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Lifecycle of Data
•Transfer
•Storage
•Analysis
•Visualization
•Metadata Mark-up
•Search and Discover
•Share/Collaborate
•Publish

High-throughput Data Acquisition

In 11 Days
•Generates 4TB of raw data
•600,000,000,000 bases of DNA sequence
(200 human genomes)

http://omicsmaps.com/

and it is a global phenomenon 

•$70K for ~30 camera sets
•~200 movies of plants undergoing a dynamic growth process
•“Only” 4GB a day

High-throughput Phenotyping
(Watching Grass Grow)



Big Data in Ecology 
Global Multidimensional Data

CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA
TCGGTTAATCAAAGAAATTAGGTGCTCCTACGCCTGAAGTTATCGGTGAAGGCTTCCCCTCCATTTGATCTGTAGGATA
TCGAGTTTTCTTACCGCCTCTATCGGCTATGGGATATGCAATTCTCTTCTCTGACTTAACACAGAGCAAAGTAGACTGA
TTTCGCGCTAGTGCTAGTACACGAGTAGACCGCTTTCACCTAGCTATTGCTCACTAACAGAACCTTCTCGTACTGGAGA
AAAGAACTTGAGCTCTGCTTCGAGGAACTAGCAGTCGAAGGGTGACGATTTCTGATCACTGGATTCAAGAGCTTTTAGG
GTGTTCGGAACAGTTATTAGTAGAAGATAAGACTTTCTCGGCTTGTTTACTAAGTCTCTGATTCGAATAAGCGACTCGG
AACTCTGTTCGCGGTTAGCTGAGAATGTTCTTGCTTCTTGCCAGTTAGATTAGCTTGAAAGGGAATGAGTGAGTCGAAA
GTATGACAACGGGCATAGATAGAGGAGTTCCTGATCCCGGTACTAGGGCGAATGGCATAACTGCTTCTTTCTCTTTTTA
CGGGTAGAATCCGCTATAGTTGAGGAAGCCCAGAGATGAGGATAAAATCTCTTGTTTAAGAAGCAACTCATGTTTCAGG 
GGGTGCCCAAAAGCCCGGTTTGTTAGCCCCTTTCCGATTCCCTCACCCAATCTCATTAAAAGCAAGCCCAGCAGGCCCT
GCCTTAACCTGTCCCCAGACAGCCAGCCCTCACCAGGCCGCTGGCATTACTCAATGCTCCGCCACGAAGCAAGCTCTCC
CGAATACGACAGATGCGGAAGTGGCTCAAGAAGTCGGAGGAATCAAGTAGTTGGAAAACTGTATGCACGAGGGGACATG
AGTCTTCTGGGAATTGGCAACATTGGCAGAAAATAAAGGGGAATACAAGGGGGGTAGGAATCCACTTTGTTAGGTGTAG
CTATACTCACGTAAGTAGTCGGCCTAACCTTCGGTTCCCGTAACCAAGTTGTTCTTTCTCACTCCTGATTGACTTTTGA
TTACTGAATCCATACTTTTTTACTTTTTTTGAATTTGAAGTGTGGGGAAAAGGGCGCCCTCTACTTCTACTTCTAACTA
CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA

CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA
TCGGTTAATCAAAGAAATTAGGTGCTCCTACGCCTGAAGTTATCGGTGAAGGCTTCCCCTCCATTTGATCTGTAGGATA
TCGAGTTTTCTTACCGCCTCTATCGGCTATGGGATATGCAATTCTCTTCTCTGACTTAACACAGAGCAAAGTAGACTGA
TTTCGCGCTAGTGCTAGTACACGAGTAGACCGCTTTCACCTAGCTATTGCTCACTAACAGAACCTTCTCGTACTGGAGA
AAAGAACTTGAGCTCTGCTTCGAGGAACTAGCAGTCGAAGGGTGACGATTTCTGATCACTGGATTCAAGAGCTTTTAGG
GTGTTCGGAACAGTTATTAGTAGAAGATAAGACTTTCTCGGCTTGTTTACTAAGTCTCTGATTCGAATAAGCGACTCGG
AACTCTGTTCGCGGTTAGCTGAGAATGTTCTTGCTTCTTGCCAGTTAGATTAGCTTGAAAGGGAATGAGTGAGTCGAAA
GTATGACAACGGGCATAGATAGAGGAGTTCCTGATCCCGGTACTAGGGCGAATGGCATAACTGCTTCTTTCTCTTTTTA
CGGGTAGAATCCGCTATAGTTGAGGAAGCCCAGAGATGAGGATAAAATCTCTTGTTTAAGAAGCAACTCATGTTTCAGG 
GGGTGCCCAAAAGCCCGGTTTGTTAGCCCCTTTCCGATTCCCTCACCCAATCTCATTAAAAGCAAGCCCAGCAGGCCCT
GCCTTAACCTGTCCCCAGACAGCCAGCCCTCACCAGGCCGCTGGCATTACTCAATGCTCCGCCACGAAGCAAGCTCTCC
CGAATACGACAGATGCGGAAGTGGCTCAAGAAGTCGGAGGAATCAAGTAGTTGGAAAACTGTATGCACGAGGGGACATG
AGTCTTCTGGGAATTGGCAACATTGGCAGAAAATAAAGGGGAATACAAGGGGGGTAGGAATCCACTTTGTTAGGTGTAG
CTATACTCACGTAAGTAGTCGGCCTAACCTTCGGTTCCCGTAACCAAGTTGTTCTTTCTCACTCCTGATTGACTTTTGA
TTACTGAATCCATACTTTTTTACTTTTTTTGAATTTGAAGTGTGGGGAAAAGGGCGCCCTCTACTTCTACTTCTAACTA
CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA

CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA
TCGGTTAATCAAAGAAATTAGGTGCTCCTACGCCTGAAGTTATCGGTGAAGGCTTCCCCTCCATTTGATCTGTAGGATA
TCGAGTTTTCTTACCGCCTCTATCGGCTATGGGATATGCAATTCTCTTCTCTGACTTAACACAGAGCAAAGTAGACTGA
TTTCGCGCTAGTGCTAGTACACGAGTAGACCGCTTTCACCTAGCTATTGCTCACTAACAGAACCTTCTCGTACTGGAGA
AAAGAACTTGAGCTCTGCTTCGAGGAACTAGCAGTCGAAGGGTGACGATTTCTGATCACTGGATTCAAGAGCTTTTAGG
GTGTTCGGAACAGTTATTAGTAGAAGATAAGACTTTCTCGGCTTGTTTACTAAGTCTCTGATTCGAATAAGCGACTCGG
AACTCTGTTCGCGGTTAGCTGAGAATGTTCTTGCTTCTTGCCAGTTAGATTAGCTTGAAAGGGAATGAGTGAGTCGAAA
GTATGACAACGGGCATAGATAGAGGAGTTCCTGATCCCGGTACTAGGGCGAATGGCATAACTGCTTCTTTCTCTTTTTA
CGGGTAGAATCCGCTATAGTTGAGGAAGCCCAGAGATGAGGATAAAATCTCTTGTTTAAGAAGCAACTCATGTTTCAGG 
GGGTGCCCAAAAGCCCGGTTTGTTAGCCCCTTTCCGATTCCCTCACCCAATCTCATTAAAAGCAAGCCCAGCAGGCCCT
GCCTTAACCTGTCCCCAGACAGCCAGCCCTCACCAGGCCGCTGGCATTACTCAATGCTCCGCCACGAAGCAAGCTCTCC
CGAATACGACAGATGCGGAAGTGGCTCAAGAAGTCGGAGGAATCAAGTAGTTGGAAAACTGTATGCACGAGGGGACATG
AGTCTTCTGGGAATTGGCAACATTGGCAGAAAATAAAGGGGAATACAAGGGGGGTAGGAATCCACTTTGTTAGGTGTAG
CTATACTCACGTAAGTAGTCGGCCTAACCTTCGGTTCCCGTAACCAAGTTGTTCTTTCTCACTCCTGATTGACTTTTGA
TTACTGAATCCATACTTTTTTACTTTTTTTGAATTTGAAGTGTGGGGAAAAGGGCGCCCTCTACTTCTACTTCTAACTA
CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA
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CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA
TCGGTTAATCAAAGAAATTAGGTGCTCCTACGCCTGAAGTTATCGGTGAAGGCTTCCCCTCCATTTGATCTGTAGGATA
TCGAGTTTTCTTACCGCCTCTATCGGCTATGGGATATGCAATTCTCTTCTCTGACTTAACACAGAGCAAAGTAGACTGA
TTTCGCGCTAGTGCTAGTACACGAGTAGACCGCTTTCACCTAGCTATTGCTCACTAACAGAACCTTCTCGTACTGGAGA
AAAGAACTTGAGCTCTGCTTCGAGGAACTAGCAGTCGAAGGGTGACGATTTCTGATCACTGGATTCAAGAGCTTTTAGG
GTGTTCGGAACAGTTATTAGTAGAAGATAAGACTTTCTCGGCTTGTTTACTAAGTCTCTGATTCGAATAAGCGACTCGG
AACTCTGTTCGCGGTTAGCTGAGAATGTTCTTGCTTCTTGCCAGTTAGATTAGCTTGAAAGGGAATGAGTGAGTCGAAA
GTATGACAACGGGCATAGATAGAGGAGTTCCTGATCCCGGTACTAGGGCGAATGGCATAACTGCTTCTTTCTCTTTTTA
CGGGTAGAATCCGCTATAGTTGAGGAAGCCCAGAGATGAGGATAAAATCTCTTGTTTAAGAAGCAACTCATGTTTCAGG 
GGGTGCCCAAAAGCCCGGTTTGTTAGCCCCTTTCCGATTCCCTCACCCAATCTCATTAAAAGCAAGCCCAGCAGGCCCT
GCCTTAACCTGTCCCCAGACAGCCAGCCCTCACCAGGCCGCTGGCATTACTCAATGCTCCGCCACGAAGCAAGCTCTCC
CGAATACGACAGATGCGGAAGTGGCTCAAGAAGTCGGAGGAATCAAGTAGTTGGAAAACTGTATGCACGAGGGGACATG
AGTCTTCTGGGAATTGGCAACATTGGCAGAAAATAAAGGGGAATACAAGGGGGGTAGGAATCCACTTTGTTAGGTGTAG
CTATACTCACGTAAGTAGTCGGCCTAACCTTCGGTTCCCGTAACCAAGTTGTTCTTTCTCACTCCTGATTGACTTTTGA
TTACTGAATCCATACTTTTTTACTTTTTTTGAATTTGAAGTGTGGGGAAAAGGGCGCCCTCTACTTCTACTTCTAACTA
CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA

CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA
TCGGTTAATCAAAGAAATTAGGTGCTCCTACGCCTGAAGTTATCGGTGAAGGCTTCCCCTCCATTTGATCTGTAGGATA
TCGAGTTTTCTTACCGCCTCTATCGGCTATGGGATATGCAATTCTCTTCTCTGACTTAACACAGAGCAAAGTAGACTGA
TTTCGCGCTAGTGCTAGTACACGAGTAGACCGCTTTCACCTAGCTATTGCTCACTAACAGAACCTTCTCGTACTGGAGA
AAAGAACTTGAGCTCTGCTTCGAGGAACTAGCAGTCGAAGGGTGACGATTTCTGATCACTGGATTCAAGAGCTTTTAGG
GTGTTCGGAACAGTTATTAGTAGAAGATAAGACTTTCTCGGCTTGTTTACTAAGTCTCTGATTCGAATAAGCGACTCGG
AACTCTGTTCGCGGTTAGCTGAGAATGTTCTTGCTTCTTGCCAGTTAGATTAGCTTGAAAGGGAATGAGTGAGTCGAAA
GTATGACAACGGGCATAGATAGAGGAGTTCCTGATCCCGGTACTAGGGCGAATGGCATAACTGCTTCTTTCTCTTTTTA
CGGGTAGAATCCGCTATAGTTGAGGAAGCCCAGAGATGAGGATAAAATCTCTTGTTTAAGAAGCAACTCATGTTTCAGG 
GGGTGCCCAAAAGCCCGGTTTGTTAGCCCCTTTCCGATTCCCTCACCCAATCTCATTAAAAGCAAGCCCAGCAGGCCCT
GCCTTAACCTGTCCCCAGACAGCCAGCCCTCACCAGGCCGCTGGCATTACTCAATGCTCCGCCACGAAGCAAGCTCTCC
CGAATACGACAGATGCGGAAGTGGCTCAAGAAGTCGGAGGAATCAAGTAGTTGGAAAACTGTATGCACGAGGGGACATG
AGTCTTCTGGGAATTGGCAACATTGGCAGAAAATAAAGGGGAATACAAGGGGGGTAGGAATCCACTTTGTTAGGTGTAG
CTATACTCACGTAAGTAGTCGGCCTAACCTTCGGTTCCCGTAACCAAGTTGTTCTTTCTCACTCCTGATTGACTTTTGA
TTACTGAATCCATACTTTTTTACTTTTTTTGAATTTGAAGTGTGGGGAAAAGGGCGCCCTCTACTTCTACTTCTAACTA
CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA

CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA
TCGGTTAATCAAAGAAATTAGGTGCTCCTACGCCTGAAGTTATCGGTGAAGGCTTCCCCTCCATTTGATCTGTAGGATA
TCGAGTTTTCTTACCGCCTCTATCGGCTATGGGATATGCAATTCTCTTCTCTGACTTAACACAGAGCAAAGTAGACTGA
TTTCGCGCTAGTGCTAGTACACGAGTAGACCGCTTTCACCTAGCTATTGCTCACTAACAGAACCTTCTCGTACTGGAGA
AAAGAACTTGAGCTCTGCTTCGAGGAACTAGCAGTCGAAGGGTGACGATTTCTGATCACTGGATTCAAGAGCTTTTAGG
GTGTTCGGAACAGTTATTAGTAGAAGATAAGACTTTCTCGGCTTGTTTACTAAGTCTCTGATTCGAATAAGCGACTCGG
AACTCTGTTCGCGGTTAGCTGAGAATGTTCTTGCTTCTTGCCAGTTAGATTAGCTTGAAAGGGAATGAGTGAGTCGAAA
GTATGACAACGGGCATAGATAGAGGAGTTCCTGATCCCGGTACTAGGGCGAATGGCATAACTGCTTCTTTCTCTTTTTA
CGGGTAGAATCCGCTATAGTTGAGGAAGCCCAGAGATGAGGATAAAATCTCTTGTTTAAGAAGCAACTCATGTTTCAGG 
GGGTGCCCAAAAGCCCGGTTTGTTAGCCCCTTTCCGATTCCCTCACCCAATCTCATTAAAAGCAAGCCCAGCAGGCCCT
GCCTTAACCTGTCCCCAGACAGCCAGCCCTCACCAGGCCGCTGGCATTACTCAATGCTCCGCCACGAAGCAAGCTCTCC
CGAATACGACAGATGCGGAAGTGGCTCAAGAAGTCGGAGGAATCAAGTAGTTGGAAAACTGTATGCACGAGGGGACATG
AGTCTTCTGGGAATTGGCAACATTGGCAGAAAATAAAGGGGAATACAAGGGGGGTAGGAATCCACTTTGTTAGGTGTAG
CTATACTCACGTAAGTAGTCGGCCTAACCTTCGGTTCCCGTAACCAAGTTGTTCTTTCTCACTCCTGATTGACTTTTGA
TTACTGAATCCATACTTTTTTACTTTTTTTGAATTTGAAGTGTGGGGAAAAGGGCGCCCTCTACTTCTACTTCTAACTA
CAGGCGAAAAGCTGGCATTGCAAGCAAATAGAGAGCCCCCGCCCGTTTGAGTCGTTGCGAGCCGGAAAGCGTACCAGCG
GTTTGAGTCGCGAAAGGGCCGCTTGCTTAATTATATTATAATATAATATATATAATCTTCTATCTCTATCTATCAACAA
TAAAATCAGAAGAAAGTAAAAAAAATATAAAAAAGAAAATCATTTTTTGTATCCAATTTTGCATTCCTGGGAAGAGGAA
GAAGCAGATAGAGCAAAGGCCTCCTCTTTCCGTCCGCTCTTCCCGAAGTGAGCGAATTGCATGTAGAGATCCGTAGGGG
CTTATAGTTTAATTGGTTGAAACGTACCGCTCATAACGGTGATATTGTAGGTTCGAGCCCTACTAAGCCTACCACCCCC
TTCTCTTCACCCGATACAAGGCAGTCGAAGTCCCCGCCACCCTGCAGATCTCAATCTAGCGACGGCACCTAGAACCACA
CTGCTGCCGCTGCCCGAAGGGCACGCCTCCTACGCTCTTGCAGCATGCCCCCTTCGGGGCAGATGTTACTATACTAAAA
AAGAAGGCCCTCGCTAAGCGCTGGTTCTATCCCGGCCAAGCAACCAAGGTGGGAATAGTGAACGAAAGAGAAGGACATT
GTTCAGAGTGAAACTGAACCCCCTTGATCAATCCTGTAAGAACGAAGACTTCACCAATCGACCAATGGGCCTTTCCTTG
TAGGCGGCGAAGGGCAGGTGAACACTCTTCCCTTGGAACCTGCGCATAATGAAATATAACATTTTTTACTTCCATGGTC
ATACTATATTTATCTTTATATTGCGAATGAGTCTGGACCATCTCCTATTGTAGTATCAAAATGAATATGACTTTACTTT
GAAGTTTAGCCCTCTTTCAACAGTATGACAACCTTCCCAATCACTCGGTTCAATCCTTACCTGAGGATGACAAGGCTTG
GCTGATAGGCCGAGGACGAAGCATGCACCTTCGCTTAACCTTCGATGTTGTCATCACGCTGCCTTTCGCATGTCGGGCC
TATACACGCTCGTCAAGTTACACCTTAACTGCTTTCTCAACGCGCGGCTCTTATAGATAACCCTTCCTTATCAATCAAA
TAAGCATTTGTGAGTTGAGATTCCTTCCCTATGTTTCAAAGCTAGCTTCTCTAGCTATACTGTGTGACCCACCTCCTCC
CTTCGCTCTCTTGCTAGAGCTGGTTCTAAGCCTACCTTTTCCTTCCCCACCCTCTGTCTGACCAACCTCTGACTTCGAT
AATGACCTATAAACAATTATTCCAAGTGAAACGATAAGCATGTTGGCTTAGACCTTATCTTACCAGACAAGACATTGAT
GTCTGCCCGAACATCGAAATGAATCTTTCATATGCGGATTTTCACTTCCCCTCATTAAGCTAGCTAGCGCAAGTGTCAG
AAAGGATGAATGCATTCCGAGATCGAATTAGCCCCTTACATCTTAGAACATTTTATACAAGGAATGTGTGTGACCTCTC
TGATAGTAAGAGCGCACTAACGGAAAGAGAAATTGTTATAAGGAAAGAGAACACACTAGGGTAGAGTGGAAAGGGAACA
GGAAAAAACTTTAGTCGACTAACTCTAGTATTCATGCTAGAACAGAGCTCCCGAAATAAAATATATCAATTATAGCGCT
TCATCACTTGAAATAGGATCTTGCCTACGGCCCTAGTACTTTACTTTAGTCGATCGACATCTCATTAGCAAACAAACAT
AGAAGAGTCAGCTTCCTCAGTCTTGGTTATCGAGTTATCTTACCTGACAGGGTCGGCTAGGTGAGTTTGATTCCATTCC
CGTGGCAAAAGGAAAAGAGCTTGATATCCGGGCTTCTATCGGTGAAGAAATGTTATGCCCACGGTTCCGTACTAAAGAA
TGAGCCAACAGCTATCTCCTTAGCTTCTTAAGGCACTCTTTTTCTGTTTAGTTATTGGTAATCCATCCGAGTGATCTAT
CTTATCGATAAAGAAATTCTCTCCCCTTACCGATCTTGTTATGCCTCCCGCGGTACATACAAAGGAACCTTCTATCCCA
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One Data Store

iPlant Data Store
Free Your DataWebDAV DE

i-commands iDrop

APIiPlant Data Store
Desktop Folder

Discovery Environment
Command Line (HPT)
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iPlant Data Store
Web-Integrated High Performance Big Data Transfers
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iPlant Data Store

Discovery Environment (HPT)
Up to 4x faster than “regular” 

web transfers
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More Data; Smarter Data



iPlant Data Store

Texas

Replication

Arizona

Grid Computing

Cloud Computing HPC
Community

Super Computing

iDrop
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Connected

iPlant Data Store Performance
The UC Berkeley Connection

Dec 5th, 2011: 
100GB: 29m15s

36,000 Students
2000 Faculty

39,000 Students
2900 Faculty/Staff

100GB: 29m15s

iPlant Data Store Performance
The UC Berkeley Connection

Source Destination Copy Method Time (seconds)

CD My Computer cp 320

Berkeley Server My Computer scp 150

External Drive My Computer cp 36

USB2.0 Flash My Computer cp 30

iDS My Computer iget 18

My Computer My Computer cp 15

https://pods.iplantcollaborative.org/wiki/display/start/How+fast+is+the+iPlant+Data+Store

1 GB / 17.5 seconds

My Computer (UA): 7.2K Internal Hard Drive
External Drive:  USB 2.0: 5.4k Hard Drive
Flash Drive:  USB2.0 Patriot XT

iPlant Data Store
Connecting people with data and computation:

Lifecycle of Data

•Transfer
•Storage
•Analysis
•Visualization
•Metadata Mark-up
•Search and Discover
•Share/Collaborate
•Publish

Cyberinfrastructure for Life Sciences
Scalable
Capable

Extensible

Growing about 1TB/day: Where to Get Information

Data Store Quick Start: 
http://www.iplantcollaborative.org/Zki

Data Store Manual:
http://www.iplantcollaborative.org/Zko

iPlant Forums:
http://forums.iplantcollaborative.org



Exercise Your Data Store

1.Upload your data
2.Rename your data
3.Delete your data

For each (WebDAV, DE, iDROP, i-command):

{

}


