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1. Synthesize DNA oligoes encoding the first, second and third shRNA as shown below: 
 
First shRNA   
   KpnI             shRNA sense (use your seq)     
    5’-CTGCT GTTGACAGTG AGCGAATCCT GGTCAGTTCT ATTAATTGTG 
3’-CATGGACGA CAACTGTCAC TCGCTTAGGA CCAGTCAAGA TAATTAACAC 
 
   AAGCCACAGA TGAATTTAAT AGAACTGACC AGGATCTGCC TACTGCCTCG 
   TTCGGTGTCT ACTTAAATTA TCTTGACTGG TCCTAGACGG ATGACGGAGC 
   shRNA antisense (use your seq) 
 
   GACTTCAAGG G-3’  
   CTGAAGTTCC CTTAA-5’ 
   EcoRI 
 
Replace the blue seq with the sense strand seq of your shRNA. 
Replace the red seq with the antisense strand of your shRNA. 
 
The transcript of the above fragment is predicted to spontaneously form a secondary 
structure as shown below. 
 
 
 
 
 
 
 
 
Second shRNA   
   PstI             shRNA sense (use your seq)     
    5’-GTGCT GTTGACAGTG AGCGAATCCT GGTCAGTTCT ATTAATTGTG 
3’-ACGTCACGA CAACTGTCAC TCGCTTAGGA CCAGTCAAGA TAATTAACAC 
 
   AAGCCACAGA TGAATTTAAT AGAACTGACC AGGATCTGCC TACTGCCTCG 
   TTCGGTGTCT ACTTAAATTA TCTTGACTGG TCCTAGACGG ATGACGGAGC 
   shRNA antisense (use your seq) 
 
   GACTTCAAGG CTGCA-3’  
   CTGAAGTTCC G-5’ 
   PstI 
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  3’-GGAACUUCAGGCUC-CGUCAUCCGUCUAGGACCAGUCAAGATAAUUAAGUAGACACCG 



Third shRNA   
   XhoI             shRNA sense (use your seq)     
5’-TCGAGTGCT GTTGACAGTG AGCGAATCCT GGTCAGTTCT ATTAATTGTG 
    3’-CACGA CAACTGTCAC TCGCTTAGGA CCAGTCAAGA TAATTAACAC 
 
   AAGCCACAGA TGAATTTAAT AGAACTGACC AGGATCTGCC TACTGCCTCG 
   TTCGGTGTCT ACTTAAATTA TCTTGACTGG TCCTAGACGG ATGACGGAGC 
   shRNA antisense (use your seq) 
 
   GACTTCAAGG C-3’  
   CTGAAGTTCC GAGCT-5’ 
   XhoI 
 
2. Insert the first shRNA. 
 

1) Anneal the two DNA oligoes as follows: 
  A, dissolve the single strand in H2O to a final concentration of 40uM 
  B, mix 20ul of each strand in a PCR tube at equal amount 
  C, denature the mixed DNA oligos at 95°C for 10 min 

D, reduce the temperature by degrees, stay at each degree for 1min until 
cooling down to 25°C (for example, stay at 94C for 1min, then at 93C for 
another min) 

 
2) Digest pUbC-multi-shRNA vector sequentially using KpnI and EcoRI to cut out 
the existing hp that is in the plasmid (see the sequence and map below). 

 
3) Use quick ligase (New England Biolab) to ligate the annealed oligo with the 
digested pUbC-multi-shRNA vector at a ratio of 8:1 (insert: carrier vector). 

 
4) Transform bacteria and grow the colonies. 

 
5) Pick 3-4 colonies and sequence to check whether they contain the hairpin and 
whether the hairpin sequence is correct. 

 
6) Make DNA from the right clone. 

 
3. Insert the second shRNA using the same procedure as inserting the first one, but 
digest the plasmid using PstI and treat the digested plasmid with phosphotase before 
ligation. 
 
4. Insert the third shRNA using the same procedure as inserting the first one, but digest 
the plasmid using XhoI and treat the digested plasmid with phosphotase before ligation. 
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1 GACGGATCGG GAGAACGGAT CGGGAGATCC CCCGGGCTGC AAGAGCTCGT
CTGCCTAGCC CTCTTGCCTA GCCCTCTAGG GGGCCCGACG TTCTCGAGCA

SacI

PmeI

51 TTAAACAGAT CTGGCCTCCG CGCCGGGTTT TGGCGCCTCC CGCGGGCGCC
AATTTGTCTA GACCGGAGGC GCGGCCCAAA ACCGCGGAGG GCGCCCGCGG

PmeI

BglII

101 CCCCTCCTCA CGGCGAGCGC TGCCACGTCA GACGAAGGGC GCAGCGAGCG
GGGGAGGAGT GCCGCTCGCG ACGGTGCAGT CTGCTTCCCG CGTCGCTCGC

151 TCCTGATCCT TCCGCCCGGA CGCTCAGGAC AGCGGCCCGC TGCTCATAAG
AGGACTAGGA AGGCGGGCCT GCGAGTCCTG TCGCCGGGCG ACGAGTATTC

201 ACTCGGCCTT AGAACCCCAG TATCAGCAGA AGGACATTTT AGGACGGGAC
TGAGCCGGAA TCTTGGGGTC ATAGTCGTCT TCCTGTAAAA TCCTGCCCTG

251 TTGGGTGACT CTAGGGCACT GGTTTTCTTT CCAGAGAGCG GAACAGGCGA
AACCCACTGA GATCCCGTGA CCAAAAGAAA GGTCTCTCGC CTTGTCCGCT

301 GGAAAAGTAG TCCCTTCTCG GCGATTCTGC GGAGGGATCT CCGTGGGGCG
CCTTTTCATC AGGGAAGAGC CGCTAAGACG CCTCCCTAGA GGCACCCCGC

351 GTGAACGCCG ATGAT
CACTTGCGGC TACTA

TATAT AA
ATATA TT

GGACGCGC CGGGTGTGGC ACAGCTA
CCTGCGCG GCCCACACCG TGTCGAT

GTT
CAA

401 CCGTCGCAGC CGGGATTTGG GTCGCGGTTC TTGTTTGTGG ATCGCTGTGA
GGCAGCGTCG GCCCTAAACC CAGCGCCAAG AACAAACACC TAGCGACACT

451 TCGTCACTTG
AGCAGTGAAC

GTGAGTAGCG GGCTGCTGGG CTGGCCGGGG CTTTCGTGGC
CACTCATCGC CCGACGACCC GACCGGCCCC GAAAGCACCG

501 CGCCGGGCCG CTCGGTGGGA CCGAAGCGTG TGGAGAGACC GCCANGGGCT
GCGGCCCGGC GAGCCACCCT GGCTTCGCAC ACCTCTCTGG CGGTNCCCGA

551 GTAGTCTGGG TCCCGCGAGC AAGGTTGCCC TGAACTGAGG GGTTGGGGGG
CATCAGACCC AGGGCGCTCG TTCCAACGGG ACTTGACTCC CCAACCCCCC

601 GAGCGCAGCA AAATGGCGGC TGTTCCCGAG TCTGAATGGA AGACGCCTGT
CTCGCGTCGT TTTACCGCCG ACAAGGGCTC AGACTTACCT TCTGCGGACA

BbsI

651 GAGGCGGGCT GTGAGGTCGT TGAAACAAGG TGGGGGGCAT GGTGGGCGGC
CTCCGCCCGA CACTCCAGCA ACTTTGTTCC ACCCCCCGTA CCACCCGCCG

701 AAGAACCCAA GGTCTTGAGG CCTTCGCTAA TGCGGGAAAG CTCTTATTCG
TTCTTGGGTT CCAGAACTCC GGAAGCGATT ACGCCCTTTC GAGAATAAGC

751 GGTGAGATGG GCTGGGGCAC CATCTGGGGA CCCTGACGTG AAGTTTGTCA
CCACTCTACC CGACCCCGTG GTAGACCCCT GGGACTGCAC TTCAAACAGT

801 CTGACTGGAG AACTCGGTTT GTCGTCTGTT GCGGGGGCGG CAGTTATGGC
GACTGACCTC TTGAGCCAAA CAGCAGACAA CGCCCCCGCC GTCAATACCG

851 GGTGCCGTTG GGCAGTGCAC CCGTACCTTT GGGAGCGCGC GCCCTCGTCG
CCACGGCAAC CCGTCACGTG GGCATGGAAA CCCTCGCGCG CGGGAGCAGC

901 TGTCGTGACG TCACCCGTTC TGTTGGTACC
ACAGCACTGC AGTGGGCAAG ACAACCATGG

TGCTGTTGAC AGTGAGCGAC
ACGACAACTG TCACTCGCTG

KpnI

951 CAAGGGAGAT TCGTTGCAAC TCAGTGAAGC CACAGATGTG AGTTGTAACA
GTTCCCTCTA AGCAACGTTG AGTCACTTCG GTGTCTACAC TCAACATTGT
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1001 TCTCCCTTGG CTGCCTACTG CCTCGGACTT CAAGGG
AGAGGGAACC GACGGATGAC GGAGCCTGAA GTTCCC

AATT CAGGGTGGGG
TTAA GTCCCACCCC

EcoRI

1051 CCACCTGCCG GTAGGTGTGC GGTAGGCTTT TCTCCGTCGC AGGACGCAGG
GGTGGACGGC CATCCACACG CCATCCGAAA AGAGGCAGCG TCCTGCGTCC

1101 GTTCGGGCCT AGGGTAGGCT CTCCTGAATC GACAGGCGCC GGACCTCTGG
CAAGCCCGGA TCCCATCCGA GAGGACTTAG CTGTCCGCGG CCTGGAGACC

1151 TGAGGGGAGG GATAAGTGAG GCGTCAGTTT CTTTGGTCGG TTTTATGTAC
ACTCCCCTCC CTATTCACTC CGCAGTCAAA GAAACCAGCC AAAATACATG

1201 CTATCTTCTT TAGTAGCTGA AGCTCCGGTT TTGAACTATG CGCTCGGGGT
GATAGAAGAA ATCATCGACT TCGAGGCCAA AACTTGATAC GCGAGCCCCA

1251 TGGCGAGTGT GTTTTGTGAA GTTTTTTAGG CACCTTTTGA AATGTAATCA
ACCGCTCACA CAAAACACTT CAAAAAATCC GTGGAAAACT TTACATTAGT

1301 TTTGGGTCAA TATGTAATTT TCAGTGTTAG ACTAGTAAAT TGTCCGCTAA
AAACCCAGTT ATACATTAAA AGTCACAATC TGATCATTTA ACAGGCGATT

1351 ATTCTGGCCG TTTTTGGCTT TTTTGTTAGA CG
TAAGACCGGC AAAAACCGAA AAAACAATCT GC

AAGCTCAA G
TTCGAGTT C

GTGGGTGTC
CACCCACAG

1401 TTTCCTGCCT GAGCTGACCT GGGCAGGCAC TGCAGTCCTC ACTGCCTGTC
AAAGGACGGA CTCGACTGGA CCCGTCCGTG ACGTCAGGAG TGACGGACAG

PstI

1451 CCCTTCCCTC CTCAG
GGGAAGGGAG GAGTC

ATCAG CTTGATATCA CC
TAGTC GAACTATAGT GG

ATGTACCC ATACGATGTT
TACATGGG TATGCTACAA

EcoRV

1501 CCAGATTACG CT
GGTCTAATGC GA

CAATTCAG GATGGTGAGC AAGGGCGAGG AGCTGTTCAC
GTTAAGTC CTACCACTCG TTCCCGCTCC TCGACAAGTG

+1 Met Val Ser Lys Gly Glu Glu Leu Phe Thr·

1551 CGGGGTGGTG CCCATCCTGG TCGAGCTGGA CGGCGACGTA AACGGCCACA
GCCCCACCAC GGGTAGGACC AGCTCGACCT GCCGCTGCAT TTGCCGGTGT

+1 ·Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys

1601 AGTTCAGCGT GTCCGGCGAG GGCGAGGGCG ATGCCACCTA CGGCAAGCTG
TCAAGTCGCA CAGGCCGCTC CCGCTCCCGC TACGGTGGAT GCCGTTCGAC

+1 ·LysPhe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu

1651 ACCCTGAAGT TCATCTGCAC CACCGGCAAG CTGCCCGTGC CCTGGCCCAC
TGGGACTTCA AGTAGACGTG GTGGCCGTTC GACGGGCACG GGACCGGGTG

+1 Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr·

1701 CCTCGTGACC ACCCTGACCT ACGGCGTGCA GTGCTTCAGC CGCTACCCCG
GGAGCACTGG TGGGACTGGA TGCCGCACGT CACGAAGTCG GCGATGGGGC

+1 ·Thr Leu Val Thr Thr Leu Thr Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp·

1751 ACCACATGAA GCAGCACGAC TTCTTCAAGT CCGCCATGCC CGAAGGCTAC
TGGTGTACTT CGTCGTGCTG AAGAAGTTCA GGCGGTACGG GCTTCCGATG

+1 ·Asp His Met Lys Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr

1801 GTCCAGGAGC GCACCATCTT CTTCAAGGAC GACGGCAACT ACAAGACCCG
CAGGTCCTCG CGTGGTAGAA GAAGTTCCTG CTGCCGTTGA TGTTCTGGGC

+1 Val Gln Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg·

1851 CGCCGAGGTG AAGTTCGAGG GCGACACCCT GGTGAACCGC ATCGAGCTGA
GCGGCTCCAC TTCAAGCTCC CGCTGTGGGA CCACTTGGCG TAGCTCGACT

+1 ·Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys
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1901 AGGGCATCGA CTTCAAGGAG GACGGCAACA TCCTGGGGCA CAAGCTGGAG
TCCCGTAGCT GAAGTTCCTC CTGCCGTTGT AGGACCCCGT GTTCGACCTC

+1 ·Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu

1951 TACAACTACA ACAGCCACAA CGTCTATATC ATGGCCGACA AGCAGAAGAA
ATGTTGATGT TGTCGGTGTT GCAGATATAG TACCGGCTGT TCGTCTTCTT

+1 Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn·

2001 CGGCATCAAG GTGAACTTCA AGATCCGCCA CAACATCGAG GACGGCAGCG
GCCGTAGTTC CACTTGAAGT TCTAGGCGGT GTTGTAGCTC CTGCCGTCGC

+1 ·Asn Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val

2051 TGCAGCTCGC CGACCACTAC CAGCAGAACA CCCCCATCGG CGACGGCCCC
ACGTCGAGCG GCTGGTGATG GTCGTCTTGT GGGGGTAGCC GCTGCCGGGG

+1 ·Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro

2101 GTGCTGCTGC CCGACAACCA CTACCTGAGC ACCCAGTCCG CCCTGAGCAA
CACGACGACG GGCTGTTGGT GATGGACTCG TGGGTCAGGC GGGACTCGTT

+1 Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys

2151 AGACCCCAAC GAGAAGCGCG ATCACATGGT CCTGCTGGAG TTCGTGACCG
TCTGGGGTTG CTCTTCGCGC TAGTGTACCA GGACGACCTC AAGCACTGGC

+1 ·LysAsp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr Ala·

2201 CCGCCGGGAT CACTCTCGGC ATGGACGAGC TGTACAAGTA GGCTAGCTGG
GGCGGCCCTA GTGAGAGCCG TACCTGCTCG ACATGTTCAT CCGATCGACC

NheI

+1 ·Ala Ala Gly Ile Thr Leu Gly Met Asp Glu Leu Tyr Lys ***

2251 GTGAGTGGAG ACTGTCTCCC GGCTCTGCCT GACATGAGGG TTACCCCTCG
CACTCACCTC TGACAGAGGG CCGAGACGGA CTGTACTCCC AATGGGGAGC

XhoI

2301 AGGCTGTGCT GTGGAAGCTA AGTCCTGCCC TCATTTCCCT CTCAG
TCCGACACGA CACCTTCGAT TCAGGACGGG AGTAAAGGGA GAGTC

GCATC
CGTAG

XhoI ClaI

2351 GATT
CTAA

AACTAA GTAAGGATCC AGACATGATA AGATACATTG ATGAGTTTGG
TTGATT CATTCCTAGG TCTGTACTAT TCTATGTAAC TACTCAAACC

ClaI

2401 ACAAACCACA ACTAGAATGC AGTGAAAAAA ATGCTTTATT TGTGAAATTT
TGTTTGGTGT TGATCTTACG TCACTTTTTT TACGAAATAA ACACTTTAAA

2451 GTGATGCTAT TGCTTTATTT GTAACCATTA TAAGCTGCAA TAAACAAGTT
CACTACGATA ACGAAATAAA CATTGGTAAT ATTCGACGTT ATTTGTTCAA

HpaI

2501 AACAACAACA ATTGCATTCA TTTTATGTTT CAGGTTCAGG GGGAGGTGTG
TTGTTGTTGT TAACGTAAGT AAAATACAAA GTCCAAGTCC CCCTCCACAC

HpaI MfeI

2551 GGAGGTTTTT TAAAGCAAGT AAAACCTCTA CAAATGTGGT ATGGCTGATT
CCTCCAAAAA ATTTCGTTCA TTTTGGAGAT GTTTACACCA TACCGACTAA

2601 ATGATCCTGC AAGCCTCGTC GTCTGGCCGG ACCACGCTAT CTGTGCAAGG
TACTAGGACG TTCGGAGCAG CAGACCGGCC TGGTGCGATA GACACGTTCC

2651 TCCCCGGACG CGCGCTCCAT GAGCAGAGCG CCCGCCGCCG AGGCAAGACT
AGGGGCCTGC GCGCGAGGTA CTCGTCTCGC GGGCGGCGGC TCCGTTCTGA

2701 CGGGCGGCGC CCTGCCCGTC CCACCAGGTC AACAGGCGGT AACCGGCCTC
GCCCGCCGCG GGACGGGCAG GGTGGTCCAG TTGTCCGCCA TTGGCCGGAG

2751 TTCATCGGGA ATGCGCGCGA CCTTCAGCAT CGCCGGCATG TCCCCTGGCG
AAGTAGCCCT TACGCGCGCT GGAAGTCGTA GCGGCCGTAC AGGGGACCGC
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2801 GACGGGAAGT ATCAGCTCGA C
CTGCCCTTCA TAGTCGAGCT G

CAAGCTTAC CGGTTAGCAG GCATGCTGGG
GTTCGAATG GCCAATCGTC CGTACGACCC

HindIII

2851 GATGCGGTGG GCTCTATGGC TTCTGAGGCG GAAAGAACCA GCTGGGGCTC
CTACGCCACC CGAGATACCG AAGACTCCGC CTTTCTTGGT CGACCCCGAG

2901 TAGGGGGTAT CCCCACGCGC CCTGTAGCGG CGCATTAAGC GCGGCGGGTG
ATCCCCCATA GGGGTGCGCG GGACATCGCC GCGTAATTCG CGCCGCCCAC

2951 TGGTGGTTAC GCGCAGCGTG ACCGCTACAC TTGCCAGCGC CCTAGCGCCC
ACCACCAATG CGCGTCGCAC TGGCGATGTG AACGGTCGCG GGATCGCGGG

3001 GCTCCTTTCG CTTTCTTCCC TTCCTTTCTC GCCACGTTCG CCGGCTTTCC
CGAGGAAAGC GAAAGAAGGG AAGGAAAGAG CGGTGCAAGC GGCCGAAAGG

3051 CCGTCAAGCT CTAAATCGGG GGCTCCCTTT AGGGTTCCGA TTTAGTGCTT
GGCAGTTCGA GATTTAGCCC CCGAGGGAAA TCCCAAGGCT AAATCACGAA

3101 TACGGCACCT CGACCCCAAA AAACTTGATT AGGGTGATGG TTCACGTAGT
ATGCCGTGGA GCTGGGGTTT TTTGAACTAA TCCCACTACC AAGTGCATCA

3151 GGGCCATCGC CCTGATAGAC GGTTTTTCGC CCTTTGACGT TGGAGTCCAC
CCCGGTAGCG GGACTATCTG CCAAAAAGCG GGAAACTGCA ACCTCAGGTG

3201 GTTCTTTAAT AGTGGACTCT TGTTCCAAAC TGGAACAACA CTCAACCCTA
CAAGAAATTA TCACCTGAGA ACAAGGTTTG ACCTTGTTGT GAGTTGGGAT

3251 TCTCGGTCTA TTCTTTTGAT TTATAAGGGA TTTTGCCGAT TTCGGCCTAT
AGAGCCAGAT AAGAAAACTA AATATTCCCT AAAACGGCTA AAGCCGGATA

3301 TGGTTAAAAA ATGAGCTGAT TTAACAAAAA TTTAACGCGA ATTAATTCTG
ACCAATTTTT TACTCGACTA AATTGTTTTT AAATTGCGCT TAATTAAGAC

3351 TGGAATGTGT GTCAGTTAGG GTGTGGAAAG TCCCCAGGCT CCCCAGCAGG
ACCTTACACA CAGTCAATCC CACACCTTTC AGGGGTCCGA GGGGTCGTCC

3401 CAGAAGTATG CAAAGCATGC ATCTCAATTA GTCAGCAACC AGGTGTGGAA
GTCTTCATAC GTTTCGTACG TAGAGTTAAT CAGTCGTTGG TCCACACCTT

3451 AGTCCCCAGG CTCCCCAGCA GGCAGAAGTA TGCAAAGCAT GCATCTCAAT
TCAGGGGTCC GAGGGGTCGT CCGTCTTCAT ACGTTTCGTA CGTAGAGTTA

3501 TAGTCAGCAA CCATAGTCCC GCCCCTAACT CCGCCCATCC CGCCCCTAAC
ATCAGTCGTT GGTATCAGGG CGGGGATTGA GGCGGGTAGG GCGGGGATTG

3551 TCCGCCCAGT TCCGCCCATT CTCCGCCCCA TGGCTGACTA ATTTTTTTTA
AGGCGGGTCA AGGCGGGTAA GAGGCGGGGT ACCGACTGAT TAAAAAAAAT

3601 TTTATGCAGA GGCCGAGGCC GCCTCTGCCT CTGAGCTATT CCAGAAGTAG
AAATACGTCT CCGGCTCCGG CGGAGACGGA GACTCGATAA GGTCTTCATC

3651 TGAGGAGGCT TTTTTGGAGG CCTAGGCTTT TGCAAAAAGC TCCCGGGAGC
ACTCCTCCGA AAAAACCTCC GGATCCGAAA ACGTTTTTCG AGGGCCCTCG

3701 TTGTATATCC ATTTTCGGAT CTGATCAGCA CGTGTTGACA ATTAATCATC
AACATATAGG TAAAAGCCTA GACTAGTCGT GCACAACTGT TAATTAGTAG

3751 GGCATAGTAT ATCGGCATAG TATAATACGA CAAGGTGAGG AACTAAACCA
CCGTATCATA TAGCCGTATC ATATTATGCT GTTCCACTCC TTGATTTGGT

3801 TGGCCAAGTT GACCAGTGCC GTTCCGGTGC TCACCGCGCG CGACGTCGCC
ACCGGTTCAA CTGGTCACGG CAAGGCCACG AGTGGCGCGC GCTGCAGCGG

MscI

3851 GGAGCGGTCG AGTTCTGGAC CGACCGGCTC GGGTTCTCCC GGGACTTCGT
CCTCGCCAGC TCAAGACCTG GCTGGCCGAG CCCAAGAGGG CCCTGAAGCA

3901 GGAGGACGAC TTCGCCGGTG TGGTCCGGGA CGACGTGACC CTGTTCATCA
CCTCCTGCTG AAGCGGCCAC ACCAGGCCCT GCTGCACTGG GACAAGTAGT
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3951 GCGCGGTCCA GGACCAGGTG GTGCCGGACA ACACCCTGGC CTGGGTGTGG
CGCGCCAGGT CCTGGTCCAC CACGGCCTGT TGTGGGACCG GACCCACACC

4001 GTGCGCGGCC TGGACGAGCT GTACGCCGAG TGGTCGGAGG TCGTGTCCAC
CACGCGCCGG ACCTGCTCGA CATGCGGCTC ACCAGCCTCC AGCACAGGTG

4051 GAACTTCCGG GACGCCTCCG GGCCGGCCAT GACCGAGATC GGCGAGCAGC
CTTGAAGGCC CTGCGGAGGC CCGGCCGGTA CTGGCTCTAG CCGCTCGTCG

4101 CGTGGGGGCG GGAGTTCGCC CTGCGCGACC CGGCCGGCAA CTGCGTGCAC
GCACCCCCGC CCTCAAGCGG GACGCGCTGG GCCGGCCGTT GACGCACGTG

4151 TTCGTGGCCG AGGAGCAGGA CTGACACGTG CTACGAGATT TCGATTCCAC
AAGCACCGGC TCCTCGTCCT GACTGTGCAC GATGCTCTAA AGCTAAGGTG

4201 CGCCGCCTTC TATGAAAGGT TGGGCTTCGG AATCGTTTTC CGGGACGCCG
GCGGCGGAAG ATACTTTCCA ACCCGAAGCC TTAGCAAAAG GCCCTGCGGC

4251 GCTGGATGAT CCTCCAGCGC GGGGATCTCA TGCTGGAGTT CTTCGCCCAC
CGACCTACTA GGAGGTCGCG CCCCTAGAGT ACGACCTCAA GAAGCGGGTG

4301 CCCAACTTGT TTATTGCAGC TTATAATGGT TACAAATAAA GCAATAGCAT
GGGTTGAACA AATAACGTCG AATATTACCA ATGTTTATTT CGTTATCGTA

4351 CACAAATTTC ACAAATAAAG CATTTTTTTC ACTGCATTCT AGTTGTGGTT
GTGTTTAAAG TGTTTATTTC GTAAAAAAAG TGACGTAAGA TCAACACCAA

4401 TGTCCAAACT CATCAATGTA TCTTATCATG TCTGTATACC GTCGACCTCT
ACAGGTTTGA GTAGTTACAT AGAATAGTAC AGACATATGG CAGCTGGAGA

4451 AGCTAGAGCT TGGCGTAATC ATGGTCATAG CTGTTTCCTG TGTGAAATTG
TCGATCTCGA ACCGCATTAG TACCAGTATC GACAAAGGAC ACACTTTAAC

4501 TTATCCGCTC ACAATTCCAC ACAACATACG AGCCGGAAGC ATAAAGTGTA
AATAGGCGAG TGTTAAGGTG TGTTGTATGC TCGGCCTTCG TATTTCACAT

4551 AAGCCTGGGG TGCCTAATGA GTGAGCTAAC TCACATTAAT TGCGTTGCGC
TTCGGACCCC ACGGATTACT CACTCGATTG AGTGTAATTA ACGCAACGCG

4601 TCACTGCCCG CTTTCCAGTC GGGAAACCTG TCGTGCCAGC TGCATTAATG
AGTGACGGGC GAAAGGTCAG CCCTTTGGAC AGCACGGTCG ACGTAATTAC

4651 AATCGGCCAA CGCGCGGGGA GAGGCGGTTT GCGTATTGGG CGCTCTTCCG
TTAGCCGGTT GCGCGCCCCT CTCCGCCAAA CGCATAACCC GCGAGAAGGC

4701 CTTCCTCGCT CACTGACTCG CTGCGCTCGG TCGTTCGGCT GCGGCGAGCG
GAAGGAGCGA GTGACTGAGC GACGCGAGCC AGCAAGCCGA CGCCGCTCGC

4751 GTATCAGCTC ACTCAAAGGC GGTAATACGG TTATCCACAG AATCAGGGGA
CATAGTCGAG TGAGTTTCCG CCATTATGCC AATAGGTGTC TTAGTCCCCT

4801 TAACGCAGGA AAGAACATGT GAGCAAAAGG CCAGCAAAAG GCCAGGAACC
ATTGCGTCCT TTCTTGTACA CTCGTTTTCC GGTCGTTTTC CGGTCCTTGG

4851 GTAAAAAGGC CGCGTTGCTG GCGTTTTTCC ATAGGCTCCG CCCCCCTGAC
CATTTTTCCG GCGCAACGAC CGCAAAAAGG TATCCGAGGC GGGGGGACTG

4901 GAGCATCACA AAAATCGACG CTCAAGTCAG AGGTGGCGAA ACCCGACAGG
CTCGTAGTGT TTTTAGCTGC GAGTTCAGTC TCCACCGCTT TGGGCTGTCC

4951 ACTATAAAGA TACCAGGCGT TTCCCCCTGG AAGCTCCCTC GTGCGCTCTC
TGATATTTCT ATGGTCCGCA AAGGGGGACC TTCGAGGGAG CACGCGAGAG

5001 CTGTTCCGAC CCTGCCGCTT ACCGGATACC TGTCCGCCTT TCTCCCTTCG
GACAAGGCTG GGACGGCGAA TGGCCTATGG ACAGGCGGAA AGAGGGAAGC

5051 GGAAGCGTGG CGCTTTCTCA TAGCTCACGC TGTAGGTATC TCAGTTCGGT
CCTTCGCACC GCGAAAGAGT ATCGAGTGCG ACATCCATAG AGTCAAGCCA

5101 GTAGGTCGTT CGCTCCAAGC TGGGCTGTGT GCACGAACCC CCCGTTCAGC
CATCCAGCAA GCGAGGTTCG ACCCGACACA CGTGCTTGGG GGGCAAGTCG
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5151 CCGACCGCTG CGCCTTATCC GGTAACTATC GTCTTGAGTC CAACCCGGTA
GGCTGGCGAC GCGGAATAGG CCATTGATAG CAGAACTCAG GTTGGGCCAT

5201 AGACACGACT TATCGCCACT GGCAGCAGCC ACTGGTAACA GGATTAGCAG
TCTGTGCTGA ATAGCGGTGA CCGTCGTCGG TGACCATTGT CCTAATCGTC

5251 AGCGAGGTAT GTAGGCGGTG CTACAGAGTT CTTGAAGTGG TGGCCTAACT
TCGCTCCATA CATCCGCCAC GATGTCTCAA GAACTTCACC ACCGGATTGA

5301 ACGGCTACAC TAGAAGAACA GTATTTGGTA TCTGCGCTCT GCTGAAGCCA
TGCCGATGTG ATCTTCTTGT CATAAACCAT AGACGCGAGA CGACTTCGGT

5351 GTTACCTTCG GAAAAAGAGT TGGTAGCTCT TGATCCGGCA AACAAACCAC
CAATGGAAGC CTTTTTCTCA ACCATCGAGA ACTAGGCCGT TTGTTTGGTG

5401 CGCTGGTAGC GGTTTTTTTG TTTGCAAGCA GCAGATTACG CGCAGAAAAA
GCGACCATCG CCAAAAAAAC AAACGTTCGT CGTCTAATGC GCGTCTTTTT

5451 AAGGATCTCA AGAAGATCCT TTGATCTTTT CTACGGGGTC TGACGCTCAG
TTCCTAGAGT TCTTCTAGGA AACTAGAAAA GATGCCCCAG ACTGCGAGTC

5501 TGGAACGAAA ACTCACGTTA AGGGATTTTG GTCATGAGAT TATCAAAAAG
ACCTTGCTTT TGAGTGCAAT TCCCTAAAAC CAGTACTCTA ATAGTTTTTC

5551 GATCTTCACC TAGATCCTTT TAAATTAAAA ATGAAGTTTT AAATCAATCT
CTAGAAGTGG ATCTAGGAAA ATTTAATTTT TACTTCAAAA TTTAGTTAGA

5601 AAAGTATATA TGAGTAAACT TGGTCTGACA GTTACCAATG CTTAATCAGT
TTTCATATAT ACTCATTTGA ACCAGACTGT CAATGGTTAC GAATTAGTCA

5651 GAGGCACCTA TCTCAGCGAT CTGTCTATTT CGTTCATCCA TAGTTGCCTG
CTCCGTGGAT AGAGTCGCTA GACAGATAAA GCAAGTAGGT ATCAACGGAC

5701 ACTCCCCGTC GTGTAGATAA CTACGATACG GGAGGGCTTA CCATCTGGCC
TGAGGGGCAG CACATCTATT GATGCTATGC CCTCCCGAAT GGTAGACCGG

5751 CCAGTGCTGC AATGATACCG CGAGACCCAC GCTCACCGGC TCCAGATTTA
GGTCACGACG TTACTATGGC GCTCTGGGTG CGAGTGGCCG AGGTCTAAAT

5801 TCAGCAATAA ACCAGCCAGC CGGAAGGGCC GAGCGCAGAA GTGGTCCTGC
AGTCGTTATT TGGTCGGTCG GCCTTCCCGG CTCGCGTCTT CACCAGGACG

5851 AACTTTATCC GCCTCCATCC AGTCTATTAA TTGTTGCCGG GAAGCTAGAG
TTGAAATAGG CGGAGGTAGG TCAGATAATT AACAACGGCC CTTCGATCTC

5901 TAAGTAGTTC GCCAGTTAAT AGTTTGCGCA ACGTTGTTGC CATTGCTACA
ATTCATCAAG CGGTCAATTA TCAAACGCGT TGCAACAACG GTAACGATGT

5951 GGCATCGTGG TGTCACGCTC GTCGTTTGGT ATGGCTTCAT TCAGCTCCGG
CCGTAGCACC ACAGTGCGAG CAGCAAACCA TACCGAAGTA AGTCGAGGCC

6001 TTCCCAACGA TCAAGGCGAG TTACATGATC CCCCATGTTG TGCAAAAAAG
AAGGGTTGCT AGTTCCGCTC AATGTACTAG GGGGTACAAC ACGTTTTTTC

6051 CGGTTAGCTC CTTCGGTCCT CCGATCGTTG TCAGAAGTAA GTTGGCCGCA
GCCAATCGAG GAAGCCAGGA GGCTAGCAAC AGTCTTCATT CAACCGGCGT

6101 GTGTTATCAC TCATGGTTAT GGCAGCACTG CATAATTCTC TTACTGTCAT
CACAATAGTG AGTACCAATA CCGTCGTGAC GTATTAAGAG AATGACAGTA

6151 GCCATCCGTA AGATGCTTTT CTGTGACTGG TGAGTACTCA ACCAAGTCAT
CGGTAGGCAT TCTACGAAAA GACACTGACC ACTCATGAGT TGGTTCAGTA

6201 TCTGAGAATA GTGTATGCGG CGACCGAGTT GCTCTTGCCC GGCGTCAATA
AGACTCTTAT CACATACGCC GCTGGCTCAA CGAGAACGGG CCGCAGTTAT

6251 CGGGATAATA CCGCGCCACA TAGCAGAACT TTAAAAGTGC TCATCATTGG
GCCCTATTAT GGCGCGGTGT ATCGTCTTGA AATTTTCACG AGTAGTAACC

6301 AAAACGTTCT TCGGGGCGAA AACTCTCAAG GATCTTACCG CTGTTGAGAT
TTTTGCAAGA AGCCCCGCTT TTGAGAGTTC CTAGAATGGC GACAACTCTA
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6351 CCAGTTCGAT GTAACCCACT CGTGCACCCA ACTGATCTTC AGCATCTTTT
GGTCAAGCTA CATTGGGTGA GCACGTGGGT TGACTAGAAG TCGTAGAAAA

6401 ACTTTCACCA GCGTTTCTGG GTGAGCAAAA ACAGGAAGGC AAAATGCCGC
TGAAAGTGGT CGCAAAGACC CACTCGTTTT TGTCCTTCCG TTTTACGGCG

6451 AAAAAAGGGA ATAAGGGCGA CACGGAAATG TTGAATACTC ATACTCTTCC
TTTTTTCCCT TATTCCCGCT GTGCCTTTAC AACTTATGAG TATGAGAAGG

6501 TTTTTCAATA TTATTGAAGC ATTTATCAGG GTTATTGTCT CATGAGCGGA
AAAAAGTTAT AATAACTTCG TAAATAGTCC CAATAACAGA GTACTCGCCT

6551 TACATATTTG AATGTATTTA GAAAAATAAA CAAATAGGGG TTCCGCGCAC
ATGTATAAAC TTACATAAAT CTTTTTATTT GTTTATCCCC AAGGCGCGTG

6601 ATTTCCCCGA AAAGTGCCAC CTGACGTC
TAAAGGGGCT TTTCACGGTG GACTGCAG
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