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STRAIN NAME: B6;129S5-Mfsd2atm1Lex/Mmucd 
 

MMRRC: 032467-UCD 
 

Protocol:    

Reagent/Constituent Volume (μL) 

Water       11.275 

10x Buffer         2.5 

MgCl2       (stock concentration is 25mM)        1.7 

Betaine     (stock concentration is 5M)  Optional        6.5 

dNTPs      (stock concentration is 10mM)       0.5 

DMSO     Optional        0.325 

Primer 1.  (stock concentration is 20μM)   0.5 

Primer 2.  (stock concentration is 20μM)   0.5 

Taq Polymerase 5Units/μL       0.2 

DNA (example) extracted w/ “Qiagen DNeasy columns or other similar silica based kits” 1.0 

TOTAL VOLUME OF REACTION:    25.000 μL 

Comments on protocol:  
   Protocol may work with other DNA extraction methods. 

 Use Touch-Down cycling protocol-first 10 cycles anneal at 65oC decreasing in temperature by 1.0oC; next 30 cycles 
anneal at 55oC. 

 Betaine and DMSO have been standardized due to high GC content.  Protocol may be tested without.  Also, may adjust 
MgCl2 to increase reaction or decrease non-specific amplifications. 

        

Strategy: 

Steps Temp (oC ) Time (m:ss) # of Cycles 

1.  Initiation/Melting                            HOT START?   94 5:00 1 

2.  Denaturation  94 0:15  

3.  Annealing                  steps 2-3-4 cycle in sequence 65 to 55 (↓1oC/cycle) 0:30 40x 

4.  Elongation          72 0:40  

5.  Amplification  72 5:00 1 

6.  Finish  15 ∞ n/a 
 

Primers: Electrophoresis Protocol: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Name Nucleotide Sequence (5' - 3') Argarose: 1.5% V: 90  

1. DNA314-5 CACTTCCTAAAGCCTTACTTC Estimated Running:Time: 90 min. 

2. Neo3a GCAGCGCATCGCCTTCTATC Primer Combination Band (bp) Genotype 

3. DNA314-1 CCTGGTTTGCTAAGTGCTAGC 1 & 2 301 Mutant 

4. DNA314-2 GTTCACTGGCTTGGAGGATGC 3 & 4 210 Wild-type 
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Lexicon Genetics Incorporated – Genentech Project Materials 

 

 

 

 

 

Genentech ID: UNQ300 Date of Submission:  10-11-04 

Lexicon Contract Name: DNA314 Mutation Type: x  Standard Knock out  

LexVision Name: MEM757N1   Conditional  

Reference accessions:  XM_131683, AK006096 Is this gene X-linked? no 

 

 

 

 

 
Required Materials:   pKOS clone DNA(s) __kos30_________     

     Target Vector  DNA __DNA314-FTV30____________     

   Targeted ES Cell DNA __2E10____________     

 Genomic Map 
 

 

 

 

 
Southern Blot Analysis: 
External/Internal Probe Strategies 
 

 
5’ External 3’ External 

Name of Probe: 8 + 9  12 + 13 

Restriction Enzyme for Genomic Digest: PstI Acc65I 

Predicted Wild-type Band (kb): 13.3 11.7 

Predicted Mutant Band (kb): 15.8 7.3 

Probe Size: 266 bp 292 bp 

 

 
 

 

 

 

 

 

PCR Strategies: 
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For standard knockouts, give wildtype and mutant-specific strategies 
For conditionals, give 5’ loxP and cre-excision strategies 

 

Wild type-specific (absent in targeted allele) 
Mutation-specific product (absent in wt) 

5’ Primer Name: DNA314-1 5’ Primer Name: Neo3a 

3’ Primer Name: DNA314-2 3’ Primer Name: DNA314-5 

Predicted Wild-type Band (bp): 210 Predicted Wild-type Band (bp): none 

Predicted mutant band (bp) none Predicted mutant band (bp) 301 
 

 

5’ loxP strategy 
Distinguish Cre-excised and wt 

5’ Primer Name:  5’ Primer Name:  

3’ Primer Name:  3’ Primer Name:  

Predicted Wild-type Band (bp):  Predicted Wild-type Band (bp):  

Predicted mutant band (bp)  Predicted mutant band (bp)  
 

 

 

 

 

Primer sequences:   

 

 

Southern probes 
DNA314-8  5’ – CTAGAGGGACTGAAATGCTG 

DNA314-9 5’ – CCTGGGATCTTGCTGATATG 

DNA314-12 5’ – GTTTAAGATCCAGGTGGGAG 

DNA314-13 5’ – ACACGACACCAGAAGCCTG 

 

PCR Genotyping 
DNA314-1 5’ – CCTGGTTTGCTAAGTGCTAGC 

DNA314-2 5’ – GTTCACTGGCTTGGAGGATGC 

DNA314-5 5’ – CACTTCCTAAAGCCTTACTTC 

Neo3a  5’ – GCAGCGCATCGCCTTCTATC 

 

 

 

 

 

 

 
Contact Information:     Additional Contact: 

Laura L. Kirkpatrick, Ph.D.    Kathleen Holt, Ph.D. 

Senior Scientific Group Leader, Molecular Genetics  Senior Director Molecular Genetics & Alliance Management 

Lexicon Genetics, Inc.     Lexicon Genetics, Inc. 

8800 Technology Forest Place    8800 Technology Forest Place 

The Woodlands, TX 77381-1160    The Woodlands, TX 77381-1160 

Phone: 281-863-3016     Phone: 281-863-3013 

Email:laurak@lexgen.com     Email:kholt@lexgen.com 
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Genomic Sequence Deleted: 
GGGCTGCGCCTAGGATCGGAGCCACAGGCGAGTGCCGGCCGGCAGAACACAAGAGCATCCCGGCGTCCCGGTCCCACGCGGCGTGGCCCGCGG

GTCATGGCCAAAGGAGAAGGCGCCGAGAGCGGTTCCGCGGCGGGGCTGCTCCCCACCAGCATCCTCCAAGCCAGTGAACGGCCGGTCCAGGTG

AAGGTGAGGTCCCGAGAGGAGGGCAAGGGGTGGTGGGCCGGCCGGGATGTGGGTATAGGGGCGTTGGAGACTAGGTCTGGCCTTGGGACACTT
GGCGGTAACAGGGTACAGCGAAGCTTGAAAAAAGCAAGGAGTGCTCTGGGACCGGGAGTGATGGAGAAAGTCTGAAGCCCCTTTGCACACCCC

TACAATGGGTTTGCGCCAAGAGAGGCGCCGGCAACTCTACGCGGCGTGGGGCTCTCCCCAGCGCTCTAGGTTCTACTGTGCTGAGCCACACTAGT

TTCTCTCCCTAGACCTGAAGAGACCCCAGAAGTCTGAGAGTCCCTTTGGTTCTCCATCTCTCACCACCCCCCACTCTCGTGCTTTAACTCTGAGGA
GGGCCACTCAAGTTCATTCATAAGAACAAGGGCTTTGCTCTTAAAGGAGCCGCATACCGAAAGCGTTTGTGTGACTGAGGGTTCACATGCACAG

AGCTCCGCGTGTCTCGACATCCTCTCTCTCCGATCCGTTCTAACTCTTTGGATCTATTTAACCACACCATGAAACCATGCGGCCCCAGGAAAGGA

ATCTCTCACAATATAGCTAATTGGGAGGTGCTTAACTTTTCCTTTTAATTTTATTAACTGTTCTTGGAAGAAACGAGTAAGCAATTATGCTGTTAC
CATGTATGAGTAATCTCTACTTTCCCTGGGCAACCTCAGCCTCCCCTAGTGCTCCACCCGGAGAGGGCTGAGCCCTGCACCTGGAGCCCTTTTTAC

CCCTCTCCAAGGTCCCCTAGGAGCTGGAAAGGGTGCGTGTTAGGCAGATGGATGGTAGGACTGCTCAAGGGTTTGCCTGGAGCTGAAGACTCCC

TACAGGGGCCCGGGAACTTTGGGACAGATTGAAAGAACAGCTGAGGATGCAGCGGGCTGGGCGCCCCCCCCCCTTCTGGTGCACTCATCCAGGA
CGCAGGTGGATCCTAGCTGCTGCGGGGCGTCAGGGAGGGAGCCTGGGCTGGGCTCAGGGAACTTTTGGCAGCAAGAGGATTTTCAGGTTGTGGC

AGCTAGTGCCAGGTAGGGACAGGCCCATTGCTACCGCATGCTCTTTCTGGGTAACTTGGAAAGGAGCTGAGGGCCTGGGAGAAGATTTTATTTA

TTTATTTATTTATTTATTCATTTATTTTCTTACTTATTTGAGACAGGTTTCTCTTTGTATCCCTGGCTGACCTGGAATTAGCTCTGTAGACCAGGTTG
GCCTCAGACTTTACAGATCTGCTGGGCTCTGCCTCCCAAGTGTTGGTGCCACTACACCTGATCTGGGAGATCTTTAAAGATGGAAGGTGATAGAT

TTCCTCAGAGTCTGGGGGTGGAGGGATAAGTCTGGGTTTAAGGGCAACTTCCTGTGGGGTTGGGGAAGTGAGATTTCCCTAGGTGGGAACTGGG

CAAGGTAGAACTGTTCCTCTTGGCCGAGTTGGCTGGAGAAATAAATGTCTGTGCCTCTGGCACGTTCTAGGTTGGTGGCCAGAATCCTGGGCTTA
TTTTCATTCTTTCCTTCTCTTCCCAGAAGGAACCAAAAAAGAAGCAGCAACTGTCCATTTGCAACAAGCTTTGCTATGCAGTTGGAGGGGCCCCG

TACCAGTTGACCGGCTGCGCACTGGGATTCTTCCTGCAGATCTACCTATTGGATGTGGCTAAGGTGAGTAACAGGAGCTCCTCGGGCT 

Genomic Locus: (the deleted sequence represents nt 11460 – 13346 in the sequence below) 
GAGATTTCTTATTAATAGCTGTCTTTCCCTGCAGCAATTCCTGTTCATTCAGTGATGCTTGCTGCCCCAGGTTCCTAGTGCTGGAGGGAATAAGTA

CGGGGTAGGGTAAGCAGAGAGGTCAGCCTTTCCACTTCTGCTAACGTTTTTGGAAGAATCCACAGGACCAGCAGGGGAAGCTTACTGGGCAGGA
GGTGTTGAAGCACCTGAAGAGGGATAGGGGACAGCTAAGGGAGCAAACAAGGAGTGGGGCTAGGGGTGGTAAAGCGTTTGTTGTCTAAACATG

GGACTTGAATTAGAAACTCAGAACACACAACAAGCCAGGCACTGGCACTGTGCCACGCGGCTCTCATCCCACTGCTTGTATGGTGGTATGGCAG

GCAGACTGCCCTCTCACGCAGCTAGCCTCCCAGAAGTGTGAACGACTGAGAGACCCAGTCTCAAACAAGGCGAAAGGGGAGGACAGCGGACAC
CTAAGGTTGTCCTCTGATCTTCAAGTGTGTACATAAGCACACCTTCACATGTGCACTCACACACACACACACACACACACACACACGGGAAAGG

TGGGGAGAAAGTCTGTTACAAGGAAGAAGTGATCCAGGTATGAGTATCCCTTGGGAACGGCCTCTTGTGAAGACTGAAAGCTTCACCCTGCTAA

CTTTTGGCTGGAGGGAAGGTAGGACAGGGCCAAGTCTCTGGGAAGGAAGTTACCCCTAGATTCAGATGAAAGCTCTGCATACTTCCTCTCTCCA
ATGCTGACCCTCAAGAAGCCAGGCTGTGGGCAAGACCAGCACTTCCTCACTATTTTCTGCTTAATGCAAGCAAGGGTTCTGAGAACAAGCCGGA

TGGCCTCTGGCCACCTGAGGATACTCCACAAGCTATTTGCCCCACCCTTCATCTTCTTCTGGCAACTCACAGAGAGCCTACCAGTACCTTCGCTTG

TCCCTGCTTGTCCCCAGGAGAAAAGCTGAGCTCTAGGAGAGGGTTGAGAGGCTTCATTCCCTTCAGGGACACGCCATTGTTACCAGTATAGGCTG
CACTTTAGTCTGGAACCTTGCCCAGCACCTAAGTCCATCTAGAGCTGAGACCCAGAGCTCAGATCTCAAAACCACCCCAGTGCCCATATATAACC

CAGCACCCAGAATTCAGATCCCAACCCCAGTCCAACCCCAGTCCAAAGTCTCAGCCCAGAATCCAGCTGGCAGAACTCAGGGATGAGCTGGAAC

AGGCCCAAAGGCCAGTCGGAGCCAACGACCAAGGCCCAGAACTTAAGTTGAACCCCAGGACCTTAACCCAGCTCACAGACCCAAAGCCTAGTG
CCCAGAAGGCCTAAGGCTCTGGGACTAGAATTCAGACCGAAGCTAAAACAGAGTAGAGCAATCAAGTCCATCTCAGAACACACCCAAAAGCCT

AGAGCCAGGCTAGCCCCTCACCCCCAGCTATATAGCCAGGGTGGTTGTAAATACGTTTTGAGTCTGATTCTTATTTTTGGGAGTATGGGGCTGGA

GTGAAGAACAGGATTTAACTTCTTTCAATTTTTGTGAGTTTGAGGCTAGCCTGGTCTACAAAGCAAGCTCCAGGATAGCCAGGGCTGTTGTATAA
GAGAAACCTTAACTCAACAACCCAAAAAAAAAAAAAAAAAAAAAAGGTAGACTTTAAGGGAATTCAAACCTAGAACTCTATCCCCAGCTCAGA

GGGTATCAGCTCCCTAATACCAGTCCAAAGGTAGAAGTCAAGGCGAGGGGATTTCAGATCCCAACCCAATTCGTGGCAGGAGTACCTGGGAAGG

AATGTAGAAGATGAGGTGCTATTCTGTGGTCCCTCTCACCCTGGTCTGGATGATCAATTGGGAGAATTTAGAAACTAGACAAAGCAGAGGAAAC
TTTCTTTGCAAGGGCTGCTCCTCAGAATCCCACAGGACAGGAAATTGCTGCTGCTGCTGCTATTTGGTTTGGGGCAAGCCCCTTTTCTCTGGTCTC

TCCACTCTCAGGTAATTAGCGGGTGCTTGCTGAGATCGTAAACCCAGAAACAGGAGCCAGGACTACTACAGAAGACCCCTCTTTCAGTTTTTCTT

TTGGGGAGGGTCTGGGAGTTTTCAGACAGGCTCATATGGTCCAGTCTGGTTTTGAAGTTGATGTGTAGTCAAGATCGCTGTGAACTCCTGATACT
CCTGCCTCTTTCTGGTGCTGAAAACACAGGTGTGTGCCACCAAGGGCCACTTATTCCTTACTCATCAACATCCATTGAATGTTTATAAAAGGTTTC

CTTTTTTTTTTGGATTAGGTCTCATGTAGCCTACACTGACTGGCCTGGAATTTGATGTGTATCTGAGGATGACTACGAACTTCTGTTGCTCCTGCCT
CTACCTCACAAGTGTTGGGATTTGTGACATGTACCACTAAGCCCAGATTCTGCTACACTGGGCACTGAACCCAGCATTTTGTGCATACTAGACAA

GCACTCTACCAACAGCTACATTTCTAACCTAAAGTGTGTGTGTGGTATGTTTGTGAATGTGTACCCTTGTATGTGTGTGTGCAGCTGCATGCGTAC

ATACATTTGGAGACCAGAGGTCGATGCTAGGTGTCCTTTTCAGTCACTTTCCATGTTTCTTTATTTTTTTTTACATTTATTTATTTGTGTGTGTGTAT
GTGTGTGCACGCACAAATATATGGAAGTCAATGTACAAATGGAAGGAGTCAGTTTTCTCCTTCTAGCATGTGGGTCCTGGGGATTGGACTCTAAT

CATCAGGCTTGCTGGCAAGTGCCTTCCCTCAGTGGACCAATCTCACAGATTCTCCACTTCAGTTTTGAGAAAGGAGTTCTCACTGAACTTGGAGT

TCACCAACTGGGTTGGACTGGTTGGCTCCTTTCCATGCCTCTCAGCATTGGCAATAAAGGAGCATGCCCAGATTTTTCCATGAGGGCCTGGGATC
TCAGATTCTTCTGTGTGTGATGCGAGCTCTTTAGCGACTGAGCTATATCCCCAGTCCACATATTGGTTTGGATGTTCTGTTGTTGTTTTGTGGCAG

GGTTTCACTATGCTGCCCTGACTGTGCCTGGAATTCAATAGATAAACCAGGCTGAATCATGGAGATTCTTCTGCCGCTGCTTCCCAAGTTCTGGG

GTTAAAACTTGGTGCCCTCCCTGATACCTGCCTCAGATTTTTGTTCCCTCCAAGACAGAGTTTCTCTTTGTGGCCCTGGCTGTCCTTGGTTTGTAGA
CGAGTCTGTCTATACCAGCTCAGATCTTTTTTTTAGATTCTCTATTATTAAGAATTGATGGGGCTGGAGAGATGGCACAGCGGCTGAGAACACTG

TCTGCTCTTCTAGAGGTCCTGAGTTCAGTTCTCACCAACCACATGGCGGCTCACAACCATCTGTAATGGGATCTGATGCCCTCTTCTGGTGTGGCT

GAAGAGAGTGACTGTGTACTCATATAAATAAAACAGATAATTTTTTTTTTTTTGAGACAGGGTTTCTCTGTGTAGCCAGGCTGGCCTCGAACTCA
GAGATCCGCCTGCCTCTGCCTCCCAAGTGCTGGGATTAAAGGCATGTACCACCACTGCACACAATAATTCTTTTTTTTTAAAATCACACTTTACAT

TTTTCTTTAAAATTATCTGTTTTGGGGCTGGTGAGATGGCTCAGTGGGTAAGGGTACCCGACTGCTCTTCTAAAGGTCCGGAGTTCAAATCCCAG

CAACCACATGGTGGCTCACAACCATCCATAACGAGATCTGACACCCTCTTCTGGTGTGTCTGAAGACAGCTACAGTGTACTTACATATAATAAAT
AAATAAATCTTAAAAAAAAAAGAAAAAAATTATCTGTTTTGTCGGGCGTGGTGGCACATGCCTTTAGTTCCAGCACTTGGGAGGCAGAGGCAGG

CAGATCTCTGTGTTTGAGGCCAGCCTGGTCTACAGAGTGAGTTCCAGGACAGCCAGGGCTACACAGAGAAACCCTGTCTCAGAAAGGCAAAAAA

GAAAAAAGAAAAGTTGAACTAGAGGGACTGAAATGCTGCTGCTGTCACCTGGGAAGATGGGATGGGCGTCTGAGGACAATGAGCAACAGTCCC
TGTCACCCAGCTCAGCCTCCAAACTCTCTGCCTGGGAAGCCTCCCATTGTATATTCATGAGATGAGAGGAACCAATGATGTCATTCCTCAGAGTT

CTCCCCAGGGCTCTCTTCTGCCTATGGGGCAAGACTGAGAAGACTCCTTCCGTGGGAGCTTCACACCACCAATTTTCATATCAGCAAGATCCCAG

GCAGCACAAGTTGCTCACCGACTCCACGATCTTTGATCTCATCATGCCTCCGTCCCAGGTGTTTGCTTTATCTCACAAACCCTTCCTCTCTTATCCT
ACAGTGCTCACATCTATCATTACCTCCTCTGCAAAGCCTTTCAAGACTTTAATCCCTCAAACAGAGAATCTGGTGTTCTCAATTCTGGGCACTCAG

ACAGGGTTCTACAGGTTATATTCTGTGGTCATACTCTGCCTGTATTTCCCTCCACAACTAGACGCGATCTGTTCAAAAGACAAGATTATTCAGACC

TTGTTCATCTCTATTGGTCCAAAGAAAGCTTTATGACTGCACTCACAAGGCCACCTTGATCCCCACCCCCCTTTTTAAAGATTTATGTATTTATTTT
ATGTATGTGAGTACACCGTAGCTGTAGGTTGTGAGCCTTTATGTGGTTATTAGGAATTGGATTTTTAGGATCTCTGCTCGCTCTGGTCAACCCTGC

TCACTCCGGTCCAAAGATTTATTATTATACACAAGTACACTGTAGCTGACTTCAGACGCACCAGAAGAGGGCATCAGATCTCATTATGAGTGGTT
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GTGAGCCACCATGTGGTTGCTGGGATTTGAACTCAGGACCTCTGGAAGAGCAGTTAGTGCTCTTACCTGCTGAGTCATCTCACCAGCCCCCTTGA

TTCCTTCAAGTATTCTTTTGTGGACTCGAGCTCTCTCTTCTCCCAGCTCTACCCACCCACCCATAGTACAAGGCCACCATGTATTAAGTTTTACATT
TCAAAACATGTTAAGAAATTTACTCTCCCAGTGGTATGTACGTATGTATGTATGTATGTATGTATGTATGTATGTATTTTAGACAGGGTTTCACTG

TGTATCTCTAACTGTCCAGAACTTTGAAGTCCTTGAACTCATGGAAATCCATCTGCCTCCTCCTTCTGAATGCTATCCTTAAAGGCATGTGCCACC

ACCTCCATCCAGCTCTCCCAGTGTTTATTAACCAAAGGCATATATCCTGCCAATCGGGAGCAGGATGAAGGAAAGAAAGTATCATGAGTTGTGA
GCTTGTGACGTTTGTTTTGAACATATACATCATCTCACTAGATCCTCAGGACAATACCCAATGAAGCATAAGTACAGATCAGATAAGTGAGAGA

AGTTGCAATCTGCTCCAAATCATAGATGTAACCAGAAACAGGGCCCTGGTGAATCTAGCTAGGTCCCAGCTATGCTGTTATCTCTTGACTTTAAT

CAATATGAATAAGTTCAAACATTATCATAAGATCATGGCATGCCACACTGAAGATGGAAAACAGCTTTCTCCCAGGGTTGGGTTGTCCAATATGT
TGTCTGTTGAGATGGCTAAAAAGGAAGAGCAAAGTCGGGGCAGGACTCCAGGGACAAGATGATCCCTGTTCCAAGTCAATTAACTTGAGTCAAA

GCTCTTCCAGCTCTGAATGGGTCAAGGCCATTGAAGCAGGGCAGGGCCTCCTTGCAGAACCGTGGTGTGATCATGACGAGGGTCTGATTAGCCA

GGAAGGGAGAGGTATTGCTCAGGCACTCATCCTACGATGTCTTCTGACGATATCACAGCTCTTGCTCAAGAAGGTTTTCACTTGAGCGCATGAGC
CCTAAGGGCACCTGCTAGCTTGGCCTAAACACTGAAGTTTCCCTTGCACTGTGTCATGGTCTTAGCATGGCCTTAGTGTAAGGTAAGGCTGACAT

TTTCCAGCTCCTGTCATTCCTTCATTTTTACATCTCCTCAGGTGTGGGAGTAGGGCTGTCTCTTTTGTCTGGGATTGAGGACCTTGCACTGGTGAG

ACTATAGAATAAGAAGAACCCGAGTTGGAAGCAGGGAATCTCTGTATATTCCCATGTTCCTCAGTTCCTCCTGAACTGGGGGTTAGAATCACCCA
TTGGTCAGCTCAGGTTTGCCTGTGGAGTGGTCCATGGTCTCATGAGATCCGATGCATCGGTCTTGAGACCTCTCTTGATCCATAACTGCGCAACC

AATATTCCAGGAACTAGCAGCCTCAAGTGACTTCAAGGGCTCTCAGACATTTCCTCTCCAAGGAACCTCTCTTGGGATCCTCAAAGTTCTCACCT

TCTAAATCTGCCCCACCTCTTCTTCACAGGGCAAACAAAGGGACAAGATCAGAAACAGGCCTAGACATCCCTATCCCAGCATCTACCGTAGGAA
GAAGTCCTTGCTTGCTTCAGGACCTGCCCAGCCCCTATCTCTTGACCTTAGTTAGCGGTTCCCTACCCAGGATGTAAATTTGCCAGTGATTTGTTG

AGCCAAGTATGGGTTTGACCCTTTTCTCTAGAAGTTTGGGTCACAGGTCTGGCAGGTCAGGACTATAGATCAATCTTATCACCAAGAGATAGATT

GCAGTTACTCCATCTGGCAGCAGTAGTATTCAGCAACACTTTCCCTCAACAGTAATGTGCGATTCCCAATTCCCAAGTGCTTCTTTCTGATAATCT
GCCCCAGGAGATTCTAGTCTGTGTCCCACTGGGCCAGAAGTATCATTTTGAGTTATCATATGTTATTTAGCTTCCCAAAGATTTACAACAACAAC

AATAACAACAACAATTTTTTTTTTTTTAATTTCTGTTGTTGAGACAAAGTTACTCTCTAGACCTGGCAGTCCTGGAATTCTCTATGTAAACTAGGG
TGGCCTCAAACTGGCAGAGATCTCCCTGCCTCTGCTTCTCCAGTGCTGGAATTAGAGACAGGCAGCTAGTTACAAGAAAAACTTTATCTCCTCTG

GCAATAAGAGCTTTACTTGGTGAGGTTTTGCCTAGTCTAGAAGTAATAATAACAATAACAACAGTGAAACAATTTACAGTGAACAGTGAAACAG

TTCTTACAGCAGTGGTTCCCAACCTTCCTAATTTTTTTTTTTTTTTTTTTTGATTTTTCAAGACAGGGTTTCTCTGTGTAGCCCTGGCTGTCCTGGAA
CTCACTCTGTAGACCAAGCTGGCCTCGAACTCAGAAATCTGCCTGCCTCTGCCTCCTGAGTGCTGGGATTAAAGGCGTGCGCCACCACGCCCAGC

ATTCAACCTTCCTAATTCTGGCAACTCTTTAATACAGTTCCTCGTGTTGTGGTGACCCCAAACCATAAAATTAATTGGTTGATCCTTCGTAACTGT

AATTTTCCTACTGTTATGAATTATAATGTAAGTATGCAGGATATCTGATATATGACCCTCAAAGGGGTCATGGCCTACAGGTTGAGAACCACTGG
CTTACAGTGTGTCAAGTGATTATTTTAAGCATTTCATTTAATCTTCATGTAATTATGCCAACTTAGTGAGATAAGGAGAGATAGAGGTAGGAATA

GAGATGGAGAGAGAGAGAGAGAGAGAGAGAAAAGAGAAAGAGAGAGGAGAGTGTATATGGCACACACATGTGGAAGGGGAATGTACGTTCA

CCCATGTACACATGTGTGGAGGCCAGAGTCAACATCTTGTGTTTCTCTATGGCTTTCTACCTTATTTTTTGGGATAGACTCTCTCTTCGAACTTGG
AGCTTACTATTTCAACTAGATTGGCTGGCCAGCAAGTCCCTGGGATCTGCCTCCCTCTGCCTGCCTGTCCATCCTCCAGTGCAGATGTTACAGACA

TGAGCCACCTTGCCTTGCTTTTATATGGGTTATGGGCATACAAACTTGAGCCCTGTGTTGCACAGCAAGCTCTTTACCTACTGAGCCATCTCACCA

GCCTCTATTTTTTTTTTTTTTTAAATTTTAGTCAGGATCTTACCAGGTAGCCTAAGTTACTAGTCTTTTATTTGCTTGTTCGTTTGAGACAAGATTTC
TCAATGTAAACTGGGCATGGTGGCGCACACCTTTTACTCCCAGTACTCAAGAGGCAGAGGCAGAGACAGAGGCAGAGGCAGAGACAGAGGCAG

AGGCAGAGGCAGGCGGATTTCTGAGTTCCAGGCCAGCCTGGTCTACAAAGTGAGTTCCAGGACAGCCAGGGCTATATAGAGAAACTCAAGATTT

CTCAGTGTAATAATCCTGGCTGCTCTGGAACTTACTTTGTAGACCAGGCTGGCCTCCCACTCACAGAGATCCACCTGCCTCTGCCTCTGTCTCCTA
AGTGCTGGGACTAAAGGCCTACACCACCACAACTTGCTAGGCCAGCTAGTCTTGAACAATCCTTCTGCCTCAGTTTCCTAAGCGCTTGGATAGCA

GGTATGCATGACTATGCCAGTTCCTGGTAAATCAAACCTGGGACTTTATGCATGCTAGACCAGTACTCTAGCAACTGAACAGTATTCCTATCCTC

TCTGGGACCTTTGTGTACACTCCACTTCTCTACTTCCAGAAAGGTCAGGGGACCCAGTTGTTCTCTGGGGAGGGCCTAGCAGCAGCCTTGCTTGA
ATGCAGGGATGTGCAGAGCAACACAGAGGACGCACACACATTTGCCCTTAGCTGAAATCTTGAGCTAGACCCAGAAAGGGGACTGGTGGCTAG

AAGGACAGACCTACTCCTGGATGAATAGCTGCGTGCCATTAGGGAGAAGTTCTTCCTCTCATGAGAAGATGGGGGCTATGAAGAAGGGGCCCAT

GTTTCTCCTCCAGGCTTCTGAGGCCAATAGAGCTGGCTAGGTTTCCAGAGCTTCAACCTAGTTACCTGGGCTTTGAGCCTGATGGTATGGATAGG
AGGAGGTAGAAAGGAGAACTTTCAAAGGGACTAATGGAGTTACCTGGTCAGGACTGTAGGTACCTGAATAGATAGCAATCAAGTTTGTCATCAA

GCTTATAAAATCAAACCCTTGTCTCTCTTCTTTTAGTTTTGGGTTTAAACATCTGTAGAACGGGGTAACAAAAACACCCTCTGTCATCAGTGTTGG

AATAAGTAAATTAGATGGTATACACAAAGCAAAAGCACTGAGCACCATGCTTGCTCAGGAAACAGTGAGAATTTGGTGACTGGGGACTGTTGGG
TTTATGATGCTCTGATTTGCTCATGATGATTTACTGTCTCTCGGGTTGCGTTACAGAGCTCTGTCCTGACCAGTAGGGCTAGAAGTTAGAACAAGC

TGGGCCTGAATTCAGAGTGGAAGAAAATCGTGGGCAATAGAGCTAGGATTCAAAACAATGTCCACAGGCGGAAGTAAGCCAGATGTCATTATTC

TGCTGAGCGCTTGGGGACACTACACAGAATAGAGGATGGTGAAGAAACCTGACTTGACCCCAAGCTCTGGTGCTAAGAATCTGAATAATTTAGC
TAACCACAACCTGATGGGAACTAATCACGGGAGAGAAAGGCTCTGAAACCCAGCAGTCTTAGGCTGCATTAACAATGTGTCGTGTCCAGACTGG

GGGAAATAATAGGTCTATTGTACTGGCTTGGTCAGGCCATATCTGGAATCTTGCGTTGCTACACTGACAGACTGGAATCGGGCCAGGAGGGGAA

CTAGCCCAGCCTCAGCTCCTGAGTCCTTGTGCGCGAAATGTTTCCTGTACAACTTCTTGTCTTATCCCCCAGACAACGCTATTAGGTAGGTCCCTA
TTTTGTACACAAGGAGGTTAATAAAGTTGTTCAGGAACAACTAGATAGCCCGTCCATGGAGGTGCCTGGGGTTTTTCTGAATGGGCTGGCTCCTC

TGGTGCTTCAGCTCACACTCACTGTGATTTAGTGGGATATGGGAGTGAAAGAGATAGAGTTCTTATTTTCAAGGAGGGCATAATCTGGCTCGGTT

ATTCAGATCACTTCTGGAATGCTGCCATTCAAAGGAGTGAAGAATTTAGGGCTGGAAGAGACTGTACAGGACTCCATAGCTTCCCTCCTATAGTA
TGGAAGAGAGAGAGGGCAGTGTGACAGTGGGGACAACAGGCCTTCTTACAGTCTTCACTATTTCCCTTGGCTTGTTTCTGGACAGTGATGTGCCA

GGGCACACAAGGGTGCTGTGGCCATTGTGGAGGAGTCAGATCTCAATAGCTCTTCCCTGCAATCTGAACTAAGAGGAGGGGAAAAAAAAAAAG

CTTGACACTGAGAAACACAGGTCCTGTGTGAGCGGTCTCTGAGAGTCTAAGCAGTAACTTCACTGAAGAGGGAGAGCTGGACTTGACCCAGGCT
CCTGGGGATCTGTGAAGGCTGGAGTGCCATTAGCAGAGGTGGAAGGAAAGGCAGCAAAGACCGTTCTCTGCTGGCACCTATGCCTGGCCTCTGT

TTAGATGATGACGGTCCTCCCTTCTTTCAAGGACCACATTCCTCTGCATGCTCTTTCTCAAAGCTTTTCTTTTCTCTTCTCTCTTTTCTTTTCTTTTCT

TTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCGACACAGAGGGCTGCTGGCGTCTTGTATCTCCCAGGGCTTCCTGTC
TGGGAGCACAGACATAGCTCAGCCTTCTGTAATTTATGCTGAGGGGCAGAGCAGGAGAGTTATGAGTAAAGACTTTGGAACTGGACAAAACCTT

TCTGGCCTGTCTGTGTCGCAACAGCTGTTCTTCTTGTGTCCCCCTTTCCTGGGTTGTAAAATGGGGATAATAATAGTACCACCCTCAGATGGCGTT

CATAAGCACCCAGTGAGGTCATGTTAAGCCTGTTAGAAAGCTACCCATAAACGGCTGCTGTGGCCATGGCTCCTTCTTAGAACTTGCGAGTTCCC
CTGCCTGGAAGCGGTAGCCACTGGACTTGGTAATTTTTCTGTCCCATTGAAAAAGGCCCCTACTTTTCAAAGGGAGGAAGAGGAAATTGTCGATC

TTGAGACACGAGGGACATTGATAATGAAAGTTACAGCCCATGGCCTCAGGTTTGGGGGAGGGGAGAAGCCACCTGACTCCGGATTTTAAAAGG

AGCTGATGGGGATTCAGAAGTCAAGGGCCACAGGCTCTACTCAGGGAAAACTCACTCTGGGGGACCTCGGACAGGTCACTTTCAGCCTGGGACT
TCAGTTTCCTCGGGCGAGTCAGGTGGGTTTCTCAGCTTTGCTTAGGTAGTTAGGAGCACGCGGTGTGGGTTGCCGGCTTTGAGAACGTGGCTGAG

CAGCGAGGCTCCGCCAGCCGAGATGGGCAGGCGCGTGCAGGGATTGGCTGGAGGCGCAGGCCCGAACCTTTAAGAGGCGCGGAGGGGACGTGC

TAGGGAGTTTTCATCGCCGGCGTTCCTGGTTTGCTAAGTGCTAGCGAACGTAGTAGTGGCTGGGGCTGCGCCTAGGATCGGAGCCACAGGCGAG
TGCCGGCCGGCAGAACACAAGAGCATCCCGGCGTCCCGGTCCCACGCGGCGTGGCCCGCGGGTCATGGCCAAAGGAGAAGGCGCCGAGAGCGG

TTCCGCGGCGGGGCTGCTCCCCACCAGCATCCTCCAAGCCAGTGAACGGCCGGTCCAGGTGAAGGTGAGGTCCCGAGAGGAGGGCAAGGGGTG
GTGGGCCGGCCGGGATGTGGGTATAGGGGCGTTGGAGACTAGGTCTGGCCTTGGGACACTTGGCGGTAACAGGGTACAGCGAAGCTTGAAAAA

AGCAAGGAGTGCTCTGGGACCGGGAGTGATGGAGAAAGTCTGAAGCCCCTTTGCACACCCCTACAATGGGTTTGCGCCAAGAGAGGCGCCGGC
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AACTCTACGCGGCGTGGGGCTCTCCCCAGCGCTCTAGGTTCTACTGTGCTGAGCCACACTAGTTTCTCTCCCTAGACCTGAAGAGACCCCAGAAG

TCTGAGAGTCCCTTTGGTTCTCCATCTCTCACCACCCCCCACTCTCGTGCTTTAACTCTGAGGAGGGCCACTCAAGTTCATTCATAAGAACAAGGG
CTTTGCTCTTAAAGGAGCCGCATACCGAAAGCGTTTGTGTGACTGAGGGTTCACATGCACAGAGCTCCGCGTGTCTCGACATCCTCTCTCTCCGA

TCCGTTCTAACTCTTTGGATCTATTTAACCACACCATGAAACCATGCGGCCCCAGGAAAGGAATCTCTCACAATATAGCTAATTGGGAGGTGCTT

AACTTTTCCTTTTAATTTTATTAACTGTTCTTGGAAGAAACGAGTAAGCAATTATGCTGTTACCATGTATGAGTAATCTCTACTTTCCCTGGGCAA
CCTCAGCCTCCCCTAGTGCTCCACCCGGAGAGGGCTGAGCCCTGCACCTGGAGCCCTTTTTACCCCTCTCCAAGGTCCCCTAGGAGCTGGAAAGG

GTGCGTGTTAGGCAGATGGATGGTAGGACTGCTCAAGGGTTTGCCTGGAGCTGAAGACTCCCTACAGGGGCCCGGGAACTTTGGGACAGATTGA

AAGAACAGCTGAGGATGCAGCGGGCTGGGCGCCCCCCCCCCTTCTGGTGCACTCATCCAGGACGCAGGTGGATCCTAGCTGCTGCGGGGCGTCA
GGGAGGGAGCCTGGGCTGGGCTCAGGGAACTTTTGGCAGCAAGAGGATTTTCAGGTTGTGGCAGCTAGTGCCAGGTAGGGACAGGCCCATTGCT

ACCGCATGCTCTTTCTGGGTAACTTGGAAAGGAGCTGAGGGCCTGGGAGAAGATTTTATTTATTTATTTATTTATTTATTCATTTATTTTCTTACTT

ATTTGAGACAGGTTTCTCTTTGTATCCCTGGCTGACCTGGAATTAGCTCTGTAGACCAGGTTGGCCTCAGACTTTACAGATCTGCTGGGCTCTGCC
TCCCAAGTGTTGGTGCCACTACACCTGATCTGGGAGATCTTTAAAGATGGAAGGTGATAGATTTCCTCAGAGTCTGGGGGTGGAGGGATAAGTC

TGGGTTTAAGGGCAACTTCCTGTGGGGTTGGGGAAGTGAGATTTCCCTAGGTGGGAACTGGGCAAGGTAGAACTGTTCCTCTTGGCCGAGTTGG

CTGGAGAAATAAATGTCTGTGCCTCTGGCACGTTCTAGGTTGGTGGCCAGAATCCTGGGCTTATTTTCATTCTTTCCTTCTCTTCCCAGAAGGAAC
CAAAAAAGAAGCAGCAACTGTCCATTTGCAACAAGCTTTGCTATGCAGTTGGAGGGGCCCCGTACCAGTTGACCGGCTGCGCACTGGGATTCTT

CCTGCAGATCTACCTATTGGATGTGGCTAAGGTGAGTAACAGGAGCTCCTCGGGCTCCTTTGGTAGCCAGAGGGAACTGATGGGCTCTTGGTAG

GGTCATTCAGTTTTCCCCAGTGGTAAAACAAGACCAGGACACATTCCTTGGCTGCCACTCAGGGTCACAGTGGATGGGAAGTAAGGCTTTAGGA
AGTGTGCGGGAGGGGGGGGGGCGCGGTCTACCTGCCCCAGGAACCACAGCTGGCAACTCTTCCTTGCCTGGCAGGAGCAATAGAGAGCCTGGC

GGAATAGGGCAGTGGCTGAGGGAGAATGGGACCCGCTAGTGACGCTGTTCTTAGAAGAGACTGGCACACCATGTCCCTGGCTGGAAGACAGTC

AGCTGGCTTGGCTCAGGGTTTAGTGGGTGTTGCTGTTGCTAGGTTGATGGAAGAACTGTATCTCACCTTCACCTGAGGAGCAGCAGCTTGCTGCT
GATGGCTAGGGGAAACCTGAAGGTGCAGGCAGATGTTAGTGTCCTGGGACTAGGGGGTCTCTGATGGAAAGGGCTAGTTTGGGTGAAGCAGGG

CTACTGTGTGTACTTTGAGAAGCCTTGGCTGGCAGCCTGGCATCCAAAGAATTCGCCCTGTCTGGATGAGAGAGTGGGAGACTGGGTAACCATG
GCTCCGGGGTGCCCTCACTGGCTCTTTTCTGTGTAGCATCTCTGGGCAAGCGAGGCATATTAGTTTCCATTTGCAGGTGTGGAACACTAAGCCCC

AGAAAAGACAGAAGACTCATTCAGTAGCTAGGTTTCCAACAGTTCCCATGGCTGGGTCCCAAGCGGGTTATAAATAAGAGGAACCTGCAGTTGA

CTATAAAATGGGGTTACAATAAGTGGGGAGAGTACAGAGTGGGGATACAGTGTGGGGAAGGCTGCCAGCTTTCCAGAGCAGGGTTGTGACAAC
TGGATATGGGGGCACACACCAGTTATCCCAGCACTTAAGAGGCCAAGACAGGATTAAGATTCAAAACCAGCCTGAGACTCTGTCTCAAAAACAA

AGTTAAAAAGAAATCAAGGTTTTATGGATGATATTAAAGCTAGACCCTAAAGTGTTTGGGAAGTATGAGACGGTTTGAGTAAAGGGTTATAGGA

CATTCTCTAAAAGTCATCTATAGAGCAGGCATAAAGTCACACATCTGTAATCCCAGCACTTGCAAGTTAGACCAGCTGGGTCTACTTGCCAAGTT
CTAGGCCAGTCAGGACTACAGATGAGTCTCCCTCTACATACATACACACACACACACACACACGCACACGCACACGCACACGCACACACACAGT

GTGTGTGTGTGTATGTGGGGGGCGTTGTCACTGGAGAGATTGTTCCATGGTTAGGAGCTCACTGCTTTCTTAGAAGACCTGAGTTGTGAGTACCC

AGGCCAGGCCACTCACAACCACAACAGCCTATAACTCCAGCTCTAGAGGATCCAATATCTCTAGCTTCCAAGGCTCCTGTACTTGTTCAAACAAA
TCCCAACACACGATCACGTAATTTAAAAGTAACATGAATTCTAAGAAAAAAAAAAGATAAAAGAAAACCTCTCCGCATTCCCCTTTCCATATGC

AGGCTAAAGCTTGACCTCATAAAAACACACTGTAGCTGATACGTCTTTTACAGATAGGGAAACTGAGGCTCACTGAGGGGTGCAGGGAACAAAC

ACGAGCTCTCTTATCAGGTGGCCAGGGGCTCGGAACTGTCAGGGGGAAGGAAGGAAGTGACCTATGTTCAGTGTTTGATGAGATGTTTCTAAGT
GCAGCAGAGGGAAGGAAAGATCTAGAGAAGCTTCACACATAGCCCCACTGCAAAAATGCCGTTATCGGAGATACGACGTTGTCGCCACCATCAT

CACCACGATGTTGTTGGGGTGTTTTTGTTTTTGTTTTGAGACTGGGCCTTTCTATGTAGTCTTGACTGTCCTGGAACTCACTATGTAGACCAGGCT

GGCCTTGAACTCAGAGATCTTGCTTCTACCTCCAGAGTGTTGGATTAAAGGCGTGCGCCACCACATCAAGCCACTGTTGTCATAATTGTTTATCA
CAATGTGGGAGAACTAAACCCAACAGCCCATCCATTCTAGACAAGCATACTACTACTGCGATAAACCCCGGAACCTGCTAGTGTCACTATTAAG

ACAGTGAGTGAAACCAAGTGGTGGCGCACACCTTTAATCCCAGCACTCAGGAGGCAGAGGCAGGCGGATTTCTGAGTTCGAGACTAGCCTGGTT

TACAGAGCGACTTCCAGGACAGCCAGGGCTGCAGGGAAACCTTGACACGGAAAAAGAACTTCATGAAAATGTTTAAGATCCAGGTGGGAGGTG
GTGTAAGGTCTTGGTGGTTCAGCTGTGCCAGGGAGGGATGCTCCGCTAAGGCAATGAATGAAGGACACCTTTTGCTTCTTCCCCATGGCAGGTGG

AACCACTTCCTGCTTCCATTATCCTTTTTGTGGGCCGAGCCTGGGATGCCTTCACTGACCCTCTGGTGGGCTTCTGCATTAGCAAGTCCTCCTGGA

CCCGCCTGGGCCGCCTCATGCCCTGGTAAGTAGAGACGCTCCTTCGAAGTGCAGAAAGGCAGGCTTCTGGTGTCGTGTCCCCCCCCCNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNCCCCCCCCCCCCCCCCCCCCGCCCAAGTCCTCCTCCATCTCTTGTCACAGGTTGGAGGTTGATGGGAAAGCATGACACAATAGCTCAATGG

TGTCGAAACCTCTCAACCTGTGGCTTCAGCTGCCCCAGGCACGAGCATTGGGACACCTAGACAGTTCATTTCGGGGCTGGCCAGAGTGCTGAGTT
AGTTTCCTCCCCCAGCTCAGGCCTCAGGGCTCCCCAAGGTCCGCTCACTCACCTTGGTGAGACTGGAATCCCTACTTCTGCCATTCTGTGGCAGCA

GAGGTAGATAGGTCTTTGAAACAATTGAGAGGTTACCTGGGTTTGAATGGCAGCTTCACCACTTACAGCTGTGCAGCCTCAAGCAAGTTATTAAA

CATCTCTGATCCTTAGGTAAAGCCGAGGTACGGTGAGGACGTTAATATGTAAAACGTTCAGAACAGCTCCTGGCAGGTAGTGATACACAATCTG
ACATTCGTTCAAGGTAGTTAATGGTAGGACATGGGTAGGGGCGATACTAAGAAATACCAAGAATGGCCTTGTGTACCCATCCCAAAGCACTGAG

TGATGGGACTATTTTTTCCCTTGGTGTTATTCAGCTTCAGCTTGTGGGGCAAGGTTGGGGGAAGGCAGTTGCCATAGATCAGACAGTGATGGAGA

CATACAAGACAGGCCAAGCAGAGCTCTGGTTCCCTCCAGGACATCCTGCTTCAGGAGGTGGGGGGGTGTACCCCTTTCATCTCCAGCCCATCCAA
GCTTAAGTGGGCGCCTTCCTGCCCCAGGGGCGCCCATACCTGGTCTCCGGCCTTCAAAGCTCTTCCAGCAGCCTCTGCACCTCCGCAGTTTCCTTT

CCCACGAGGCCCCCCACCCACCCCAGTCCTGCCAGCCCCTGGCAGAAACCCAGTTTGGAGCCTTTGATCCAGGCTTCATGGCCAAAGGGGGTGA

AGGAGGGGGTAGGAGAGCCTCCTTTACCTGGGCAAGCTGCTCAGGGAGTCCTGAGAGCCAGCCTGCGAGACTTGGCCCTGTGCCGGCCTCTTGG
CAGCTGGTGGAGGGCGGGGCCCCGCTCCCACATCGCCTCATGAGGCCCAGCCAATGGGAGGCCGCTGCCTGACGCGATGCCGGCACAGGGTTAC

TCCCAGTCACATCGGGTTCCTGTTCACTGTTCAAGCTGCCTGTCTCTGAGGATGGAGTGTTTGAGGAAGGCTAAGGAGGAGCCCTGTTCTCTGAG

GCGACAACGTGGAGGGGTGGAAGGAGGAGGAGGAGGAGGGCAAGCAAGGCCTCCTTGTGGGAGGGAGATCTGAAGACTCTTGCTAGGTCAGT
GTGACTGCTATTCCAGGAAAGTTGCTAGGTCCCCTTAGGTTGCTTTCTAGATGGCAAGTGCCTGGGTATGCGTCAGAATACACATGGGATGACTC

ATAGGCCGAGGGGCCATTGTGTTCATGACATCCCAGGTTGCACCTCTAGGCTTGGAGACCAAAAAGAGGTTGGGTCTGTCAGGGTTGGCTAGTG

TTAGCCTTGCTCTCCTCTCCTTCCAGGTGTTAGGAGAGTTCCTACTTCAAGCCCCTCCTACAAACTACAAAGAAAGTGACATTCTCTCACCTGGGA
ACTCCTAAGGCCAACTGTGAGACCCTGTCAGCAGAGTCACACAGAGAGATTGAGATGCAGGGGGGCCTGAGGTTGGTGGATTACCAGGCACTGT

CCACTTGCAGCCCTGGCCTGTAGTAGTTCCCGAAGGCCACTTCTCCAGTTGAGCCCTTCTGCTGTGATCACAGCAAACACTTAATGTCCCAAGTA

CTGTTCAACATTTTTCTGTCAACTTATTTAAGACTCAAGCCTACTTCAACACACAAAGTGGAAGTCCTTACACTTGCCTGTGAGGTGTGCCATTTT
CTCCACATGTTATCTCCTAATTCCATCTCCCTTGCTCACTGTCCTCCGGCCCACAGGCCCTGCTGTTCCATCCTCCTGCCTCAGGACCTTTGCACCG

ACTCTCCCCCTGACTGGGGCCACACTCTCAGAGATCTGCAGTCTTGACTCCCTGACCCCATCGTCCTCTCAGCCAGCTGAGAACTGTGCCCTCAGT

CTCCTGTCTACTTACTCTCTTCTTTTCTCCATAGCATGTGTCACCTTTTAATATGCTATATGACTGTTGCAAAGACTGTGACAAAATATCTATAGCA
TAGCATTTGCCTTATTCATGTATTTATTTGTGGTAGAACTCAAACCCAGGGCCTTGCACATGCCAAGCAAGTGTTCTATAGCCTTGATTTTTGTTC

AATTTTGTTCTTTGAAGGCAAGGTTTTATGCAGCCCAAGCTAGCCTCCACCTCCTGATTCTCCATTTCTTAAGTGCCCAGATTAGAGTCGTGCACC

TCCAGCGAAACCCTTGTTTGTTTTATTATTTGGTCAGGGTCTCACTGTGCAGCCCTGGCTACCCTGCAATTTCTTATGTAGAGAGCAGTGTGGTCT
TAAGCTCACAGAAATCAACCTGTATCTGCCTCTTAAGTAGAGGCAGGGGGGTCCCTGAGTTGGAGGCCAGCCTGGGCTATGTAGAAAGATACTG

TCTCAAACAAAACAAAACACACAAACAAACAAAAACCAAAACAAACCAATAGTGAATCTAGTGTGTAAATGTTTTGCTTGCATGTATATCTGTG
CCTGGGGAGGTTAGAAGAGGGCGTTAGATCTTTTGAAACTGGAGTTATGAATAGTTACCCAATGCCATGTGGGTACTGAGAATTGAACCCTAGG

TCTTATGCAAGAACAAGTGCTCTTAACTGCTGAACCATCCCTCCAGCCCCTGTGCTCTTCGTTTAAAAAACAAAATCAGATCTCAATATGTAGCT

mailto:mmrrc@ucdavis.edu


GENOTYPING BY PCR PROTOCOL 
MUTANT MOUSE RESOURCE & RESEARCH CENTER: UC DAVIS 

mmrrc@ucdavis.edu  
530-754-MMRRC 

PCR protocol developed by MMRRC at University of California, Davis 

CAGGTTGACTCTGAACTCAGGCCTTTTTGCCTTTGTTTCTTGAATGTGGGGTTACAGGGCACACCACCATGCCCAGCTCATTATAAACTTTTAAGG

TGTCCAATAAAGTAGCATTAAGTATAGTCACATCCTTGTGTGACCATCACTACCTTCTATCCCAAACCTTTTTGTTGTTGCTGTTGTTTTGAGACA
GAGTGTCTCTGTGTAGCCCTGGAACTCCCTCTGTAGACCAGGCTGGACTTGAACTCAGGGACTCTGCCTGGGTTGGCCTGCTGAATGCAGGAGAT

TAAAAGCATGTGCTTCTACTGCCTAGCTCATCCCAATAATTTTTTTTTATCTTTTCCAACCCAAACTTTGAGTTCATTAAAAGATAATCCCTACTCC

TTCTTCCCTGTCAACCACTATTTCTTGGGACTGAGGGTGGGATTCTGGGAGGATAGATTGTGATGTGTATGTGTAGGTCAGGGGACAACTTGTAG
GAGTTGATTCTTTTTCTCTTACCCGTCTGTGAATTTGAACTCATGTCATCGGGTTTAGGGCTTGACAAATCTTGCTGGGTCATGTCTAAAACTGGA

TTTGGTTACCCCCTGTAAATTAAGCTGTACAATATTTCTCTCTCAGGAACAGTTATATTCCAGGTGGCCATTCCTTAAAGTTCTGTGTTGTCGCAT

GTGTCGAGATTTTTATTTTGGGGGCTGAATAACATGCAATTTTTGTTGCTTACCAACTAGAATTCAAGTTTTACAAGAGCGATGGTGTCTTCTTCA
CTGTTATATCTGCAACAGTTAGAATAGTTCCTCGCCCATAATTACACCTCATAAATATTTAGGTAAACGTTGAATGTAGGCAGTGCACGCTTTTTT

ATTTTCATTTTACATATGAGTCTCAGAGAAGTTAAATACTTAACCTTAACCAAGACTTTTATAGTTAGTGACAGACTCAGAAAGTGTAACTCAAA

GCTTCCTTCTTTTTTGAATATTTGTTACTTATGGGTGTATGCGCACACATGCATACATACATGTGGGCATGCCGCAGCACAATATGTGGAGGCCAG
AGGACAGCGTGTGGGAGTTGGTTCCCGCCTTCCTCAGCTGTGTTCTAGGGATAAATCTCAGGTTATCTGCGGCCTCGCAGCAAACGATTTTCCCA

CTGGGCCATCTTGCTGGCCTGAGGCCTTCCTTTTAACCTTTGCACTCTGCTTCCTATGCAAATGCTGGGAAGTTGATCCGCCTGGAGGGATCCATA

TTTCTCACGATGGTTTGGCCAGACATTTGTCCCCTACCTTCCTTAGACTTCTGTGACTGAGCCCGGTCCTCTTCCGTGACCCCTTTCTCCATTACCT
GGAGTTGGCCTCTTCTACCCACTCCAGCTTCCTTGTGTGTGTGTGTGTGTACAAGAGATGCATGGAAGGTTAAGGATGATGCTGGGACCACCCCC

TTCACGGGGAGTCTTGCTCCAGGAAAGATATGCTTGAGACTCAGAGTCTGACCTCATGCTCCTTGCTCTATGTTCCCTTCAAGCTCCTTGCTCAAG

ATTTTGGTCCAGGAACTTGCCCTAGTCGGTCCTTCAGGCATGGGCATCAATCTTTCTCCGAGGCTCTGGGTTGGGAGGGCTCATACTTCTTCCCCC
GTTGATGGGCACTTGTGGAGCAGTTCTGGGCTCTTAGACTCCTCTAGCCTCCACTCAGACCCCTCTCCTTTCCTCAGGATCATCTTCTCCACTCCC

CTGGCCATCATTGCTTACTTCCTCATCTGGTTTGTGCCTGACTTCCCATCAGGGACGGAAAGTTCACACGGCTTCCTTTGGTACCTGCTTTTCTATT

GCCTCTTTGAGACA 

Selection Cassette: 
GGCCGCTCTAGAGGCCATAGCGGCCATTTAAATGGCGCGCCGGATCCCGGGCCGCTCTAGCTAGACTAGTCTAGCTAGAGAATTCCGCCCCTCTC
CCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTG

GCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAAT

GTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACA
GGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAG

AGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGC

ACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAAGC
TTGCCACAACCATGGAAGATCCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCT

TTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCC

GGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTAC
GATGCGCCCATCTACACCAACGTAACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGACGGGTTGTTACTCGCTCACATTT

AATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTAACTCGGCGTTTCATCTGTGGTGCAACGGGCGCTGGGT
CGGTTACGGCCAGGACAGTCGTTTGCCGTCTGAATTTGACCTGAGCGCATTTTTACGCGCCGGAGAAAACCGCCTCGCGGTGATGGTGCTGCGCT

GGAGTGACGGCAGTTATCTGGAAGATCAGGATATGTGGCGGATGAGCGGCATTTTCCGTGACGTCTCGTTGCTGCATAAACCGACTACACAAAT

CAGCGATTTCCATGTTGCCACTCGCTTTAATGATGATTTCAGCCGCGCTGTACTGGAGGCTGAAGTTCAGATGTGCGGCGAGTTGCGTGACTACC
TACGGGTAACAGTTTCTTTATGGCAGGGTGAAACGCAGGTCGCCAGCGGCACCGCGCCTTTCGGCGGTGAAATTATCGATGAGCGTGGTGGTTA

TGCCGATCGCGTCACACTACGTCTGAACGTCGAAAACCCGAAACTGTGGAGCGCCGAAATCCCGAATCTCTATCGTGCGGTGGTTGAACTGCAC

ACCGCCGACGGCACGCTGATTGAAGCAGAAGCCTGCGATGTCGGTTTCCGCGAGGTGCGGATTGAAAATGGTCTGCTGCTGCTGAACGGCAAGC
CGTTGCTGATTCGAGGCGTTAACCGTCACGAGCATCATCCTCTGCATGGTCAGGTCATGGATGAGCAGACGATGGTGCAGGATATCCTGCTGATG

AAGCAGAACAACTTTAACGCCGTGCGCTGTTCGCATTATCCGAACCATCCGCTGTGGTACACGCTGTGCGACCGCTACGGCCTGTATGTGGTGGA

TGAAGCCAATATTGAAACCCACGGCATGGTGCCAATGAATCGTCTGACCGATGATCCGCGCTGGCTACCGGCGATGAGCGAACGCGTAACGCGA
ATGGTGCAGCGCGATCGTAATCACCCGAGTGTGATCATCTGGTCGCTGGGGAATGAATCAGGCCACGGCGCTAATCACGACGCGCTGTATCGCT

GGATCAAATCTGTCGATCCTTCCCGCCCGGTGCAGTATGAAGGCGGCGGAGCCGACACCACGGCCACCGATATTATTTGCCCGATGTACGCGCG

CGTGGATGAAGACCAGCCCTTCCCGGCTGTGCCGAAATGGTCCATCAAAAAATGGCTTTCGCTACCTGGAGAGACGCGCCCGCTGATCCTTTGCG
AATACGCCCACGCGATGGGTAACAGTCTTGGCGGTTTCGCTAAATACTGGCAGGCGTTTCGTCAGTATCCCCGTTTACAGGGCGGCTTCGTCTGG

GACTGGGTGGATCAGTCGCTGATTAAATATGATGAAAACGGCAACCCGTGGTCGGCTTACGGCGGTGATTTTGGCGATACGCCGAACGATCGCC

AGTTCTGTATGAACGGTCTGGTCTTTGCCGACCGCACGCCGCATCCAGCGCTGACGGAAGCAAAACACCAGCAGCAGTTTTTCCAGTTCCGTTTA
TCCGGGCAAACCATCGAAGTGACCAGCGAATACCTGTTCCGTCATAGCGATAACGAGCTCCTGCACTGGATGGTGGCGCTGGATGGTAAGCCGC

TGGCAAGCGGTGAAGTGCCTCTGGATGTCGCTCCACAAGGTAAACAGTTGATTGAACTGCCTGAACTACCGCAGCCGGAGAGCGCCGGGCAACT

CTGGCTCACAGTACGCGTAGTGCAACCGAACGCGACCGCATGGTCAGAAGCCGGGCACATCAGCGCCTGGCAGCAGTGGCGTCTGGCGGAAAA
CCTCAGTGTGACGCTCCCCGCCGCGTCCCACGCCATCCCGCATCTGACCACCAGCGAAATGGATTTTTGCATCGAGCTGGGTAATAAGCGTTGGC

AATTTAACCGCCAGTCAGGCTTTCTTTCACAGATGTGGATTGGCGATAAAAAACAACTGCTGACGCCGCTGCGCGATCAGTTCACCCGTGCACCG

CTGGATAACGACATTGGCGTAAGTGAAGCGACCCGCATTGACCCTAACGCCTGGGTCGAACGCTGGAAGGCGGCGGGCCATTACCAGGCCGAA
GCAGCGTTGTTGCAGTGCACGGCAGATACACTTGCTGATGCGGTGCTGATTACGACCGCTCACGCGTGGCAGCATCAGGGGAAAACCTTATTTAT

CAGCCGGAAAACCTACCGGATTGATGGTAGTGGTCAAATGGCGATTACCGTTGATGTTGAAGTGGCGAGCGATACACCGCATCCGGCGCGGATT

GGCCTGAACTGCCAGCTGGCGCAGGTAGCAGAGCGGGTAAACTGGCTCGGATTAGGGCCGCAAGAAAACTATCCCGACCGCCTTACTGCCGCCT
GTTTTGACCGCTGGGATCTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGGTCTGCGCTGCGGGACGCGCGAATTGAAT

TATGGCCCACACCAGTGGCGCGGCGACTTCCAGTTCAACATCAGCCGCTACAGTCAACAGCAACTGATGGAAACCAGCCATCGCCATCTGCTGC

ACGCGGAAGAAGGCACATGGCTGAATATCGACGGTTTCCATATGGGGATTGGTGGCGACGACTCCTGGAGCCCGTCAGTATCGGCGGAATTCCA
GCTGAGCGCCGGTCGCTACCATTACCAGTTGGTCTGGTGTCAAAAATAATAATAACCGGGCAGGCCATGTCTGCCCGTATTTCGCGTAAGGAAAT

CCATTATGTACTATTTAAAAAACACAAACTTTTGGATGTTCGGTTTATTCTTTTTCTTTTACTTTTTTATCATGGGAGCCTACTTCCCGTTTTTCCCG

ATTTGGCTACATGACATCAACCATATCAGCAAAAGTGATACGGGTATTATTTTTGCCGCTATTTCTCTGTTCTCGCTATTATTCCAACCGCTGTTT
GGTCTGCTTTCTGACAAACTCGGAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATTTAATTAAG

GCCGCGGGATCGATCCCGTCGAGCAGTGTGGTTTTCAAGAGGAAGCAAAAAGCCTCTCCACCCAGGCCTGGAATGTTTCCACCCAATGTCGAGC

AGTGTGGTTTTGCAAGAGGAAGCAAAAAGCCTCTCCACCCAGGCCTGGAATGTTTCCACCCAATGTCGAGCAAACCCCGCCCAGCGTCTTGTCAT
TGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCCAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCG

ACCCTGCAGCCAATATGGGATCGGCCATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTG

GGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTG
CCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGC

GGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGAT

GCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAG
CCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGG

CGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGG
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GTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTAC

GGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGGGGATCGGCAATAAAAAGACAGAATAAAACG
CACGGGTGTTGGGTCGTTTGTTCGGATCCGAATTCCTCGAGGGCGCGCCATTTAATGGCCAGCGAGGCCGGTACCCAATTCGCCCTATAG 

Targeted Locus: 
GAGATTTCTTATTAATAGCTGTCTTTCCCTGCAGCAATTCCTGTTCATTCAGTGATGCTTGCTGCCCCAGGTTCCTAGTGCTGGAGGGAATAAGTA

CGGGGTAGGGTAAGCAGAGAGGTCAGCCTTTCCACTTCTGCTAACGTTTTTGGAAGAATCCACAGGACCAGCAGGGGAAGCTTACTGGGCAGGA

GGTGTTGAAGCACCTGAAGAGGGATAGGGGACAGCTAAGGGAGCAAACAAGGAGTGGGGCTAGGGGTGGTAAAGCGTTTGTTGTCTAAACATG
GGACTTGAATTAGAAACTCAGAACACACAACAAGCCAGGCACTGGCACTGTGCCACGCGGCTCTCATCCCACTGCTTGTATGGTGGTATGGCAG

GCAGACTGCCCTCTCACGCAGCTAGCCTCCCAGAAGTGTGAACGACTGAGAGACCCAGTCTCAAACAAGGCGAAAGGGGAGGACAGCGGACAC

CTAAGGTTGTCCTCTGATCTTCAAGTGTGTACATAAGCACACCTTCACATGTGCACTCACACACACACACACACACACACACACACGGGAAAGG
TGGGGAGAAAGTCTGTTACAAGGAAGAAGTGATCCAGGTATGAGTATCCCTTGGGAACGGCCTCTTGTGAAGACTGAAAGCTTCACCCTGCTAA

CTTTTGGCTGGAGGGAAGGTAGGACAGGGCCAAGTCTCTGGGAAGGAAGTTACCCCTAGATTCAGATGAAAGCTCTGCATACTTCCTCTCTCCA

ATGCTGACCCTCAAGAAGCCAGGCTGTGGGCAAGACCAGCACTTCCTCACTATTTTCTGCTTAATGCAAGCAAGGGTTCTGAGAACAAGCCGGA
TGGCCTCTGGCCACCTGAGGATACTCCACAAGCTATTTGCCCCACCCTTCATCTTCTTCTGGCAACTCACAGAGAGCCTACCAGTACCTTCGCTTG

TCCCTGCTTGTCCCCAGGAGAAAAGCTGAGCTCTAGGAGAGGGTTGAGAGGCTTCATTCCCTTCAGGGACACGCCATTGTTACCAGTATAGGCTG

CACTTTAGTCTGGAACCTTGCCCAGCACCTAAGTCCATCTAGAGCTGAGACCCAGAGCTCAGATCTCAAAACCACCCCAGTGCCCATATATAACC
CAGCACCCAGAATTCAGATCCCAACCCCAGTCCAACCCCAGTCCAAAGTCTCAGCCCAGAATCCAGCTGGCAGAACTCAGGGATGAGCTGGAAC

AGGCCCAAAGGCCAGTCGGAGCCAACGACCAAGGCCCAGAACTTAAGTTGAACCCCAGGACCTTAACCCAGCTCACAGACCCAAAGCCTAGTG

CCCAGAAGGCCTAAGGCTCTGGGACTAGAATTCAGACCGAAGCTAAAACAGAGTAGAGCAATCAAGTCCATCTCAGAACACACCCAAAAGCCT
AGAGCCAGGCTAGCCCCTCACCCCCAGCTATATAGCCAGGGTGGTTGTAAATACGTTTTGAGTCTGATTCTTATTTTTGGGAGTATGGGGCTGGA

GTGAAGAACAGGATTTAACTTCTTTCAATTTTTGTGAGTTTGAGGCTAGCCTGGTCTACAAAGCAAGCTCCAGGATAGCCAGGGCTGTTGTATAA

GAGAAACCTTAACTCAACAACCCAAAAAAAAAAAAAAAAAAAAAAGGTAGACTTTAAGGGAATTCAAACCTAGAACTCTATCCCCAGCTCAGA
GGGTATCAGCTCCCTAATACCAGTCCAAAGGTAGAAGTCAAGGCGAGGGGATTTCAGATCCCAACCCAATTCGTGGCAGGAGTACCTGGGAAGG

AATGTAGAAGATGAGGTGCTATTCTGTGGTCCCTCTCACCCTGGTCTGGATGATCAATTGGGAGAATTTAGAAACTAGACAAAGCAGAGGAAAC

TTTCTTTGCAAGGGCTGCTCCTCAGAATCCCACAGGACAGGAAATTGCTGCTGCTGCTGCTATTTGGTTTGGGGCAAGCCCCTTTTCTCTGGTCTC
TCCACTCTCAGGTAATTAGCGGGTGCTTGCTGAGATCGTAAACCCAGAAACAGGAGCCAGGACTACTACAGAAGACCCCTCTTTCAGTTTTTCTT

TTGGGGAGGGTCTGGGAGTTTTCAGACAGGCTCATATGGTCCAGTCTGGTTTTGAAGTTGATGTGTAGTCAAGATCGCTGTGAACTCCTGATACT

CCTGCCTCTTTCTGGTGCTGAAAACACAGGTGTGTGCCACCAAGGGCCACTTATTCCTTACTCATCAACATCCATTGAATGTTTATAAAAGGTTTC
CTTTTTTTTTTGGATTAGGTCTCATGTAGCCTACACTGACTGGCCTGGAATTTGATGTGTATCTGAGGATGACTACGAACTTCTGTTGCTCCTGCCT

CTACCTCACAAGTGTTGGGATTTGTGACATGTACCACTAAGCCCAGATTCTGCTACACTGGGCACTGAACCCAGCATTTTGTGCATACTAGACAA

GCACTCTACCAACAGCTACATTTCTAACCTAAAGTGTGTGTGTGGTATGTTTGTGAATGTGTACCCTTGTATGTGTGTGTGCAGCTGCATGCGTAC
ATACATTTGGAGACCAGAGGTCGATGCTAGGTGTCCTTTTCAGTCACTTTCCATGTTTCTTTATTTTTTTTTACATTTATTTATTTGTGTGTGTGTAT

GTGTGTGCACGCACAAATATATGGAAGTCAATGTACAAATGGAAGGAGTCAGTTTTCTCCTTCTAGCATGTGGGTCCTGGGGATTGGACTCTAAT
CATCAGGCTTGCTGGCAAGTGCCTTCCCTCAGTGGACCAATCTCACAGATTCTCCACTTCAGTTTTGAGAAAGGAGTTCTCACTGAACTTGGAGT

TCACCAACTGGGTTGGACTGGTTGGCTCCTTTCCATGCCTCTCAGCATTGGCAATAAAGGAGCATGCCCAGATTTTTCCATGAGGGCCTGGGATC

TCAGATTCTTCTGTGTGTGATGCGAGCTCTTTAGCGACTGAGCTATATCCCCAGTCCACATATTGGTTTGGATGTTCTGTTGTTGTTTTGTGGCAG
GGTTTCACTATGCTGCCCTGACTGTGCCTGGAATTCAATAGATAAACCAGGCTGAATCATGGAGATTCTTCTGCCGCTGCTTCCCAAGTTCTGGG

GTTAAAACTTGGTGCCCTCCCTGATACCTGCCTCAGATTTTTGTTCCCTCCAAGACAGAGTTTCTCTTTGTGGCCCTGGCTGTCCTTGGTTTGTAGA

CGAGTCTGTCTATACCAGCTCAGATCTTTTTTTTAGATTCTCTATTATTAAGAATTGATGGGGCTGGAGAGATGGCACAGCGGCTGAGAACACTG
TCTGCTCTTCTAGAGGTCCTGAGTTCAGTTCTCACCAACCACATGGCGGCTCACAACCATCTGTAATGGGATCTGATGCCCTCTTCTGGTGTGGCT

GAAGAGAGTGACTGTGTACTCATATAAATAAAACAGATAATTTTTTTTTTTTTGAGACAGGGTTTCTCTGTGTAGCCAGGCTGGCCTCGAACTCA

GAGATCCGCCTGCCTCTGCCTCCCAAGTGCTGGGATTAAAGGCATGTACCACCACTGCACACAATAATTCTTTTTTTTTAAAATCACACTTTACAT
TTTTCTTTAAAATTATCTGTTTTGGGGCTGGTGAGATGGCTCAGTGGGTAAGGGTACCCGACTGCTCTTCTAAAGGTCCGGAGTTCAAATCCCAG

CAACCACATGGTGGCTCACAACCATCCATAACGAGATCTGACACCCTCTTCTGGTGTGTCTGAAGACAGCTACAGTGTACTTACATATAATAAAT

AAATAAATCTTAAAAAAAAAAGAAAAAAATTATCTGTTTTGTCGGGCGTGGTGGCACATGCCTTTAGTTCCAGCACTTGGGAGGCAGAGGCAGG
CAGATCTCTGTGTTTGAGGCCAGCCTGGTCTACAGAGTGAGTTCCAGGACAGCCAGGGCTACACAGAGAAACCCTGTCTCAGAAAGGCAAAAAA

GAAAAAAGAAAAGTTGAACTAGAGGGACTGAAATGCTGCTGCTGTCACCTGGGAAGATGGGATGGGCGTCTGAGGACAATGAGCAACAGTCCC

TGTCACCCAGCTCAGCCTCCAAACTCTCTGCCTGGGAAGCCTCCCATTGTATATTCATGAGATGAGAGGAACCAATGATGTCATTCCTCAGAGTT
CTCCCCAGGGCTCTCTTCTGCCTATGGGGCAAGACTGAGAAGACTCCTTCCGTGGGAGCTTCACACCACCAATTTTCATATCAGCAAGATCCCAG

GCAGCACAAGTTGCTCACCGACTCCACGATCTTTGATCTCATCATGCCTCCGTCCCAGGTGTTTGCTTTATCTCACAAACCCTTCCTCTCTTATCCT

ACAGTGCTCACATCTATCATTACCTCCTCTGCAAAGCCTTTCAAGACTTTAATCCCTCAAACAGAGAATCTGGTGTTCTCAATTCTGGGCACTCAG
ACAGGGTTCTACAGGTTATATTCTGTGGTCATACTCTGCCTGTATTTCCCTCCACAACTAGACGCGATCTGTTCAAAAGACAAGATTATTCAGACC

TTGTTCATCTCTATTGGTCCAAAGAAAGCTTTATGACTGCACTCACAAGGCCACCTTGATCCCCACCCCCCTTTTTAAAGATTTATGTATTTATTTT

ATGTATGTGAGTACACCGTAGCTGTAGGTTGTGAGCCTTTATGTGGTTATTAGGAATTGGATTTTTAGGATCTCTGCTCGCTCTGGTCAACCCTGC
TCACTCCGGTCCAAAGATTTATTATTATACACAAGTACACTGTAGCTGACTTCAGACGCACCAGAAGAGGGCATCAGATCTCATTATGAGTGGTT

GTGAGCCACCATGTGGTTGCTGGGATTTGAACTCAGGACCTCTGGAAGAGCAGTTAGTGCTCTTACCTGCTGAGTCATCTCACCAGCCCCCTTGA

TTCCTTCAAGTATTCTTTTGTGGACTCGAGCTCTCTCTTCTCCCAGCTCTACCCACCCACCCATAGTACAAGGCCACCATGTATTAAGTTTTACATT
TCAAAACATGTTAAGAAATTTACTCTCCCAGTGGTATGTACGTATGTATGTATGTATGTATGTATGTATGTATGTATTTTAGACAGGGTTTCACTG

TGTATCTCTAACTGTCCAGAACTTTGAAGTCCTTGAACTCATGGAAATCCATCTGCCTCCTCCTTCTGAATGCTATCCTTAAAGGCATGTGCCACC

ACCTCCATCCAGCTCTCCCAGTGTTTATTAACCAAAGGCATATATCCTGCCAATCGGGAGCAGGATGAAGGAAAGAAAGTATCATGAGTTGTGA
GCTTGTGACGTTTGTTTTGAACATATACATCATCTCACTAGATCCTCAGGACAATACCCAATGAAGCATAAGTACAGATCAGATAAGTGAGAGA

AGTTGCAATCTGCTCCAAATCATAGATGTAACCAGAAACAGGGCCCTGGTGAATCTAGCTAGGTCCCAGCTATGCTGTTATCTCTTGACTTTAAT

CAATATGAATAAGTTCAAACATTATCATAAGATCATGGCATGCCACACTGAAGATGGAAAACAGCTTTCTCCCAGGGTTGGGTTGTCCAATATGT
TGTCTGTTGAGATGGCTAAAAAGGAAGAGCAAAGTCGGGGCAGGACTCCAGGGACAAGATGATCCCTGTTCCAAGTCAATTAACTTGAGTCAAA

GCTCTTCCAGCTCTGAATGGGTCAAGGCCATTGAAGCAGGGCAGGGCCTCCTTGCAGAACCGTGGTGTGATCATGACGAGGGTCTGATTAGCCA

GGAAGGGAGAGGTATTGCTCAGGCACTCATCCTACGATGTCTTCTGACGATATCACAGCTCTTGCTCAAGAAGGTTTTCACTTGAGCGCATGAGC
CCTAAGGGCACCTGCTAGCTTGGCCTAAACACTGAAGTTTCCCTTGCACTGTGTCATGGTCTTAGCATGGCCTTAGTGTAAGGTAAGGCTGACAT

TTTCCAGCTCCTGTCATTCCTTCATTTTTACATCTCCTCAGGTGTGGGAGTAGGGCTGTCTCTTTTGTCTGGGATTGAGGACCTTGCACTGGTGAG

ACTATAGAATAAGAAGAACCCGAGTTGGAAGCAGGGAATCTCTGTATATTCCCATGTTCCTCAGTTCCTCCTGAACTGGGGGTTAGAATCACCCA
TTGGTCAGCTCAGGTTTGCCTGTGGAGTGGTCCATGGTCTCATGAGATCCGATGCATCGGTCTTGAGACCTCTCTTGATCCATAACTGCGCAACC

AATATTCCAGGAACTAGCAGCCTCAAGTGACTTCAAGGGCTCTCAGACATTTCCTCTCCAAGGAACCTCTCTTGGGATCCTCAAAGTTCTCACCT

TCTAAATCTGCCCCACCTCTTCTTCACAGGGCAAACAAAGGGACAAGATCAGAAACAGGCCTAGACATCCCTATCCCAGCATCTACCGTAGGAA
GAAGTCCTTGCTTGCTTCAGGACCTGCCCAGCCCCTATCTCTTGACCTTAGTTAGCGGTTCCCTACCCAGGATGTAAATTTGCCAGTGATTTGTTG

AGCCAAGTATGGGTTTGACCCTTTTCTCTAGAAGTTTGGGTCACAGGTCTGGCAGGTCAGGACTATAGATCAATCTTATCACCAAGAGATAGATT

mailto:mmrrc@ucdavis.edu


GENOTYPING BY PCR PROTOCOL 
MUTANT MOUSE RESOURCE & RESEARCH CENTER: UC DAVIS 

mmrrc@ucdavis.edu  
530-754-MMRRC 

PCR protocol developed by MMRRC at University of California, Davis 

GCAGTTACTCCATCTGGCAGCAGTAGTATTCAGCAACACTTTCCCTCAACAGTAATGTGCGATTCCCAATTCCCAAGTGCTTCTTTCTGATAATCT

GCCCCAGGAGATTCTAGTCTGTGTCCCACTGGGCCAGAAGTATCATTTTGAGTTATCATATGTTATTTAGCTTCCCAAAGATTTACAACAACAAC
AATAACAACAACAATTTTTTTTTTTTTAATTTCTGTTGTTGAGACAAAGTTACTCTCTAGACCTGGCAGTCCTGGAATTCTCTATGTAAACTAGGG

TGGCCTCAAACTGGCAGAGATCTCCCTGCCTCTGCTTCTCCAGTGCTGGAATTAGAGACAGGCAGCTAGTTACAAGAAAAACTTTATCTCCTCTG

GCAATAAGAGCTTTACTTGGTGAGGTTTTGCCTAGTCTAGAAGTAATAATAACAATAACAACAGTGAAACAATTTACAGTGAACAGTGAAACAG
TTCTTACAGCAGTGGTTCCCAACCTTCCTAATTTTTTTTTTTTTTTTTTTTGATTTTTCAAGACAGGGTTTCTCTGTGTAGCCCTGGCTGTCCTGGAA

CTCACTCTGTAGACCAAGCTGGCCTCGAACTCAGAAATCTGCCTGCCTCTGCCTCCTGAGTGCTGGGATTAAAGGCGTGCGCCACCACGCCCAGC

ATTCAACCTTCCTAATTCTGGCAACTCTTTAATACAGTTCCTCGTGTTGTGGTGACCCCAAACCATAAAATTAATTGGTTGATCCTTCGTAACTGT
AATTTTCCTACTGTTATGAATTATAATGTAAGTATGCAGGATATCTGATATATGACCCTCAAAGGGGTCATGGCCTACAGGTTGAGAACCACTGG

CTTACAGTGTGTCAAGTGATTATTTTAAGCATTTCATTTAATCTTCATGTAATTATGCCAACTTAGTGAGATAAGGAGAGATAGAGGTAGGAATA

GAGATGGAGAGAGAGAGAGAGAGAGAGAGAAAAGAGAAAGAGAGAGGAGAGTGTATATGGCACACACATGTGGAAGGGGAATGTACGTTCA
CCCATGTACACATGTGTGGAGGCCAGAGTCAACATCTTGTGTTTCTCTATGGCTTTCTACCTTATTTTTTGGGATAGACTCTCTCTTCGAACTTGG

AGCTTACTATTTCAACTAGATTGGCTGGCCAGCAAGTCCCTGGGATCTGCCTCCCTCTGCCTGCCTGTCCATCCTCCAGTGCAGATGTTACAGACA

TGAGCCACCTTGCCTTGCTTTTATATGGGTTATGGGCATACAAACTTGAGCCCTGTGTTGCACAGCAAGCTCTTTACCTACTGAGCCATCTCACCA
GCCTCTATTTTTTTTTTTTTTTAAATTTTAGTCAGGATCTTACCAGGTAGCCTAAGTTACTAGTCTTTTATTTGCTTGTTCGTTTGAGACAAGATTTC

TCAATGTAAACTGGGCATGGTGGCGCACACCTTTTACTCCCAGTACTCAAGAGGCAGAGGCAGAGACAGAGGCAGAGGCAGAGACAGAGGCAG

AGGCAGAGGCAGGCGGATTTCTGAGTTCCAGGCCAGCCTGGTCTACAAAGTGAGTTCCAGGACAGCCAGGGCTATATAGAGAAACTCAAGATTT
CTCAGTGTAATAATCCTGGCTGCTCTGGAACTTACTTTGTAGACCAGGCTGGCCTCCCACTCACAGAGATCCACCTGCCTCTGCCTCTGTCTCCTA

AGTGCTGGGACTAAAGGCCTACACCACCACAACTTGCTAGGCCAGCTAGTCTTGAACAATCCTTCTGCCTCAGTTTCCTAAGCGCTTGGATAGCA

GGTATGCATGACTATGCCAGTTCCTGGTAAATCAAACCTGGGACTTTATGCATGCTAGACCAGTACTCTAGCAACTGAACAGTATTCCTATCCTC
TCTGGGACCTTTGTGTACACTCCACTTCTCTACTTCCAGAAAGGTCAGGGGACCCAGTTGTTCTCTGGGGAGGGCCTAGCAGCAGCCTTGCTTGA

ATGCAGGGATGTGCAGAGCAACACAGAGGACGCACACACATTTGCCCTTAGCTGAAATCTTGAGCTAGACCCAGAAAGGGGACTGGTGGCTAG
AAGGACAGACCTACTCCTGGATGAATAGCTGCGTGCCATTAGGGAGAAGTTCTTCCTCTCATGAGAAGATGGGGGCTATGAAGAAGGGGCCCAT

GTTTCTCCTCCAGGCTTCTGAGGCCAATAGAGCTGGCTAGGTTTCCAGAGCTTCAACCTAGTTACCTGGGCTTTGAGCCTGATGGTATGGATAGG

AGGAGGTAGAAAGGAGAACTTTCAAAGGGACTAATGGAGTTACCTGGTCAGGACTGTAGGTACCTGAATAGATAGCAATCAAGTTTGTCATCAA
GCTTATAAAATCAAACCCTTGTCTCTCTTCTTTTAGTTTTGGGTTTAAACATCTGTAGAACGGGGTAACAAAAACACCCTCTGTCATCAGTGTTGG

AATAAGTAAATTAGATGGTATACACAAAGCAAAAGCACTGAGCACCATGCTTGCTCAGGAAACAGTGAGAATTTGGTGACTGGGGACTGTTGGG

TTTATGATGCTCTGATTTGCTCATGATGATTTACTGTCTCTCGGGTTGCGTTACAGAGCTCTGTCCTGACCAGTAGGGCTAGAAGTTAGAACAAGC
TGGGCCTGAATTCAGAGTGGAAGAAAATCGTGGGCAATAGAGCTAGGATTCAAAACAATGTCCACAGGCGGAAGTAAGCCAGATGTCATTATTC

TGCTGAGCGCTTGGGGACACTACACAGAATAGAGGATGGTGAAGAAACCTGACTTGACCCCAAGCTCTGGTGCTAAGAATCTGAATAATTTAGC

TAACCACAACCTGATGGGAACTAATCACGGGAGAGAAAGGCTCTGAAACCCAGCAGTCTTAGGCTGCATTAACAATGTGTCGTGTCCAGACTGG
GGGAAATAATAGGTCTATTGTACTGGCTTGGTCAGGCCATATCTGGAATCTTGCGTTGCTACACTGACAGACTGGAATCGGGCCAGGAGGGGAA

CTAGCCCAGCCTCAGCTCCTGAGTCCTTGTGCGCGAAATGTTTCCTGTACAACTTCTTGTCTTATCCCCCAGACAACGCTATTAGGTAGGTCCCTA

TTTTGTACACAAGGAGGTTAATAAAGTTGTTCAGGAACAACTAGATAGCCCGTCCATGGAGGTGCCTGGGGTTTTTCTGAATGGGCTGGCTCCTC
TGGTGCTTCAGCTCACACTCACTGTGATTTAGTGGGATATGGGAGTGAAAGAGATAGAGTTCTTATTTTCAAGGAGGGCATAATCTGGCTCGGTT

ATTCAGATCACTTCTGGAATGCTGCCATTCAAAGGAGTGAAGAATTTAGGGCTGGAAGAGACTGTACAGGACTCCATAGCTTCCCTCCTATAGTA

TGGAAGAGAGAGAGGGCAGTGTGACAGTGGGGACAACAGGCCTTCTTACAGTCTTCACTATTTCCCTTGGCTTGTTTCTGGACAGTGATGTGCCA
GGGCACACAAGGGTGCTGTGGCCATTGTGGAGGAGTCAGATCTCAATAGCTCTTCCCTGCAATCTGAACTAAGAGGAGGGGAAAAAAAAAAAG

CTTGACACTGAGAAACACAGGTCCTGTGTGAGCGGTCTCTGAGAGTCTAAGCAGTAACTTCACTGAAGAGGGAGAGCTGGACTTGACCCAGGCT

CCTGGGGATCTGTGAAGGCTGGAGTGCCATTAGCAGAGGTGGAAGGAAAGGCAGCAAAGACCGTTCTCTGCTGGCACCTATGCCTGGCCTCTGT
TTAGATGATGACGGTCCTCCCTTCTTTCAAGGACCACATTCCTCTGCATGCTCTTTCTCAAAGCTTTTCTTTTCTCTTCTCTCTTTTCTTTTCTTTTCT

TTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCGACACAGAGGGCTGCTGGCGTCTTGTATCTCCCAGGGCTTCCTGTC

TGGGAGCACAGACATAGCTCAGCCTTCTGTAATTTATGCTGAGGGGCAGAGCAGGAGAGTTATGAGTAAAGACTTTGGAACTGGACAAAACCTT
TCTGGCCTGTCTGTGTCGCAACAGCTGTTCTTCTTGTGTCCCCCTTTCCTGGGTTGTAAAATGGGGATAATAATAGTACCACCCTCAGATGGCGTT

CATAAGCACCCAGTGAGGTCATGTTAAGCCTGTTAGAAAGCTACCCATAAACGGCTGCTGTGGCCATGGCTCCTTCTTAGAACTTGCGAGTTCCC

CTGCCTGGAAGCGGTAGCCACTGGACTTGGTAATTTTTCTGTCCCATTGAAAAAGGCCCCTACTTTTCAAAGGGAGGAAGAGGAAATTGTCGATC
TTGAGACACGAGGGACATTGATAATGAAAGTTACAGCCCATGGCCTCAGGTTTGGGGGAGGGGAGAAGCCACCTGACTCCGGATTTTAAAAGG

AGCTGATGGGGATTCAGAAGTCAAGGGCCACAGGCTCTACTCAGGGAAAACTCACTCTGGGGGACCTCGGACAGGTCACTTTCAGCCTGGGACT

TCAGTTTCCTCGGGCGAGTCAGGTGGGTTTCTCAGCTTTGCTTAGGTAGTTAGGAGCACGCGGTGTGGGTTGCCGGCTTTGAGAACGTGGCTGAG
CAGCGAGGCTCCGCCAGCCGAGATGGGCAGGCGCGTGCAGGGATTGGCTGGAGGCGCAGGCCCGAACCTTTAAGAGGCGCGGAGGGGACGTGC

TAGGGAGTTTTCATCGCCGGCGTTCCTGGTTTGCTAAGTGCTAGCGAACGTAGTAGTGGCTGGGCCGCTCTAGAGGCCATAGCGGCCATTTAAAT

GGCGCGCCGGATCCCGGGCCGCTCTAGCTAGACTAGTCTAGCTAGAGAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCC
GCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCT

TCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCT

TGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAG
ATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAA

GGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAA

AAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAAGCTTGCCACAACCATGGAAGATCCCGTCGTTTTAC
AACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCG

CACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTG

GAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCATCTACACCAACGTAACCTATCC
CATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGACGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCC

AGACGCGAATTATTTTTGATGGCGTTAACTCGGCGTTTCATCTGTGGTGCAACGGGCGCTGGGTCGGTTACGGCCAGGACAGTCGTTTGCCGTCT

GAATTTGACCTGAGCGCATTTTTACGCGCCGGAGAAAACCGCCTCGCGGTGATGGTGCTGCGCTGGAGTGACGGCAGTTATCTGGAAGATCAGG
ATATGTGGCGGATGAGCGGCATTTTCCGTGACGTCTCGTTGCTGCATAAACCGACTACACAAATCAGCGATTTCCATGTTGCCACTCGCTTTAAT

GATGATTTCAGCCGCGCTGTACTGGAGGCTGAAGTTCAGATGTGCGGCGAGTTGCGTGACTACCTACGGGTAACAGTTTCTTTATGGCAGGGTGA

AACGCAGGTCGCCAGCGGCACCGCGCCTTTCGGCGGTGAAATTATCGATGAGCGTGGTGGTTATGCCGATCGCGTCACACTACGTCTGAACGTC
GAAAACCCGAAACTGTGGAGCGCCGAAATCCCGAATCTCTATCGTGCGGTGGTTGAACTGCACACCGCCGACGGCACGCTGATTGAAGCAGAAG

CCTGCGATGTCGGTTTCCGCGAGGTGCGGATTGAAAATGGTCTGCTGCTGCTGAACGGCAAGCCGTTGCTGATTCGAGGCGTTAACCGTCACGAG

CATCATCCTCTGCATGGTCAGGTCATGGATGAGCAGACGATGGTGCAGGATATCCTGCTGATGAAGCAGAACAACTTTAACGCCGTGCGCTGTTC
GCATTATCCGAACCATCCGCTGTGGTACACGCTGTGCGACCGCTACGGCCTGTATGTGGTGGATGAAGCCAATATTGAAACCCACGGCATGGTG

CCAATGAATCGTCTGACCGATGATCCGCGCTGGCTACCGGCGATGAGCGAACGCGTAACGCGAATGGTGCAGCGCGATCGTAATCACCCGAGTG
TGATCATCTGGTCGCTGGGGAATGAATCAGGCCACGGCGCTAATCACGACGCGCTGTATCGCTGGATCAAATCTGTCGATCCTTCCCGCCCGGTG

CAGTATGAAGGCGGCGGAGCCGACACCACGGCCACCGATATTATTTGCCCGATGTACGCGCGCGTGGATGAAGACCAGCCCTTCCCGGCTGTGC
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CGAAATGGTCCATCAAAAAATGGCTTTCGCTACCTGGAGAGACGCGCCCGCTGATCCTTTGCGAATACGCCCACGCGATGGGTAACAGTCTTGG

CGGTTTCGCTAAATACTGGCAGGCGTTTCGTCAGTATCCCCGTTTACAGGGCGGCTTCGTCTGGGACTGGGTGGATCAGTCGCTGATTAAATATG
ATGAAAACGGCAACCCGTGGTCGGCTTACGGCGGTGATTTTGGCGATACGCCGAACGATCGCCAGTTCTGTATGAACGGTCTGGTCTTTGCCGAC

CGCACGCCGCATCCAGCGCTGACGGAAGCAAAACACCAGCAGCAGTTTTTCCAGTTCCGTTTATCCGGGCAAACCATCGAAGTGACCAGCGAAT

ACCTGTTCCGTCATAGCGATAACGAGCTCCTGCACTGGATGGTGGCGCTGGATGGTAAGCCGCTGGCAAGCGGTGAAGTGCCTCTGGATGTCGC
TCCACAAGGTAAACAGTTGATTGAACTGCCTGAACTACCGCAGCCGGAGAGCGCCGGGCAACTCTGGCTCACAGTACGCGTAGTGCAACCGAAC

GCGACCGCATGGTCAGAAGCCGGGCACATCAGCGCCTGGCAGCAGTGGCGTCTGGCGGAAAACCTCAGTGTGACGCTCCCCGCCGCGTCCCACG

CCATCCCGCATCTGACCACCAGCGAAATGGATTTTTGCATCGAGCTGGGTAATAAGCGTTGGCAATTTAACCGCCAGTCAGGCTTTCTTTCACAG
ATGTGGATTGGCGATAAAAAACAACTGCTGACGCCGCTGCGCGATCAGTTCACCCGTGCACCGCTGGATAACGACATTGGCGTAAGTGAAGCGA

CCCGCATTGACCCTAACGCCTGGGTCGAACGCTGGAAGGCGGCGGGCCATTACCAGGCCGAAGCAGCGTTGTTGCAGTGCACGGCAGATACACT

TGCTGATGCGGTGCTGATTACGACCGCTCACGCGTGGCAGCATCAGGGGAAAACCTTATTTATCAGCCGGAAAACCTACCGGATTGATGGTAGT
GGTCAAATGGCGATTACCGTTGATGTTGAAGTGGCGAGCGATACACCGCATCCGGCGCGGATTGGCCTGAACTGCCAGCTGGCGCAGGTAGCAG

AGCGGGTAAACTGGCTCGGATTAGGGCCGCAAGAAAACTATCCCGACCGCCTTACTGCCGCCTGTTTTGACCGCTGGGATCTGCCATTGTCAGAC

ATGTATACCCCGTACGTCTTCCCGAGCGAAAACGGTCTGCGCTGCGGGACGCGCGAATTGAATTATGGCCCACACCAGTGGCGCGGCGACTTCC
AGTTCAACATCAGCCGCTACAGTCAACAGCAACTGATGGAAACCAGCCATCGCCATCTGCTGCACGCGGAAGAAGGCACATGGCTGAATATCGA

CGGTTTCCATATGGGGATTGGTGGCGACGACTCCTGGAGCCCGTCAGTATCGGCGGAATTCCAGCTGAGCGCCGGTCGCTACCATTACCAGTTGG

TCTGGTGTCAAAAATAATAATAACCGGGCAGGCCATGTCTGCCCGTATTTCGCGTAAGGAAATCCATTATGTACTATTTAAAAAACACAAACTTT
TGGATGTTCGGTTTATTCTTTTTCTTTTACTTTTTTATCATGGGAGCCTACTTCCCGTTTTTCCCGATTTGGCTACATGACATCAACCATATCAGCA

AAAGTGATACGGGTATTATTTTTGCCGCTATTTCTCTGTTCTCGCTATTATTCCAACCGCTGTTTGGTCTGCTTTCTGACAAACTCGGAACTTGTTT

ATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATTTAATTAAGGCCGCGGGATCGATCCCGTCGAGCAGTGTGG
TTTTCAAGAGGAAGCAAAAAGCCTCTCCACCCAGGCCTGGAATGTTTCCACCCAATGTCGAGCAGTGTGGTTTTGCAAGAGGAAGCAAAAAGCC

TCTCCACCCAGGCCTGGAATGTTTCCACCCAATGTCGAGCAAACCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGG
GCGGCGCGGTCCCAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCCAATATGGGATCGGCCATTGA

ACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCC

GCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGC
GGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGT

GCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGG

CTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGA
AGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCC

TGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTT

GGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCG
CCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGGGGATCGGCAATAAAAAGACAGAATAAAACGCACGGGTGTTGGGTCGTTTGTTCGGATCCGA

ATTCCTCGAGGGCGCGCCATTTAATGGCCAGCGAGGCCGGTACCCAATTCGCCCTATAGCCTTTGGTAGCCAGAGGGAACTGATGGGCTCTTGGT

AGGGTCATTCAGTTTTCCCCAGTGGTAAAACAAGACCAGGACACATTCCTTGGCTGCCACTCAGGGTCACAGTGGATGGGAAGTAAGGCTTTAG
GAAGTGTGCGGGAGGGGGGGGGGCGCGGTCTACCTGCCCCAGGAACCACAGCTGGCAACTCTTCCTTGCCTGGCAGGAGCAATAGAGAGCCTG

GCGGAATAGGGCAGTGGCTGAGGGAGAATGGGACCCGCTAGTGACGCTGTTCTTAGAAGAGACTGGCACACCATGTCCCTGGCTGGAAGACAG

TCAGCTGGCTTGGCTCAGGGTTTAGTGGGTGTTGCTGTTGCTAGGTTGATGGAAGAACTGTATCTCACCTTCACCTGAGGAGCAGCAGCTTGCTG
CTGATGGCTAGGGGAAACCTGAAGGTGCAGGCAGATGTTAGTGTCCTGGGACTAGGGGGTCTCTGATGGAAAGGGCTAGTTTGGGTGAAGCAG

GGCTACTGTGTGTACTTTGAGAAGCCTTGGCTGGCAGCCTGGCATCCAAAGAATTCGCCCTGTCTGGATGAGAGAGTGGGAGACTGGGTAACCA

TGGCTCCGGGGTGCCCTCACTGGCTCTTTTCTGTGTAGCATCTCTGGGCAAGCGAGGCATATTAGTTTCCATTTGCAGGTGTGGAACACTAAGCC
CCAGAAAAGACAGAAGACTCATTCAGTAGCTAGGTTTCCAACAGTTCCCATGGCTGGGTCCCAAGCGGGTTATAAATAAGAGGAACCTGCAGTT

GACTATAAAATGGGGTTACAATAAGTGGGGAGAGTACAGAGTGGGGATACAGTGTGGGGAAGGCTGCCAGCTTTCCAGAGCAGGGTTGTGACA

ACTGGATATGGGGGCACACACCAGTTATCCCAGCACTTAAGAGGCCAAGACAGGATTAAGATTCAAAACCAGCCTGAGACTCTGTCTCAAAAAC
AAAGTTAAAAAGAAATCAAGGTTTTATGGATGATATTAAAGCTAGACCCTAAAGTGTTTGGGAAGTATGAGACGGTTTGAGTAAAGGGTTATAG

GACATTCTCTAAAAGTCATCTATAGAGCAGGCATAAAGTCACACATCTGTAATCCCAGCACTTGCAAGTTAGACCAGCTGGGTCTACTTGCCAAG

TTCTAGGCCAGTCAGGACTACAGATGAGTCTCCCTCTACATACATACACACACACACACACACACGCACACGCACACGCACACGCACACACACA
GTGTGTGTGTGTGTATGTGGGGGGCGTTGTCACTGGAGAGATTGTTCCATGGTTAGGAGCTCACTGCTTTCTTAGAAGACCTGAGTTGTGAGTAC

CCAGGCCAGGCCACTCACAACCACAACAGCCTATAACTCCAGCTCTAGAGGATCCAATATCTCTAGCTTCCAAGGCTCCTGTACTTGTTCAAACA

AATCCCAACACACGATCACGTAATTTAAAAGTAACATGAATTCTAAGAAAAAAAAAAGATAAAAGAAAACCTCTCCGCATTCCCCTTTCCATAT
GCAGGCTAAAGCTTGACCTCATAAAAACACACTGTAGCTGATACGTCTTTTACAGATAGGGAAACTGAGGCTCACTGAGGGGTGCAGGGAACAA

ACACGAGCTCTCTTATCAGGTGGCCAGGGGCTCGGAACTGTCAGGGGGAAGGAAGGAAGTGACCTATGTTCAGTGTTTGATGAGATGTTTCTAA

GTGCAGCAGAGGGAAGGAAAGATCTAGAGAAGCTTCACACATAGCCCCACTGCAAAAATGCCGTTATCGGAGATACGACGTTGTCGCCACCATC
ATCACCACGATGTTGTTGGGGTGTTTTTGTTTTTGTTTTGAGACTGGGCCTTTCTATGTAGTCTTGACTGTCCTGGAACTCACTATGTAGACCAGG

CTGGCCTTGAACTCAGAGATCTTGCTTCTACCTCCAGAGTGTTGGATTAAAGGCGTGCGCCACCACATCAAGCCACTGTTGTCATAATTGTTTATC

ACAATGTGGGAGAACTAAACCCAACAGCCCATCCATTCTAGACAAGCATACTACTACTGCGATAAACCCCGGAACCTGCTAGTGTCACTATTAA
GACAGTGAGTGAAACCAAGTGGTGGCGCACACCTTTAATCCCAGCACTCAGGAGGCAGAGGCAGGCGGATTTCTGAGTTCGAGACTAGCCTGGT

TTACAGAGCGACTTCCAGGACAGCCAGGGCTGCAGGGAAACCTTGACACGGAAAAAGAACTTCATGAAAATGTTTAAGATCCAGGTGGGAGGT

GGTGTAAGGTCTTGGTGGTTCAGCTGTGCCAGGGAGGGATGCTCCGCTAAGGCAATGAATGAAGGACACCTTTTGCTTCTTCCCCATGGCAGGTG
GAACCACTTCCTGCTTCCATTATCCTTTTTGTGGGCCGAGCCTGGGATGCCTTCACTGACCCTCTGGTGGGCTTCTGCATTAGCAAGTCCTCCTGG

ACCCGCCTGGGCCGCCTCATGCCCTGGTAAGTAGAGACGCTCCTTCGAAGTGCAGAAAGGCAGGCTTCTGGTGTCGTGTCCCCCCCCCNNNNNN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNCCCCCCCCCCCCCCCCCCCCGCCCAAGTCCTCCTCCATCTCTTGTCACAGGTTGGAGGTTGATGGGAAAGCATGACACAATAGCTCAATG

GTGTCGAAACCTCTCAACCTGTGGCTTCAGCTGCCCCAGGCACGAGCATTGGGACACCTAGACAGTTCATTTCGGGGCTGGCCAGAGTGCTGAGT

TAGTTTCCTCCCCCAGCTCAGGCCTCAGGGCTCCCCAAGGTCCGCTCACTCACCTTGGTGAGACTGGAATCCCTACTTCTGCCATTCTGTGGCAGC
AGAGGTAGATAGGTCTTTGAAACAATTGAGAGGTTACCTGGGTTTGAATGGCAGCTTCACCACTTACAGCTGTGCAGCCTCAAGCAAGTTATTAA

ACATCTCTGATCCTTAGGTAAAGCCGAGGTACGGTGAGGACGTTAATATGTAAAACGTTCAGAACAGCTCCTGGCAGGTAGTGATACACAATCT

GACATTCGTTCAAGGTAGTTAATGGTAGGACATGGGTAGGGGCGATACTAAGAAATACCAAGAATGGCCTTGTGTACCCATCCCAAAGCACTGA
GTGATGGGACTATTTTTTCCCTTGGTGTTATTCAGCTTCAGCTTGTGGGGCAAGGTTGGGGGAAGGCAGTTGCCATAGATCAGACAGTGATGGAG

ACATACAAGACAGGCCAAGCAGAGCTCTGGTTCCCTCCAGGACATCCTGCTTCAGGAGGTGGGGGGGTGTACCCCTTTCATCTCCAGCCCATCCA

AGCTTAAGTGGGCGCCTTCCTGCCCCAGGGGCGCCCATACCTGGTCTCCGGCCTTCAAAGCTCTTCCAGCAGCCTCTGCACCTCCGCAGTTTCCTT
TCCCACGAGGCCCCCCACCCACCCCAGTCCTGCCAGCCCCTGGCAGAAACCCAGTTTGGAGCCTTTGATCCAGGCTTCATGGCCAAAGGGGGTG

AAGGAGGGGGTAGGAGAGCCTCCTTTACCTGGGCAAGCTGCTCAGGGAGTCCTGAGAGCCAGCCTGCGAGACTTGGCCCTGTGCCGGCCTCTTG
GCAGCTGGTGGAGGGCGGGGCCCCGCTCCCACATCGCCTCATGAGGCCCAGCCAATGGGAGGCCGCTGCCTGACGCGATGCCGGCACAGGGTTA

CTCCCAGTCACATCGGGTTCCTGTTCACTGTTCAAGCTGCCTGTCTCTGAGGATGGAGTGTTTGAGGAAGGCTAAGGAGGAGCCCTGTTCTCTGA
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GGCGACAACGTGGAGGGGTGGAAGGAGGAGGAGGAGGAGGGCAAGCAAGGCCTCCTTGTGGGAGGGAGATCTGAAGACTCTTGCTAGGTCAG

TGTGACTGCTATTCCAGGAAAGTTGCTAGGTCCCCTTAGGTTGCTTTCTAGATGGCAAGTGCCTGGGTATGCGTCAGAATACACATGGGATGACT
CATAGGCCGAGGGGCCATTGTGTTCATGACATCCCAGGTTGCACCTCTAGGCTTGGAGACCAAAAAGAGGTTGGGTCTGTCAGGGTTGGCTAGT

GTTAGCCTTGCTCTCCTCTCCTTCCAGGTGTTAGGAGAGTTCCTACTTCAAGCCCCTCCTACAAACTACAAAGAAAGTGACATTCTCTCACCTGGG

AACTCCTAAGGCCAACTGTGAGACCCTGTCAGCAGAGTCACACAGAGAGATTGAGATGCAGGGGGGCCTGAGGTTGGTGGATTACCAGGCACT
GTCCACTTGCAGCCCTGGCCTGTAGTAGTTCCCGAAGGCCACTTCTCCAGTTGAGCCCTTCTGCTGTGATCACAGCAAACACTTAATGTCCCAAG

TACTGTTCAACATTTTTCTGTCAACTTATTTAAGACTCAAGCCTACTTCAACACACAAAGTGGAAGTCCTTACACTTGCCTGTGAGGTGTGCCATT

TTCTCCACATGTTATCTCCTAATTCCATCTCCCTTGCTCACTGTCCTCCGGCCCACAGGCCCTGCTGTTCCATCCTCCTGCCTCAGGACCTTTGCAC
CGACTCTCCCCCTGACTGGGGCCACACTCTCAGAGATCTGCAGTCTTGACTCCCTGACCCCATCGTCCTCTCAGCCAGCTGAGAACTGTGCCCTC

AGTCTCCTGTCTACTTACTCTCTTCTTTTCTCCATAGCATGTGTCACCTTTTAATATGCTATATGACTGTTGCAAAGACTGTGACAAAATATCTATA

GCATAGCATTTGCCTTATTCATGTATTTATTTGTGGTAGAACTCAAACCCAGGGCCTTGCACATGCCAAGCAAGTGTTCTATAGCCTTGATTTTTG
TTCAATTTTGTTCTTTGAAGGCAAGGTTTTATGCAGCCCAAGCTAGCCTCCACCTCCTGATTCTCCATTTCTTAAGTGCCCAGATTAGAGTCGTGC

ACCTCCAGCGAAACCCTTGTTTGTTTTATTATTTGGTCAGGGTCTCACTGTGCAGCCCTGGCTACCCTGCAATTTCTTATGTAGAGAGCAGTGTGG

TCTTAAGCTCACAGAAATCAACCTGTATCTGCCTCTTAAGTAGAGGCAGGGGGGTCCCTGAGTTGGAGGCCAGCCTGGGCTATGTAGAAAGATA
CTGTCTCAAACAAAACAAAACACACAAACAAACAAAAACCAAAACAAACCAATAGTGAATCTAGTGTGTAAATGTTTTGCTTGCATGTATATCT

GTGCCTGGGGAGGTTAGAAGAGGGCGTTAGATCTTTTGAAACTGGAGTTATGAATAGTTACCCAATGCCATGTGGGTACTGAGAATTGAACCCT

AGGTCTTATGCAAGAACAAGTGCTCTTAACTGCTGAACCATCCCTCCAGCCCCTGTGCTCTTCGTTTAAAAAACAAAATCAGATCTCAATATGTA
GCTCAGGTTGACTCTGAACTCAGGCCTTTTTGCCTTTGTTTCTTGAATGTGGGGTTACAGGGCACACCACCATGCCCAGCTCATTATAAACTTTTA

AGGTGTCCAATAAAGTAGCATTAAGTATAGTCACATCCTTGTGTGACCATCACTACCTTCTATCCCAAACCTTTTTGTTGTTGCTGTTGTTTTGAG

ACAGAGTGTCTCTGTGTAGCCCTGGAACTCCCTCTGTAGACCAGGCTGGACTTGAACTCAGGGACTCTGCCTGGGTTGGCCTGCTGAATGCAGGA
GATTAAAAGCATGTGCTTCTACTGCCTAGCTCATCCCAATAATTTTTTTTTATCTTTTCCAACCCAAACTTTGAGTTCATTAAAAGATAATCCCTAC

TCCTTCTTCCCTGTCAACCACTATTTCTTGGGACTGAGGGTGGGATTCTGGGAGGATAGATTGTGATGTGTATGTGTAGGTCAGGGGACAACTTG
TAGGAGTTGATTCTTTTTCTCTTACCCGTCTGTGAATTTGAACTCATGTCATCGGGTTTAGGGCTTGACAAATCTTGCTGGGTCATGTCTAAAACT

GGATTTGGTTACCCCCTGTAAATTAAGCTGTACAATATTTCTCTCTCAGGAACAGTTATATTCCAGGTGGCCATTCCTTAAAGTTCTGTGTTGTCG

CATGTGTCGAGATTTTTATTTTGGGGGCTGAATAACATGCAATTTTTGTTGCTTACCAACTAGAATTCAAGTTTTACAAGAGCGATGGTGTCTTCT
TCACTGTTATATCTGCAACAGTTAGAATAGTTCCTCGCCCATAATTACACCTCATAAATATTTAGGTAAACGTTGAATGTAGGCAGTGCACGCTTT

TTTATTTTCATTTTACATATGAGTCTCAGAGAAGTTAAATACTTAACCTTAACCAAGACTTTTATAGTTAGTGACAGACTCAGAAAGTGTAACTCA

AAGCTTCCTTCTTTTTTGAATATTTGTTACTTATGGGTGTATGCGCACACATGCATACATACATGTGGGCATGCCGCAGCACAATATGTGGAGGCC
AGAGGACAGCGTGTGGGAGTTGGTTCCCGCCTTCCTCAGCTGTGTTCTAGGGATAAATCTCAGGTTATCTGCGGCCTCGCAGCAAACGATTTTCC

CACTGGGCCATCTTGCTGGCCTGAGGCCTTCCTTTTAACCTTTGCACTCTGCTTCCTATGCAAATGCTGGGAAGTTGATCCGCCTGGAGGGATCCA

TATTTCTCACGATGGTTTGGCCAGACATTTGTCCCCTACCTTCCTTAGACTTCTGTGACTGAGCCCGGTCCTCTTCCGTGACCCCTTTCTCCATTAC
CTGGAGTTGGCCTCTTCTACCCACTCCAGCTTCCTTGTGTGTGTGTGTGTGTACAAGAGATGCATGGAAGGTTAAGGATGATGCTGGGACCACCC

CCTTCACGGGGAGTCTTGCTCCAGGAAAGATATGCTTGAGACTCAGAGTCTGACCTCATGCTCCTTGCTCTATGTTCCCTTCAAGCTCCTTGCTCA

AGATTTTGGTCCAGGAACTTGCCCTAGTCGGTCCTTCAGGCATGGGCATCAATCTTTCTCCGAGGCTCTGGGTTGGGAGGGCTCATACTTCTTCCC
CCGTTGATGGGCACTTGTGGAGCAGTTCTGGGCTCTTAGACTCCTCTAGCCTCCACTCAGACCCCTCTCCTTTCCTCAGGATCATCTTCTCCACTC

CCCTGGCCATCATTGCTTACTTCCTCATCTGGTTTGTGCCTGACTTCCCATCAGGGACGGAAAGTTCACACGGCTTCCTTTGGTACCTGCTTTTCTA

TTGCCTCTTTGAGACA 
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