q T 
K 	 . A Y S R G Q R G E I R A L E R G N P P I R R R S N F I P E S V R Q A P . R C K 

S E R I Q G D K G E K F E L L K E E I H Q S G G E A T L S P N L S G R R R D G A N 


TCTAGATTATATACGTCCAGAAATGCGTAAAAAAGCTGTTCAACCTGTTGACTGCGGGGAGATAAACGCGCTGAAAGCCGAGCCGTGCACCCCCCGCCCCCTCCCCGACCTCAGCACGGCCCGT 	 744 
L D Y I R P E M R K K A V Q P V D C G E I N A L K A E P C T P R P L P D L S T A R 

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

CTGACCCGTTTACGCACAAAGTGCTCCGAAAGTCCGGCGCGGAGGTGCGAAACTTCAGCGCCCGTCCGTCACACATGCGCGCACCCACAAACAAAAAAAAAAAAGGCAGGTCTGTGTAGGGGTG 868 
L T R L R T K C S E S P A R R C E T S • A P V R H T C A H P Q T K K K K A G L C R G 

. P V Y A Q S A P K V R R G G A K L Q R P S V T H A R T H K Q K K K R Q V C V G V 
S D P F T H K V L R K S G A E V R N F S A R P S H M R A P T N K K K K G R S V . G W 
GGGGGCAGCGGCCCGCTGGGTAATCACTTCCCCTCGGTGTTTTTTTTTGTGAATGGAGCTCATTATGCATGCAGCCTCCACGCAGCTCCATTGACGCGCAGCTCCCTCCTCTCATCTGAGTCCC 992 
G G Q R P A G . S L P L G V F F C E W S S L C M Q P P R S S I D A Q L P P L I . V P 
G 	 G S G P L G N H F P S V F F F V N G A H Y A C S L H A A P L T R S S L L S S E S 
G A A A R W V I T S P R C F F L . M E L I M H A A S T Q L H . R A A P S S H L S P 

TGCGAGCTGCGCGGACCAGCTCAGCCCCGATGACCACAAACGGTTAACGG~TGGATTATAAGATGGATGGATATTTGGACCAGCAAGTGCCTTACACTTTAGCAAATGTACGTATGGATGCAGC 1116 
A S C A 0 Q L S P D 0 H K R L T D G L . D G W I F G P A S A L H F S K C T Y G C S 

L R A A R T S S A P M T T N G . R M D Y K M D G Y L 0 Q Q V P Y T L A N V R M 0 A A 
C E L R G P A Q P R . P Q T V N G W I I R W M 0 I W T S K C L T L . Q M Y V W M Q 

ExmZ (~ t..ptotre erdoftre 5' R/lCE pucirt) • h-f'raTe StatCodrs 



TCGACCGTCCGGCTCGGCACGGCTTTATTTGTTTTAATCGTCGCGTCGCGCGTCCGAGCGAGTTTTGCTCCGTGGCAGCAGCCCTGTGTGTGTGCGCGTGTGTGTGCGCGCGCGAGAGCGAGTG 1240 
S T V R L G T A L F V L I V A S R V R A 5 F A P W Q Q P C V C A R V C A R A R A S 
R P S G S A R L Y L F . S S R R A S E R V L L R G S 5 P V C V R V C V R A R E R V 

L D R P A R H G F I C F N R R V A R P S E F C S V A A A L C V C A C V C A R E 5 E C 
TGCGTGTGTGTGTTTGTGTGCGACGCCGAACTCGTCCTAAAACTAAGTGAAAATGTTGCGCTAACGTCAATCACGCGCCGGGTTTGGTGATGTTTGGGGAGCCGAGCGGCCACTTTCCTCGCAG 1364 
V R V C V C V R R R T R P K T K . K C C A N V N H A P G L V M F G E P 5 G H F P R R 
C V C V F V C D A E L V L K L S E N V A L T S I T R R V W . C L G S R A A T F L A 
A C V C L C A T P N S S . N . V K M L R . R Q S R A G F G D V W G A E R P L S S Q 

GCGCGCGTCTGTTTTGCTTTTTTCCCCGCCGCGAACGCGAAACGTGTCGCTTTCTGAGCAGTTTGATGGTCACGCACGGCCGCAGCCTTCCGCAGAAATGACAACAGCTGCCATTTTCGCTGAT 1488 
R A S V L L F S P P R T R N V S L S E Q F D G H A R P Q P S A E M T T A A I F A D 

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

TGATCTGCCCCTTTCTCACTTCTGCTCTCCGGGTTTGTGCAGAAATCGCATGGAAATGGGCCCCTAAACAGACTGTTAATGGCAGCCAAGAGGAAATACATGGAAACAGAGCTGCCACCTCAGG 1612 
. S A P F 5 L L L S G F V Q K S H G N G P L N R L L M A A K R K Y M E T E L P P Q 
D L P L S H F C S P G L C R N R M E M G P . T D C . W Q P R G N T W K Q 5 C H L R 

L I C P F L T S A L R V C A E I A W K W A P K Q T V N G S Q E E I H G N R A A T S G 
AATCCGAAGGTAAAACTCAGCTCAAATCTCAATACTTGACCTCGGCTCAGGTTATGATGAACCTCGGGACGTGTCTGAGTCGGACCCAGCTTCTCTAAACTCTGTCTCCCCACTCCCCA~ 1736 
E S E G K T Q L K S Q Y L T 5 A Q V M M N L G T C L S R T Q L L . T L S P H S P D L 
N P K V K L 5 S N L N T . P R L R L . . T S G R V . V G P 5 F S K L C L P T P Q I 
I R R . N S A Q I 5 I L D L G 5 G Y D E P R D V S E 5 D P A S L N S V 5 P L P R S 

TTTTCAGGATTTAAGCCAACTCCAGGAGACGTGGCTCACAGAAGGTGAGATTTCCTCTTTGTTTCTCTTCTGCTCGCTGCTTCTGTGGACGATCTCCTCATCGTGGTGATGGACTTAATCAGCC 1860 
F Q D L S Q L Q E T W L T E G E I 5 5 L F L F C S L L L W T I S S S W . W T . S A 

F F R I . A N S R R R G 5 Q K V R F P L C F S S A R C F C G R 5 P H R G D G L N Q P 
F S G F K P T P G D V A H R R . D F L F V S L L L A A 5 V D D L L I V V M D L I 5 

GCAGCTTTCCTGCTGGGCTTTTTTCCCTCCCCAATGGGCGAGAAGGTGACCTCGTGTGTTCGTTCTAAACTTTCCTGACGGGACACATATGCTCATAAACCCCTGGATGGTCAGAAAGAGGCCG 1984 
A A F L L G F F P 5 P M G E K V T 5 C• V R 5 K L 5 . R D T Y A H K P L D G Q K E A 
Q L S C W A F F P P Q W A R R . P R V F V L N F P D G T H M L I N P W M V R K R P 

R 5 F P A G L F 5 L P N G R E G D L V C 5 F . T F L T G H I C S . T P G W 5 E R G R 
GAGGGGAGAACACAGACGGGACAGTATTAGCTTGGAGCATGTCCTATTTTGGCCATGTTGGCATGTGGCGTGCGTGCCAGCCAGCCAGCAGCAGCCAGGGCAAACAAACAGGCTGTTGGGCTCG 2108 
G G E N T D G T V L A W 5 M 5 Y F G H V G M W R A C Q P A S S 5 Q G K Q T G C W A R 
E G R T Q T G Q Y . L G A C P I L A M L A C G V R A S Q P A A A R A N K Q A V G L 
R G E H R R D 5 I 5 L E H V L F W P C W H V A C V P A 5 Q Q Q P G Q T N R L L G S 

TGTCACTCACGCAGCACAGAGATGGTCCAGGAGGTGGGAAGCCAGACTGGTGTTATGGGGGGGGGGGTGAACCGGGAGGTGTCGATTGTGTTGCCTCGGCTGCTTTGATGCGCGTTTGATGTGC 2232 
V T H A A Q R W 5 R R W E A R L V L W G G G . T G R C R L C C L G C F D A R L M C 

V S L T Q H R 0 G P G G G K P D W C Y G G G G E P G G V D C V A S A A L M R V . C A 
C H 5 R 5 T E M V Q E V G 5 Q T G V M G G G V N R. E V 5 I V L P R L L . C A F D V 

&oo3 &oo4 



AGGTTTAAAGGGGAGCGCGGCTTCATTCTTGACATTTAATGTGAACCACATCGACATGATAAATCCTGTTTAAACCCG 2310 
R F K G E R G F I L D I . C E P H R H D K S C L N P 
G L K G S A A S F L T F N V N H I D M I N P V . T R 

Q V . R G A R L H S . H L M . T T S T . . I L F K P 
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AppendixD Pufferfish PEA3 Genomic Sequence Within the Gene 

The genomic sequence of a large fragment of genomic pufferfish PEA3 containing ex on 5 has been 
completed. The 5' border of ex on 5 was contained within the 5' RACE nucleotide sequence and has been 
indicated within the sequence by beginning to box the deduced amino acid sequence at the valine amino 
acid that is coded by the first codon of the ex on. The remaining amino acids carboxy-terminal to this 
valine residue are boxed until an in-frame stop codon is reached in the nucleotide sequence. 



CCCGGGGGCCGAAGAGGCAGAAAAGTTAAGAGGGGCTAATTCCATTACGGAATAGTGGGCCACAGGATGCGCCGCTGTCCAAGAAATTGATGCCATTTATCCGAACATGTTCCAAAACGCCGTC 124 
P G G R R G R K V K R G F H Y G I V G H R M R R C P R N C H L S E H V P K R R 

P G A E E A E K L R G A N S I T E W A T G C A A V Q E I D A I Y P N M F Q N A V 
A R G P K R Q K S E G L I P L R N S G P Q D A P L S K K L M P I R T C S K T P S 
ATCCGGTTTCCTCTGCGCAGGAAGCGGCGGCGTGACGACAAAGCAGATTTGAATTTCTTGCTTCCCCGTTTCTCGTCCTCCTCTGGACAGTTTTGCTTTCTGTCTTGTCTCACCGGAGACCGGA 248 
H P V S S A Q E A A A R Q S R F E F L A S P F L V L L W T V L L S V L S H R R P E 

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

AACGGAGGAAGCAACCGGGCGGACCCAAGGCCGCAGCCGTGTCCCTCCTCCCGGATCCTTCACGGGGGGGGAAAATGTAATTTGCAGAATTCCAAACGCCAAATTATGTGGAAATTAGAAGGTT 372 
T E E A T G R T Q G R S R V P P P G S F T G G E N V I C R I P N A K L C G N K V 

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

CTTTGATCTCCGACGTGATGGGACAGAAGTGGGCTGAAGGACGCGGGGTTGGTTCAACCTAAATGTTGACGTCCACTCCAGGAGGACGTCCACTTCCTGGAGGACGTCCTCCAGGAGGTGGACG 496 
L S P T W D R S G K D A G L V Q P K C R P L Q E D V H F L E D V L Q E V D 

F D L R R D G T E V G R T R G W F N L N V D V H S R R T S T S W R T S S R R W T 
S L I S D V M G Q K W A E G R G V G S T M L T S T P G G R P L P G G R P P G G G R 
TCCACTTCCTGTCTCGTTCTCTGAAAGCTCCGAGCTTCTTTATCCAAGAGGTTCTGGCGGACCAACGTGTTCCCCTTAATCTTCGATGAAGTCCAGACTGCATCCGGATCGTCCTGCTGGTCCA 620 
V H S R S K A P S F F I Q E V L A D Q R V P L N L R S P D C I R I V L L V Q 

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

GAGACCAGCGGAGAGAGAATCCCTCACTTGTTCCGTTTGTAGTCCTGCGGTGGGAATAAGAAACCTGGAAACATGGAAGCAACTAACTGGTGGTGAATGGAGACCAACTGGGATGATGTACTGG 744 
R P A E R E S L T C S V C S P A V G I R N L E T W K Q L T G G E W R P T G M M Y W 

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

GGTGCCTCTTTCCTCTGGTGTTCTTAGTTGCCCCCTTCCAGGTTGGAGGGGTGGAGTTGCCATTATTGCTCATTGATTAATGTCCCGGGAAGGTCAGGCCGGAGGTCGTGTGTGGAGAAACTTC 868 
G A S F L W C S L P P S R L E G W Se C H Y C S L I N V P G R S G R R S C V E K L 
V P L S S G V L S C P L P G W R G G V A I I A H L M S R E G Q A G G R V W R N F 

G C L F P L V F L V A P F Q V G G V E L P L L L I D C P G K V R P E V V C G E T S 
CCTCTAATTCCCGTTTCTTCTTCTCTGCTTCCAGCTCAGGTTCCTGACAGCGACGAGCAGTTTGTTCCCGACTTCCATTCCGAGAACTGTGAGTAACTCCTTCGTTTTTTTCCCGGCAAACGCG 992 
P S N S R F R R A V C S R L P F R E V T P S F S R Q T R 

p L I P V S S S L L P A Q V P D S D E Q F V P D F H S E N C E L R F F P G K R 
L P F L C F Q L R F L T A T S S L F P T S I P R T V S N S F V F F P A N A 

TCCGAAGCAGCGTCCAGGCGGGTTAGCTCCGCTTCTAGGGTCTATTTTTTTTGTGGGGGGGTGGTGGCAGACGCGAGCGGCCTAATGAGCCGGACATCGGGGAGCGCATGTGGAAGCCGACATC 1116 
P K Q R P G G L A P L L G S I F F V G G W W Q T R A A A G H R G A H V E A D I 

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

D ExooS 



CCGCGCTGCCCTCAGCCATTTGCATGCCTTTGAAGGGCTGAATGGGAACGACGCAGGAAACCAGTAAAGAGACGGGCGAGGGGGCGCAGGTACAAAGATGGACCTTTGTGCCGCTCGGAAGACG 1240 
P R C P Q P F A C l R A E W E R R R K P V K R R A R G R R Y K 0 G P l C R S E 0 
R A A l S H l H A F E G l N G N 0 A G N Q . R 0 G R G G A G T K M 0 l C A A R K T 

P A l P S A I C M P l K G . M G T T Q E T S K E T G E G A Q V Q R W T F V P l G R R 
TGAAATGGGAAAGCAAATTCCTGGGAAGCGCAGCTGAGCGGCTCTTTTAGTGGTTTCCCTTTCTGCTTGTGTTCCCAAACAATGGCGGTTCAGGATCAGGGCCGGGAGGACAACCGCTCCCCTT 1364 
V K W E S K F l G S A A E R l F . W F P F l l V F P N N G G S G S G P G G Q P l P F 

N G K A N S W E A Q l S G S F S G F P F C l C S Q T M A V Q 0 Q G R E 0 N R S P 
E M G K Q I P G K R S . A A l l V V S l S A C V P K Q W R F R I R A G R T T A P l 

CCCCAGCGGCCCCGTCTCTCAGAACACCTCGGGAATAATCGCGGCTTCAAACCAAAACTGACAGCTCTCAGTCAAAGCCACTTCCTGTTGCGACTGCTGGCCCCGCCCTCGGTGACACACGGCG 1488 
P S G P V S Q N T S G I I A A S N Q N Q l S V K A T S C C 0 C W P R P R . H T A 

S P A A P S l R T P R E S R l Q T K T 0 S S Q S K P l P V A T A G P A l G 0 T R R 
P Q R P R l S E H l G N N R G F K P K l T A l S Q S H F l l R l l A P P S V T H G 

CCGTCGCTCTGTGTTGGCCAACAATGAGGAGGAGGAAGTGCGAATGAACCCCAGGGGCCGGCGGGGGCCATGTCTACTTAACCCCCTGACCTGTCAGCCAATCAGCTGTCAGGCCTCCACTAAC 1612 
P S l C V G Q Q . G G G S A N E P Q G P A G A M S T . P P 0 l S A N Q l S G l H 
R R S V l A N N E E E E V R M N P R G R R G P C l l N P l T C Q P I S C Q A S T N 

A V A l C W P T M R R R K C E . T P G A G G G H V Y l T P P V S Q S A V R P P l T 
GGCTGACCGGAGCCTGATATGCTGGGTCACGGGTGTGGGGGGGGGGTCCGGGTTGACGGGCAGCTTGCTTATCCGCAGCAGAGACGCTGCGGCGTTGACGGACGGCCGCTGATGAGACGCCGCA 1736 
R l T G A . Y A G S R V W G G G P G R A A C l S A A E T l R R R T A A 0 E T P Q 
G P E P 0 M l G H G C G G G V R V 0 G Q l A Y P Q Q R R C G V 0 G R P l M R R R 
A D R S l I C W V T G V G G G S G l T G S l l I R S R D A A A l T D G R . D A A 

GCGTCCAGCGCCAGAATCCGGAGCTGACAAGTGACGAGAAACACGCGCGTTCGTGTTTACACGAGCCCTCGCGCTCGTAAAAGTGCCGGGATTTAAAGGCTGTTCAGCGCGTTCGTGTTAGCAC 1860 
R P A P E S G A 0 K . R E T R A F V F T R A l A l V K V P G F K G C S A R S C H 

S V Q R Q N P E l T S D E K H A R S C l H E P S R S K C R 0 l K A V Q R V R V S T 
A S S A R I R S Q V T R N T R V R V Y T S P R A R K S A G I R l F S A F V l A 

AATTAGCTTCCTTTGGTTTGGCGGGAATGACGCTAGCGCGGCGCCTTTAACGGCAGCCTGCGAAAAGGTTACAAACTGGTAAAAGTGTTTCCCGGAGACTGCAAACAGCCCCAGCAGCTCTTTT 1984 
N l P l V W R E R . R G A F N G S l R K G Y K l V K V F P G D C K Q P Q Q l F 
I S F l W F G G N D A S A A P l T A A C E K V T N W . K C F P E T A N S P S S S F 

Q l A S F G L A G M T L A R R l R Q P A K R L Q T G K S V S R R l Q T A P A A l l 
GTGCTCGGTCTGTGTTCAGTCTGTGTCTGGTTGGTGTCAAAACAGGTGACTCACCTGTTTTGGAAACTCCGGCAATAAAACAAAGAGCACGTGGCAGAGCTGCGATCCCATGTGAGCAGGATAT 2108 
C A R S V F S l C L V G V K T G D S P V l E T P A I K Q R A R G R A A I P C E Q D I 
V l G l C S V C V W l V S K Q V T H l F W K l R Q . N K E H V A E L R S H V S R I 
C S V C V Q S V S G W C Q N R . L T C F G N S G N K T K S T W Q S C D P M . A G Y 

AATTGAGGCTTGAAGAAGAGAAGAAGAAGAAGTAGAAAGGTCAAATAAAACGTTGGCGTTTACCGAGTCAGGCTGCTACCTGCGCGCGTGAGCGACGGGAGGGAGGCGCGGGAAAACAGCGGGT 2232 
I E A . R R E E E E V E R S N K T l A F T E S G C Y L R A . A T G G R R G K T A G 
l R E E E K K K K K G Q I K R W R l P S Q A A T C A R E R R E G G A G K Q R V 

N G L K K R R R R S R K V K . N V G V Y R V R l l P A R V S 0 G R E A R E N S G 



GGAATGTTTGATTGGGAAGGGTTGCGCAACACCTGCACATCTGGTAAATCGATCTCATCGGCTGGTTTCTCGCTCAGCTCGCGCCCGACGCTGCTGCACAGGGTGTGTGTGTGTGTGTGTATGC 2356 
G M F 0 W E G L R N T C T S G K S I S S A G F S L S S R P T L L H R V C V C V C M 

E C L I G K G C A T P A H L V N R S H R L V S R S A R A R R C C T G C V C V C V C 
W N V . L G R V A Q H L H I W I 0 L I G W F L A Q L A P 0 A A A Q G V C V C V Y A 
GTGTGTGCGCGCGTGTGTGAGCCGATGATGATCGATGTCGTGGTGCCCCCGTATTTCATTTCGCCGCAGCCTTTAAGCAGCTCCAAACTCATCTTTATGAGCTCCTGTGATCCTTTGTGAGGGG 2480 
R V C A R V . A 0 0 0 R C R G A P V F H F A A A F K Q L Q T H L Y E L L S F V R G 
V C A R V C E P M M I 0 V V V P P Y F I S P Q P L S S S K L I F M S S C 0 P L G 
C V R A C V S R . S M S W C P R I S F R R S L A A P N S S L . A P V I L C E G 

CGGACCCGGCCCGAGGTTCTTGCTGGGTCCCCTTTGACCCGAAGGACCCCCGAGGGTCTCTTTCAGGGCCAAATGTTCGGGGTGTTTGCTGTCCGACTGACTCTTTTGTCCGTCCGCCGCCTGA 2604 
G P G P R F L L G P L P E G P P R V S F R A K C S G C L L S 0 • L F C P S A A 

A 0 P A R G S C W V P F 0 P K 0 P R G S L S G P N V R G V C C P T 0 S F V R P P P 0 
R T R P E V L A G S P L T R R T P E G L F Q G Q M F G V F A V R L T L L S V R R L 

CGGGAAGAAACACGCGGAGGTGTCACTCGAGTTTATGGTGCGCGTAGTTGACGAGAGCGCGTCGTTACTGTGCGCGCGTGCGCGCGCGCGCTGCCTCTGGAGAGCGCTCCGCACAGGCTGCAGC 2728 
R E E T R G G V T R V Y G A R S R E R V V T V R A C A R A L P L E S A P H R L Q 
G K K H A E V S L E F M V R V V 0 E S A S L L C A R A R A R C L W R A L R T G C S 

T G R N T R R C H S S L W C A L T R A R R Y C A R V R A R A A S G E R S A Q A A A 
TTCTTTGTCCAACTATGTTGTTTACACTTGGAGCAGCCCGTCGGAGACGTGACCCATTCATAAATTTTCTTCNCCCGTGTGCGCAAGAGGAAGCGTGTTTCCCCCCCCCCCCCCCAGTCCTCCG 2852 
L L C P T M L F T L G A A R R R R 0 P F I N F L ? P C A Q E E A C F P P P P P V L R 
F F V Q L C C L H L E Q P V G 0 V T H S I F F ? R V R K R K R V S P P P P Q S S 
S L S N Y V V Y T W S S P S E T P I H K F S S P V C A R G S V F P P P P P S P P 

CTGCTTCTCCCTCCTTCGCTCTTCATTCATAAAAAAAAAGCCCTCCAGTACTAGAGGCCTCCCCCTCGTCTCCAAGTGGACACACCAGGCCCCTCCCTCCCTTCCTGTTTCTGCACAAACTAAG 2976 
C F S L L R S S F I K K K P S S T R G L P L V S K W T H Q A P P S L P V S A Q T K 

A A S P S F A L H S . K K S P P V L E A S P S S P S G H T R P L P P F L F L H K L S 
L L L P P S L F I H K K K A L Q Y . R P P P R L Q V 0 T P G P S L P S C F C T N 

TAGAATTTAAAAATCTGGACCCCCACCGCTTCCCTCCCCTTTCCCTTTTCTCTCTCTCTTTCCACACACACACACACACACACACACACACACACTCACGCACACACACTCTCTCTCTCTCTCT 3100 
N L K I W T P T A S L P F P F S L S L S T H T H T H T H T H T H A H T L S L S L 

R I K S G P P P L P S P F P F L S L F P H T H T H T H T H T L T H T H S L S L S 
V E F K N L 0 P H R F P P L S L F S L S F H T H T H T H T H T H S R T H T L S L S L 
CTCTGAGTGTTTTAAGATGGTGAACTAATCCAGAGCTGTGTGGGACGATTGTTTGACTGCGTCTTGCAGTAATTATATAGGAAGTTGTGGCTCTAGAGCGGCGTTACGGAGCACAAACTGTAGC 3224 
S L S V L R W . T N P E L C G T I V . L R L A V I I E V V A L E R R Y G A Q T V A 
L 	 . V F 0 G E L I Q S C V G R L F 0 C V L Q . L Y R K L W L . S G V T E H K L 
S E C F K M V N S R A V W 0 0 C L T A S C S N Y I G S C G S R A A L R S T N C S 

CGGAGAGATTCCCTCCTGCGTTGGGATGGGTGGGATTCCATAGGTGGGATTCCATAGGTGGGATTTGCCCCCTTTTCTGACAGGGACACGAACAAAAACGTGATTTCTCGTCTGTAAACACGCC 3348 
G E I P S C V G M G G I P . V G F H R W 0 L P P F L T G T R T K T . F L V C K H A 

P 	 E R F P P A L G W V G F H R W 0 S I G G I C P L F Q G H E Q K R 0 F S S V N T P 
R R 0 S L L R W D G W 0 S I G G I P . V G F A P F S 0 R 0 T N K N V I S R L T R 



CTGGTTTTTCTTGCACTTTTGTTGTTGGAAATGCCAACAGATCTGTTCTGGCGTGTTTCCTTTTGTTTTTCCGGTATTCTTTCCTCATTTAGGAGGGTCACGGGTCACGAGCGTGCAGCCGCCG 3472 
L V F L A L l L L E M P T D L F W R V S F C F S G I l S S F R R V T G H E R A A A 
W F F L H F C C W K C Q Q I C S G V F P F V F P V F F P H L G G S R V T S V Q P P 

P G F S C T F V V G N A N R S V L A C F L L F F R Y S F L I E G H G S R A C S R R 
TGACCCGGTGTCCAAAAAAAGACCCGGTGTCCAAAAAAAGAGGACCCGAAAAAGGGCGAGGAGGAGAGCAGACGCAGCGAAATGGGGAAGAAAGTGCAGCTGAATCCTCCCAGCAGAGCGCCTG 3596 
V T R C P K K D P V S K K R G P E K G R G G E Q T Q R N G E E S A A E S S Q Q S A C 

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

TGTTCTGCTTAGTCATGAACCCGCGGCCTTCAGCCTCCGTTGTTGTTCTGGATCAGAAGGGCCCTGTTTGGGCCCGATTGGAGCCCCCCCCCTCCCCTCCTTGAGAGACCAGACGTGCAGCTCT 3720 
V L L S H E P A A F S L R C C S G S E G P C L G P I G A P P L P S L R D Q T C S S 

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

GAGTTCTCCGGTTTTTCCAAAATACAGCTGCAACGCAACACTTCCAAAAAAACCCAAAACGCAGCCAGAACTTCAGACGTCAACTGTGTTTTTGTCCTGCTGGCCAGTAAAATGGCCGTTTTAG 3844 
E F S G F S K I Q L Q R N T S K K T Q N A A R T S D V N C V F V L L A S K M A V L 
S S P V F P K Y S C N A T L P K K P K T Q P E L Q T S T V F L S C W P V K W P F 
V L R F F Q N T A A T Q H F Q K N P K R S Q N F R R Q L C F C P A G Q . N G R F S 

CAGCAAACATGTGATTTCTTTCGCGCGCGCGCGCACACACGCAGGCGCGCGCGCTCTTTCTGCAGTTTTATGAATGGGTGTGTTGTGAAAGAGCGGCTGAGCGGCACATTGAATTACAGGGAGT 3968 
A A N M . F L S R A R A H T Q A R A l F L Q F Y E W V C C E R A A E R H I E L Q G V 
Q Q T C D F F R A R A H T R R R A R S F C S F M N G C V V K E R L S G T L N Y R E 

S K H V I S F A R A R T H A G A R A L S A V L . M G V L K S G . A A H I T G S 
GAACCTTCATTCTGACTTTTGGGCCACATCCCCCCCCCCCCCAATCACACACCACCGCTCGCGTCTCTCCGGTTAAAACGGTTAAAAGTCTCCCGGG 4065 

N L H S D F W A T S P P P P I T H H R S R L S G N G K S P G 
T F I L T F G P H P P P P Q S H T T A R V S P V K T V K S L P G 

E P S F L L G H I P P P P N H T P P L A S L R L K R L K V S R 
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AppendixE Pufferfish PEA3 Genomic Sequence at the 3' End of the Gene 

The genomic sequence of the 3' end of pufferfish PEA3, including a large amount of sequence 
encompassing the neighboring gene is depicted. The deduced amino acid sequences that bear homology 
with other PEA3 protein sequence and that corresponding to open reading frames in the genomic sequence 
are boxed. In this fashion the positions of exons 12 and 13 have been indicated. The putative 
polyadenylation signal is boxed in red and the open reading frame containing the final ex on of the 
pufferfish HRHl homologue is underlined. 



CACATGTGGGGACTCGCCCCGGCCTTGGCGTGTTGACACTGTTTCACAAAAACAGCGAAGGGGGACCACTGGAGGCCAACGAGGGCCCCTAGTGGTCGCGTCTGGAAACTACACCCGCTTCCTT 124 
H M W G L A P A L A C H C F T K T A K G D H W R P T R A P S G R V W K L H P L P 
T C G D S P R P W R V 0 T V S Q K Q R R G T T G G Q R G P L V V A S G N Y T R F L 

A H V G T R P G L G V L T L F H K N S E G G P L E A N E G P W S R L E T T P A S F 
CACCAGAGAAGGGGTTAGCATTTTAGCATCCCGTAGCAGGACGATGCTAAACCGTTCTTGAATGTACACATCCATGATCGAAGAAGCTCACGGCGAGAAGATGTGTTGATCGTTTGGCTTCCCA 248 
s P E K G L A F H P v A G R c T v L E c T H P . Is K K L T A R R c v o R L A s HI 

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

CTGCGTGACTGTGCACGTTTTATTCATCAGCCACGTTCCTCCCCAGGTGGCCCGGCTGTGGGGGATGCAGAAGAACCGTCCGGCCATGAACTACGACAAGCTCAGCCGCTCACTGCGCTATTAC 372 
lc V T V H V L F I S H V P P Q V A R L W G M Q K N R P A M N Y D K L S R S L R Y y J 

T A L C T F Y S S A T F P R W P G C G G C R R T V R P T T T S S A A H C A I T 
R D C A R F I H Q P R S S P G G P A V G D A E E P S G H E L R Q A Q P L T A L L 

TACGAGAAGGGAATCATGCAAAAGGTATGTTGAAGCTAAATGTCTGGCGTTCTAATTAAATGCCTCTGAATACAGCTCCTATACTTAAAAACACTGAGGACTTTGATTGATGCCTGACTGAAGC 496 
lr E K G I M Q K v c I . s M s G v L I K c I Q L L Y L K T L R T L I o A K 

L 
T 
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R 

E 
R 
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E S 
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T E 

S 
AI 

CACGCCCCCTTCTCGCCCTCTCCAGGTGGCAGGCGAGCGCTACGTTTACAAGTTCGTGTGTGAGCCCGAGGCTCTCATCTCTCTGGCGTTCCCCGACAATCAGCGGCCCAGCCTGAAGGCCGAG 620 
P R P L L A L S R W Q A S A T F T S S C V S P R L S S L W R S P T I S G P A R P S 

H A P F S P S P G G R R A L R L Q V R V A R G S H L S G V P R Q S A A Q P E G R 
IT p p s R p L Q v A G E R y v y K F v c p E A L I s L A F p D N Q R p s L K A E I 

TTTGAGCGCTACGTCAACGAGGAGGACACCGTCCCCCTGTCCCACCTGGACGAGGGCGTGTCCTACACGACAGAACAAGCTCCACAAAACATGGGCCCCCAGCCCTACTCCAAAGGCTACATGT 744 
L S A T S T R R T P S P C P T W T R A C P T R Q N K L H K T W A P S P T P K A T C 

V A L R R G G H R P P V P P G R G R V L H D R T S S T K H G P P A L L 
F E R Y V N E E D T V P L S H L D E G V S Y T T E Q A P Q N M G P Q P Y S 

ACTAAAGCCCCCCCGACCCCTCTCCTGCTTTCAGAACCCCTCCTGCTGTACCCACCCACCATCATACACATCCCAAAGCCCCGCCCCCTCCGCACATGCCCGCCCCACCCACTTGTATATAAGG 868 
T K A P P T P L L S E P L L L Y P P e T I I H I P K P R P L R T C P P H P L V Y K 

L K P P R P L S C F Q N P S C C T H P P S Y T S Q S P A P S A H A R P T H L Y I R 
1!] . SPPDPSPAFRTPPAVPTHHHTHPKAPPPPHMPAPPTCI. G 
CTATGGTGATTTTTGTTTTAAATTAATCTCGGTAGGGATTTGATTGTTTTCCAGAGCTGCGTTCCTCTCACATCTGAGGCCAACTCGACCCGTAAACATGACTGTGGTCAAAGAGATGCT~ 992 
A M V I F V L N S R G F 0 C F P E L R S S H G Q L D P T L W S K R C I 

L W F F I N L G R D L I V F Q S C V P L T S E A N S T R K H D C G Q R D A 
Y G D F C F K L I S V G I . L F S R A A F L S H L R P T R P V N M T V V K E M L N 
~ACCCATTATACTCAAACTGGTGTCTGCATGAGTTCTTATTACACTTCTTATTACACGTGTTGTAGTCCTGAAGGCTAGCAGCAGGCTAGCAGCGCGGCGTCAGCGGCGCCTGAAGGCGCG 1116 

N T H Y T Q T G V C M S S Y Y T S Y Y T C C S P E G Q Q A S S A A S A A P E G A 
I P I I L K L V S A V L I T L L I T R V V V L K A S S R L A A R R Q R R L K A R 

K Y P L Y S N W C L H E F L H L L H V L S R L A A G Q R G V S G A R R 

Pufferfish ~1 lbrdog.Je q:a1 reaci-g hareD Exon 1z D Exon 13 D Putative~ 9g1a1 ca ltai i g the fnal exoo 

http:lbrdog.Je


GGAGATCCTCCAGGCGTTGGGCTCCTCGTAGCGGTTGTAGAGCGGCTCCAGTTTCTGCTGCCTCTTCTGGCGGCTGAGCCGAGTCGGGTCGCCGACCCTGTAGAACGCCGGCGCGAACTCCACC 1240 
G D P P G V G L L V A V V E R L Q F L L P L L A A E P S R V A D P V E R R R E L H 

E I L Q A L G S S R L S G S S F C C L F W R L S R V G S P T L N A G A N S T 
G R S S R R W A P R S G C R A A P V S A A S S G G A E S G R R P C R T P A R T P P 
AGCCAGCGGGGGTCGATGGTGGTCACCTCCCGCATGTACTCCTTGGTGGTCAGCACCAGCTCGTGATAAACCAGCCTGTGGAGACGGAGCCGTCACTGCACAAACATGGAGGTGCACCCGCAGG 1364 
Q P A G V D G G H L P H V L L G G Q H Q L V I N Q P V E T E P S L H K H G G A P A G 

S Q R G S M V V T S R M Y S L V V S T S S . T S L W R R S R H C T N M E V H P Q 
A S G G R W W S P P A C T P W W S A P A R D K P A C G D G A V T A Q T W R C T R R 

GTCATGTGACCCCGGCTCCAATCGGACTCACCACTCGGGCTGGCGGTTGAAGAGCGTGCTGGAGGGGTGCAGGTACACCACCTGCTGGTCTATCAGGGTGCGGTACCCGTCCTGCGGGTGCTTC 1488 
S C D P G S N R T H H S G W R L K S V L E G C R Y T T C W S I R V R Y P S C G C F 

G H V T P A P I G L T T R A G G R A C W R G A G T P P A G L S G C G T R P A G A S 
V M . P R L Q S D S P L G L A V E E R A G G V Q V H H L L V Y Q G A V P V L R V L 

CTGGCGGCGTTCCTGAAGAACCCGCTGCAGATGGCTTTCTGAACCTGGACCGACGCTTTTTCACAGGACACCACGTCCAGCTTGTGCCTGGGGAAGGTTTCCACGCAGAGTGTGAGCCGACGCC 1612 
L A A F L K N P L Q M A F T W T D A F S Q D T T S S L C L G K V S T Q S V S R R 
W R R S R T R C R W L S E P G P T L F H R T P R P A C A W G R F P R R V A D A 

P G G V P E E P A A D G F L N L D R R F F T G H H V Q L V P G E G F H A E C E P T P 
CCCCATGACGCTCGCTCAGGCTAGCTCCGCCTCCTCACCTGTCCATGATGCTCAGCATCTGCTTGCGGATGTCCTGAGCCCTCTTCAGGGAGCGCGCCTGGATGAAGTTCTCGAAACACCAGGC 1736 
P P R S L R L A P P P H L S M M L S I C L R M S . A L F R E R A W M K F S K H Q A 

P H D A R S G . L R L L T C P C S A S A C G C P E P S S G S A P G S S R N T R 
P M T L A Q A S S A S S P V H D A Q H L L A D V L S P L Q G A R L D E V l E T P G 

GTTGGAGAACTTGTTGTTCTTCCAGGAGTTGTAGACGGCCAGCAGCGTCAGGTGGTCCCCCTCCAGCTGGAAGAACTTTGTCTTCTTCTGGTCGGCGAGAGCCTGTTTGTCCTGGAGACATCAA 1860 
L E N L l F F Q E L T A S S V R W S P S S W K N F V F F W S A R A C L S W R H Q 

R W R T C C S S R S C R R P A A S G G P P P A G R T L S S S G R R E P V C P G D I K 
V G E L V V L P G V V D G Q Q R Q V V P L Q L E E L C L L L V G E S L F V L E T S 

ACATCATCATCATCATCATCTTAAACTCCACCAAAAAGATCAATAAAGAACCAGCGAGAGCTTCAAATGCGCATCGATAAAATCAGGGCTGACGTCAGAACGCTTCCTGCTGCTCCCAGAACCC 1984 
T S S S S S S . T P P K R S I K N Q R E L Q M R I D K I R A D V R T L P A A P R T 

H H H H H H L K L H Q K D Q . R T S E S F K C A S I K S G L T S E R F L L l P E P 
N I I I I I I L N S T K K I N K E P A R A S N A H R . N Q G R Q N A S C C S Q N P 
AACGCTGGTCACCATGGGAACCAGGCGAGCTGGAGCGGGGGCGACATCGCACCTTTGGTCTGTAGAAGATGTTCTGCACCCGACAGCATGGAGACGATGGTCAGCATCTCGTCGCTGCAGCCCA 2108 
Q R W S P W E P G E L E R G R H R T F G L K M F C T R Q H G D D G Q H L V A A A Q 

N A G H H G N Q A S W S G G D I A P L V C R R C S A P D S M E T M V S I S S L Q P 
T L V T M G T R R A G A G A T S H L W S V E D V L H P T A W R R W S A S R R C S P 

GATGGACGGACATGATCAACATCTTGCACAGCATGGGCTCCAGGGGGAACTCTGCCATCTGAAACACACACACACGCGCACGCGCACGTGCGCAGGTCGCTGTGAGTGCTCAGCGCGGTCCCGG 2232 
M D G H D Q H L A Q H G L Q G E L C H L K H T H T R T R T C A G R C E C S A R S R 

R W T D M I N I L H S M G S R G N S A I N T H T R A R A R A Q V A V S A Q R G P G 
D G R T . S T S C T A W A P G G T L P S E T H T H A H A H V R R S L V L S A V P 

Pufferfish 1-R·ll lbrdogJe q:Jen ~fume 


001 lti i g the filal exon 




ACGGTCACGCCAGACACCCCAGCACGCTCACCCTCCTCCCCAGCCGCGTGAGCAGCCCCTCGTCGTCCAGAGCCCCCAGCGTGTAGAGCTGCTCCATGGCCGTGATCAGCGTCTCCATGGGGGG 2356 
T V T P D T P A R S P S S P A A . A A P R R P E P P A C R A A P W P S A S P W G 

R S R Q T P Q H A H P P P Q P R E Q P L V V Q S P Q R V E L L H G R D Q R L H G G 
D G H A R H P S T L T L L P S R V S S P S S S R A P S V . S C S M A V I S V S M G G 
GGAGTCCATGAAGTCGAAGGACAGCAGGTCGTTGACGCCCATCGCCTGACGGGGGAGACCAAACACCTCTGAGCACGTTCAGGAGGGGGGGCGTTCTGGTAGGAGGGGGGG 2467 
G S P . S R R T A G R . R P S P D G G D Q T P L S T F R R G G V L V G G G 

G V H E V E G Q Q V V D A H R L T G E T K H L A R S G G G A F W E G G 

E S M K S K D S R S L T P I A R G R P N T S E H V Q E G G R S G R R G G 
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AppendixF Pufferfish ERM Genomic Sequence 

The genomic sequence of pufferfish ERM is given. The deduced amino acid sequences that bear homology 
with other ERM protein sequence and that correspond to open reading frames in the genomic sequence are 
boxed. Exon numbers have been indicated throughout the sequence. The position of a putative start codon 
is highlighted in green and a putative polyadenylation signal is boxed in red. 



CAGGTTTGGTGCCAGTGTAAATGTGTAGGTTAGCATGGACGGGCAGCATACCCACGGCACAAACAGGTACATTTGCGATTGTATTTTTAGCGTGGAAGGAAAATTTGTTAATTATATTTACATA 124 
Q V W C Q C K C V G H G R A A Y P R H K Q V H L R l Y F R G R K I C l Y L H 

R F G A S V N V V S M D G Q H T H G T N R Y I C D C I S V E G K F V N Y I Y I 
T G L V P V M C R L A W T G S I P T A Q T G T F A I V F L A W K E N l l I I F T Y 
CTTCATCACCACGAACTGTGGAGAATTGGGTGCAAATGTTGGTGCTAAATCTATTTCAAAAGAGGGACTGGTTATAATTCAACTGTGGCTAAAATGGTTGCTTATAATAAGAAAGAGGTTTGAA 248 
T S S P R T V E N W V Q M l V L N l F Q K R D W l F N C G N G C l E R G L K 

L H H H E L W R I G C K C W C I Y F K R G T G Y N S T V A K M V A Y N K K E V 
F I T T N C G E l G A N V G A K S I S K E G l V I I Q L W L K W l l I I R K R F E 

ATGTACTAATGATATTGATACATAGATTAATTGATAGAATATAAGGAAACCAGGAATAACAAAATTCTATAGTTGGATAGAACAAATTAAGGCATAATACAGCTGACAGTATTATCTCCAGGTG 372 
C T N D I D T I N N I R K P G I T K F Y S W I E Q I K A Y S Q Y Y l Q V 

N V l M I L I H R l I D R I G N Q E Q N S I V G N K l R H N T A D S I I S R W 
M Y Y Y I D L I E Y K E T R N N K I l l D R T N G I I Q l T V l S P G 

GCCTATCTACCAGTAACATAAAATACTGCTATGTGTATGTTGTGCATAAAACTGTGCTCTTTGTTGTATTATTGCACTTTTTGTCTTTAATGCTTTTGACTGTCAACAACAAACAAGAACATTC 496 
A Y l P V T N T A M C M l C I K L C S l l Y Y C T F C L C F l S T T N K N I 

P I Y Q H K I l L C V C C A N C A L C C I I A L F V F N A F 0 C Q Q Q T R T F 
G L S T S N I K Y C Y V Y V V H K T V L F V V L L H F L S L M L L T V N N K Q E H S 
TTTGTATACAAATCAGTCACACACAGTAAAGTTTATCACAGTTGCATAGTTTCACGATTTTTAGCTTCATGCAACTAGAAGCCCAAATAAGCCAAAAAAAAGGAGTATTGAAAATAGTCACTAA 620 
L C I Q I S H T Q S L S Q l H S F T I F S F M Q L E A Q I S Q K K G V l K I V T N 
F V Y K S V T H S K V Y H S C I V S R F L A S C N K P K A K K K E Y K S L 

l Y T N Q S H T V K F I T V A F H D F l H A T R S P N K P K K R S I E N S H 
TAAGCTCTGTAGATTTCTAATTATCGGCGTGGCAGCATAATGTAGAGAATTTTCATAAATCTCAGAATGGGTTTTGTTGAAAACATGGGCAACAATGTTTTACAGAACTTTTTAGCTCGAGCAT 744 

K l C R F L I I G V A A C R E F S I S E W V L L K T W A T M F Y R T F L E H 
I S S V D F l S A W Q H N V E N F H K S Q N G F C K H G Q Q C F T E F S S S I 

A L I S N Y R R G S I M R I F I N L R M G F V E N M G N N V L Q N F L A R A 
CTAATAGTATGAATTAGTTTTGGTGGAATTTGTTTGGCAGTACAGAAAAAAAAATCATTGTACCATTACTGCTAACTGGTTTCATGCGTTATTAGTTCAGGGAGACAGCACTGCCTACTGACCA 868 

L I V I S F G G I C L A V Q K K K S L Y H Y C L V S C V I S S G R Q H C L L T 
y E l V L V E F V W Q Y R K K N H C T I T A N W F H A L L V Q G 0 S T A Y P 

S N S M N F W W N L F G S T E K K I I V P L L L T G F M R Y F R E T A L P T D Q 
ATCAATGATCTGGAAAATGACATCATTCAGAGCAGATCCCTGAGCTCGGATGGGAGAGGTGTGCTGCAGACATGTAAAAGGAAAGGAAGTAAAACTGGAAAATTAGAGAGCATATCTAAAACAA 992 
N Q S G K H H S E Q I P E L G W E R C A A D M K E R K N W K I R E H I N N 
I N D L E N 0 I I Q S R S L S S D G R G V l Q T C K R K G S K T G K L E S I S K T 
S M I W K M T S F R A D P A R M G E V C C R H V K G K E V K L E N R A Y L K Q 

CATAATGGAGCTACTTTTTGTTCTGCATATCCACACAGCATGGATGCCATCTGTACTGGCTTCTCTTCTCAAGAAATGAAAGTGCTCCTGCAGCTCGTATTCAAGTCAAGACGTTGCGTAATGC 1116 
I M E L F V L H I H T A W M P S V L A S L L K K K C S C S S Y S S Q D V A C 

T W S Y F L F C I S T Q H G C H L Y W L l F S R N S A P A A R I Q V K T L R N A 
H N G A T F C S A Y P H S M 0 A I C T G F S S Q E M K V L l Q L V F K S R R C V M 



TGTGATTGATGTCAGAGTTTTTATAGCCACTGTAATGCCTTTTGTGGGGTTTTAGAAATACAAACAGCAAGATACACAAAACACATCATAGCCTGGGAATTCCCAGAAATCATGGTAATAGATT 1240 
C D C Q S F Y S H C N A F C G V L E I Q T A R Y T K H I I A W E F P E I M V I 0 
V I 0 V R V F I A T V M P F V G F K Y K Q Q 0 T Q N T S P G N S Q K S W 

L M S E P L C L W G F R N T N S K I H K T H H S L G I P R N H G N R L 
AAACATACAGATATTTTTGTAGGGTGAAGACTCCTACGA]ATGGATGGCTTCTATGACCAGCAGGTTCCATTTGTAGCTTCGGAGAGTGTGAGTTTCAAAGATTTCAAGCACATATGCAATCTT 1364 

T Y R Y F C R V K T P T I W M A S M T S R F H L R R V V S K I S S T Y A I 
K H T 0 I F V G R L L R Y G W L L P A G S I C S F G E C E F R F Q A H M S 

N I Q I F L G D S Y D M 0 G Y 0 Q Q V P F V A S S V S F K 0 F K H I C N L 
GGAAAAGAGCTGATTGTGTGACCAGTTTTCGCTCTTCAAACTGTAGAAATGGCCCTCAGAAGTTGCTGAGAAATGTCCAGCTAGGCGGAAGAAGAAGTTCATGGACACAGAGTTGGCCCAGGAC 1488 
I E K s I . L c o Q F s L F K L . I K w P s E v A E K c P A R R K K K F M o T E L A Q o l 

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

ACGGAAGGTAGCTGCACCATCTATGATGACATGAAACAATGATACAATGCAATAGATGCCAGTTAATAACTGAAGTACCAATGTGGTTATAGCATGTGAAACCACCCAGATGGAAAAAAGACAC 1612 
lr E G S C T I Y D 0 M K Qj . Y N A I 0 AS L K Y Q C G Y S M N H P D G K K T 

R K V A A P S M M T N N D T M Q M P V N N S T N V V I A C E T T Q M E K R H 
H G R L H H L H E T M I Q C N R C Q L I T E V P M W L H V K P P R W K K 0 T 
TGGGACAATTATTTTTTTGGCTGTAATTGAATACAACCTGATTTCAAAATGAATTAGGATAATGATGGACGTCACTGTGATAGATTCACCGAAATTAAGGCCAAGAATGGTATTTCTGATGACG 1736 
L G Q L F W L L N T T F Q N E G W T S L I H R N G Q E W Y F R 
W D N Y F F G C N I Q P D F K M N 0 N 0 G R H C 0 R F T E I K A K N G I S 0 0 

G T I I L A V I E Y N L I S K I R I M M D V T V I D S P K L R P R M V F L M T 
TGTGTTTTAAAAATGACTCTTGTACAGCTTAAATCTTAATGTCGTTTCATCACTGTTTTGCAGAGCTCTTTCAAGATTTAAGTCAGCTTCAAGAAATCTGGATAGCAGAAGGTGAATTTTGCTG 1860 

V F K L L Y S L N L N V V S S L F C R A L S R F K S A S R N L 0 S R R I L L 
v c F K N D s c T A . I I L M s F H H c F A E L F Q D L s Q L Q E I w I A E G E F ( I . 

C V L K M T L V Q L K S C R F I T V L Q S S F K I V S F K K S G Q K V N F A 
AATAAAACAGCATTTACATGTTAGTTTTAGTCTTCTCTGTAGGCCCACTGGCAGGAATGATATTGTTGGTGTCTGTGGAAATGTTGCAGTACCAAATGTGGCCTCTGGGTAACCCAACAGCAAA 1984 

N K T A F T C S S L A H W Q Ee . Y C W C L W K C C S T K C G L W V T Q Q Q 
K Q H L H V S F S L L C R P T G R N 0 I V G V C G N V A V P N V A S G P N S K 

N S I Y M L V L V F S V G P L A G M I L L V S V E M L Q Y Q M W P L G N P T A N 
CTTGTTGACACGCTTCTCAAGTAAAGCCTCAAAATTCAGTAGCCAAGTGACCAGAGTGCTAAAGGGCCAGTTGGGGAGATTGTTTGGCTGCACCACGATTTTAAAAAGTTCTTTTTTTCCTTCT 2108 
T c H A s Q v K p Q N s v A K p E c R A s w G D c L A A p R F . IK v L F F L Ll 

L V D T L L K S L K I Q P S 0 Q S A K G P V G E I V W L H H D F K K F F F S 
L L T R F S S K A S K F S S Q V T R V L K G Q L G R L F G C T T I L K S S F F P S 

CACAGCTCAAGTTCCTGATGATGAGCAGTTTGTCCCAGATTTTCAGTCCAACAACTGTAAGTAGTAAGCAAAGTTGTGTAAATTCTTCATTGTAACTAAAAACCACTGTAATTTGTAAAGTAAT 2232 
lr A Q v P o o E Q F v P o F Q s N N c K 1. A K L c K F F I v T K N H c N L s N 

S Q L K F L M M S S L S Q I F S P T T V S S K Q S C V N S S K T T V I C K V M 
H S S S S A V C P R S V Q Q L V V S K V V I L H C N K P F V K 

E:xon2 E:xon3 E:xon4 E:xonSD D D D • 



GTTTCCAATTTCCAGGTTTTTCTCCTGGTTAAATGTACAACCCTAAAATCTGGCTATGCTGTGCTGCTATATATTTTGACTAAATTAAATGTATGCTGCAATAAGTGACAGCAAAGAACCAAAT 2356 
V S N F Q V F L L V K C T T L K S G Y A V L L Y I L T K L N V C C N K Q Q R T K 

F P I S R F F S W L N V Q P N L A M L C C Y I L N M Y A A I S D S K E P N 
C F Q F P G S P G M Y N P K I W L C C A A I Y F D I K C M L Q V T A K N Q I 
ATTTCGAAGCACAGTGCTTAAATACATCACATGTCCCCAACAACAACTCTGATATCGAGTGCGTACATTACCAGGTCACAGTGTTTGACTGGCAGCCATATAAAGATATGAGCCACACCACTGG 2480 
Y F E A Q C N T S H V P N N N S D I E C V H Y Q V T V F D W Q P Y K D M S H T T G 

I S K H S A I H H M S P T T T L I S S A Y I T R S Q C L T G S H I K I A T P L 
F R S T V L K Y I T C P Q Q Q L Y R V R T L P G H S V L A A I R Y E P H H W 

TGGCAGGTAAATGTTGGATTTATAATGCATCGACGTCATAGATGTTCATGGAAGGACATTTACAGTTAACGCTGCTGTGGTTGGGGCTTTAAGATCAGAACTCAATATGGCCCAATGTTATTAG 2604 
G R M L D L C I D V I D V H G R T F T V N A A V V G A L R S E L N M A Q C Y 

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

TTACTGAATAAATTTACTGGATGAAAAGAGTAAGTTCCCATAAGCAGTGGTGGAGTGTGCATTAGAGTCAACAAGAGATCTTTAAATGTCAGTCTACAAAGGTATTAGCGAAAGGAGTTTTCAT 2728 
L L N K F T G K E V P I S S G G V C I R V N K R S L N V S L Q R Y R K E S 
Y I N D E K S K F P A V V E C A L E S T R D L M S V Y K G I S E R S F H 

V T E Y W M K R V S S H K Q W W S V H S Q Q E I F K C Q S T K V L A K G V F M 
GAAAATCAGGTTTGTTCCAAATATTATAAAACTCCCACTTACATTCCACATTTCTGCAGACTTTTTTGAGACCACTCTCTCTGTTCAGGGTTAGGGTTTCTCTTTCTGCCAAAATGCATTTTAT 2852 

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

K I R F V P N I I K L P L T F H I S A D F E T T L S V Q G G F S F C Q N A F Y 
TTATTTTGTATTTATTGAAGTATTTTATAGGGATAAGATCAAGACAATTCCGGCTTCTCTGCTCACATGTGCCTGGGATAGATGCACAGCTGTATTTACTTTAACATATGACCTCTGACCCCTT 2976 

Y F V F I E V F Y R D K I K T I P A S L T C A W D R C T A V F T L T Y 0 L p L 

I L Y L L K Y F I G I R S R Q F R L L C S H V P G I D A Q L Y L L H M T S D P 
L F C I Y S I L G D Q D N S G F S A H M C L G M H S C I Y F N I P L T P 

ATGAAAAATCCCTTCATCCTTTCTTCAGTGTAAAGGACAGATAAGAAGCCTTTGTTTGTTCTTTGATGCTCTGCTCGTCACCAGTACGGAGCCATAAACGTAACAGCCACGTCTCTTTTCATCA 3100 
M K N P F I S S V R T D K K P L Fe V L C S A R H Q Y G A I N V T A T S F I 

K I P S S L Q C K G Q I R S L C F F D A L L V T S T E P T Q P R L S S 
Y E K S L H P F F S V K 0 R E A F V C S L M L C S S P V R S H K R N S H V S F H H 
CCTCCTACTTGAGGAAAACTACAGAGCTTGATGTTGGAAGTTTTATGTAGAAACAGAATTTAGATTTCATGTGCACAAGTCATCTGACATGTAATCAACAGCTAGAACACAAAAATGAATTTTT 3224 
T S Y L R K T T E L 0 V G S F M K Q N L D F M C T S H L T C N Q Q L E H K N E F F 

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

CTAGTGCAAAGATGTAATTATTAATAATATATTGGCAGTGATGTTTCATGGACCGCCTGTCAATAAAGTGAAGCAAGAGTTCAGTGCGTCTTCCTGCACAACCTCTCATGTTAATGCGTGCCTT 3348 
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TACAGGTAAATATAGCTTCTAATCAAACTAGTGTCACATTGTGTGTTGCGTTTTTGTGTGTAATGATTACTTCTGGGTTTGTCTTCTATCCCCAGTTCCCATCACAATAAACCAGCAGGGCTTA 3472 
Y R L I K L V S H C V L R F C V . lL L L G L S S I P S S H H N K P A G Ll 
T G K Y S F S N C H I V C C V F V C N D Y F W V C L S P V P I T I N Q Q G 

L Q V N I A S N Q T S V T L C V A F L C V M I T S G F V F Y P Q F P S Q T S R A 
AAGCTCCACCACATGCACAATGTGGGTCCACCCATCCTGCAGGTCCACCACCGCTACAGAGGCAGCTGCAGCCTTCCGCCCCCCAGTTGAACAGTAGCTGCCCCCAAGGCCACATTCCAGCTCT 3596 

lK A P P H A Q C G S T H P A G P P P L Q R Q L Q P S A P Q L N S S C P Q G H I P A Ll 
K L H H M H N V G P P I L Q V H H R Y R G S C S L P P P S T V A A P K A T F Q L 

S S T T C T M W V H P S C R S T T A T E A A A A F R P P V E Q L P P R P H S S S 
GAACCCCTCCTACCGCCACGCTCTCCACCTAACCAGTCGGAGCCAGCAGTTTGCTGTGCCGCGACCCCCCATGAGCTGTCCTCCTGTATCTTTCACTGGAGAACCAGGTGGGTTCTGATTATTT 3720 

IN p s y R H A L H L T s R s Q Q F A v p R p p M s c p p v s F T G E p G G Fl . L F 
T P P T A T L S T P V G A S S L C R D P P A V L L Y L S L E N Q V G S D Y F 

P L L P P R S P P N Q S E P A V C C A A T P H L S S C I F H W R T R W V L 
CTGCTGACTGCAGATAATCAGTGCAGTGTCCTCATGAGCCCTCTCATGTTCTTCTTTCTCCAATCTCTACCGGTTGTTCAACCTCCAGGTTCCATCGGCAGCTGTCAGAGCCATGCCTGACGTT 3844 

L T A D N Q C S V L M S P L M F L Q S L P V V Q P P G S I G S C Q S H A R 
C L Q I I S A V S S A L S C S S F S N L Y R L F N L V P S A A V R A M P 0 V 

S A 0 C R S V Q C P H P S H V L L S P I S T G C S T S R F H R Q L S E P C L T F 
TCTTACCCCAGAGAACAGGGGGACAGTCTCATATGGGCCAGCTAGTCACGAGAAGAGGCCTACATACCAGCGCCACCTTTCAGAGCCTTTGGTTCCACACGGACAACCAGTTTTAAAGCAGGAG 3968 
F L P Q R T G G Q S H M G Q L V T R R G L H T S A T F Q S L W F H T D N Q F S R S 

S Y P R E Q G D S L I W A S S R E E A Y I P A P P F R A F G S T R T T S F K A G

IL T p E N R G T v s y G p A s H E K R p T y Q R H L s p L v p H G Q p v L K Q E I 


CTCATAGATCCACGCTACCCTGATGCCGGTCTGCCTGCCCCCAGTGTGTCCCAGCACCTGGTCTCGATCAAAAAAGAGCCCCAAGACTTTACTTTTGACTCAGGTGAGTGGCTGGGAATGTGTT 4092 
S I H A T L M P V C L P P V C P S T W S R S K K S P K T L L L T Q V S G W E C V 

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

AGGAGCTGGGTATTGCATTATGTCTGTGGAAGTTCATTCAAAGATAGTAGTGCACTGGTGGGTGTGCGTGATGTATAACATGAAAACCTGCTGAAGATAACGTCTGCTTTTAGAGATAAAAAAT 4216 
R S W V L H Y V C G S S F K D S S A L e V G V R D V H E N L K I T S A F R D K K 
G A G Y C I M S V E V H S K I V V H W W V C V M Y N M K T C R R L E I K N 

E L G I A L C L W K F I Q R C T G G C A C I T K P A E 0 N V C F R K I 
TGTACAAGGCAGCTAAAATGAGTTACATTCCTTAAACATGGATAATGCCAAAACAAAATGATGATTCATGGCTGGCTAAATATGCCACTGAGTCTGGCATGTCTTGCCCCCAGGTTCTTTACTG 4340 
L Y K A A K M S Y I P T W I M P K Q N D D S W L A K Y A T E S G M S C P Q V L Y 
C T R Q L K V T F K H G C Q N K M M I H G W L N M P L S L A C L A P R F F T 

V Q G S N E L H S L N M D N A K T K F M A G I C H V W H V L P P G S L 
ATATTATGACTTTTCCTCTTCAATGTCAATATTTTTCCAAGGCGAGGTTTTAGAAAGGAAGCTCCATTTGGTTGAATTCATGAAGACCTTCTTTACAGTTGGTTGTCTATATTTTCTAGAGGTT 4464 

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

I L F N V N I F P R R G F R K E A P F G I H E D L L Y S W L S I F S R G 

~006 ~007 ~oo80 0 0 



CACACCTGCCAGTCATCATCATTCGGGAAGTCTCCAGTCTTGTACCAGAATAACAGCAGGGGTGAGTCCTTGTTGGCCTTTGAGCCTGTTTTAATGGGAAAAACATGATCTTTTCTAATTCCCT 4588 
H T C Q S S S F G K S P V L Y Q N N S R G E S L L A F E P V L M G K T S I P 
T P A S H H H S G S L Q S C T R I T A G V S P C W P L S L W E K H D L F P 

S H L P V I I I R E V S S L V P E Q Q G V L V G L A C F N G K N M I F S N S L 
TCCTTTAAACCTCCACAGGCTTTCGTCCTGACAGGGATCCTTGTTTAATGTATGATGATGCTTGTGTTGTGCCAGAAAGATTGGAAGGTAAATCATCCAATGAAGGTTTTAAAGGGTGGGAATG 4712 
F L . J r S T G F R P D R D P C L M Y D D A C V V P E R L E G K S S N E G F K G W E wl 
S F K P P Q A F V L T G I L V C M M M L V L C Q K D W K V N H P M K V L K G G N 

P L N L H R L S S Q G S L F N V C L C C A R K I G R I I Q R F R V G M 
GGGGACATACTGTAGCACTGTGGACTCAATGTGTTGTATGTGTCAGCAGGTAAAGGGAAGCAGGACTGTTTGCCATACCAGCGCCGGGGCTCCTTGCAGCTCTGGCAGTTCTTGCTCACCCTTC 4836 

JG T Y C S T V D S M C C M C Q Q V K G S R T V C H T S A G A P C S S G S S C S P Fl 
G G H T V A L W T C V V C V S R R E A G L F A I P A P G L L A A L A V L A H P S 

G D I L H C G L N V L Y V S A G K G K Q D C L P Y Q R R G S L Q L W Q F L L T L 
TGGACAACCCTTCAAATGGGCACCTGATCATTTGGACTGGGCGAAACATGGAGTTTAAACTCATTGATCCCGAAGAGGTGAGAGAATGAACTTGACCGTATTAAATTATGTAGAACAGGGATTC 4960 
lw T T L Q M G T I . s F G L G E T w s L N s I P K R E N E L o R I K L c R T G I 

G Q P F K W A P D H L D W A K H G V T H S R R G E R M N L T V L N Y V E Q G F 
l LDNPSNGH IWTGRNME KLIDPEEVRE I .T py IM NRDS 

CGGACTAACAGAGAAGAACAGCAGCTTTAAAGATGAATGTATCAATGTGAAATAGATTTGAATTCCAATAACGTCTTAAAAATTGATGAAATTTCTTTTGCAGATGTGTAAATGTATGCTTTTT 5084 
p D Q R R T A A L K M N v s M N R F E F Q R L K N . I N F c R c v N v c F Ll 

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

ATTAATGCCATTTATTAAGGTGGCTCGGCTCTGGGGTGTCCAAAAGAATCGACCGGCCATGAACTATGACAAGCTGAGCCGATCGCTGCGATATTACTACGAAAAGGGCATAATGCACAAGGTA 5208 
l L M P F I K v A R L w G v Q K N R P A M N Y o K L s R s L R Y r Y E K G I M H K v i 

Y C H L R W L G S G V S K R I D R P T M T S A D R C D I T T K R A C T R 
I N A I Y G G S A L G C P K E S T G H Q A E P I A A I L R K G H N A Q G 

ATGGCGGATAAAGATATTTACTGGATTAGAGCTGTTGTCTGATTTACAGGTCTAATTTTCATGTGGCCCTAAAAGGGATCAAGCGTTCAAGAAGATGAAATAAAAAAATGAATTCCCAACTTGA 5332 
I M A D K D I Y w I R A v v i . F T G L I e F M w P K G s s v Q E o E K K I P N L 

W R I K I F T G E L L S D L Q V F S C G P K R D Q A F K K M K K N E F P T 
N G G R Y L L D S C C L I Y R S N F H V A L K G I K R S R R N K K M N S Q L E 
AACATTCCCTGGGTTTGAGGCCGTGCTTGGGTCTCATTAAGGGCTTTGTTAACATCACTCTGCAGCAGTTTTACATTTTATAATGCGGATTAAAGATTGCCTCACAATCGTTCCGATTTATTCG 5456 
K H S G L R P C G L I K G F V N I T L Q Q F Y I L C G K I A S Q S F R F R 

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

ATGAATATTGTTAGTTAATGTCTGTGCTTCCTATCATCCTGCAGGTTGCTGGTGAACGGTACGTCTACAAGTTCGTCTGTAATCTGGAGGCACTTTTCTCCATGGCTTTCCCAGACAACCAGAG 5580 
L L V N V C A S Y H P A G C W T V R L Q V R L S G G T F L H G F P R Q P E 

D E y c . I L M s v L p I L Q v A G E R y v y K F v c N L E A L F s M A F p D N Q Rl 
M N I V S C L C F S S C R L V N G T S T S S S V I W R H F S P W L S Q T T R 

Exon 10 Exon 11 Exon 12 Exon 13D D D D 




GCCAAGTCTGAAGAGTGACGTGGATGCAATCCTGCCTCCGAGTGAGGACGATGGCTTCCCCATACCTACTTATGAGGAAGAGGGTCCGTATCTGACCGAAGGAGGAGAACAGTTCATCCAGTCT 5704 
A K S E E R G C N P A S E G R W L P H T Y L G R G S V S D R R R R T V H P V 
I P s L K s o v o A I L P P s E o o G F P I P r v E E G P v L r E G G E Q F I Q sl 

G Q V R V T W M Q S C L R V R T M A S P Y L M R K R V R I P K E E N S S S S 
TTTCCCGACAGCTATCCTTACTAGATCCCACGGCCTTAATTACTGGGCAGAACTGCATATGAGATGTACGCCTGCATTATATATGCCACAGAATAGATAAATTATTATTTTTTAAGTCTACTGG 5828 
F S R Q L S L L D P T A L I T G Q N C D V R L H Y I C H R I D K L F F K S T G 
IF Po s v P v i . I P R P L G R rAvE M v A c IvA r E IN Y Y F L s 

F P T A I L T R S H G L N Y W A E L H M R C T P A L Y M P Q N R I I I F v y w 
AAGTTTTGTTCTAAAAGTTTAGTTT~AA 5863 

S F V L K V F K K 
E V L F K F S N K K 

K F C S K S L V I K N 

Exoo 13D D 

• 
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AppendixG Two-way Alignment of the Mouse and Pufferfish PEA3 Promoters 

The two-way alignment of the mouse and pufferfish PEA3 promoters is illustrated. The position of known 
exons within each sequence has been depicted by boxes on the sequence with the exon number indicated. 
The start site of transcription has been shown ( +1) in the mouse sequence. The start site of translation has 
been indicated in each of the sequences. 



Mouse PEA3 Promoter A - T G A G T T G A G A G A C C C T T A A A A A C A T AT I C
Pufferfish PEA3 Promoter G T C T c - c 

Mouse PEA3 Promoter A G G T A A G T A G G A A G G A A G G A A G G A A G G A A G G A A G G A A G G A A G G A A G G A A G 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter G A A G G A C A A A A A C CAT G A :11:A GAG A C G G T G =~ ~ =~ G T 
Pufferfish PEA3 Promoter T G G 

Mouse PEA3 Promoter C A C T T I TCAGA A G T T C T G T T C C A C A C A T 
Pufferfish PEA3 Promoter c c - C T 

Mouse PEA3 Promoter C A G A C G G C T C A C G A C T G C C T G T T A C C T G C C G C A T C A A A I( c 
Pufferfish PEA3 Promoter G C T T 

Mouse PEA3 Promoter c CIIT A G T A C C C Al A C A C A A A C A C A T A 
Pufferfish PEA3 Promoter T T C G T G G 

Mouse PEA3 Promoter T T A A TI A A 
Pufferfish PEA3 Promoter c c C G G 

Mouse PEA3 Promoter G T G T G G G G G A G A G T C A G C C T C T T T G A T G G A G C C A G C C A 
Pufferfish PEA3 Promoter G A ­

Mouse PEA3 Promoter T C T T T C T T T C T T C C A C T G C G ATCTCCCA 
Pufferfish PEA3 Promoter c G T G T G A A A G C T -

CA ll(A 

Mouse PEA3 Promoter I re c c A G G G c A A A c A G T G G G c c c A A A A A 
Pufferfish PEA3 Promoter T T - T T T 

Mouse PEA3 Promoter G T C C A c A C T A G T G 
Pufferfish PEA3 Promoter T - C G G A C A T 

A Al A G 

Mouse PEA3 Promoter C G C C c c c T C T T G G G G A T A T T T A C C T G C C C A G C T T C C C 
Pufferfish PEA3 Promoter A A - - - - A A A A A A 

c 



Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

C C 	 G A G G C A G G C G G A A AT A A A c c GCTGT~~ ~~ 
- T AG --AA 	 G T T 

C I G A G lA C C T G C A T C T G A G G G A T G C T G T G G G A G T G T 
T - - G c 

C C I C T G C T C C T T TIT 
- - T G C 

G G G A A T G A G G G G G T G G C A G G C G G C GI T - c c 	 A A - - - - - - - - ­

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

C A T C T C 	 C T C T C T C T T C C T T C C T C A A T T G A C CIIA A 
G -	 A G G T G G C 

T C C A T T G G A G A A G A G G T C C C T T AGAAATGT A T T A T T T 
c c c c c c c 

T G A G T G C C A G G G C A G G T G T G G C A G C T G T TIAIC 
- G T c c 

A G C T G A C C A 
G 

T A G 	 T A TIIG GI C T c T G c (A G A ( c T G G G CAGA I GAA 
G G A C A - - T - A G C 

A AACTAG C T C T C C A G T A G 	 T C A G A (I( 
G 	 - - G A G G A A T C T ­

C A G G C A G C- 1 CT 	 C G C A G G C C T C A A C T G C A C C C A G T G C T C A C T C A G G 
T A - - A A A 



Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

c T G C C T ~ ~=~=AT C A GAG~~=~~ T T c c TAG A AcT 
T 

G C C T G C C T T C C T C C C C C A C T T C T C C T G G T C T AI A I T c A c A c c c c 	T c c cG 
- A G ­

T A A A C T G G c c G C C C C A A G G G A T T T G C T T G G G C T T G C 
- - - - - - A A T T A A - T 

T T T C C T T G G T G C C T G C G G G G C T C T T C T T A G C T T T T T A T T G T 
C c c - - - - ­

A G C T G T T C A C C 	 G C G A G G ~ ~~CAT T T T ~ ~ ~ = ~ ~ C T C T T GAG 

C T C A A G G A A G G A G T C C T C C C C C G C A G A G A T C C C C A T A 	 c 
T 

G GATTTC T A C A G G G A A G A G A A A G A T A C C T C A C C A T A T A T 
c C - - G A 

A T G G A C T G A C C C A G G C T C T I G G G G G T C G A G G A G A G C G G AI G 
- G A A 

C C A G A G 	 G G G G A G G A G T T GAA I AI TTTG I T 
CTG G ---- G 

T I T TG I CAGAA G T T l AG I T G 
C C C T - A C- GT CA 

C T A 	 T T T T C T T T T I T GI C T G G A A GA l A T T I C All ( 
c c T A G C - - CCC TC - c ­

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

A - - C G C A - - - T G ~ I 



Mouse PEA3 Promoter C T G T G G G T C C T T G T G A C G G C A T C T A A A G C A A C C C G G G A AI ( I (
Pufferfish PEA3 Promoter G G G 

Mouse PEA3 Promoter G G T A G T C T T T C T C A C G C T T G G C G C C T A G C A 
Pufferfish PEA3 Promoter C T 

Mouse PEA3 Promoter G A T T A C T A A G T C A A C C T C T A T G I T I G A A T G 
Pufferfish PEA3 Promoter - - C - c C A C ­

Mouse PEA3 Promoter T G G A C T T G G A A C C C A T C C T G T C T T T T G A T C A C C C T T G 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter T I C C T T C C T A T C A A A A T A G A G A G A C A T C C T T G A 
Pufferfish PEA3 Promoter C G G G G ­

Mouse PEA3 Promoter G C C T C T T G T T G C A A A T C G A A T G A A T A T A A G C G A A G C 

AI T 

GI T 
Pufferfish PEA3 Promoter c ------- - c 

Mouse PEA3 Promoter G G G T C A C A G A A T A A G C A A C T C T A C A G A T C A T A G A C C C G T G A G A A G C C G G T 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter T T G A G C C A G T T A A A T T T A C T G A G A C C A A C T G T G C C T C G T T T T C A A 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter G T A G C T C G G G G T C T C A G A G G G C T G C A C A G A A G A C C T T G G T G G C T T T G A A A 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter G C C T A A T G A G T G A C A A G C T G A G T T A C C T C A G G T G A G G A G G C C A T 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter C T T A G C T T T C T T C C A T T T T C A A GTAAA A A 
Pufferfish PEA3 Promoter G - - - - ­

Mouse PEA3 Promoter C C C G C A G C A C C A C G G G A A G G A A A T T A G C T G G A G G C A G 
Pufferfish PEA3 Promoter - - A T C - - - - - - - ­



Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

T A A A T G c T A G T T A T T A T G I 
C G - - ------­ - ( A 

T 
C 

T c 
A T 

G G 
A -

A G T c c G T 
G 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

T T G c c T I 
-

C 
T 

c I 
T 

(
T 

G G c A c A c A G A c :~: I ~ c A C A c T 
- - - - - T G A G T ( 

c A 
T G 

G A 

Mouse PEA3 Promoter 
Pufferfi.sh PEA3 Promoter ~ ~ ~ ~ G G ( G T G ( T G A A ( G C G C G ( A A G G G 

T llili( C G A T 

Exm2 
Mouse PEA3 Promoter 
Pufferfi.sh PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfi.sh PEA3 Promoter 

Mouse PEA3 Promoter 
Pufferfi.sh PEA3 Promoter 

Mouse PEA3 Promoter G G c G A A A c c T c AC I T 
G A A A ~ ~ ~ I~~ - - - - ­

Mouse PEA3 Promoter A G T C T G A G G A T T G G c G G G c G T ~ G G ( 


Pufferfi.sh PEA3 Promoter 

l A G I T A G ( IPufferfi.sh PEA3 Promoter G A C G T - - - - - - - - - - T 

Mouse PEA3 Promoter A ( A A A A G T ( A A T G A A A ( A A A A G G G A A ( ( G G T G G G G A G G G G ( G G G G G A 
Pufferfi.sh PEA3 Promoter II ~ - - - - - - - - - - -----­

Mouse PEA3 Promoter A G A G ( G A G A A C G G A G G ( ( A A G G ( A A A G G A A A ( A c c T T ( (A I (
Pufferfi.sh PEA3 Promoter ------ - - - - - T T T T - T c 

+1 Exml 

Mouse PEA3 Promoter ( ( ( G G G ( T C 
Pufferfi.sh PEA3 Promoter - - - - -

Mouse PEA3 Promoter 
Pufferfi.sh PEA3 Promoter 

http:Pufferfi.sh
http:Pufferfi.sh
http:Pufferfi.sh
http:Pufferfi.sh


Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

G A A G G G G A A G G A A G G G A G A G 
Pufferfish PEA3 Promoter c G T G 
Mouse PEA3 Promoter lc G c C c G G A c c T C AIG T A G C ~ I 
Mouse PEA3 Promoter A T T T C C C C G C T T C A T C T C C C A C A C A C C A C A C T C c I( 
Pufferfish PEA3 Promoter T G 

Mouse PEA3 Promoter G C T T C C G C A C A T T C C G G G G C G G G G G T G G G G G G A T T C G A G 
Pufferfish PEA3 Promoter C T ~ I 

T A T G G G C G T G C G C G C C G C G C G G C 
Pufferfish PEA3 Promoter A A A ­
Mouse PEA3 Promoter G G G G G G G C G C 

- - T 

Mouse PEA3 Promoter c c Al A C A 
Pufferfish PEA3 Promoter T A G ­

Mouse PEA3 Promoter C A C A C A T A 
Pufferfish PEA3 Promoter G - G 

Mouse PEA3 Promoter I A C C A A C C c C A G C T C A A G G G A G C A GIG T G Gl A T C G G G A G A G G A G T 
Pufferfish PEA3 Promoter - - - - - - - G 

Mouse PEA3 Promoter G G C G G T G G A G C G G C T ~ G G G G A G A A G T T T C 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter G C c c c c I( A G C G C T C ~ ~ G A T c c A A A G c c T G G ~ ~ ~ I ~ 
G A ­

Exm2 
Mouse PEA3 Promoter C C G G G A C C G C G c T I C (II(c c c c T c c c A G Gh c T c TIICI CI G 
Pufferfish PEA3 Promoter - A 

Pufferfish PEA3 Promoter T T T T T 

A C T G - - T T ­

h-furne St3t Catn; 

Al A l A 
G G -

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

T C C C A 
c -

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 



Mouse PEA3 Promoter G A A A G G C G G A T A C T T G G A C G A G T G C C C T A C A C C G T G 
Pufferfish PEA3 Promoter - A 

C C C C G C C C C C G C A C C C C G C C C C l AMouse PEA3 Promoter G C C C C C GI G C I G C T 
Pufferfish PEA3 Promoter A - - - T G A A A A T G - G 

( (I( Mouse PEA3 Promoter C I C G A G ( ( ~ I ~ ~ G G G T ( T A G T G G ~ ~ ~ ~ ~ ~ ~ ( ( G ( ( T G G 
Pufferfish PEA3 Promoter A T A T T T T 

Mouse PEA3 Promoter I re Tc A G C C A C C C C G G G A C C C C A C C C C C A A C C C C A A G C T A G A c T I A 
Pufferfish PEA3 Promoter T C G 

Exoo3 
Mouse PEA3 Promoter G G A T T C T T C C C C C C T C C T C C A G C c I G
Pufferfish PEA3 Promoter T T 

Mouse PEA3 Promoter 
Pufferfish PEA3 Promoter 

Mouse PEA3 Promoter G C T C C . m DRR m a G G A A A C A G A C A A A C 
Pufferfish PEA3 Promoter A - - - G ~--- -- fl .-~-- BBI!I__ El _ [l -- -- A ­

Mouse PEA3 Promoter T GC GA GN C T C C A C G T A C A T C C TATCCTGGI C
Pufferfish PEA3 Promoter A T 

Mouse PEA3 Promoter CCCAA I C T C C C C A A AI T ( A C T C A T T C T T C T C C 
Pufferfish PEA3 Promoter G G T T A T 

GMouse PEA3 Promoter G_ ll c- C T T A T C A C C A G T G A G I T c G 
Pufferfish PEA3 Promoter A C A ­

Mouse PEA3 Promoter T T T C A A A A T A T T C A C C C A T (I( T l A T c GI( A c 
Pufferfish PEA3 Promoter T T A C - - TGT c c - - - c 

Mouse PEA3 Promoter R R . nil II n liD PI II II II 
Pufferfish PEA3 Promoter oo DDoaoa a D aa 
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AppendixH Two-way Alignment of the Human and Pufferfish PEA3 Promoters 

The two-way alignment of the human and puff elfish PEA3 promoters is illustrated. The position of known 
exons within each sequence has been depicted by boxes on the sequence with the exon number indicated. 
The start site of transcription has been shown ( +1) in the human sequence. The start site of translation has 
been indicated in each of the sequences. 



Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 



Human PEA3 Promoter T_ c_ T_ TC - c_ c_ A_ C T G G T T C C A T C C A G C C C A 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter C T A A G C T C A A T T A A T T T G G T C T T 
Pufferfish PEA3 Promoter - - - - - - - - - - - - - - - - - - C 

Human PEA3 Promoter TIIG CI T GIIAIIA G G c T 
Pufferfish PEA3 Promoter A CA CA G G---C 

Human PEA3 Promoter G C C 
Pufferfish PEA3 Promoter T T A 

Human PEA3 Promoter IIG C IIG A T 
Pufferfish PEA3 Promoter A T A G A 

G A G A 

Human PEA3 Promoter CAC I AIICI G
Pufferfish PEA3 Promoter II - - - G A A 

Human PEA3 Promoter C C AIIG . T T TI C AI TIIC T cAT
Pufferflsh PEA3 Promoter - - G A C - C A G A T - - - ­



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

Human PEA3 Promoter A A A A A T C A G G C T A A G G A G T G C A T A G G C T G G A G A C A T A G A G A A T 
Pufferfish PEA3 Promoter 

CI A
G G 

G C 
A G 

Human PEA3 Promoter C T T G C C T G A A A C C C 
Pufferfish PEA3 Promoter 

Gl ci A T GA l e
A T - - - - G 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

N 
A 

T c AliTA AT c A TIGIITIAIAIGIGI
CTG ------- A G G G A A 



CIICIIA G- T G A c 
G G CC ---­

T I TIIGTTTCATTT I T 
c c - - - - - - - c c c 

Human PEA3 Promoter T I T C T G T A A GAT A C A A AliA T IIAI T I C G II G I G·T~ G G AIIGIIAlA 
Pufferfish PEA3 Promoter G C - - - - - - - - - - - - - - - G C G C G A C T C C - - A G 

Human PEA3 Promoter c G GA - TT c A T I A A. T I G T TAT TAT T G T Til(A GI AI G T I G
Pufferfi sh PEA3 Promoter II -- T -C A TCCG -- - GG GG G A----------- T 

THuman PEA3 Promoter G_ AG II A- c_ A_ c_ A_ A_li T-
Pufferfish PEA3 Promoter 

Human PEA3 Promoter G- I AG AG l AG c_ A_ c_ G_ c_ G c AIIG A c c c l A l A c c CI AI AI GI T I AAGAAG 
Pufferfish PEA3 Promoter A G G T G T G T G G - - - G G A C ----GC 

Human PEA3 Promoter 
Pufferfi sh PEA3 Promoter 

Human PEA3 Promoter C T C C A G C C G C G A GAG CI G GI G C I CII AII 
Pufferfish PEA3 Promoter A G C T - - T T - C 

Human PEA3 Promoter G G GAG c c A A (II(T AliT T c T G- GI CI C CIIG. G G G A A A 
Pufferfish PEA3 Promoter I ~ - --- - ----T ACG GCTCC A G -- A -­

Human PEA3 Promoter C TIIGIIC I C I G GI C A GI C C G G A C G AI TIICIIG AT ~~ ­ GI G T II C 
Pufferfish PEA3 Promoter - C T T T A T T G A T - - - - - - - C G A G C C A C A T 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Exm2 



Human PEA3 Promoter 
Pufferfi.sh PEA3 Promoter 

Human PEA3 Promoter 
Pufferfi.sh PEA3 Promoter 

Human PEA3 Promoter 
Pufferfi.sh PEA3 Promoter 

Human PEA3 Promoter 
Pufferfi.sh PEA3 Promoter 

Human PEA3 Promoter G G T G A G G C T G C G G G A G G G A 
Pufferfi.sh PEA3 Promoter 

Human PEA3 Promoter 
Pufferfi.sh PEA3 Promoter 

Human PEA3 Promoter -C~C T T. C. T C C_ T_ C_ C_ I CT I TC TACA I ACACACA I AC 
Pufferfi.sh PEA3 Promoter T - - - G - - A G A G G A G T G T G G T 

Human PEA3 Promoter A C A C A C A C A C A C A C Al A CIIAI AI A CIIA. TIITI T G T. C G c c c 
Pufferfi.sh PEA3 Promoter G T G T G T G T T T G T G T G G - G - G A T C A - - - T A 

Human PEA3 Promoter G G GI AIIG CI G GI C. AI A AI GI A GA ll ( G GIIA. CIICI C e . G A 
Pufferfi.sh PEA3 Promoter - - - G - - A T T - C T A G T C T C A C G T - - - ­

http:Pufferfi.sh
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http:Pufferfi.sh
http:Pufferfi.sh
http:Pufferfi.sh


Human PEA3 Promoter 
Pufferfish PEA3 Promoter II ~ ~ II 
Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

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

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

CI 
G 

CI T. 
G A 

Exm2 

AGCC
GA-­

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 
Puffer fish PEA3 Promoter 

IIA c 
- T 

Human PEA3 Promoter 
Puffer fish PEA3 Promoter 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

A N A C T A A G C 
-----­

Exm3 

Human PEA3 Promoter 
Pufferfish PEA3 Promoter 

G A 
A ­



Human PEA3 Promoter C C C A A 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter C TI C l A A G G A. G AIIC AI CI G. T T G C T AIIG. C T T C TI C
Pufferfish PEA3 Promoter A C T - - - - - A C G T T A - - - - - - A A G C T A ­

Human PEA3 Promoter C G T C C C C T C C 
Pufferfish PEA3 Promoter 

Human PEA3 Promoter 11 ll n liD m n ll 
Pufferfish PEA3 Promoter [j (I 011 rlOI u u nil 

• 
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Appendix I Two-way Alignment of the Chicken and Pufferfish PEA3 Promoters 

The two-way alignment of the chicken and pufferfish PEA3 promoters is illustrated. The position of 
known exons within each sequence has been depicted by boxes on the sequence with the exon number 
indicated. The start site of translation has been indicated in each of the sequences. 



Chicken PEA3 Promoter I AI A- A A T I C A C A. CIIGI A T G T IIAIIA G- ATT TAG A AT G 

Pufferfi.sh PEA3 Promoter G T - - - T C T G T C G C - C - G A - - - - - - - - C A 


Chicken PEA3 Promoter G AI AI T CI A T C AIIT . G GIIGIIG AT G G C TilTAIIG A C I G C ~ G-
Pufferfish PEA3 Promoter - G G G G G C A G C - - A A - - - - - - C C A G G A T C 

Chicken PEA3 Promoter GI A G A GilA G C A C C T T A- C AI C C T I C CIIC C C A-A~A A C G GI G C 
Pufferfi. sh PEA3 Promoter A - - - - - - - - - - - - - G G T T G G T G T T T G T - - - - A T 

Chicken PEA3 Promoter IIC I GIIA AI G. G A A (I( A GI CIIG A_ T_ G_ G_ T_ A_ c_ A_ A_ A_ A_ CT II GA A_ G_ c_ T_ Te - Te 
Pufferfish PEA3 Promoter - A G G T - - T T T T T T ­

Chicken PEA3 Promoter A C I C AI C I GIIT - T A T - T GIIG G T C T GIIT I TIIT C T I TIIT 
Pufferfi.sh PEA3 Promoter G T T - T T C - - - A A - - - - - - G C G - - G A 

Chicken PEA3 Promoter CI GI G AIIG T T I T T T T T G. A C A·A~ G G GI A A GilA GI AI AIIA C C A 
Pufferfish PEA3 Promoter A A A G A A A A C - - - A C G G T T T C - - - C C G G G G T T 

Chicken PEA3 Promoter I G CI G A G A e llA A G. T CI GIIA G- G- A T I G (I( A CI G G AIIGII 
Pufferfi.sh PEA3 Promoter T T T G A - - G G A C T T T - C T C C T T T T - - - T 

Chicken PEA3 Promoter ATT I G- T I AI AA I GC IIAI AI AT - CI GTGG I AA I T I CC IICC I
Pufferfish PEA3 Promoter I TGA A A - GG A- G C CA - ACCC GC G TG T-

Chicken PEA3 Promoter I T I C A G A-G~~A T A T ilT G A A A T II G A T I TIIA AI AI C A A AI G T T C 
Pufferfish PEA3 Promoter C - G C C A T C G - C C C G C C - - - C C G T T - - C T C C T 

http:Pufferfi.sh
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Chicken PEA3 Promoter - A T I T I T T A AliA G G A A AT GI AIIAI T A A T I A C C ~ A·T T A A A Til 
Pufferfish PEA3 Promoter 

Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

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

C I A T ilT G CIIT G A C C T IIA T . A GI A A G ~ G·A~ C Al A G C - T A 
T C A C A T - - - - - - G - G T - - - T G G G C A A - ­

T C T G G T G T C G C I T I GI C I T T G C AI G A ~ A·AII G T ~ T·T T G C T T I AI 
- - - - - - - - - - - G A T C - - - - A G T G A G G - - A T C C C 

I	 G C AI T C T A AI T G GI G GIIGI AI T C T I T T I C I GIIT C11A1 T11 - 1 A T T C 
A T C G G A G G G A A C A T - A T C C C A T G T G C G G C C G 

GAT T I A AI T T - GIITIIA CI AIIT G CI AIIAIIC AliA T CI G T I T I T 
T G A C G T C A - A T T T A C G C G - - G C G A A A A 

T - A T I T c T G T I T Al A Al A T I C CI AI T AI TIIC T G G G GI T - A T l 
G T C - - - - - C C G T G A T G G G G G - - - - A A C G A 

liTTAG C A T IIT I T T G T T T T - AT G A A C A GATT A A AIIT I C T T I T G 
C C G A G C C G A C C C C C C T C - - - - - - - - - - - - C A C C C A 

I	 G GI T I T T T T C - A GAG T G G G T T CI T I GI AI TIIT GIIG C. C T T T 
C A G C C C G T - - - - - - - - - - - C T T C A C A G T C C G 

T T T T . AIIA G A AIIAI T A Ali T A C- AI AI T G A AT AI T T T . AII 
A A A G G G C G G G G C G - - - C G - - - - - G C C G G 

~ T·C IT I T CAT G C T GAT - T T G GI T GIIGI G- C AT G A C·G ~ 
C T C - - - - - - - - - - C - - - C A A C - - - - - - A 

IICIIC A Al AliA A A A c TilT T T T ilT T G C T - C T T - T I T I C T A A 
T - - - G G G G G - - C A G C C C C G C - - - C C T C - ­



CTTGAA 

T - - - - G 


Chicken PEA3 Promoter IIAIITCCC G GI AI C A G GilT G A A A AT A. T T A A G A. T TAG A AIAII 
Pufferfish PEA3 Promoter G C A T T A T C T G C A C - - - - - - - A C G C A G C - - - - - T 

Chicken PEA3 Promoter A G GAG GI T G A A A G. A G­ A· T GI T CI GIIGIIG G ~ 
Pufferfish PEA3 Promoter C - - - - - C - - - - - G A C G A C A C A C C ~ 

Exm2 
Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter ""-'-.!"-----­

Chicken PEA3 Promoter 

Pufferfish PEA3 Promoter L.:....:..:......:.......______ 


Chicken PEA3 Promoter IIC I C I A I C C IIG c . c A c G A A GI C 

Pufferfish PEA3 Promoter G T G - - C T TGTT--- T 


Chicken PEA3 Promoter ~ G I CG I CGA.G IIAA.G IIGC IGC.CI G I
Pufferfish PEA3 Promoter IA

C
I

T
C II A

C
IITCGT

GTCC 
II

GC - A TTT T G - C -- AG T T 

Chicken PEA3 Promoter c l c T c A AIIGI CIIA A C I G c C- G· GI G c T I C . G G G c T c CIIA 
Pufferfish PEA3 Promoter T T G T G - - G T G T - - T C A A G C A - - - - - - T G 

Chicken PEA3 Promoter G G G II(G GI G A G G G c T cliTc T c A G G II(I G I G A G T T c T G T cII 
Pufferfish PEA3 Promote r AAA TAA TGAAA--- ------- T C ----CTAACG 



Chicken PEA3 Promoter I CIIGI T T AI T I A A G T T C TAG G G G CII CI CIIC I C I C CCC T G T IIC G 

Pufferfish PEA3 Promoter A A G C G C - - - - - - - - - - - - - T T T A G T T T G A G G A 


Chicken PEA3 Promoter I TT C T T C ~ A·C T C T I T I C C T IIA C CIIG T IIGI GI T I CIIC I CIIG T A 

Pufferfish PEA3 Promoter - - - - - - G - - - - C T T C - - - C A C C C - T T T - ­

Chi cken PEA3 Promoter IIC CCC A. TIIGI A GI T GI C GIIC C G C T GI T I GI C T T C C T C T·C ~T 

Pufferfish PEA3 Promoter T T T T T C C G C A A - - - - - - - - A A - - - - - - - - T G 


Chicken PEA3 Promoter I CC CI AI G T IIG CI C C G AI C I G GI A G C T CI G 
Pufferfish PEA3 Promoter T T T T A - A G T T T G T A C - - - - - A 

Pl.JatM! cflEA3 StrtCocb1 

~~~~~~~i:~A~E:;o~~~~:ter ~ ~ ~ ~ ~ ~ ~~ ~-~~~ ~ ~ ~ ~ ~ ~ ~ =~ ~~ ~ ~ = ~~~ 

~~~~~~~i:~A~E:;o~~~~:ter ~ ~ ~ ~ =~ ~ ~ ~ ~~~ ~ ~ ~~ ~ ~ ~ ~ =~ ~ ~~ = ~ =~ ~~ ~ ~ ~ ~ ~ ~ =~ ~ ===~ 
Exm3 

Chicken PEA3 Promoter 
Pufferfish PEA3 Promoter 

Chicken PEA3 Promoter G G 
Pufferfish PEA3 Promoter A A 

Chicken PEA3 Promoter GI G GI G G G G G G GIIG T I G G G G GI G GIIG G G GIIG GIICIIG GI A GilT Cl 
Pufferfish PEA3 Promoter C C A - - - - - - - - C - - - - - A T C - - - T A - A C T C C T 

Chicken PEA3 Promoter CC I CCCCC IITG 
Pufferfish PEA3 Pr omoter T A G - - - A A A 

Chicken PEA3 Promoter II ( c ( I ( TIIA G CI TIIC. G T c c c- II TC I CT I GA c_ AG . TC AG Tc T_ G_ A_ A_ G_ A_ A_ A- 1 
Pufferfish PEA3 Promoter T G A T C - - - C A - - - ­



Chicken PEA3 Promoter T G C C TITIGIIT T TIG 
Pufferfish PEA3 Promoter T C C A C C C - - - ­

Exm4 

Chicken PEA3 Promoter 
Pufferfi.sh PEA3 Promoter 

• 
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