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Nothing in biology makes sense except in the light of evolution
I. Dobzhansky

* Past history of life is a predictor of current and
Past
future changes

 Medical field

* Climate science

* Astrobiology

* Conservation biology
e Sustainable energy
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Nothing in biology makes sense except in the light of evolution
I. Dobzhansky

 Genomes are repositories of billions of data
points (DNA bases)
* Human genome: 3 billion DNA base pairs
e 7 billion individuals on Earth
e 2.1e+19 base pairs
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e Species estimates: 10 million to 1 trillion
 Many will be much smaller than us (< 1
million base pairs)
 Many are much larger than us (up to
~150 billion base pairs)
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Nothing in biology makes sense except in the light of evolution

CATGACGTC GG RA AL CAGAAT TGT LT TGAGC GA TG TAAGATCTAACC TCACTGOLGLGGGAGGC TCATALC
TG T TTAC TG AT T CATACC A TCT TECACGOGCATACAATCACCATECCOCTATCTECTTGCC TOGAAGC A
ATTTTC T GAAAGT TACAGACTTOGAT TAAAAAGATCGGAC TGOGCATGAGOCCRGAGAGACATGOGTGATAGTCA
TET T T GA G TG T ARG AL T ARG GAATAGT TT RGO GGGAGCGT TACAGC TTCAATTCCCAAAGGTOGCANGA
AT AR T T AR T A TG T T TG TAATAGG T AT TT TATGTGALA TAGAGGGGAACCOGE TOCCARAT
COCTRGGETGT TC TATGATAAGTCCTGCT TTATAAC ACGOGECGGTTAGGTTAAATGACTCTTCTATCTTATGGTG
AT AR GG TAAT TC TG T T TG T TAA TG T T AT AC CAATAC TCACATCACATTAGATC AAAGGATCOCOG
A AL T G A G T T TR T AT TG TCCACGCC TCATGT TACTCC TGCAATC TACCTGCOCTOCOCTCACT
T T ARG G TG TOA T GACGA T A G TA T AT AT GG TOGG A CTACAG TGETOCAT CGAC TOGC TACTGAIT
TG GLT TGO GTAGTTGAGTGLGA TAAC CCAAL LGG TGLCAAGTAGLAAGAAGACCTACC TGRGTCACCTT
AGACAACC TAAC TAATAGTCTCTAACGEGGAAT TACCT TTACCAGTCTCATGCCTOCAATATATCTGCACCGCTT

T T T G T AR A T TG GG e AR A A A AT A T LG T AT T L T L TACGGG T CCACAA TGAGAAAGTCL
TG T A TG T AG T T AAG T T AR T AL T TCAGGC T A GG TAAAC T TG TAG TEAGE TARGALTC AC GEGAATE
ACGGGT TG TACAGATGAAC TEAAT TTATACALGGAC AR TCATOGOCCATT TEEOCGTGRGTACCGEAGATCA
AAAGTGLCAGAT TAGGAGTGC T TGATCAGGT TAGCAGLTGRACTGTATCCAACAGOGCATCARACTT
CCAAMGCCTTGTACTGLTCY PAG’AE\.C"G‘.A-A"-TC.G\.G’CEA' CoTTAGCGTALTACAACCCTTCOCCCTTG
ATl GACATGLGGICAGT TAC U T T TR ACACGTTCAATAAGAS CTCTACAGLGOLGL
T T T T ARATTAGGAT GOCGACCOCATCATTGETARCTETATGT TCATAGATATT TCTTCAGGAGTALTAGCGACA
AGCTGACACGCAAGGGTCAACAATAATT TCTACTATCACCOCGE TRARCGAC TETC T TTGCAAGAACC AAC TGGE
CTTAGAT TCGCGTCCTAACGTAGTGAGGGOCGAGTCATATCATAGATCAGGCATGAGAAACCGACGTCGAGTCTA
A GACT TG T AAAC AT TOATT G TATACTGTAGC TACCGCAAGCATCTCCTACATCAAAGACTACTCGGLOG
AT T GGA T CGAGTCAGARATACGAGTTAATGC AR TT TACOTAGALC GO TCALALT A GLCATGLGTTRLGT
AGACCGTAG T AGAAG TG T e GCGe TAT TOG T ACCGAAC GG TGGAG TAT ACAGAATTGE TCT TC TACGACGTA
AGGAGC TG T O CAATGCAC G CAAAAAAGGAAT ARAGTAT TCAMAL TGCGLATGGTCOC TCOGOCGGTGRGCA
CTATTATCCATCCGAACGT T GAACCTACTTCCTCGGC T TATGC TGTCCTCAACAGTATOGC TTATGAATCGCATG
CLGCTOTGGATCTTAACGGOCACATTCTTAA CGACCCATCACCGATCGCCTTTCCTCLCTLOTACAATGACT
A TAAGT TATCCAGATCARGLT T TGAADGGAL 2 TATGACAT TGl TRl CCGAGAGGARA TGO AGAGAR
CTGT T T AAGGCC T e TG T TG TATCAC TCAATATAT TCAGALC AGAC ARG THECARAAT TTOGTRCGLCTOTE
CTAGGTATTCACGCAACCGTOGTAACATGCAC T ALGGATAAC TAGCGCCAGHGGGGCATAC TAGGTCCOGGAGET
ARAGACTACCCTATGGA T TOCT TOGAGOGGGGACAATGCAGACCGETTACGACACAATTATCGEGATCGTC TAGA
GLTATTAT TAG AR A AAT ARG A AT T ACACACAC TTAT TACAATTCAACAAACACCATCATATCATOOG
T TG e ARG T O G AA G T GG T AR A A AT TGO A T A A S T TEETCC TR TTAGCOTC TAL

L TRCTCC TG T TCOGGGTACT A TAGA TAGA GATTGOGTCALARAAT TGOGGLGAARAT AGAGGGGCTCCT
TETAGAAATACCAGAC TRGEGAATT TAAGCGCT TTOCACTATC TGAGOGAC TAASCATCAACAAATRCGTCTACT
AR T O AGT AGGCAAT T AC AR TG TCAGATCAC TG T TAATCAGGGATGTCTTCATAAGATTATACTTG
COCCRACGCRACACCTCTTCAACOOGICGAT TECACTTCACATACGCTACAAT TTAAACSOATCTCT TACADT
T TG GG TG AGGGAC e TAGAAC T OO TAC T TG T TCAG TCTAATAACGC GO GAAGT CGTGGGGT A
CE TG T ThAG T GeAGA GG A T CA T GAAT T TEHGAC G TAATA TGGTGAA TAGAGAC TTATATCATCAGEE
CATGACGTCGLGGACARCCCAGAATTGTC TTGAGCGATGG TAMGA TCTAACCTC a.c1-—c\_cc.-—c..,n.u.rc1ca1ac
C VGG TTTACTGATGTCATACCOTCTTGCACGOUGGATAGAATGACCATGCCCOTGTCTGCT TGCCT OGA,
ATTT T T CAAA LT TACAGACT TCCAT TAAAAACATCCCAC TEC L QTCRCCCCCACAGACATCIL n..l:T.-\.l.'.Tl:p
TETTTCGACGTGTCAAGGACTCAAGGGAATAGT T TGGOGS GTTACAGCTTCAATTCOCAAMGGTOGOAMGA
CEATAAAATTCAAC TAC TGGT TTCGGCCT AT AGG TCACGTTTTATGTGALLT AGAGGGGAAC COGC TOCCAMAT
CCCTRGGTGT TCTATGATAAGTCCTGC T T TAT AACACGGGGCGGT TAGGT TAMATGACTCTTCTATCTTATGGTG
ATCCAAGCG G TAATTCTGT TCTGT TAATGT TCATACCAATACTCACATCACAT TAGATCAASGGATCOCCOG
AGCCCAC TG ARG GG TCTGCTEC TG T ToTCoAC GO TCATOT TACTCC TGOAATC TACC TRCCCTCCOCTCACE
T T A TG T GAT A GA T G AGGTAT ACA TG TCGGACCTACAGT GG TCGATCGACTGGCTACTGGET
TGS T T GGCGCGTAGT ToAGTGCGAT AAC CCAALCOSTOOCAAG TASCALGAAGACE TACCTGOGTLACCTT
AGACAACC TAACTAAT AGTCTCTAACGGGGAATTACCT T TACCAGTC TCATGCCTCCAATATATCTGCACCGETT
CAATRATATOGCCC AC AGAAACT ARG TCTCAGGTATOGCATACGCCGCGOCCRGoTCCCAGC TACGC TCAGGAL
A AT A A A TAT T T AT AR T T A G T A AT T AT CCACCTTTCCTA T TATCAATATTATOC TAATOCA
TETCGTOCGTAACGATCTGGGG ARG AATAT G TATTCTCGTCCTACGGGTCCACAATGAGAMAGTCLC
GGG TGATC G TCAG T TAAGT TARAT TAAT TCAGGE TAC GG TAAAC TTG TAG TGAGE TAAGAAT CACGLGAATE
ACGGGTTCGCTACAGATGAAC TGAAT TTATACACGGACAACTCATCGOCCAT TTGGGOGTGLGCACCGCAGATCA
GATCAGOTTAGCAGOTGRACTGTATCCAACAGOGCATCAAACTTCAATAAAT
A AT T AL T e T TAA G AL O T A AC AL T O G CCATCATTACCCTACTACAACCCTTCOCCCTTG
AT G A AT GG G AT T A TG TATATCCCTTGCACACGY TCAAT AAGAGGOGCTCTACAGCGCCGT
T T T TAAAT TAGGAT G GACCCCATCAT TRGTAAC TG TATGT TCATAGATATT TCT TCAGGAGT AATAGEGACA,
AGCTGACACGCAAGGGTCAACAATAATTTCTACTATCACCCCGE TGASCGAC TGTCT TTGCAAGAACE AAL TGEG
T TAGAT TG T o T AAC T AGT CAGGG O CAGTCATATCATAGAT CAGGCATGAGAAACCCACGTCOAS &
A A AT T T AR AR T T AT T TATAC TaTAGC TACC G ARG CATCTCC TACATCAAAGAC TACTGGGOG
AT T GGATCCGAGT CAGAAAT ACGAGTTAAT G AAAT T TACGYAGACCGOTGAAAACACGTGCCATGOGTTGCGT
AGA ST AT A GAA G TG TGO GG TAT TG T AL LA LG T GAG TATACAGAA TTGCTCTTCTACGACGT A
AGGAGCTCGGTCCCCAATGLACGLCAAAAAAGGAAT AAAGTATTCAAACTGLGCATGGTCCCTCCGLCGLTGGLA,
CTATTATC AT O G AA G T T A T AT T TG G TTAT G TOTCCTCAACAGTATOGC TTATGAATLGCATG
TGN GGATCT TAA GG CACATTCTTAAT TCCGACCGATCACCGATCGCCTTTCCTCGCTGGTACAATGAGT
AT ARG T AT AGAT CAAGG T T TG AA GG AC T A TATGACATGTGTGAC TCAACCCGGLAGGAMA TG AGAGAL
TG T T AL TET G T T TGGTATCAC TCAATATAT TCAGACC AGACAAGTGGCALALT T TOGTGEGLCTETC
CTAGGTAT TCACGCAACCGTCGTAACATGCACTALAGGAT AACTAGLGLCAGGGGGGCATACTAGGTCCOGG T
ARAGACTACCCTATGGAT TOCT TGOAGCGS CAATGCAGACCGETTACGACACAATTATCGGGATCOTCTAGA
GaTATTAT TAGCAAGACAATAAAGCACAT TGCACAGAGACTTATTAGAATTCAACAAACAGGATCATATCATGOG
GTGT GCAAGTCCCCGAAGET e AR GAT TG AT G RAAC LT TGGTCCTAT TAGCGTGTAC
G TR T TG T TCCGEGTACCAT AGA TAGAC TGAGAT TGCGTCAALAAAT TGOGGLGALAAT AGAGGGGCTCCT
TGTAGARATACCAGAC TEGGGAAT TTAAGOGCTT TCCAC TATC TGAGCGACTAAACATCAACASATGCGTCTACT
A T A T A A T T A A A T G T T AGA T A TG T TAATCAGGGATOTC TTCATAAGATTATACTTG
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L4

A A AT T TCAAGG G CCATTTTTGCAC T TCAGATACGC TAGAATTTAAAGCGTCTCTTACACC CC

T TG GG TG AGGAC CCCTAGAACT TGO CTACTTGTCTCAGTCTAATAACCCCOGAAGCCOTOLGGRTA
TG T TAAG TG A GAGEGAG T aa T GaAT T T GGG TAATATGRG TGAATAGAGAC T TATATCATCAGGE

I. Dobzhansky

CATGACGTCGCGRA T AL CAGAAT TGTC TTGAGC AT GG T AAGATCTAACC TCACTGOCGRGEGAGGCTCATAL
T G T T A TG AT T CAT A ET T T A GG AT A AA T O A Ca T R O G TE T TG T TGO CTOGAAGCA CT GG T TTAC T GAT T CAT AL CETC T TECACGCCCATACAATCACCATRCCCOTATCTEC TTGOCTOGAAGC A
AT T T A AR T TAC A CAC T T O CAT TAA A A AT O AT G G AT GG O A GA A AT GO TOATAGTCA ATT T T T ARG TTACAGACTTCCAT TAARAAGATCCCAC TCOGCATORCCCCGCAGAGACATGCOTCOTAGTCA
T T GA TG T ARG AL T A GGG A A AT T TG G GAG G T TAC A G T T CAA T T L CAAAG LT CGCAAGA TTT T T AL GT AT ARG GAC TCAAG GG AATAGT T TGO GG GAGC G TTACAGC TTCAATTCOCAAAGGTOGCAAGA
AT AR T T AR T A T GG T T T G TAA T AL G T AT T T TA TG TGAAA TAGAGGGGAAC COGCTCCCARAT
O TRGGETGT TC TATGAT AAGTCCTRCT TTATAACAL GEGGCGGTTAGGT TAAATGACTCTTCTATCTTATGGTG
AT A GG TAAT TE TG T T TG T TAA TG T TCATACCAATACTCACATCACAT TAGATCAAAGGATCCCOG
A AL T G A GG T CTRC TR TaT TG T CCAC GO TCATGT TACTCC TGGAATCTACC TRCCCTCCCCTCACC
T T ARG G Ta T AT A A T A G TAT AT A TG TG A TACAGTGRTCCATCCAC TOLCTACTGGLT
T GLT TGO G TAGTTGAGTGLGA TAACCCAALCOGTGLCAAGTAGLAAGAAGACC TACCTGLGTCACCTT
AGACAACCTAACTAATAGTC TCTAALGGOGAAT TACCT T TACCAGTC TCATGCCTCCAATATATC TGCACCGCTT
CAATGATATOGC O ACAGARA AT AGGGTCTCAGGTATOGCATACCGOCGOGOCCRGATCOCAGCTACGCTCA =
A AGTAGAGAGCTATTGTGTAA T T CAGGE T AGCAT T CATCGACCTTITCCTAT TATCGAATATTGTGC TAATGCA
T TG T G T ARG A T T GGG Gl AR A A TA T T AT T T AT TACL GG T ACAAT CAGAAAGTCL
TG T A TG T AG T T ARG T T AR TT AL T TCAGHE TAC GG TARAC TTG TAGTGAGE TAAGAATC ACGEGALTE
ACGGGTTOGC TACAGATGASC TGAAT TTATACALGGEACAAC TCATCGCCCAT TTGEECGTGRECACCGEAGATCA
A T G G A AT T A GG TG T T GA T CAG T TAG A AT AT O T AT O AACAG G ATCARACTTCAATAAAT ARAGT GO CAGATTAGGAGTGCTTGATCAGO T TAGCAGETCGACTGTATCCAACAGOGCATCAAACTTCAATAAAT
ARG T TG T AT G T T AR G AL T A A AT e e AT CaT TAG L TAG TAC A L T TCCC T TG ClAAA G T TG AT GC T C T AA G AL CC e TGAAC A G T L G CCAT LT TAGCATAGTACAACCCTTCOC
AT GlGACATGRGGICAGT TAGIC TG e TATATCL LT TR ACACGTTCAATAAGAG CTCTACA LG AGGTGlGACATGLGGICAGTTAGICTS TATATCCCTTRCACACGTTCAATAAGAGGE TCTaCA Lt
T T T T AAA T T AGGA T G CGA A T AT TG T AR TG T AT G T T AT AGA TATT TE T TCAGGAGT AATAGE GACA TTT T T ARA T TAGGA TG CGACC O AT AT TG TAAC TGTATG T TCATAGATATT TCT TCAGGAGT AAT AGCGACA
AGECTGACACGCAAGGG TCASCAATAATT TCTAC TATCACCOCGE TGAACGAC TGTCT TTGCALGAACC AAC TGEG AGCTGACACGEAAGGG TCAACAATAATTTCTACTATCACCCOGE TEAACGAC TGTCT T TGO AAGAACCAAC TGIEG
CTTAGAT TCGCGTCCTAMCGTAGTGAGGGCCCAGTCATATCATACGATCAGGCATGAGRAAACCGACGTCGAGTCTA
CACACGACTTGTAAACAACT TCATTGCTATACT :TMCT&C’GCAA.GATC TCCTACATCAAACACTACTGGGCG
AT TG T CGAG T CAGARAT A AT TAAT G Al T TACG TACAC LG TR AAAC AL TR CATGOGTTRCGT
n.c,ac-:q AT A ARG TG TEOC GG TAT TG T ACCGAACCOETGGAGT AT ACAGAL TTGETCTTETACGACGTA
AGGAGC TG TOCCCAAT G AC G CAAAARAGGAAT ARAGTATTCAAAC TGCGCATGGTCCCTOCGECGGTGGIA
CTATTATCCATCCGAACGT T GAAC CTACTTCCTCGGC T TATGCTGTCCTCAACAGTATCGC T TATGAATCGCATG
TGN GGATC T TAAC GG CACAT TCT TAATTCCGACCCATCACCGATCGCC T TTCCTCOGCTLOTACAATGACT
AL TAAGTTATCCAGATCARGLTT TGAACDS T T AT A A TR TG TGAC TEaAl COOGGAGGARA TG AGALAA
TG T T A GG TCTGC T T TG TATCAC TCAATATAT TCAGACC AGAC AAGTGGCARAATT TOGTGCGLETCTE
CTAGGTAT TCAC G AAC O T CGTAAC AT GCAC TAAGGAT AAC TAGCGCCAGROGGGCATACTAGGTCCCGGAGET
ARAGACTACCCTATGGAT TOC T TOGAGCGGGEOACAATGCAGACCOGT TACGACACAATTATCGGGATCGTC TAGA
GLTAT TA.T TAG AR CACAAT ARAC L ACAT TR AL ACACACT TAT TAGAATTCAAL AAACACCATCATATCATOLG
T ARG T O ARG TGO CARAAGATTC GO AT CRARACCETCTGE T OO T CETETAC
T T TG T T GGG TACCATAGATAGAC TGAGAT TGOS TCALARAAT TEOGECGALLATAGAGEGGCTCCT
TETAGAAATACCAGAL THGGGAATT TAAGCGCT T TOCAC TATCTGAGCGACTASACATCAACAAATGCGTCTACT
CRAA T AT A AR T T A A A TG TCAGATCAC TG T TAATCAGGGATGTCTTCATAAGATTATACTTG
O G AT RA G TC T TC AR GGG AT TT TTCCAC TTCAGATACGE TACAATT TAAAGSCTC TCTTACACE OO
TR TG TG A A T AGAAC TT R G TACTTGTCTCAGTC TAATAACGCGOGAAGCCOTRGGACA TRLTRCGOCCTGCAGRGACT
CETGACE T TAAG TC G AGAGCGAG T GATGAAT T TGGGACGC TAATATGEG TGAL TAGAGACT TATATCATCAGGE
TCGCGGACARCCCAGART TGTC T TGAGCGA THGTAAGA TC TAKCC TCACTGOCGHGLGAGGCTCATAL CATGACG TCGLGGACARCCCAGAATTGTC T TGAGCGA THGTASMGATC TAACC TCAC TGCCGHGLGAGGC TCAT AL
TTTACTGATGTCATACCATCT TGCACGLGCAT AGAATCGACGGTGCCCGTGTCTGCTTGCCTCGAAGLA GGGGCTTTACTGATGTC,
ATT T T A AR T TAC A A T IO oA T TAA A AR AT A T e AT S e L A A A AT AT oL TAGTCA AT T T T T A A T TAC A CACT TCCAT TAAAA A AT COCAC TOO G AT CaCCC o GO ACA CACAT OO TOOTAGTCA
T GA TG T CAAGGAC T AA GGG AAT AT T TG GG GAGC G T TACAGC T TCAATTCCCAAAGGTCGCAAGA TTTTTCGACGTGTCAAGGACTCAAGGGAATAGTT TGGOGGGAG TTACAGCTTCAATTCOCAMAGGTOGCAAGA
AT AR T TR T A T GG T T TG T A T AT ACGT T T AT G T GAAA T AGA GG GEAACCGGC TOCCAAAT CoAT AAAAT T A TAC T e T T TG T AAT GG TCACG T T T TATGTGAAAT AGAGGGGAMCCGGC TOCCALAT
O TRGG TG T T AT GA T AAG T TRCT T TA T AAC A GGG GG T TAGGT TARA TGAC T T T TATC T TAT GG TG COC TRGG TG T TCTATGA TAAGTCC TRC T T TATAACACGRGGCGGT TAGGT TARATGAC TCTTCTATC TTATGGTG
ATCCAAGOG O G TAAT TCTGT TCTGT TAATGT TCATACCAATACTCACATCACAT TAGATCAASGGATCOCOG ATCCAAGCGCCOGCTAATTCTGT TCTGT TAATGT TCATACCAATACTCACATCACAT TAGATCAASGGATCOCCOG
A CAG T ARG GG T T T e TETT o T oA G TCATGT TAC TCC TEGAATC T ACC TGO TCCCOTCADE AGCoCAG TCGCAAGGGTCTECTEC TG T TG TCGACGCCTCATGTTACTCC TGGAATC TACC TGO COTCCOCTCACT
T T ARG TG T GA T A A T G A GG TAT A AT GG TG A T A AT GG T GA T A TG TAC T GG T GG T TAAG G GT T GAT CGAC GA T G AT AT ACATC GG TCGGACCTACAGTGRTCGATCGAC TOGCTACTGGCT
TGS T TE GGG TAG T TRAG TGOGAT AL CLAAC COGTHGCALG TAGCARGAAGACC TACCTGRGTCACCTT TOGGGT TCGGLGEGTAGT TRAGTGLGAT AMCCCAACCOGTOLCAAGTAGCAAGAAGACE TACCTGRGTCACCTT
AGACAACC TAACTAATAGTC TC T A GGOGALT TACCT T TACCAGTC TCATGCC TCCAATATATC TRCACCGCTT AGACAACC TAACTAATAGTCTCTAACGGGGAATTACCT T TACCAGTC TCATGOC TOCAATATATC TGCACCGETT
CAATGATATOGCCCACAGARACTAGRETC TCAGGTATOGCATACCOCGOGOCCRGETCOC AR TACGC TCAGGAC CAATRATATCGCCC AL AGAAACTAGEGTCTCAGGTATOGCATACGCCGCGOCCRGaTCOCAGC TACGT
A AT A A A TAT T T T AR T T A T A AT T AT A T T T T T T T A A AT T T e TAA T O A A AT A A A CTAT T T AT AA T T A G T A AT T AT CCACCTTTCCTATTATCAATATTATOC TAATOCA
TCTCGTOCGTAACGATC TGGGG AR AT T ST AT T T T e TACG GG TCCACAAT GAGAAAGTCE TCTC G TG T AAC AT T GGG GG AL AA CGAATAT LG TATTC TG TCCTACGGGTCCACAATGAGAAAGTCC
TGOS T AT G TCAG T TAAG T T AR TT AT TEAGHE TACGG TARAC TTG TAS TGAGE TAAGAAT CACGLGAATE TELGCGTGATCGTCAGT TAAGT TARAT TAAT TCAGGE TACGE TARAC T TG TAGTGAGE TAAGAATCACGLGALTE
ACGGGTTCGC TACAGATGAA TGAAT TTATACACGGACAACTCATOGCCCAT TTGGGCGTGHGCACCGCAGATCA ACGGGT TCGCTACAGATGAAC TGAAT TTATACACGGACAACTCATCGOCCAT TTGGGCGT GLGCACCGCAGATCA
ARG TGO A GAT TACGAGT G T CA T CAG T TAGCAG T S AT T AT AAC AG R ATCAAAC TTCAATAAAT ARAG T GCC A CATTAGGAGT G TTGATCAGST TAGCAGETGRAC TG TATCCAACAGOGCATCAAACTTCAATAAAT
AR AT T T A T e T T AR G A O T A A AL T L AT CaT TACC T A TAC AR O T T e O L C LT TG AR A T T T A T e T TAA G AL O T A AC AL T O G CCATC A TTACCCTACTACAACCCTTCOCCCTTG
AT G GAC A T GG G AT TAG TG T AT AT T TR ACAC G T TCAAT ALGAGGGGC TCTACAGCGLCGE AGG T G GAC AT GGG AT TAGC TG TATATCCCTTGCACACG T TCAAT AAGAGGLGCTCTACAGCGLCGE
T T T AAAT T AGGAT G OGO A TCAT TG T A TG T AT G T TCATAGATATT TET TCAGGAGT AATAGCGACA TTT T TAAAT TAGGAT GCCGACCCCATCAT TRGTALC TG TATGT TCATAGATATT TCT TCAGGAGT AATAGLGACA,
AGCTGACACGCAAGGGTCAMCAATAATT TCTACTATCACCOCGE TGAACGAC TGTCT TTGCASGAACCAAC TGGG AGE TGACACGC AAGGGTCAACAAT AATTTCTACTATCACCOCGE TGASCGAC TGTCT TTGCAAGAACC AAC TGGE
T AT T GG T T ARG T AT A GGG O AT A TA T AT ACAT CAGGC AT GAGAAA D GAC O T CRAGTCTA CTTAGAT TC RO TCCTAAC AT AGT CAG GG CCAGTCATATCATAGATCAGGCATGAGAAACCGACGT
A A AT T Gl Ad A A AT T AT T e T AT A T A TAGC TAC G ARG AT T TAC AT CAAAGAC TACTGGGCG CAC A GAG T TG T AR A A A T T AT T TATAC TATAGC TACC G AAGGATCTCCTACATCAAAGAC TACTAGGOG
AT TGGATCCGAGTCAGAMAT ACGAGT T AAT G AAATT TACGTAGACC GG TGAAAAC ACGTGCCATGGGTTGCGT ATC TGGATCCGAGTCAGAAAT ACGAGTTAATGCAAATTTACS GCCATGOAGTTGCGT
ARG T A T A A A TG TG e GG TA T TG T A AR O GG T GGG T A T A A AR T TR T T TCTACGACGTA AGA O G T A T A GA G T T Ge e G TAT TG T A O A LG TOGAG TATACAGAATTGC TCTTE TACGACGTA
AGGAGLTCGGTCCCCAATGLACGLCAAAALAGGAAT ALAGTATTCAAAC TGCGCATGGTCCCTCCGLCGLTGOLA AGGAGCTCGGTCCCCAATGLACGLCAAAAAAGGAAT AAAGTATTCAAACTGCGCATGGTCCCTOLGOCGLTGGLA
CTATTATCCATCOGAACGTTGAACCTACTTOCTOGRC TTATGC TOTCCTCAAL ATCGCTTATGAATCGCATG CTATTATCCAT CCGAACGT TaAACCTACTTCCTCGRC T TATGC TG TCCTCAACAGT. TTATGAATCGCATG
TG GGATC T TAAC GO CACAT T T TAAT T CCGACCGATCACCGATCGCC T TTCCTCGC TR TACAATGAGT CLGCTOTGGATCTTAACGGOCACATTCTTAA GACCGATCACCGATCGCCTTTCCTCGCTGATACAATGAGT
AT AT T AT A GA T AT T T A GG A TG T AT A AT T AT GAC T oA A CCGGGAGGAAA TG AGAGAR AT AT TAT CCAGAT CAAGGT T TaAACGGAC TG TATGACATCTGTGAC TEAACCOGLGAGGAMA TG AGAGAN
LT T T A LT TG T TG TAT A T AATAT AT TCAGACC AGAC AL G T G AR AT T TG T G T T TG T T T A GG T TG T T TG TATCAC TCAATATAT TCAGACCAGACAAGTGGCALAATT TOGTGCGLCTCTC
CTAGETAT TCACGCAACCGTCGTAALATGCAC TAAGGATAAL TAGCGCCAGGGEGGCATAC TAGGTOCCGGAGLT CTAGGTAT TCACGCAACCGTCG TAACA TGLAC TAAGGATAAC TAGCGOCAGGGGGECATAC TAGGTCCOGEAGET
AAAGACTACCCTATGGAT TOCT TOGAGCCGEOACAATGCAGACCOGT TACGACACAATTATCGGGATCGTC TAGA ARAGAC TACCCTATGGAT TCCT TGGAGCGOGGACAATGCAGACCGET TACGACACAAT TATCGEGATCGTC TAGA
CRTATTATTAGCAAGACAATARAGCOACAT TG_A. A A AT TAT TAGAA T T A A A A AT AT ATCATGOG GaT AT TAT TAG A A A A A T A A AT TR ACAGACACTTAT TAGAATTCAACAMACACGATCATATCATGOG
GTGTTGGAT GCAAGTCCCCGARGETL AAAAGATTCGCCATGRAACCGTETGGTCLT TGTAC GTGTTGLGT GCAMGTCCCCGAAGL TCGGUCAALAGATTE CRTCTGRTCCTGTTAG TGTAC
GOCTECTCCTOTTCOLGGTACCATAGAT d"ﬂ"_ TOAGAT TGUGTCAAARAAT TGO GGUOAARA TAGAGGGLLTCCT G T T TG T TCCGOGTACCATAGATAGACTGAGATTGLGTCAAARAATTGLOGUGAARATAGAGGLGLTCCT
TETAGARATACCAGAL THGGGAATT TAAGCGC T TTCCAC TATC TGAGCGACTAAACATCAACARATGCGTCTACT TETAGARATACCAGAC TEGGGAAT T TAAGCGC TTTOCAC TATCTGAGEGAC T ARACATCASCARATGCGTCTACT
A T AT A A A T T A A A T T T A A T A T oG T T AR T A A T T T T A T ARG AT TAT A T TG oA T A T A S A T T A A A T G T T AGA T A TG T TAATCAGGGATOTC TTCATAAGATTATACT TG
A G A A T T T A G G CCAT TT TTGCAC TTCAGATACGC TACAATTTAAAGCATCTCTTACACC COCCGACGCGACAGCTCTTCAAGGOGCCGAT
S TACTT G T CTCAGTC T AAT AAC GG GAAGC LG TRGGGIA TG Tl Gl LT G A GG AC L TAGAAC T T LG CTAC TTGTC TCAGTC TAAT AACGOGL GAAGC COTRGGGIA
THEGACGE TAATAT GG TGAA T AGAGAC T TATATCATCAGGHE COTGACE T TAAGTCGEAGAGEGAGTGATGAATTTGHGACGETAATATGHGTOAAT AGAGACT TATATCATCAGGG:

COCTRGETGTTCTATGATAAGTCCTGCTTTATAACAC
AT AA GG G TAAT T TG T T TG T TAATGT TCATACCAATACTCACATCACAT TAGATC AAAGGA TCOCOG
A AT G AA GGG TC TG TR TG T TG TCGAC GO TCATGT TACTOC TGGAATC TACCTRCCCTCCOCTCACT
ST TG T T AT A GA T E AL G T AT ACATCSGC TOGCACCTACAGTGGTOGATE
T GG TT GG GTAGT TEAGTGLGATAACCCAALCLGTOLLAAGTAGLAAGAAGACC TACCTGLGTCACCTT
AGACAACC TAACTAATAGTCTCTAACGGGGAATTACCTT TACCAGTC TCATGCCTCCAATATATC TGCACCGETT
CAATGATATCGOCCACAGAAAGTAGGGTCTCAGGTATOGCATACGOCGOGOCCGGGTCCCAGC TALCH

T T T T AR AT TG GG G AR A AR TA T G TAT T TG T TACC LG T ACAAT GAGAAAGTCL
TG TG TG T AG T T ARG T TAAA T TAA T TCAGGE TAC GG TAAAC TTG TAG TGAGE TAAGAATC ACGGEGALTE
ACGGGTTCGCTACAGATGAAC TGAAT TTATACACGGACAAC TCATCGCCCAT TTGEGGT GRECACCGEAGATCA

T TG AT LA TCAGAAAT ACCAGT TAATGCALATTT A GACC GG ThAANAL AL GECATGOLTTGIGT
a.-:,a-—.;q AT CAGAAG TG TGOCGC G TAT TG TACCGAAC G TGEAGTATACAGAATTGETCTTCTACGACGTA
AGGAGE TCGGETOCCCAATGCACGCCAAAAAAGGALT ARAGTAT TCAAAC TGLGLATGGTCOCTOCGOCGGTGGCA
CTATTATCCATCOGAACGT TGAACCTACTTCCTCGGRT
CGGCTGT G\.ATETTAP\.G\.CC&CQ'T\.TTJAT
ACTAAGTTATCCAGATCAAGGTTTGALCG
cr

GTGTGACTGAMCCC

AGGAAATOCAGAGAN

COTATGACA

ARAGACTACCCTATGGATTOCT TOGAGCGGGGACAATGCAGACCGGT TACGACACAATTATCGGGATCGTC TAGA
GLTATTAT TAG  AACAC AATALACCAC AT TE ACAGACACTTAT TACAATTCAACAAACACCATCATAT
T e TG e AR T AR TGO CAAMA AT TG AT CRARAC G TC TELTCCTET TAGOAT
TG T TG T TCOGGGTACC AT AGATAGAC TGAGA T TGOGTCALLRAL TTGOGECGALRAT MG GGG
TGTAGARATACCAGAC THGGGAAT TTAAGLGC T T TOCACTATCTGAGCGACT AAACATCAACAAATGCGTCTACT
CGAATCOGT

TGGGGTA

TAGAACTTGCCGCCTACTTGTCTCAGTC TAA TAACGCGIGAAGT

T TGO CTGCAGGGACCCCTAGARC TTGC!
CGTGACCTTAMGTCGLAGAGLGAG TGATLAAT

GACTOLCTACTRGCT GaTTAAGGIG TG TOATOGACLA TG A

CTCAGGAC C,
A AT A A TAT TR T GT AT T A GG T A AT T AT AT T T TG T T T AR TAT T o T e TAA TGO A CACAGTAGA A TAT TG T G TAA T T CAGGC TCAGCATTCATCGACCTTTCCTATTATGAATATTGTGCTAATGCA

CTTAGAT TG G T T AAC G T AG T A GGG GAGTCATATCATAGAT CAGGC AT GAGAAA CCGAC G TCGAGTCTA CTTAGAT TCGCGTCC TAAC GTAGTGAGHGCCGAGTCATATCATAGATCAGLGCATGAGAAACCGACGTCGAGTC
CAC.‘\.CGAGTT""A.A.A.:AA.C'T\.'.AT'G\LT“'AA'.'STA.GET.‘\. A A AT T TACATCAAACAC T ACTGCGOC CACAC AT T T AAACAACT TCATTCCTATACTOTAGC TACCGCAACCATCTCCTACATCAAAGACTACTGRGOG

TATGCTGTCC TCAACAGTATCGC TTATGAATCGCATG CTATTATCCATCCGAACGTTGAACC TACTTCCT

A AT CAC AT T TTCC TCOC TG TACAATCACT COLCCTOTCCATC TTAACCGOCACATTCTTAAT

ATGCCuGTATTATTA_CMGn-\_aq ARACCACATTCCACAGACACTTAT TACAATTL
Tal GTCTTCLATOR -
TCCT G

TACCO T T TG ACGOGCATAGAATCACCATGCCOCTATCTOGC T TROCTOGAAGCA |

CHGGAC C

TTTGGACTTCAGATACGC TACGAATTTAMAGCGTCTCTTACACC CC

AT GACG TG GRA A CAGAAT TG T T TGAGC AT GG TAAGATCTAACC TCAC TGO GG GGAGGC TCATAC CATGAL GTCRCGRA AL CAGAAT TGT LT TOAGCGAT GG TAAGATCTAACC TCAC TGO GLGLLAGGC TCATAL
T T TTACTCA TG TCATACCOTC T TECACGCOCATAGAA TCACCATELCOCTATCTEC TTAOCTOLAAGT A

AT T TN ARG T TACAGAC TTOGAT TAAA AR AT G CAC TGO A TGRG O CCCAGAGACATGCGTGATAGTCA
T T T GAC G TG TCAAGGAL TCAAGGGAATAGT TTGGOGGGAGC LT TACAGC T TCAATTCOCAAAGGTOGCARGA

CGATAAAA T TCAAC TACTOLT TT G CTAATAGG TCACG T T T TATGTGAAL TAGAGGGLAAC GG TOCCARAT CoATAMRA T TCAACTAC TG T T TGO L TAATAGGTCACGT TTTATGTGALA TAGAGGLLGAACCLGGL TOCCALAT
GGGCGGTTAGGT TARATGACTCTTCTATCTTATGGTG COCT!

CCTTTATAACACGHGECEETTAGGETTARATGACTCTTCTATCTTAT

G

GETGTTCTATGATAAGTCL
AT AR GG TAAT T TG T T TG T TAA TG TTCATAC CAATAC TCACATCACATTAGATC AAAGGATCOCOG
A AL T G A G T T TR T AT TG TCCACGCC TCATGT TACTCC TGCAATC TACCTGCOCTOCOCTCACT
G TAT AT AT GG TOGG A CTACAGTGETOCATCAC TOGC TALTGAIT
TG GLT TGO GTAGTTGAGTGLGA TAAC CCAAL LGG TGLCAAGTAGLAAGAAGACCTACC TGRGTCACCTT
AGACAACCTAACTAATAGTCTCTAALGHGGAAT TACCT TTACCAGTCTCATGOC TOCAATATATC TRCACCGCTT
AATGATATOGCCCACAGAAAGT AGGGTCTCAGGTATCGCATACGOCGOGOCCGGETCOCAGC TACGC TCAI C

T T T G T AR A T TG GG e AR A A A AT A T LG T AT T L T L TACGGG T CCACAA TGAGAAAGTCL
TG T A TG T AG T T AAG T T AR T AL T TCAGGC T A GG TAAAC T TG TAG TEAGE TARGALTC AC GEGAATE
ACGGETTOGC TACAGATGAAC TGAA T TTATACACGGACAAL TCATOGCOCATT TGGRCGTGEGCACOGOAGATCA
AAAGTGLCAGAT TAGGAGTGC T TGATCAGGT TAGCAGATGLAC TGTATCCAACAGOGCATCAAACTTCAATALAT

T TG AR T T T AT G T T AA AL O T CAACAC T GO GO CATCO T TACCATACTACAACCCTTCOCCCTTG
=

ATl GACATGLGGICAGT TAGLC TG - TATATCCCTTRLACACOT TCAATAAGAG CTCTACAG -
T T T T ARATTAGGAT GOCGACCOCATCATTGETARCTETATGT TCATAGATATT TCTTCAGGAGTALTAGCGACA
AGCTGACACGCAAGGGTCAACAATAATT TCTACTATCACCOCGE TRARDGAC TETCTT TG AAGAACT AAC TGEG

=ty

AT T AT O GAG T CAGARA T A AT TAA TG AR T TACG T AGACC RO T CA AL AL TR CATRGL TTRLGT
AGACCGTAG T AGAAG TG T e GCGe TAT TOG T ACCGAAC GG TGGAG TAT ACAGAATTGE TCT TC TACGACGTA
AGGAGC TG T O CAATGCAC G CAAAAAAGGAAT ARAGTAT TCAMAL TGCGLATGGTCOC TCOGOCGGTGRGCA
CGGCTTATGCTGTCCTCAACAGTATOGCTTATGAATCGCATG
CCGACCLATCACCGATCGCCT TTCCTCLCTLOTACAATGACT
T AT A AT G TG TGAL TeA Al CCGGlAGGARA TG AGAGAA

A TAAGT TATCCAGATCARGGT T TGAAL

GT T T A GG T TG T T T GG T AT A T AAT AT AT TCAGACCAGACAAG T G AT T TG TG GC e T T C TG T T T AR GGOC T TG T T TG TATCAC TCAATATAT TCAGACCAGAC ARG TG ARAAT T TOGTRCGLCTETE
CTAGGTAT TCACGCAACCGTCGTAACATGCAC TAAGGA TAAC TAGCGCCAGGRGGGGCATACTAGGTCCOGGAGET CTAGGTAT TCACGCAACCGTCGTAACATGCAC TAAGGA TAAL TAGOGCCAGOGEGGTATACTAGGTOCCGGAGTT

ARAGACTACCCTATGGA T TOCT TOGAGOGGGGACAATGCAGACCGETTACGACACAATTATCGEGATCGTC TAGA
AACAARCACCATCATAT .q.TGl:l.'.
CARMAGATTCGCCATGCARCCGTC TS - -
TG T TG T T OGGGTACCATAGAT AGAC TGAGAT TGOS TCALARALT TGLGGLGAARLA T AGRGGEGETCCT
TETAGAAATACCAGAC TRGEGAATT TAAGCGCT TTOCACTATC TGAGOGAC TAASCATCAACAAATRCGTCTACT

GTAGGCAATTACAACC TGGTTCAGATCAC TGGTTAATCAGGGATGTC TTCATAAGAT TATACT TG CRAATC O AGT AGGCAAT T ACAACC TRGT TCAGATCAC TG TAATCAGGGATGTCTTCATAAGAT TATACTTG
A G A A T T T A e AT TT T TG AL T T AGA TAC S TACAAT T TAA A AT T T TACACT ot A O A A T T T AR e e O A T T T TG AC T TCACAT AC G TASAAT TTAAACSATCTCT TACACT

TGETGCGGCC TGO AGGG AT T A A T G TAC T TGN T AG T T AA T AAC GG GAAGT CETGEGRT A

CGTGACE T TAAG T CGC A GAGEGAG T GA T GRA T T TGGGAC G T AATAT GLG TGAA T AGAGACT TATATCATCAGGS CoTGACE T TAMG TCGLAGAGLGAGT AT GRAAT T TGGGACGE TAATA TG TGAL TAGAGAC TTATATCATCAGEE

TCGCGGACARCCCAGAAT TGTCT TGAGCGA TGGE TAAGA TCTAACE TCAC TGOCGGGEGAGGC TCATAC
TTTACTGATGTCATACCOTCT TGCACGLGGATAGAATGACGGTGCCOGTLGTCTGCTTGCCTOGAAGCA
ATTT T A AR T TACACAC TTOCA T TAAA AR AT O LA TEO LA TORS OL CeCACACACATOCOTOATAGTCA
TET T GACGTGTCAAGGAC TCAAGLGAATAGT TTGGOGS GTTACAGCTTCAATTCOCALAG - =
CEATAAAAT T AR TAC TG T T TCGECC TAATAGE T AT TT TATGTGALA TAGAGGGGAACOGGE TOCCALAT
COCTRGaTGT TCTATGATAAGTCCTGCT TTAT A ACGOGHCGGTTAGG T TARATGACTCTTCTATCTTATGGTG
ATCCAAGC GG TAATTCTGTTCTGT TAATGTTCATACCAATACTCACATCACAT TAGATCAAAGGATCCCOG
A A T A A T T e T T e T T o T AL SO TCATOT TAC TOC T CLAA T TACC TR OC TOC DL TCACT
T T ARG G TG T GA T GA AT G A G TATACAT GG TOGGAC CTACAGTGGTOGATCGACTOGC TACTGGCT
TOGCGGT TCRGCHIGTAGT THAGTGLGATAAS CLALSCOG THGLALG T AGCARGAAGACE TACC TGRGTLACCTT
AGACAACCTAMC TAATAGTCTCTAACGHGGART TACCT TTACCAGTCTCATGOC TOCAATATATCTRCACCGETT
AATGRATATOGCCCACAGARAACTAGLGTCTCAGGTATOGCATACGOLGOGOCCREETCOCAGC TACGCTCAGGAL
A AT A A A TAT T T T AR T T A T A AT T AT A CTTTCC TAT TATCAATATTATCC TAATOCA
T TG TG TAACGA T TG GG GG AR A CGAATA TG TATTCTCGTCCTACGGGTOCACAATGAGAAAGTCL
TGS T GA TG TCAGT TAAGT TARATTAAT TCAGGC T ACGETAMACT TGTAG TGAGC TAAGAATCACGLGANTE
ACGGGTTCGC TACAGATGAAC TGAAT TTATACACGGACAACTCATOGCCCAT T TGGHCG TGHGCACCGCAGATCA
AT GO A AT TAGGAGT G TTGATCAGET TAGCAGETERAC TG TATCCAACAGOLCATCAAACTTCAATAAAT
AR LT T T AT O T T AR G AL O T AAC AL T GO GO CAT OO T TACCATACTACAACOCTTCOCCCTTG
AT G A AT G G AT T A T G T AT AT T TG AC AL G T TCAAT AAMGAGGOGC TC TACAGCGOCGE
TTT T TAAAT TAGGAT GO CGACCCCATCATTRGTAAC TG TATGT TCATAGATAT T TCT TCAGGAGTAAT AGCGACA
AGCTGACACGCAAGGHGTCAACAATAATT TCTACTATCACCOCGE TRARCGAC TETC T TTGCALGARCC AAC TGGG
T TAGAT TG TCCTAAC G TAGT A CCAGTCATATCATAGATCAGECATGAGAAACCOACGTCGAS A
A A AT T O T AR AR T TOATT G TATAC TOTAGC TACCGCAACOATCTCCTACATCAAAGAC TACTGGOOG
AT T GGAT O GAGT CAGAMA T AL GAGT T AA TG ARATT TACGT AGACCCETCAAMACACGTGCCATGEGTTGOGT
A A LT A T AGAAG TG T O GG TA T TG T A CGAR LG TG LAG TAT ACAGAA TTGC TCT T TACGACGT A
AGGAGLTCGGTCCCCAATGLACGLCARAAAAGGAATAAAGTAT TCAAACTGLGCATGGTCCCTCLGOCGLTGIA
CTATTATCCATCOSAACGTTGA TATOGCTTATGAATCGCATG
TGN GGAT T TAA GG CACAT T T TAATTCCGACCGATCACCGATCGCCTTTCCTCGC TROTACAATGAGT
A TR TAT CCAGATCAAGGT T TGAACGGAC TCGTATGACATCTGTGAC TCAACCLGGGAGGAAA TG AGAGAA
T GT T T ARG TG T T TG TATCACTCAATATAT TCAGACCAGACAAG TG ARAAT TTOGTREGCCTETE
CTAGGTATTCACGCAACCGTCGTAACATGCACTAAGGATAACTAGCGCCAGLGEOGECATACTAGGTOCCGGAGCT
AAAGACTACCCTATGGAT TOCT TGGAGOGT CARATECAGACCGETTACGACACAATTATCGEGATCATCTAGA
GaTATTATTAGCAAGACAAT AR AGGACAT T GCACAGAGACTTATTAGAATTCAACAAACAGCATCATATCATGOG
GIGTTS GCAMGTCCCCGAAGTT G AR A GAT TG AT G GAACCGTCTGGTCC TG TTAGCG TG TAL
TR T TG T T GGG TACCATAGATAGAC TGAGAT TGOGTCAAARALT TEOGGLGAALAT AGAGGEGCTCCT
TETAGARATACCAGAC TEGGGAATT TAAGCGCT TTCCACTATC TGAGCGAC TAAACATCAACARATGCGTCTACT
AT O AT A AR T A A A TG T T AGATCAC TG T TAATCAGCCATOTCTTCATAAGATTATACTTG
A G A AT T T A GGG CGAT TT TTRGAC T TCAGAT ACGC TAGAAT TTAAAGGATCTC T TACACT
T TR GG TG AGGGAC L TAGAAC TG O CTACTTGTC TCAGTCTAAT AACGOGL GAAGC CGTGLGGCA
CLTGACC T TAAG T GCAGAGLGAGTGATGAAT T TG GGALGL TAATATGLG T GAATAGAGAC TTATATCATC AGGE
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Nothing in biology makes sense except in the light of evolution
I. Dobzhansky

* Comparative genomics
* How and where did life originate
* And where should we look for other
life (Astrobiology)
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I. Dobzhansky

* Comparative genomics
 How did life survive on Earth through
major environmental changes

 Microbes are the longest living
lineages on Earth (~4 billion years)

* They survived and thrived during
planetary-scale climate changes
(conservation and sustainability)
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Nothing in biology makes sense except in the light of evolution
I. Dobzhansky

« Comparative genomics s—£ = = -8 H -
* How do pathogens escape our immune = e B R
system and drugs —
 What changes at the genomic level o e == =
allow them to adapt? ===

* How do pathogens arise and spread? e
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Evolution in the Blab

e Early life evolution

 How to accurately reconstruct the evolutionary
histories of microbes on Earth

e Conditions for life to thrive WY
. . . . . . ':I// /{l’/ j//
e Adaptations that sustained microbial life through climate ' /’ 7,
T 77 2,
changes , / /7
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Evolution in the Blab

* Evolution of malaria

* How does it adapt to humans and other
hosts?

* Are genomes evolving differently depending on the

host? e
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Evolution in the Blab

* Students involvement
* Undergrads & grads (current size: 11+1 students) Statistics

* Skills
* Scripting/programming
* Phylogenetics
* Comparative genomics
* Data mining

Statistics

Algorithms “Ggipu s
W Text mining
Web
applications

Programming
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* Explore new statistical applications for Big Data

e Systematic bias
* False discovery rates

40
10,000 Sites
std. dev. = 0.0108
2
e o
& |
3 (1]
- )
2 :
e 1 1,000 Sites
o std. dev. = 0.0341
100 Sites
36 std. dev. = 0.1182
0 :
0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

Estimated Distance

Kumar et al 2012
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e Connect comparative and functional genomics
* Text mining of functional databases Biological Processes
* Integration of multiple databases “ 7

semantic space x

adhesion
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New opportumtles Wlth CDaS

* Explore new strategies to gain computational support
* On-site high-performance computational cluster (working on it...)
* Cloud-based and off-site clusters (exploring options...)
* Programming, database architecture
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battistu@oakland.edu

340 Dodge Hall
Biological Sciences
Oakland University
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