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GGTGGAAAGTTGTTGGGCGGTATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTGAAAACTAATGACTTTGCCCCTGCATGGTCAATGACAGGAACCTATTTCCC
ATTTATTTCAAATCCGAATTCCACATTGAATCACCGCTGTGGGCACTGAGAGTCATCCTTGCTGCAGGGATACAGGACCAGTTAATTGACCAGTCTTTGATTGAACCCTTAGCAGGA
GCCCTTGGTTGATCTCTGATTGGCTGCTAACAACCAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCCTAAAAATGCTGTCGTTGATTCGATCCAATAT
TCTCAAGTTTATTAACGAATTGGAGCTCTACATGTTGTGAACTATAATGGATTATTGAGCAGTATTGAAATTGGGACTCAAAATCATACAATCATCATAACTCGAACTAACATGGGT
TTTCTGGTGGAGCTCCAAGAACCCGACAAATCGGCAATGAACCGCAAGAAGCCTGGGCCGGCGAAATTTTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACACAAGGGTCCTCG
ACACGAATGCAAAGTTTAATTCTTGAATTCAATAGCTCTCTTGCTATCTAACTAAGATGGAGTACTTCATATTGGGCTAACTCATATATGCTGACTCAATAGTTAACTTGACATCTC
TGCCTTCATAATCAGATATATAAGCATAATAAATAAATACTCATATTTCTTGATAATTTGTTTAACCACAGAGAAATCCTCACTGTAAGCCAGCTTCCAAGTTGACACCCTTACAAA
AACCAGGACTCAGAATTCCTCAAATAAGAGATTCCAAGACAACATCATAGAATTGCTTTATTATATATTAATAAGCATTTTATCACTAGAAATCCAATATACGAAATGGTTAATTGT
AACTAAACTCGCAGGTCATGTGTGTTAGGTTTCACAAATTATATATATTACTAACTCCATACTCATAACTAACATTAGATAAGTAGGTTAAGAAAAAAGCTTGAGGAAGATTAAGAA
AAAACTGCTTATTGGGTCTTTCCGTGTTTTAGATGAAGCAGTTGACATTCTTCCTCTTGATGTTAAATGGCTACACAACATACCCAATACCCAGACGCCAGGTTATCATCACCAATT
TATTGGACCAATGTGACCTTGTCACTAGAGCTTGCGGGTTTATTCATCATACTCCCTTAATTCGCAACTACGCAACTGAAACTCCCAAACATATATACCGTTAAAATATGATGTAAC
TGTAACAAGTTTTAAGTGATGTACCAGTGGCGACATTGCCCATAGATTTCATAGTCCCAATTCTTCTCAAGGCACTATCAGGCAATGGGTTCTGTCCTTTGAGCTGCGGTGCCAACA
GTTCTTAGATGAAATTATTAAGTACACAATGCAAGATACTCTCTTCCTGAAATATTATCTCAAAAATGTAGGTGCTCAAGAGGACTTGTTGATGACCACTTTCAAGAAAAAATCTTA
TCTTCATTCAGGCAATGAATTTTTACACAAATGTTTTTGGTATGACCTGGCATTTTAACTCGAAGGGGTAGATTAAATCGAGGAAACTCAGATCAACGTGGTTTGTTCATGAGATTT
AATAGACATCTTAGGCTATGGGGACTATGTTTTTTGGAAGATCCCAATTTCACTGTTACCACTGAACACACAAGGAATCCCCCATGCTGCTATGGATTGGTATCAAACATCAGTATT
CAAAGAAGCGGTTCAAGGGCATACACACATTGTTTCTGTTTCTACTGCCGATGTCTTGATAATGTGCAAAGATTTAATTACGTGTCGATTCAACACAACTCTAATCTCAAAATTAGC
AGAGGTTGAGGACCCAGTTTGCTCTGATTACCCCAATTTTAAGATTGTGTCTATGCTTTACCAGAGCGGAGATTACCTACTCTCCATATTAGGGTCTGATGGGTATAAAATCATTAA
GTTTCTCGAACCATTGTGCTTGGCTAAAATTCAATTGTGCTCAAAATACACCGAAAGGAAGGGCCGATTCTTAACACAAATGCATTTAGCTGTAAATCACACCCTGGAAGAAATTAC
AGAAATACGTGCACTAAAGCCTTCACAGGCTCACAAGGTCCGTGAATTTCATAGAACATTGATAAGGCTGGAGATGACGCCACAACAACTTTGTGAGCTATTTTCCATACAAAAACA
CTGGGGACATCCTGTGCTACATAGTGAAACAGCAATCCAAAAAGTTAAAAAACATGCTACGGTGCTAAAAGCATTACGCCCTATCGTGATTTTCGAGACATATTGTGTTTTTAAATA
TAGCATTGCAAAACATTATTTTGATAGTCAAGGATCTTGGTACAGTGTTACCTCAGATAGAAATCTCACACCAGGTCTTAATTCTTATATCAAAAGAAATCAATTCCCTCCGTTGCC
AATGATTAAAGAACTGCTATGGGAATTTTACCACCTTGACCATCCTCCACTTTTCTCAACAAAAGTTATTAGTGACTTAAGTATTTTTATAAAAGACAGAGCTACTGCAGTAGAAAG
GACATGCTGGGATGCAGTATTCGAGCCTAATGTTCTGGGATATAATCCACCTCACAAATTCAGTACCAAACGTGTACCGGAACAATTTTTAGAGCAAGAAAACTTTTCTATTGAGAA
TGTTCTTTCCTACGCGCAAAAACTCGAGTATCTACTACCACAATATCGGAATTTTTCTTTCTCATTGAAAGAGAAAGAGTTGAATGTAGGTAGAACTTTCGGAAAATTGCCTTACCC
GACTCGCAATGTTCAAACACTTTGTGAAGCTCTGTTAGCTGATGGCTTGCTAAAGCATTTCCCAGCAATATGATGGTAGTTACGGAACGTGAACAAAAAGAAGGCTTATTGCATCAA
GCATCATGGCACCACACAAGTAAGTTTGGTGAGCATGCCACAGTTAGAGGGAGTAGCTTTGTAACTGATTTAGAGAAATACAATCTTGCATTTAGTATGAGTTTACAGTACCTTTTA
TAGAATATTGCAACCGTTGCTATGGTGTTAAAAATGTTTTTAATTGGATGCATTATACAATCCCACAGTGTTATATGCATATTAGTGATTATTATAATCCACCGCATAACCTCACAC
TGGAAAATCGAAACAACCCCCCTGAAGGGCCTAGTTCATACAGGGGTCATATGGGAGGGATTGAAGGACTGCAACAAAAACTCTGGACAAGTATTTCATGCGCTCAAATTTCTTTAG
TTGAAATTAAAACTGGCTTTAAGTTGCGCTCAGCCGTGATGGGTGACAATCAGTGCATTACCGTTTTATCAGTCTTCCCCTTAGAGACTGATGCAGACGAGCAGGAACAGAGCGCCG
AGGACAATGCAGCGAGGGTGGCCGCCAGCCTAGCAAAAGTTACAAGTGCCTGTGGAATCTTTTTAAAACCTGATGAAACATTTGTACATTCAGGTTTTATCTATTTTGGAAAAAAAC

GGTGGAAAGTTGTTGGGCGGTATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTGAAAACTAATGACTTTGCCCCTGCATGGTCAATGACAGGAACCTATTTCCC
ATTTATTTCAAATCCGAATTCCACATTGAATCACCGCTGTGGGCACTGAGAGTCATCCTTGCTGCAGGGATACAGGACCAGTTAATTGACCAGTCTTTGATTGAACCCTTAGCAGGA
GCCCTTGGTTGATCTCTGATTGGCTGCTAACAACCAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCCTAAAAATGCTGTCGTTGATTCGATCCAATAT
TCTCAAGTTTATTAACGAATTGGAGCTCTACATGTTGTGAACTATAATGGATTATTGAGCAGTATTGAAATTGGGACTCAAAATCATACAATCATCATAACTCGAACTAACATGGGT
TTTCTGGTGGAGCTCCAAGAACCCGACAAATCGGCAATGAACCGCAAGAAGCCTGGGCCGGCGAAATTTTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACACAAGGGTCCTCG
ACACGAATGCAAAGTTTAATTCTTGAATTCAATAGCTCTCTTGCTATCTAACTAAGATGGAGTACTTCATATTGGGCTAACTCATATATGCTGACTCAATAGTTAACTTGACATCTC
TGCCTTCATAATCAGATATATAAGCATAATAAATAAATACTCATATTTCTTGATAATTTGTTTAACCACAGAGAAATCCTCACTGTAAGCCAGCTTCCAAGTTGACACCCTTACAAA
AACCAGGACTCAGAATTCCTCAAATAAGAGATTCCAAGACAACATCATAGAATTGCTTTATTATATATTAATAAGCATTTTATCACTAGAAATCCAATATACGAAATGGTTAATTGT
AACTAAACTCGCAGGTCATGTGTGTTAGGTTTCACAAATTATATATATTACTAACTCCATACTCATAACTAACATTAGATAAGTAGGTTAAGAAAAAAGCTTGAGGAAGATTAAGAA
AAAACTGCTTATTGGGTCTTTCCGTGTTTTAGATGAAGCAGTTGACATTCTTCCTCTTGATGTTAAATGGCTACACAACATACCCAATACCCAGACGCCAGGTTATCATCACCAATT
TATTGGACCAATGTGACCTTGTCACTAGAGCTTGCGGGTTTATTCATCATACTCCCTTAATTCGCAACTACGCAACTGAAACTCCCAAACATATATACCGTTAAAATATGATGTAAC
TGTAACAAGTTTTAAGTGATGTACCAGTGGCGACATTGCCCATAGATTTCATAGTCCCAATTCTTCTCAAGGCACTATCAGGCAATGGGTTCTGTCCTTTGAGCTGCGGTGCCAACA
GTTCTTAGATGAAATTATTAAGTACACAATGCAAGATACTCTCTTCCTGAAATATTATCTCAAAAATGTAGGTGCTCAAGAGGACTTGTTGATGACCACTTTCAAGAAAAAATCTTA
TCTTCATTCAGGCAATGAATTTTTACACAAATGTTTTTGGTATGACCTGGCATTTTAACTCGAAGGGGTAGATTAAATCGAGGAAACTCAGATCAACGTGGTTTGTTCATGAGATTT
AATAGACATCTTAGGCTATGGGGACTATGTTTTTTGGAAGATCCCAATTTCACTGTTACCACTGAACACACAAGGAATCCCCCATGCTGCTATGGATTGGTATCAAACATCAGTATT
CAAAGAAGCGGTTCAAGGGCATACACACATTGTTTCTGTTTCTACTGCCGATGTCTTGATAATGTGCAAAGATTTAATTACGTGTCGATTCAACACAACTCTAATCTCAAAATTAGC
AGAGGTTGAGGACCCAGTTTGCTCTGATTACCCCAATTTTAAGATTGTGTCTATGCTTTACCAGAGCGGAGATTACCTACTCTCCATATTAGGGTCTGATGGGTATAAAATCATTAA
GTTTCTCGAACCATTGTGCTTGGCTAAAATTCAATTGTGCTCAAAATACACCGAAAGGAAGGGCCGATTCTTAACACAAATGCATTTAGCTGTAAATCACACCCTGGAAGAAATTAC
AGAAATACGTGCACTAAAGCCTTCACAGGCTCACAAGGTCCGTGAATTTCATAGAACATTGATAAGGCTGGAGATGACGCCACAACAACTTTGTGAGCTATTTTCCATACAAAAACA
CTGGGGACATCCTGTGCTACATAGTGAAACAGCAATCCAAAAAGTTAAAAAACATGCTACGGTGCTAAAAGCATTACGCCCTATCGTGATTTTCGAGACATATTGTGTTTTTAAATA
TAGCATTGCAAAACATTATTTTGATAGTCAAGGATCTTGGTACAGTGTTACCTCAGATAGAAATCTCACACCAGGTCTTAATTCTTATATCAAAAGAAATCAATTCCCTCCGTTGCC
AATGATTAAAGAACTGCTATGGGAATTTTACCACCTTGACCATCCTCCACTTTTCTCAACAAAAGTTATTAGTGACTTAAGTATTTTTATAAAAGACAGAGCTACTGCAGTAGAAAG
GACATGCTGGGATGCAGTATTCGAGCCTAATGTTCTGGGATATAATCCACCTCACAAATTCAGTACCAAACGTGTACCGGAACAATTTTTAGAGCAAGAAAACTTTTCTATTGAGAA
TGTTCTTTCCTACGCGCAAAAACTCGAGTATCTACTACCACAATATCGGAATTTTTCTTTCTCATTGAAAGAGAAAGAGTTGAATGTAGGTAGAACTTTCGGAAAATTGCCTTACCC
GACTCGCAATGTTCAAACACTTTGTGAAGCTCTGTTAGCTGATGGCTTGCTAAAGCATTTCCCAGCAATATGATGGTAGTTACGGAACGTGAACAAAAAGAAGGCTTATTGCATCAA
GCATCATGGCACCACACAAGTAAGTTTGGTGAGCATGCCACAGTTAGAGGGAGTAGCTTTGTAACTGATTTAGAGAAATACAATCTTGCATTTAGTATGAGTTTACAGTACCTTTTA
TAGAATATTGCAACCGTTGCTATGGTGTTAAAAATGTTTTTAATTGGATGCATTATACAATCCCACAGTGTTATATGCATATTAGTGATTATTATAATCCACCGCATAACCTCACAC
TGGAAAATCGAAACAACCCCCCTGAAGGGCCTAGTTCATACAGGGGTCATATGGGAGGGATTGAAGGACTGCAACAAAAACTCTGGACAAGTATTTCATGCGCTCAAATTTCTTTAG
TTGAAATTAAAACTGGCTTTAAGTTGCGCTCAGCCGTGATGGGTGACAATCAGTGCATTACCGTTTTATCAGTCTTCCCCTTAGAGACTGATGCAGACGAGCAGGAACAGAGCGCCG
AGGACAATGCAGCGAGGGTGGCCGCCAGCCTAGCAAAAGTTACAAGTGCCTGTGGAATCTTTTTAAAACCTGATGAAACATTTGTACATTCAGGTTTTATCTATTTTGGAAAAAAAC

GGTGGAAAGTTGTTGGGCGGTATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTGAAAACTAATGACTTTGCCCCTGCATGGTCAATGACAGGAACCTATTTCCC
ATTTATTTCAAATCCGAATTCCACATTGAATCACCGCTGTGGGCACTGAGAGTCATCCTTGCTGCAGGGATACAGGACCAGTTAATTGACCAGTCTTTGATTGAACCCTTAGCAGGA
GCCCTTGGTTGATCTCTGATTGGCTGCTAACAACCAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCCTAAAAATGCTGTCGTTGATTCGATCCAATAT
TCTCAAGTTTATTAACGAATTGGAGCTCTACATGTTGTGAACTATAATGGATTATTGAGCAGTATTGAAATTGGGACTCAAAATCATACAATCATCATAACTCGAACTAACATGGGT
TTTCTGGTGGAGCTCCAAGAACCCGACAAATCGGCAATGAACCGCAAGAAGCCTGGGCCGGCGAAATTTTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACACAAGGGTCCTCG
ACACGAATGCAAAGTTTAATTCTTGAATTCAATAGCTCTCTTGCTATCTAACTAAGATGGAGTACTTCATATTGGGCTAACTCATATATGCTGACTCAATAGTTAACTTGACATCTC
TGCCTTCATAATCAGATATATAAGCATAATAAATAAATACTCATATTTCTTGATAATTTGTTTAACCACAGAGAAATCCTCACTGTAAGCCAGCTTCCAAGTTGACACCCTTACAAA
AACCAGGACTCAGAATTCCTCAAATAAGAGATTCCAAGACAACATCATAGAATTGCTTTATTATATATTAATAAGCATTTTATCACTAGAAATCCAATATACGAAATGGTTAATTGT
AACTAAACTCGCAGGTCATGTGTGTTAGGTTTCACAAATTATATATATTACTAACTCCATACTCATAACTAACATTAGATAAGTAGGTTAAGAAAAAAGCTTGAGGAAGATTAAGAA
AAAACTGCTTATTGGGTCTTTCCGTGTTTTAGATGAAGCAGTTGACATTCTTCCTCTTGATGTTAAATGGCTACACAACATACCCAATACCCAGACGCCAGGTTATCATCACCAATT
TATTGGACCAATGTGACCTTGTCACTAGAGCTTGCGGGTTTATTCATCATACTCCCTTAATTCGCAACTACGCAACTGAAACTCCCAAACATATATACCGTTAAAATATGATGTAAC
TGTAACAAGTTTTAAGTGATGTACCAGTGGCGACATTGCCCATAGATTTCATAGTCCCAATTCTTCTCAAGGCACTATCAGGCAATGGGTTCTGTCCTTTGAGCTGCGGTGCCAACA
GTTCTTAGATGAAATTATTAAGTACACAATGCAAGATACTCTCTTCCTGAAATATTATCTCAAAAATGTAGGTGCTCAAGAGGACTTGTTGATGACCACTTTCAAGAAAAAATCTTA
TCTTCATTCAGGCAATGAATTTTTACACAAATGTTTTTGGTATGACCTGGCATTTTAACTCGAAGGGGTAGATTAAATCGAGGAAACTCAGATCAACGTGGTTTGTTCATGAGATTT
AATAGACATCTTAGGCTATGGGGACTATGTTTTTTGGAAGATCCCAATTTCACTGTTACCACTGAACACACAAGGAATCCCCCATGCTGCTATGGATTGGTATCAAACATCAGTATT
CAAAGAAGCGGTTCAAGGGCATACACACATTGTTTCTGTTTCTACTGCCGATGTCTTGATAATGTGCAAAGATTTAATTACGTGTCGATTCAACACAACTCTAATCTCAAAATTAGC
AGAGGTTGAGGACCCAGTTTGCTCTGATTACCCCAATTTTAAGATTGTGTCTATGCTTTACCAGAGCGGAGATTACCTACTCTCCATATTAGGGTCTGATGGGTATAAAATCATTAA
GTTTCTCGAACCATTGTGCTTGGCTAAAATTCAATTGTGCTCAAAATACACCGAAAGGAAGGGCCGATTCTTAACACAAATGCATTTAGCTGTAAATCACACCCTGGAAGAAATTAC
AGAAATACGTGCACTAAAGCCTTCACAGGCTCACAAGGTCCGTGAATTTCATAGAACATTGATAAGGCTGGAGATGACGCCACAACAACTTTGTGAGCTATTTTCCATACAAAAACA
CTGGGGACATCCTGTGCTACATAGTGAAACAGCAATCCAAAAAGTTAAAAAACATGCTACGGTGCTAAAAGCATTACGCCCTATCGTGATTTTCGAGACATATTGTGTTTTTAAATA
TAGCATTGCAAAACATTATTTTGATAGTCAAGGATCTTGGTACAGTGTTACCTCAGATAGAAATCTCACACCAGGTCTTAATTCTTATATCAAAAGAAATCAATTCCCTCCGTTGCC
AATGATTAAAGAACTGCTATGGGAATTTTACCACCTTGACCATCCTCCACTTTTCTCAACAAAAGTTATTAGTGACTTAAGTATTTTTATAAAAGACAGAGCTACTGCAGTAGAAAG
GACATGCTGGGATGCAGTATTCGAGCCTAATGTTCTGGGATATAATCCACCTCACAAATTCAGTACCAAACGTGTACCGGAACAATTTTTAGAGCAAGAAAACTTTTCTATTGAGAA
TGTTCTTTCCTACGCGCAAAAACTCGAGTATCTACTACCACAATATCGGAATTTTTCTTTCTCATTGAAAGAGAAAGAGTTGAATGTAGGTAGAACTTTCGGAAAATTGCCTTACCC
GACTCGCAATGTTCAAACACTTTGTGAAGCTCTGTTAGCTGATGGCTTGCTAAAGCATTTCCCAGCAATATGATGGTAGTTACGGAACGTGAACAAAAAGAAGGCTTATTGCATCAA
GCATCATGGCACCACACAAGTAAGTTTGGTGAGCATGCCACAGTTAGAGGGAGTAGCTTTGTAACTGATTTAGAGAAATACAATCTTGCATTTAGTATGAGTTTACAGTACCTTTTA
TAGAATATTGCAACCGTTGCTATGGTGTTAAAAATGTTTTTAATTGGATGCATTATACAATCCCACAGTGTTATATGCATATTAGTGATTATTATAATCCACCGCATAACCTCACAC
TGGAAAATCGAAACAACCCCCCTGAAGGGCCTAGTTCATACAGGGGTCATATGGGAGGGATTGAAGGACTGCAACAAAAACTCTGGACAAGTATTTCATGCGCTCAAATTTCTTTAG
TTGAAATTAAAACTGGCTTTAAGTTGCGCTCAGCCGTGATGGGTGACAATCAGTGCATTACCGTTTTATCAGTCTTCCCCTTAGAGACTGATGCAGACGAGCAGGAACAGAGCGCCG
AGGACAATGCAGCGAGGGTGGCCGCCAGCCTAGCAAAAGTTACAAGTGCCTGTGGAATCTTTTTAAAACCTGATGAAACATTTGTACATTCAGGTTTTATCTATTTTGGAAAAAAAC

GGTGGAAAGTTGTTGGGCGGTATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTGAAAACTAATGACTTTGCCCCTGCATGGTCAATGACAGGAACCTATTTCCC
ATTTATTTCAAATCCGAATTCCACATTGAATCACCGCTGTGGGCACTGAGAGTCATCCTTGCTGCAGGGATACAGGACCAGTTAATTGACCAGTCTTTGATTGAACCCTTAGCAGGA
GCCCTTGGTTGATCTCTGATTGGCTGCTAACAACCAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCCTAAAAATGCTGTCGTTGATTCGATCCAATAT
TCTCAAGTTTATTAACGAATTGGAGCTCTACATGTTGTGAACTATAATGGATTATTGAGCAGTATTGAAATTGGGACTCAAAATCATACAATCATCATAACTCGAACTAACATGGGT
TTTCTGGTGGAGCTCCAAGAACCCGACAAATCGGCAATGAACCGCAAGAAGCCTGGGCCGGCGAAATTTTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACACAAGGGTCCTCG
ACACGAATGCAAAGTTTAATTCTTGAATTCAATAGCTCTCTTGCTATCTAACTAAGATGGAGTACTTCATATTGGGCTAACTCATATATGCTGACTCAATAGTTAACTTGACATCTC
TGCCTTCATAATCAGATATATAAGCATAATAAATAAATACTCATATTTCTTGATAATTTGTTTAACCACAGAGAAATCCTCACTGTAAGCCAGCTTCCAAGTTGACACCCTTACAAA
AACCAGGACTCAGAATTCCTCAAATAAGAGATTCCAAGACAACATCATAGAATTGCTTTATTATATATTAATAAGCATTTTATCACTAGAAATCCAATATACGAAATGGTTAATTGT
AACTAAACTCGCAGGTCATGTGTGTTAGGTTTCACAAATTATATATATTACTAACTCCATACTCATAACTAACATTAGATAAGTAGGTTAAGAAAAAAGCTTGAGGAAGATTAAGAA
AAAACTGCTTATTGGGTCTTTCCGTGTTTTAGATGAAGCAGTTGACATTCTTCCTCTTGATGTTAAATGGCTACACAACATACCCAATACCCAGACGCCAGGTTATCATCACCAATT
TATTGGACCAATGTGACCTTGTCACTAGAGCTTGCGGGTTTATTCATCATACTCCCTTAATTCGCAACTACGCAACTGAAACTCCCAAACATATATACCGTTAAAATATGATGTAAC
TGTAACAAGTTTTAAGTGATGTACCAGTGGCGACATTGCCCATAGATTTCATAGTCCCAATTCTTCTCAAGGCACTATCAGGCAATGGGTTCTGTCCTTTGAGCTGCGGTGCCAACA
GTTCTTAGATGAAATTATTAAGTACACAATGCAAGATACTCTCTTCCTGAAATATTATCTCAAAAATGTAGGTGCTCAAGAGGACTTGTTGATGACCACTTTCAAGAAAAAATCTTA
TCTTCATTCAGGCAATGAATTTTTACACAAATGTTTTTGGTATGACCTGGCATTTTAACTCGAAGGGGTAGATTAAATCGAGGAAACTCAGATCAACGTGGTTTGTTCATGAGATTT
AATAGACATCTTAGGCTATGGGGACTATGTTTTTTGGAAGATCCCAATTTCACTGTTACCACTGAACACACAAGGAATCCCCCATGCTGCTATGGATTGGTATCAAACATCAGTATT
CAAAGAAGCGGTTCAAGGGCATACACACATTGTTTCTGTTTCTACTGCCGATGTCTTGATAATGTGCAAAGATTTAATTACGTGTCGATTCAACACAACTCTAATCTCAAAATTAGC
AGAGGTTGAGGACCCAGTTTGCTCTGATTACCCCAATTTTAAGATTGTGTCTATGCTTTACCAGAGCGGAGATTACCTACTCTCCATATTAGGGTCTGATGGGTATAAAATCATTAA
GTTTCTCGAACCATTGTGCTTGGCTAAAATTCAATTGTGCTCAAAATACACCGAAAGGAAGGGCCGATTCTTAACACAAATGCATTTAGCTGTAAATCACACCCTGGAAGAAATTAC
AGAAATACGTGCACTAAAGCCTTCACAGGCTCACAAGGTCCGTGAATTTCATAGAACATTGATAAGGCTGGAGATGACGCCACAACAACTTTGTGAGCTATTTTCCATACAAAAACA
CTGGGGACATCCTGTGCTACATAGTGAAACAGCAATCCAAAAAGTTAAAAAACATGCTACGGTGCTAAAAGCATTACGCCCTATCGTGATTTTCGAGACATATTGTGTTTTTAAATA
TAGCATTGCAAAACATTATTTTGATAGTCAAGGATCTTGGTACAGTGTTACCTCAGATAGAAATCTCACACCAGGTCTTAATTCTTATATCAAAAGAAATCAATTCCCTCCGTTGCC
AATGATTAAAGAACTGCTATGGGAATTTTACCACCTTGACCATCCTCCACTTTTCTCAACAAAAGTTATTAGTGACTTAAGTATTTTTATAAAAGACAGAGCTACTGCAGTAGAAAG
GACATGCTGGGATGCAGTATTCGAGCCTAATGTTCTGGGATATAATCCACCTCACAAATTCAGTACCAAACGTGTACCGGAACAATTTTTAGAGCAAGAAAACTTTTCTATTGAGAA
TGTTCTTTCCTACGCGCAAAAACTCGAGTATCTACTACCACAATATCGGAATTTTTCTTTCTCATTGAAAGAGAAAGAGTTGAATGTAGGTAGAACTTTCGGAAAATTGCCTTACCC
GACTCGCAATGTTCAAACACTTTGTGAAGCTCTGTTAGCTGATGGCTTGCTAAAGCATTTCCCAGCAATATGATGGTAGTTACGGAACGTGAACAAAAAGAAGGCTTATTGCATCAA
GCATCATGGCACCACACAAGTAAGTTTGGTGAGCATGCCACAGTTAGAGGGAGTAGCTTTGTAACTGATTTAGAGAAATACAATCTTGCATTTAGTATGAGTTTACAGTACCTTTTA
TAGAATATTGCAACCGTTGCTATGGTGTTAAAAATGTTTTTAATTGGATGCATTATACAATCCCACAGTGTTATATGCATATTAGTGATTATTATAATCCACCGCATAACCTCACAC
TGGAAAATCGAAACAACCCCCCTGAAGGGCCTAGTTCATACAGGGGTCATATGGGAGGGATTGAAGGACTGCAACAAAAACTCTGGACAAGTATTTCATGCGCTCAAATTTCTTTAG
TTGAAATTAAAACTGGCTTTAAGTTGCGCTCAGCCGTGATGGGTGACAATCAGTGCATTACCGTTTTATCAGTCTTCCCCTTAGAGACTGATGCAGACGAGCAGGAACAGAGCGCCG
AGGACAATGCAGCGAGGGTGGCCGCCAGCCTAGCAAAAGTTACAAGTGCCTGTGGAATCTTTTTAAAACCTGATGAAACATTTGTACATTCAGGTTTTATCTATTTTGGAAAAAAAC

GGTGGAAAGTTGTTGGGCGGTATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTGAAAACTAATGACTTTGCCCCTGCATGGTCAATGACAGGAACCTATTTCCC
ATTTATTTCAAATCCGAATTCCACATTGAATCACCGCTGTGGGCACTGAGAGTCATCCTTGCTGCAGGGATACAGGACCAGTTAATTGACCAGTCTTTGATTGAACCCTTAGCAGGA
GCCCTTGGTTGATCTCTGATTGGCTGCTAACAACCAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCCTAAAAATGCTGTCGTTGATTCGATCCAATAT
TCTCAAGTTTATTAACGAATTGGAGCTCTACATGTTGTGAACTATAATGGATTATTGAGCAGTATTGAAATTGGGACTCAAAATCATACAATCATCATAACTCGAACTAACATGGGT
TTTCTGGTGGAGCTCCAAGAACCCGACAAATCGGCAATGAACCGCAAGAAGCCTGGGCCGGCGAAATTTTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACACAAGGGTCCTCG
ACACGAATGCAAAGTTTAATTCTTGAATTCAATAGCTCTCTTGCTATCTAACTAAGATGGAGTACTTCATATTGGGCTAACTCATATATGCTGACTCAATAGTTAACTTGACATCTC
TGCCTTCATAATCAGATATATAAGCATAATAAATAAATACTCATATTTCTTGATAATTTGTTTAACCACAGAGAAATCCTCACTGTAAGCCAGCTTCCAAGTTGACACCCTTACAAA
AACCAGGACTCAGAATTCCTCAAATAAGAGATTCCAAGACAACATCATAGAATTGCTTTATTATATATTAATAAGCATTTTATCACTAGAAATCCAATATACGAAATGGTTAATTGT
AACTAAACTCGCAGGTCATGTGTGTTAGGTTTCACAAATTATATATATTACTAACTCCATACTCATAACTAACATTAGATAAGTAGGTTAAGAAAAAAGCTTGAGGAAGATTAAGAA
AAAACTGCTTATTGGGTCTTTCCGTGTTTTAGATGAAGCAGTTGACATTCTTCCTCTTGATGTTAAATGGCTACACAACATACCCAATACCCAGACGCCAGGTTATCATCACCAATT
TATTGGACCAATGTGACCTTGTCACTAGAGCTTGCGGGTTTATTCATCATACTCCCTTAATTCGCAACTACGCAACTGAAACTCCCAAACATATATACCGTTAAAATATGATGTAAC
TGTAACAAGTTTTAAGTGATGTACCAGTGGCGACATTGCCCATAGATTTCATAGTCCCAATTCTTCTCAAGGCACTATCAGGCAATGGGTTCTGTCCTTTGAGCTGCGGTGCCAACA
GTTCTTAGATGAAATTATTAAGTACACAATGCAAGATACTCTCTTCCTGAAATATTATCTCAAAAATGTAGGTGCTCAAGAGGACTTGTTGATGACCACTTTCAAGAAAAAATCTTA
TCTTCATTCAGGCAATGAATTTTTACACAAATGTTTTTGGTATGACCTGGCATTTTAACTCGAAGGGGTAGATTAAATCGAGGAAACTCAGATCAACGTGGTTTGTTCATGAGATTT
AATAGACATCTTAGGCTATGGGGACTATGTTTTTTGGAAGATCCCAATTTCACTGTTACCACTGAACACACAAGGAATCCCCCATGCTGCTATGGATTGGTATCAAACATCAGTATT
CAAAGAAGCGGTTCAAGGGCATACACACATTGTTTCTGTTTCTACTGCCGATGTCTTGATAATGTGCAAAGATTTAATTACGTGTCGATTCAACACAACTCTAATCTCAAAATTAGC
AGAGGTTGAGGACCCAGTTTGCTCTGATTACCCCAATTTTAAGATTGTGTCTATGCTTTACCAGAGCGGAGATTACCTACTCTCCATATTAGGGTCTGATGGGTATAAAATCATTAA
GTTTCTCGAACCATTGTGCTTGGCTAAAATTCAATTGTGCTCAAAATACACCGAAAGGAAGGGCCGATTCTTAACACAAATGCATTTAGCTGTAAATCACACCCTGGAAGAAATTAC
AGAAATACGTGCACTAAAGCCTTCACAGGCTCACAAGGTCCGTGAATTTCATAGAACATTGATAAGGCTGGAGATGACGCCACAACAACTTTGTGAGCTATTTTCCATACAAAAACA
CTGGGGACATCCTGTGCTACATAGTGAAACAGCAATCCAAAAAGTTAAAAAACATGCTACGGTGCTAAAAGCATTACGCCCTATCGTGATTTTCGAGACATATTGTGTTTTTAAATA
TAGCATTGCAAAACATTATTTTGATAGTCAAGGATCTTGGTACAGTGTTACCTCAGATAGAAATCTCACACCAGGTCTTAATTCTTATATCAAAAGAAATCAATTCCCTCCGTTGCC
AATGATTAAAGAACTGCTATGGGAATTTTACCACCTTGACCATCCTCCACTTTTCTCAACAAAAGTTATTAGTGACTTAAGTATTTTTATAAAAGACAGAGCTACTGCAGTAGAAAG
GACATGCTGGGATGCAGTATTCGAGCCTAATGTTCTGGGATATAATCCACCTCACAAATTCAGTACCAAACGTGTACCGGAACAATTTTTAGAGCAAGAAAACTTTTCTATTGAGAA
TGTTCTTTCCTACGCGCAAAAACTCGAGTATCTACTACCACAATATCGGAATTTTTCTTTCTCATTGAAAGAGAAAGAGTTGAATGTAGGTAGAACTTTCGGAAAATTGCCTTACCC
GACTCGCAATGTTCAAACACTTTGTGAAGCTCTGTTAGCTGATGGCTTGCTAAAGCATTTCCCAGCAATATGATGGTAGTTACGGAACGTGAACAAAAAGAAGGCTTATTGCATCAA
GCATCATGGCACCACACAAGTAAGTTTGGTGAGCATGCCACAGTTAGAGGGAGTAGCTTTGTAACTGATTTAGAGAAATACAATCTTGCATTTAGTATGAGTTTACAGTACCTTTTA
TAGAATATTGCAACCGTTGCTATGGTGTTAAAAATGTTTTTAATTGGATGCATTATACAATCCCACAGTGTTATATGCATATTAGTGATTATTATAATCCACCGCATAACCTCACAC
TGGAAAATCGAAACAACCCCCCTGAAGGGCCTAGTTCATACAGGGGTCATATGGGAGGGATTGAAGGACTGCAACAAAAACTCTGGACAAGTATTTCATGCGCTCAAATTTCTTTAG
TTGAAATTAAAACTGGCTTTAAGTTGCGCTCAGCCGTGATGGGTGACAATCAGTGCATTACCGTTTTATCAGTCTTCCCCTTAGAGACTGATGCAGACGAGCAGGAACAGAGCGCCG
AGGACAATGCAGCGAGGGTGGCCGCCAGCCTAGCAAAAGTTACAAGTGCCTGTGGAATCTTTTTAAAACCTGATGAAACATTTGTACATTCAGGTTTTATCTATTTTGGAAAAAAAC



Gire et al. Science 2014, Park et al. Cell 2015, Diehl et al. Cell 2016

Informing diagnostics, vaccines, and 
therapies

Genomics Can Provide Powerful Information in Real-Time

9

Diagnostics

Vaccine

NP vp35 vp40 GP vp30 vp24 L3’-OH 5’

ATCGGAATTTTTCTTTCTCATT        ATGTGGTGGGTTATAATAATCACTGACATG    

Forward Primer Reverse Primer

CGG-GTT-AGT-GAT-GTC

Glycoprotein (GP)

CGG-GTT-AGT-GAT-GTC
Q  -  V  -  S  - D  -  V Q  -  V  -  N  - D  -  V

CGG-GTT-AAT-GAT-GTC

Antibody

Tracking and characterizing outbreak 
transmission

Identifying variation across the genome

Getting to functional mutations



AfterBefore











Detect



Detect



Detect



Connect



Connect



Empower



Sentinel



Detect



GGTGGAAAGTTGTTGGGCGGTATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTG
AAAACTAATGACTTTGCCCCTGCATGGTCAATGACAGGAACCTATTTCCCATTTATTTCAAATCCGA
ATTCCACATTGAATCACCGCTGTGGGCACTGAGAGTCATCCTTGCTGCAGGGATACAGGACCAGTTA
ATTGACCAGTCTTTGATTGAACCCTTAGCAGGAGCCCTTGGTTGATCTCTGATTGGCTGCTAACAAC
CAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCCTAAAAATGCTGTCGT
TGATTCGATCCAATATTCTCAAGTTTATTAACGAATTGGAGCTCTACATGTTGTGAACTATAATGGA
TTATTGAGCAGTATTGAAATTGGGACTCAAAATCATACAATCATCATAACTCGAACTAACATGGGTT
TTCTGGTGGAGCTCCAAGAACCCGACAAATCGGCAATGAACCGCAAGAAGCCTGGGCCGGCGAAATT
TTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACACAAGGGTCCTCGACACGAATGCAAAGTTTA
ATTCTTGAATTCAATAGCTCTCTTGCTATCTAACTAAGATGGAGTACTTCATATTGGGCTAACTCAT
ATATGCTGACTCAATAGTTAACTTGACATCTCTGCCTTCATAATCAGATATATAAGCATAATAAATA
AATACTCATATTTCTTGATAATTTGTTTAACCACAGAGAAATCCTCACTGTAAGCCAGCTTCCAAGT
TGACACCCTTACAAAAACCAGGACTCAGAATTCCTCAAATAAGAGATTCCAAGACAACATCATAGAA
TTGCTTTATTATATATTAATAAGCATTTTATCACTAGAAATCCAATATACGAAATGGTTAATTGTAA
CTAAACTCGCAGGTCATGTGTGTTAGGTTTCACAAATTATATATATTACTAACTCCATACTCATAAC
TAACATTAGATAAGTAGGTTAAGAAAAAAGCTTGAGGAAGATTAAGAAAAAACTGCTTATTGGGTCT
TTCCGTGTTTTAGATGAAGCAGTTGACATTCTTCCTCTTGATGTTAAATGGCTACACAACATACCCA
ATACCCAGACGCCAGGTTATCATCACCAATTTATTGGACCAATGTGACCTTGTCACTAGAGCTTGCG
GGTTTATTCA



SNF
BHCHP
Conference

Detect: Genomics informs public health response

Transmission Patterns

Ebola was spreading human to 
human

COVID driven by superspreader
events

Novel Mutations

COVID’s D614G mutation does as 
well

Ebola mutations increased 
infectivity

Contract Tracing

Traditional epi is accurate but 
underpowered

Gire et al. Science 2014, Lemieux et al. Science 2020, Diehl et al. Cell 2016, Yurkovetskiy et al. Cell 2020, Wohl et al. PLoS Biology 2020 
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• Established diagnostics in early February in Nigeria, 
Sierra Leone and Senegal

• Running 1k diagnostics a week
• Serving 30 million people in Nigeria

ACEGID has become a national diagnostic center



Metsky et al. Nature 2017, Myhrvold et al. Science 2018
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Zika – deployable diagnostics 

Virus circulating months 
before first detection



GGTGGAAAGTTGTTGGGCGGTATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTG
AAAACTAATGACTTTGCCCCTGCATGGTCAATGACAGGAACCTATTTCCCATTTATTTCAAATCCGA
ATTCCACATTGAATCACCGCTGTGGGCACTGAGAGTCATCCTTGCTGCAGGGATACAGGACCAGTTA
ATTGACCAGTCTTTGATTGAACCCTTAGCAGGAGCCCTTGGTTGATCTCTGATTGGCTGCTAACAAC
CAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCCTAAAAATGCTGTCGT
TGATTCGATCCAATATTCTCAAGTTTATTAACGAATTGGAGCTCTACATGTTGTGAACTATAATGGA
TTATTGAGCAGTATTGAAATTGGGACTCAAAATCATACAATCATCATAACTCGAACTAACATGGGTT
TTCTGGTGGAGCTCCAAGAACCCGACAAATCGGCAATGAACCGCAAGAAGCCTGGGCCGGCGAAATT
TTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACACAAGGGTCCTCGACACGAATGCAAAGTTTA
ATTCTTGAATTCAATAGCTCTCTTGCTATCTAACTAAGATGGAGTACTTCATATTGGGCTAACTCAT
ATATGCTGACTCAATAGTTAACTTGACATCTCTGCCTTCATAATCAGATATATAAGCATAATAAATA
AATACTCATATTTCTTGATAATTTGTTTAACCACAGAGAAATCCTCACTGTAAGCCAGCTTCCAAGT
TGACACCCTTACAAAAACCAGGACTCAGAATTCCTCAAATAAGAGATTCCAAGACAACATCATAGAA
TTGCTTTATTATATATTAATAAGCATTTTATCACTAGAAATCCAATATACGAAATGGTTAATTGTAA
CTAAACTCGCAGGTCATGTGTGTTAGGTTTCACAAATTATATATATTACTAACTCCATACTCATAAC
TAACATTAGATAAGTAGGTTAAGAAAAAAGCTTGAGGAAGATTAAGAAAAAACTGCTTATTGGGTCT
TTCCGTGTTTTAGATGAAGCAGTTGACATTCTTCCTCTTGATGTTAAATGGCTACACAACATACCCA
ATACCCAGACGCCAGGTTATCATCACCAATTTATTGGACCAATGTGACCTTGTCACTAGAGCTTGCG

crRNA



Point-of-Care

DETECT: with new technologies

Massive Throughput

Rehydration and sample 
addition

Paper strip
addition

Result 
interpretation

90 min 5 min

DETECTION READOUT

Rapid Deep Learning-Based Design

Species Fetch latest data Curate & align Search Ranked design options

IDENTIFY MAXIMALLY ACTIVE AND 
SPECIFIC PROBE SET

ACTIVITY 
FUNCTION

DATABASE OF 
GENOMES & 
METADATA



Gootenberg et al. Science 2017; Myhrvold, Freije et al. Science 2018
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Highly sensitive assay Fully field deployable

Urine Saliva

Control line

Test line
Dengue Patient Healthy

CRISPR-Cas13 can achieve these goals

Rapid assay development

Day 1:
Design crRNAs 
& RPA primers

Days 2-5:
crRNAs, primer, 
target synthesis

Day 6:
lab 

testing

Distinguishes subtypes and variants
patient genotype: WT

Control line

Test line



DETECT: with new technologies

Note: samples tested have qPCR Ct <30

Incubation 
Time

Sensitivity Specificity

30 mins 90% 94%

1 hour 94.7% 97%

2 hours 98% 98%



CARMEN – High Throughput Diagnostics

Distinguishes subtypes and variants
H1-H16 N1-N9

Works well on clinical samples

Distinguishes human associated viruses

Ackerman, Myhrvold, Nature 2020



CRISPR-Cas13 can be run on Fluidigm

SARS-CoV-2 FLUA FLUB HMPV HRSV controls

Synthetic targets ranging from 10 cp/µL to 1 cp/µL

LOD around 1 - 5 copies/µL

1 cp/µl detected

1 cp/µl not detected



Connect



Citizen Reporting

Dashboard 
Visualizations

Contact Tracing

Sample/Clinical
Data TrackingDiagnostic Capture

Genomics

CONNECT: frontline workers with actionable information
Sample/Clinical Data Tracking





Creating global views of all genomics datasets

Fathom Information Design & Broad Institute





Enhancing public health investigations

Fathom Information Design & Broad Institute (data based on real work at CMU, but anonymized)  



Combining genomic and epi data

Fathom Information Design & Broad Institute (data based on real work at CMU, but anonymized)  



Empower



All outbreaks - importance of empowering every actor



EMPOWER: every actor in the system



Operation Outbreak 



OO mobile app

Sick

Very sick

Recovered

Dead

Psick = 0.6

Pv.sick = 0.4

Psick -> rec = 0.6

Psick -> dead
= 0.5

Pv.sick -> dead
= 0.9

Pv.sick -> rec
= 0.1

Mask Vaccine

Can test 
interventions

Asymptomatic



OO Data

Visualize ground 
truth data, including 
“patient zero” and all 
transmission events.

Track super-
spreader events.

Colubri et al., Cell 2020

Monitor infection 
patterns.

Assign, in real-time, 
physical distancing
scorecards to individuals 
and institutions.





OO Curriculum

Chapter topics include: 
• Epidemiology 
• Biology of microbes
• Emerging pathogens 
• Genomics and Evolution
• Molecular diagnostics 
• Our immune defenses 
• Vaccines
• Prevention and control 
• Social Drivers of Disease 
• Public health policy 
• Mathematical modeling 

Course Video Series
(in production)



Overcome



GGTGGAAAGTTGTTGGGCGGTATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTGAAAACTAATGACTTTGCC
CCTGCATGGTCAATGACAGGAACCTATTTCCCATTTATTTCAAATCCGAATTCCACATTGAATCACCGCTGTGGGCACTGAGAGT
CATCCTTGCTGCAGGGATACAGGACCAGTTAATTGACCAGTCTTTGATTGAACCCTTAGCAGGAGCCCTTGGTTGATCTCTGATT
GGCTGCTAACAACCAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCCTAAAAATGCTGTCGTTGATT
CGATCCAATATTCTCAAGTTTATTAACGAATTGGAGCTCTACATGTTGTGAACTATAATGGATTATTGAGCAGTATTGAAATTGG
GACTCAAAATCATACAATCATCATAACTCGAACTAACATGGGTTTTCTGGTGGAGCTCCAAGAACCCGACAAATCGGCAATGAAC
CGCAAGAAGCCTGGGCCGGCGAAATTTTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACACAAGGGTCCTCGACACGAATGC
AAAGTTTAATTCTTGAATTCAATAGCTCTCTTGCTATCTAACTAAGATGGAGTACTTCATATTGGGCTAACTCATATATGCTGAC
TCAATAGTTAACTTGACATCTCTGCCTTCATAATCAGATATATAAGCATAATAAATAAATACTCATATTTCTTGATAATTTGTTT
AACCACAGAGAAATCCTCACTGTAAGCCAGCTTCCAAGTTGACACCCTTACAAAAACCAGGACTCAGAATTCCTCAAATAAGAGA
TTCCAAGACAACATCATAGAATTGCTTTATTATATATTAATAAGCATTTTATCACTAGAAATCCAATATACGAAATGGTTAATTG
TAACTAAACTCGCAGGTCATGTGTGTTAGGTTTCACAAATTATATATATTACTAACTCCATACTCATAACTAACATTAGATAAGT
AGGTTAAGAAAAAAGCTTGAGGAAGATTAAGAAAAAACTGCTTATTGGGTCTTTCCGTGTTTTAGATGAAGCAGTTGACATTCTT
CCTCTTGATGTTAAATGGCTACACAACATACCCAATACCCAGACGCCAGGTTATCATCACCAATTTATTGGACCAATGTGACCTT
GTCACTAGAGCTTGCGGGTTTATTCATCATACTCCCTTAATTCGCAACTACGCAACTGAAACTCCCAAACATATATACCGTTAAA
ATATGATGTAACTGTAACAAGTTTTAAGTGATGTACCAGTGGCGACATTGCCCATAGATTTCATAGTCCCAATTCTTCTCAAGGC
ACTATCAGGCAATGGGTTCTGTCCTTTGAGCTGCGGTGCCAACAGTTCTTAGATGAAATTATTAAGTACACAATGCAAGATACTC
TCTTCCTGAAATATTATCTCAAAAATGTAGGTGCTCAAGAGGACTTGTTGATGACCACTTTCAAGAAAAAATCTTATCTTCATTC
AGGCAATGAATTTTTACACAAATGTTTTTGGTATGACCTGGCATTTTAACTCGAAGGGGTAGATTAAATCGAGGAAACTCAGATC
AACGTGGTTTGTTCATGAGATTTAATAGACATCTTAGGCTATGGGGACTATGTTTTTTGGAAGATCCCAATTTCACTGTTACCAC
TGAACACACAAGGAATCCCCCATGCTGCTATGGATTGGTATCAAACATCAGTATTCAAAGAAGCGGTTCAAGGGCATACACACAT
TGTTTCTGTTTCTACTGCCGATGTCTTGATAATGTGCAAAGATTTAATTACGTGTCGATTCAACACAACTCTAATCTCAAAATTA
GCAGAGGTTGAGGACCCAGTTTGCTCTGATTACCCCAATTTTAAGATTGTGTCTATGCTTTACCAGAGCGGAGATTACCTACTCA

Glycoprotein (GP)



OVERCOME: through therapies and vaccines

Host Response 
at Single Cell Resolution

SUPPRESSED INTERFERON 
RESPONSE

VIRUS-HOST 
INTERACTIONS

SINGLE-CELL ATLAS

CHANGES TO MONOCYTES VIRAL TROPISM FACTORS

CRISPR 
Antivirals

IAV LCMV VSV

viral ssRNA

Cas13

DETECT DESTROY

PROGRAMMABLE TARGETING

Viral Antigen
Presentation 

PROFILING VIRAL HLA-I ANTIGENS PRESENTED TO T CELLS

HLA-I ANTIGENS ACROSS VIRAL GENOME

Freije et al. Molecular Cell 2019, Kotliar et al. Cell 2020, Weingarten-Gabbay et al. Cell in press
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