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A AT T A A A A AT T A A GGG TCCATCEA AT TG AT oA TG AT TACTGSCTTATACCCAACACTCARTATC TG TGACCaACACGACTACTAGESTGCC TTGTAAGCACGCTGATGAGTACGMCTTATETAC
AT T4 TC T GACT ST A TCGaCTSCATGCTAGTECAC CHCGCAGTATMTTAATAAE TETTTACTTTGAT AAAGACTTATGAAAGACATTCTCTCTCTCATTTTGTTARCTTAGAC TCAGATGAGTTTTCTAGCAATGTTGCARATTATC ATTCTACACTCCAGS TCATTCGTTTCOGANGAGACAGGTACGTT ARTAGTT AATAGEGTACTTCTTTTTETTGCTTTCGTGETAT
AATTACTGT TTCTGCAGRCTGCTTACGGTTTCGTCCGTG AACCTGAGAGCTARTAACACTAAAGETTCATTGCCTATTA AGTTTTTGATGGTARATCARRAT GACCACCTGGTA( TITGCTATTGGCCTAGCTCTCTACTACCCTTCTGCTCREATAGT  TETTRETAGTTACA TTACTGCGCTTCGATTGTGTGEGTACTCTACARTATTGTTAACGT
AT AT ABACAT AT 1T CaEeT T GACCAMAGET AT GOAGAGCCTTGTE GAAGAM CAT AT CA S TLT T 1AL TACAGT L AT TET LA AT 1AL T STATACAGCTTGETETCATICCGCTTTGATECAT. TTAAMATATTTGCCTATAGAT  GAGTCTTGTAAAACCTTCTTTTTACGTTTACTCTCGTGTTARRAATCTGAATTCTTCTAGAGTTCCTGAT
CCTGETTTCAACGAGAAAACACA TCAGTTTGECTGTTTTACA AGATCAGRCATTAGTGTCT TECAGTTAAAATGTTT ™ ATTATACCT( GTAGAGTGTTTTGATARATTCARAGTGAATTCAACAT | CTTCTGGTCT! AT A TTATAT TG T CTGTTTG T T4 T 2GECATC AR
oA TG €7 A AL AT AT A GRAL AT A AT 1 1A AT T A AT oA R AN 4T T ST TR AT T TTTTGTAC AR TGCATTGECTGAGACGACAGGAGATATAGTTGTCTTTGATGY TTCCAACESTACTATTACCTTGAAGAKCTT
T AT TGT AT CAAAC T TCGGAT AT TS AAGAs TGTGTCTTAGACASTETCTTATCTACTITTATTTCAGEASCTCSSARGBSTITET ARTTTCAATGGCCACAARTTATGATTTGAGT! T AL TGO AAGCACTATOTOTAC CTATICCTTACA GaATITGTCTTCTACAA TTTGCCTATACCARCAGGAL TAGS T TTTGTATATAATTA
TG CCACCATRRTCATT T TGaT S TGGTACAGAACT COLGGEATTCAGTACGSTC TGATICASA T STCTTAARTTGTCACATCAATCTGACATAGAAGTT G aaCcoe AT AL A aEACAT G TR AAGRGCACEL A AGAATATT TTAATTTTCCTCTGACTGTTAT TAACTTTAGCTTGTTTTGTGCTTACTGCTGTTTA
ACTTGGTGTCCTTTECCT ECECAAGTIET A TEREGAT TGt ATAACT AT ST EA T AL AT A AT EACALCECTGAEETTE TEAATTCAGTCTETAGACTTATGALAACTATAGETCAGACATET TCCTCGRARCTTTCRGCRTIETCE

AT T AT CORATT G ATCGCAA GG T TGTC TOTAGaCT TG TETGaCTeAGCTAcTTC
A GGTRRCCATAGTTA O a7 T AT T AGT S CCaTEATAT A CCEAGGTABCAA AT CACAMCATTGETITEAT TGCTGAAATTGT TG4 CACT GTGAGTGETTTGGTT TATGATAATAAGC TT44AGCACATAAGACASATCA s sser rochcacrarTTacetoTaceeereceAveTeaTonT AT
A TGS TORTCC A TGAAGAT T TCAAGARAC G TR CATATCATTGGTS ATGGAACGTTAAAGATTTCATAT CATTGTCTGAAC AACTACGARAACA TAGTGCTGCTAMAMAG GCTCARTGCTTTASAATGTTTTATA TOTTTGATCTGCARTTAACAGOCEAC TCASERT AL CEATGEALTAT 1 TGACCAAC LR TTCTA ARG AT AT RIS
TG T T4 GaCATACACTESCTATSTCOUTASCHACTTCTGTGS ARTAACTTACCTTTEAAGTTOACATOTGCARCTACTAGACAASTTGTTAVTETISTAACCAAAATAG AeATIGEC T TACACOTAACCCTGCTTSGAAASGLTGTCTTATTICACETTA sarcerTcoreancurcTrcamnTTec ATCTAGGACGCTRTGACATCAAGGACCTGCCTASE
T T AT TIGATGLATTAeBOACCT T TAGE AT TGt MMM T TEATGEAL T EACT] T T T T AT TGGaACTAC AR T A TGTTGATTCTCACAERC GAAATCACTGT TG TACATCACGAACGCTTTCTTATTACAATIGSAGC T CGCAGCSTRTAGCAGSTS
e T e e e o TaTTa ST R CTAT T AT AMACEr a1 AT A A A AT TeASG A TEAGAATAT ACTATCTCATAT TCACTCARACC ACAGCTCACTCTTGTAATGTARACAGATTTA  ACTCAGGTTTTGCTGEATACAGTCGLTACAGGATTGGCAAC TATARATTAAACACAGACCATT
CTTGETACACGGAACGTTCTGAAAAGAGLTATGANTTGLAGACACCTT TTGARATTARATTGGC ARAGAR ATCATAGGATACAAGGCTATTGATGGTGETGTCAL CATCTACAGATACTTGTTTTGCTA ATGTTGCTATTACCA G CAAAAGT AT T GEATAAT T AT AGACAC T TATGAAAET T CAGTGACAATATTGETTTGCT AACAGATGTTTCATCTCRTTGACTTTCAGETTAC
™ TT e AT A A AT AT TG00 AR T A AT T AR GaT R AT AT AT AR ACIMGETIRERE AT TACAAGTETTSARATT TATAGCAGAGATATTACTARTTATTATGAGGACTTTTAMGTTTCCAT TTSGARTCTTGATTACKTCATA
CCAAGGETTGAAAAGAAAAAGCTTGATERCTTTATGSSTAGAATTCGATCTGTCTATCCAGTTCGTCAC ATTGATTGCTGCASTCATA TTTGTCGTGCCTGETTTECCTGRCACGATATTACGE TTTARSGAT T TAGTAAGETART CACTGRGTTACATCCTACACAGRCAC TACACACCT CAGTGTTGACA T AT A TTTAT (A 4GTCAC T TG TASATAT T TCAATTAGA TG G
CAAATGAATGCARCCARATGTGCCTTTCAACTCTCATGAA TTGTGSTGARACTTCATGGCA ACAACTAATGGTGACTTTTTGCATTTCTTACCT AGAGTTTTTAGTGCAGTTGGTAACATCTGTTACACAC CTARATTCARAACTGAAGGT TTATGTGT TGACATACC TOGCATACCT ARGBACATGACC TATAGAAGACT  CAATGBAGATTGATTAAACGAACATGAAAATTATTCTTTTCTTGRCACTGATAACACTCGCTACTTGTGA

T AT AT T T GaCACTEAGAAT TS TA2AGETGCEACT CATCAAAAC A TIGEGTACACTGACT T TeCAiCar
ACTTGT

GTTTTGSCTGCTGAATGTACRATTTT

A A (GATGCTTCTGGTA: T TGTTGCTTAT
AT TG AT T GA € GG TGAAACE AT 7R MGERTERTE GAAAT T ACGEECTACACAE T ATCT T CEATGRETE T AT AT TCETAMCACETACE
ACTATTGCCTTTGGAGRCTATATGTTETCTTATGTTGGT CAAGTRTGCCTATTGGGTTCCA TTGAAGETTCTGT TTTTGATTCTGAGTACTATAGRCACGRCACTTGTGASGATE.
CaTBCTAGK! TCTTAATGACA AGAAGCTGGTGTTTGTGTATCTAC TTAACAATGATTATTACAGATCTTTACCA

SCTTANTGA4GA GEAGTTT 16T SOTGTAGATGC TG TAAAT T TACTTACTARTATGTTTACKCCACT

CATCTCTATGATGGGTTTTARRATGAATTATCAAGTTAATGE
GAAGCTATAAGACATGTACGTGCATGGATTGECTTCG:
TTGGTACCAATTTACCTTTACAGCTAGGTTTTTCTACAGGTGTTAACCTAGTTGCTGTACCTACAGGTTA

CATGTTTATCACCCGCERA

SGTTACCCTAR
ATGTCGAGGGGTGTCATGCTACTAGAGAAGCTG TACy

T AT ACeAdAGT a1t AT AL AT AT T MMM CETTGETCTTE Gt
ARG AATTEACCATTTCATCC T TAGCTGAT ACARATTTGCACTGACTTGCT TTAGCACTCAAT
TS GG GRG0 AA4ACACETCTATCAGTTACATCC AGATEAGT T TCACC 4T

AAGGTTTGGAT GTGCTTTGEAC ar

e AAAl AT et ARG TG T AT BTG TG TaATACT T AT
ETGCCTaRAAT ATTGETGAACAGAAATCART ACTGAG T TE TTTATGCAT TTGCATCAGAGGC TRETES CTTATGT CATTEALTGTACTCTGTTTARCACCARTTTACTCATTCTTACCTSGTGTTTATTCTGTTATTT.
TETTGTACGAT CAATTTTCTCCCRCACTCTTGARACT G TCAAAATTCTGTGCETGTTTTACAGAAGGCC ACTTGTACTTGACATTTTATCTTACTARTGATGTTTCTTTTTTAGCACATATTCAGTGRATGGTTATGTT
T A TG AT A TGAGACTCATTG T4 TGA T TCACATCTo CACACET T4 TT TGO AT TG T A TEATT T T T ATTTCTATTES

TGGCCTACATTACAL TETTCAGTTGACTTCGEAGTE TAGTAATTACCT e i
vt sty mnmummmmmwm.wer-m CTTGCETAGTEATTTCCTATACCTETTAC

AMGGAAGGTGT AGAGTTTCTT AGAGACGETTGGA:

Ace
& CTAATART ACAGATTTTTCCAGAGTTAGTGC TAAACCACCGLCTGRAGATEARTT TARA L SGAAGTTCAAGARCTTTACT LT CCARTTTTTCTTATT6TTGCGGCARTAGTGTTT.
CACTEATAGSACTTATGTACAAAGGAGTTCCTTGRAKTGTAGTGCSTATAAAGATTGTACAARTGTTAA ATARCACTT1Ger1EACACT GGG TATTSTTCTATToTe
AATCTCTCTGACAGAGTCATATTTGTCTTATGOGCACATERCTTTGAGTTGACATC  (TTTTTAGCCTTTCT&CTATTCCTTGTTTTAATTAT TTATCTTTT AC

SCACCTGTTGTC ACGTGCCACATGCTTT bttty ettt baditaioe v

TCCACTGCTTCAGACACTTATGCCTGTT! GEATTTGATTACGTCTATAATCCGTTTA TAGCTGCATTTCACCARGAAT BT AGTTTACAGTCATGTACTCAACATCAACCATATGT AGTTGAT
T TG GT T CAACARTEBE T TACACGTAACCTACAGCA CATEATCTOTATTGTCAGTECA TETCCTATTCACTTCTATTC] TAGAGTAGEA CAGCACCTTTAATTGAR
ST GG TGaTT (T A ATCACCCATTCAGTACATC TATACAGTTTCCT
aTTT: GTAL m(rrﬁn\em(anarrmntmma

Pttt ad s
TTCAACACATGGTTGTTARAGCTGCATTATT AGCAGACARATTCCCAGTTCTTCACGACATTGET A4
T AT ACTaTaTACTCAGE T4 GAATGaAGT (A TGATGCICTIGTT
ARAGCTTATA AATTCACAGATGETG

AATTGTTARATTTATCTCAACCTGTGCTTGTGARA GCARTATAATAGATACTTAGCTCTTTATAATAAGTACAAGTATTTT CAATGGATACAACTAGC
percamapp sttt bt s ool e iosand ‘mcmm,\.\crc«ccncmvanc
T TGO AT ATTGGTGORGC A A TT<A4GCCTTGRATT T 1T ACCAA AR T ATCACCTCAGE T TTTGEAGATTGET TGRSO TICE
GTGARACATTTGTCACGEACTCAAAGEGAT A TARATCCAGAGAAGAAACTECC ATCTGTA4AGTTGAGSaTTGTA TG TACAAGTAAC TTGTGGTACAAC TACACTTAACEGTCTTTGRCTT
il psieasibvpicsatiitacosulilbs bt Ll cloncilbae HCTCTRSCATGC T TaTaRE
TG AT ST AT T ACAACCATTAGRACAAC T ACTAGE AT GTTGAR ATTTACTCATTCGTAAGTCTANTCATARTATCTTGETAAGBCTGRTAATETTCACTCAGGRTTATIES
T aTeTAL AT o GAT AN AT AT T

e et TG TaATTCOA T T restAC o
AETETATCTRACCTT TG CTGaTTETaATCaTGREAGT T AT ATETAAATAAMATACATIEEAE

CCAGCTTT TTTTGTTAATTTAAAACAATTACCATTTTTCTATTACTCTGACAGTC
praeibembyi it
AT AT TGETaaT S TETCTGTAGACA AT ATGATACAGAT TG TCTEGATECT

ACCTTTT, AT
piaceiviant oottt
T AT A AT aEAT A TG e EresGaT s Tetne
AN CAGAATGGAGAACGCAGT GEGGCECGATC A A ACAACGTCRECCCCAAGRTTTACCCAAT AATACT
GCETCTTGaTTCACTRCTCTCACT CAACATGACAAGGAAGACCTTARATT CCCTEGAGGACARGSCETTC
CAATTAACACCAATAGCAGT CCAGATGACCAAT TGGCTACTACCGAAGAGC TACCAGACGAATTCETGE
T4 GG T CAGTCCAS TGETATT TCTACTACC TAGGAACTSRRCC AT
GGACTTCCCTATGETACTAACARAGACGGCATCATATGGGTTGCAACTGAGGGAGCCTTGAAT ACACCAR
AAGATCACATTGGCACCCGCAATCCTGCTAACAS racm(;u(srs{n\t)\.\(nccrc"nnn.'\(,u(

ACACCAS TTATGTTGCTCRAAATCARAGACACAGAAMAGT ACATTCTATGCA: ATCTCAGCTGGCTTTAGCTT TTTGATACTTATAACETCTGEA ATTGCCARAMGECTTETA . x s
TR LML AT AT G G AL A LT TEACACTC ARG G e TTTGTTEGEATTE AT TEACT TG TS T TSI CATTagTarTT Jolfuscl -q«ncnammmmmmmn ranarwwaaa«cnmmraa AGTCBCAACAGTTCAAGAAAT T CAACTCCAGGCAGC AGTAGGGSAACT TC TCCTRCTAGAAT G CTEG
SoTTACTTTTGTGATeACK AAGGT ECTTTTGCTT ACCAHTETGCTATEASS TTCATTCCTTAATGETT c ACCAGTTTCTATCATTAAT, TGCTCTTGCTTTGCTGCTECTT -«.mTTﬁaa((%tTmncnac-;.anm(mﬁ

TCTGCCTATACAGTTGAACTCRSTACAG TTAACATAGATTATGACTGTGTCTCTTTTTGTTACATGCACCATAT ACCAACTGGAGTTCAT GAATTGTTTGH R o st (GSCCAACAACAACAAGGCCARACTGTCACT; TGCTGAGGLTTCTAAGAAGCCTCR
pelieonibamains oulbasanrtboii s e p s P CTTAGARGATAACTTTTATGEACCTTTTGTTGACAGSCAACAGCACALS T TACC TCAATAATTTGGS TATGGACAT T CTACTARTACTSTGATCTGSSA (A,q,q,q;\[er,\(m((-n:::ﬁmm(.\:\mr«c\(MEETTT(EE(M»\[GTGGTCC-E"KNAA(((
ACTGEGCATTGATTT TGGCTACATACTACTTATTTGATGAGTCTGGTGAGTTTARA CGGACACAACTATTACAGTTAATGTTTTAGCTTGETTGTACGCTGCTGTTATARATGGAGACAGGTEETT AGCACATATATCTACTATTGSTGTTTG! AT \GGARATTTT (GGAACT AATCAGACAAGGAACTGATTACAMCATTGGCCGCAMATTEEACA
TTGGCTTCACATATGTATIGTTCTTTCTACCCT TETGAAGAAS TCTCAATCGATTTACCACAACTC TTAATGACTTT AACCTTGTGECTAT GAAGTACAATTATGAACETCTA ATt oA TG AL AR T AT AGAG AT AT AGACTTAT sl TeECAT T T
AAGAGTTTGAGCCATCAACTC A TGAAGATGATTACCAAGSTARACCTTTGGAATT ACACAAGACCATSTTGACATACTAGGACCTCTTTCTGCTCARACTGRAATTECCGTTTTAGATATGTETG A

GCAAAATGGTATGAAT GGACGTACCATAT TGGGTAGTGCTTTATTAGAAGA

ToTGECCTTC TG TaeTeTTCACCT A CTICATT: TACTSC rGaE
CAAGACE GGTTC TGARTTTACACCTTTTGATGTT6TTAGACAATGC TCAGRTGTT ACTTTCCAAAGT GCAGTGARAAGAACA

GGG GATT 5T TLGATGATGA AT ARRAGAAT
CAAACTGTTGGTC STTG

GaaGas
(G TGAGGACAATCAGACAACTACTATTCAAAC

TG T CGTAATGRTGT T TTATTACAGAGETAGTGT ARSI TTACAACTTCTETAGITCC
CARACAAGCTAGTCT! iTTesAG TATTAT:
T AT T AR A ot 3 AT EAGA Gt AAAGAAT T

T a
TEATEARACTCAAGLCTTACCGCAGAGACAGAAGAA ACAGCARACTETACTCTTCTTCCTGCTGLAGAT

A A TeAACT A MG T AT G AT AT G T AT AT TR TG TTACTCACAAT TTTGACTTCACTTTTASTTTACTCCAGSTACTC AACCCAGGAGTCAAATGRARAT TGATTTC TTAGAATTAGCTATGGATGAATTCATTGAACGGTATARATT TGS o TGO CANTTGCACAA L TGAGCATECTGATCACTEACETAACTEATE
AAAACTTACTGACAATGTATACATT AMAATGCAGACAT TGGTCTTTGTTCITITITT TTTTTACCTTTTGCTATGRGTATTATTGCTATGTC AGAAGECTATGCCTTCGAACATATCGTTTATGGAGATTTTAGTCATAGTCAGTTAGGTGGTTTACATCTA  £AGACE AT GGACT ATATAAACGTTTTCGCTTTTCCGTTTACGATATATAGTC A
TG A TGCAGCAATaTTTACC 122408 GEAGGHGGTGT A SOAGECT AT AAGSCT Tacwmcm ATGTTTGTCAAACAT A2GCATGCATTTCTCTGTTTGTTTTTGTTACCTICTCTIGNS  CTGATTGRACTAGETAAACATTTTAAGGAATCACCTTTTGAATTAGAAGATTTTATTCC TATAGACAGTA GTGEAGAATGH ACAAGT AGATGTAGTTAACT TTAATCTCACATAGGAATET
(CAATGCCATACAAC TCTGATGATTACATAGCTACTAATGGACCACT TTATTTTAATATGGT CTATATGCCTGCTAGT FATGACATGRTIGGATA CA0TIAMAAC AT TICATACAGATOC A CAGSTTCATE TCTGTTATTGATTT mm,\amﬂ- AT AGSBAGGAT TGARAGAGCCACCACAT T TTCAC CGAGGCCACRCGABTAC
b koo s el (GTTATGTATSCATCAGCTGTAGTGTTACT ATTACTTGATGATTTTGT GATTTATCTGTAGTTTCTAAGETTGTCARAGT AGTGARCARTGCT AGEGAGAGCT CCTARTGTGTARAATTAAT
TG AT ACT o ACCATTAT ARTCCT 4TSGR TETETAT ST G TGRS GTETG A TTATSMTOTCTTS it ool it ATTTTACCCA TTTATAGTCTATCCCCATOTGATTTTAR AT TCTTASGAGTGACAMAARAMAL A
TATCAGCTGETATTTTTGETGCT TATACATTCTTTAAGAGTTTGTGTAGATACTGTT T ATl TG AT A A AT T TCCATGTGGaC T TTATARTCT | AT TG T CAAGCaT GGG GCTATOCCTARTCTTTACAAAAT
AT T TTGAT A TCTCTATGAC A ACTTGI T TCAAGC TTTT TG TGRAGAGT CTETTACTTTAACTACTEN ACTGTEAT AGTGCAACATTACCTAAAGGCATAATGATGAATGTC

T T TTTT ATTGTTTTT
AAAGAGGAAGTTAAGCCATTTATAACTGARAGTA T T T LA G SAC TG a1 7 T TTATTGTITC
e maazmmm.crmnammzmnrmm,crmcmmzrrr.a.:m.nma
AT T AT AT TG T TGaCAATC TTCATCCA BT 4T 4T A TTAGTT A ST G TATAT S TGS CTACT
GATTCTGCCACTCTTGTTAGTGACATTGACATCACTTTCTTAAAGARAGATGCTCCATATATAGTGEG oo binclFovopmmesrifosatmiotml e coaprn
e AT T AL e G TAT AL TAT AR 4TS T ACTEAAA CECAET G ALy CTANAATET CAEATCT AT A ATCAGT AT T4 CTEAGT T ek cane

AT A AT TG AT e A AT oA AT AT AT AT ATEAGAGTT
TACATTTTGETGCTGTT TECACCAGGTACAGCTTTTT

bkt atottein
TGTGCAACTGTACATACAG! TCATTAT
T AT GACTC TAAAGAGEST T TTCACTIACATT T GETTTATACAACAAR3GCT

T TR GCACA AT TATATAACEACTTACCEGGGTCAGGAT TTaaT TEAGATACATEATCATCTAATTETGRTCATETETC AT TAACTEACATTCTCTTAGET A

GGTTACACTGT AGAGEAGECARAGACAGTGCTTA CTTTTACATTCTACCATCTA AGATACTACTGAAGCCTTTGAAAAAATGBT T TCACTACTTTCTGTTTTGCTTTCCATGLARGETACTGTA

T ATCTCTAAT GAGAAGCARGAAAT T CTTGGAACTGT TTCTTGGAAT TTGCGAGARATGLTTGCACATEE GACATARACAAGETTTGTGAAGAAKTGCTEBACAACAGGACARCCTTACAACTATAGCCTCAGAGTTTA

AGAAGAAACACGLARATTAATGCCTGTCTGTGTGGAAACTAMGCCATAGT TTCARCTATACAGCETARA GTTCCCTTCCATCATATGCAGCTTTTGCTACTGC TCAXGAAGCTTATGAGCAGGC TGTTGCTAATGATGA
A

TTECGTGR AATGCTGATCTTTATAMGETCATG

ovibetbysilaryetal b e
GATGTAATTATCTTEGCARCCACGCGAACARAT AGATGGTTATGTCATGCATGCARAT TACATATTTTG
AT T TCAGT GTCTTCCTAT T TTATITGACH T4 T CCCCTTARATT S

TATAAGGETATTA TATGGTGETAGATTTTACTTTTACACCAGTAAAS TTCTGAAGTTGTTCTTARAAAGT TGAAGAAGTCTTTGAATGTGECTARATCT]
CAACTGTAGCET CACTTATCAACACACTTAACEAT CT AAATEARACTCTTGTTACAATGCCACTTGECTA GCCATGLAA LT AAGTTGRARAAGATGRCTEATCAAGCTATGACCCARATETAT:
CATGGCTTAAATTTGGARGARSCTECT TCTCARAGTGCCAGCTACAGT! AGTTACTAGTGCTATGCAGACAATGCTTTTCACTATGCTTAGARAGTTGRATAR

ACTGCTGTTATGTCTT TITATCTCTTCTTAGT
i wmeaometcon bkl g
CAATGTTTGTTTTTCTTGT T T ATTGCCACTAGTCTCTAGTCAGT TG TTASTCTTACAACCAGAACTCA

TeTA T AGGACAAGA
AT T GET a1 A AT T AT TALTTET T SeaALETabas TonTGAL oL ARCAT AT AL GG TTGTRT ATk ot aCETCT AR

™ TGCATACACTAATTCTTT TGGTGTTTATTACCCTGACARAGTTTTCARATCCTCA

TG AT TCACT G TGGT T ATAA4GATTGRTCC T TTC TGS A TC AT ACAGCAGL O AT TG TCATACCHGACTATALCACATAT Ao TeTeTGaTACACT
TIET!

AGTGTATATTACACTAGTAATCCTACCACATTCEAC TTACTT AGCATTGTGEGARATCCAAL

[t el el s TeAAT AT AT GEAEANTTAC AT T A AR TETTAT TG AT GG ARTIT
AGGTGTTTACAACAGTAGACAACAT TAACCTCCACACGCAAG TTGT GRACATSTCAATGACATATGGACA GCTGTCAAATTACAGAATAATGAGCTTAGTCCTGTTRCAS ca

T A AT G G T AT A 1A A AT oG CodA T 1A AT GA AT ST AC T ASAC AT T TR
T e T TG TG TACT A CACAAC TS TSCACTGT AT TTTACAGGH T TG TGS G TTCCCTAGASTS GG TSOTACTA T
ATCCTAGTTTT CACATTAR TATACASAAC TS CAC TGO TACGACACACT A AAGTATTTAT
eyl T er ATt e ASa s KETH AT Aot TAMACAAC L TAB KA 7 AT BTG T AC AT
ATAGAGTTGAAGT T T AR TCCACCTGC TCTACARGAT A TTATTACAGAGCAAGESCTGATGAAGCTGETA Pl eiiei
AT TTGTaEACTTATC TTAGECTAC TOTA4T A ATAGOTGAGTTAGS G TGT G4 a:vacrwwnc"‘amrwcmcn\emmnc ACCAATCACTAATTGTGTTAAGATGTTGT
AT T CACATGECAAT T TG TG sasaaTeT TACACACACTGATACT GG CAGGLAATAACAGT TACACCGGAAGLCAATATGGAT CAAGAATCCTTTEE

acect

T TACAT ARG CAGGACTTGTTETTACETTTCTTICCAMTGTTAC T TGATTECATGRTATACATS
TeTeTe GTTTGATA TACCAT TTARTGATGGTGTTTATITTG
TTCCACTGAGAAGTCTAA TGGATTTTTGGTACTACTTTAGATT
TG mcrmmenerrmwmrsmAmzwrrmmmcmr
TTTIGETETTT, TCAGAGTTTATTCTAGT
GAATAATTGCACTTTTGAATAT G TCTCTCAGCCTTTTCTTATGRACC TTAAGEARAACAGESTAATT TC
ARG TTTGTGT T AGA4TAT TG TGETIAIT T TA4AATH TATICTAGEACACECCT S
CAGGGTTTTTCGGCTTTAGRACCATT
TAA(AT[A[nﬁmnt::;cnmnmnrr b aareatloausabibsostvzeiol
GTTGACAS TS ATTAMATATA
plbiepns

A66C ACACt

TGTTATGTACATGGGC. u{mcrmmmr AT CaT LT AT et T oA AT AT AT e T TAeaa 1 TGTGATT

TCAGATACCT ARACAAGETACAAAATATCTAGTACAACAGE: ARATACCTACAACTTGTGCTAATGACCCTTGGGTTTTACACTTARARACACAG

acerTrTeT CCACCTACTCAGTATGAACTTAAGCATGGTACATTTACTTGTGLTAGT TETGTACCGT TATCCCTCTAGTTGTGATC A TCCGEGAACCCATECTTCA
GAGTACACTGGTAATTACCAGT AT AT TAACT A G CTTTGTATTGEATAS GTCAECTGA G TCRT TGy AGCCCGTCTTA

GARATCCTTCAC ATCAAACTTCTARCTTTAGAGTCCAACCARCAGMTCTATT
TG TG A T ACAdAC TTGTGECCTT T TGGTGASaT T T CSCCACTGA TIGEATETS
TTTATGCTTGRA CTGTGTTGCTGATTATTCTETCCTATATAATTCCGCAT

ATTTICCACTTTTAAGTGTTATGGAGTGTCTCCTACT ARATT ARATGATCTCTGCTTTACTARTGTCTAT

GCAGATTCATTTGTAAT ACAAATCGCTCCAGGECARACTGRAAAGATT

TG TACTAGOTCC GG TCCTATTACGGATTTTTCTACAMGARAACAG CAGGCACTAGTACTGATGT CAGEECTTTTGACATCTACAATGATARAGTAGCTGGTTTTGCTAR
TTACACAAC bl vaciarmestislitlinnbll b e oA e TITASTTGATTCTTACTTT
A AT AT AACA A AT AR AT AT TG AL STAGT T GHASACAT TG TG G AT TACTT G TTeTC
CATATCCAAACGCARGETTCGATAATTTTARGTTTGT TTTGCTGATGATTTARA CAGCTGTTGCTAAACATGACTTCTTTAAGTT TGETACCACATATATCAC]
AT GO TTATAGRAACE ST TCAAG G GCTTARAGITACAT T TTECCTEACTTAR4TGaT ACGTCTTACTA T-cmmmmnzemJammsmrmcv\re«ammmac
(GTGETGRCTATTGATTATARACACTACACACCCTCTTT TARATTGTTACATARAC ACAT! aTCA TATTT TGETATE
TG TG TTAR AT A A GCCACGTATAMACCAAA TACCTGST T Titers ATTTTGTAGAA ACCAGATATATACGCGTATACGCCARCITAGTGAACGTGTACGCCAMGCTITENT
AGTTGARACATCARATTCGTTTGATGTACTGAAGTCAGAGGACGCGCAGGEA CAGTACAATT ATGCTGRTATTGTTGETETACTGACATTAGATARTCAR
Jiiemanbbs i TACCATACAGA GATCTCAATGGTAACTGT ATGATTTCGGTGATTTCATACARACCACGCCAGETAGTGRATTCCTGTTG
AAGACGTTCTTGAGTGTAATGTGAAAACTACCEAAGT TG TAGGAGACATT AT ACTTASACCAGCARATAR TAGATTCTTATTATTCATTGTTAATGECTATATTAACCTTGACCAGGGCTTTAACTGCAGAGTCACATET
AT T AR TACAGAAGAGET T 6L CACACAGAT CTAATGGC TGC TTATGTAGACAATT CTAGTCTT TEACACTGACTTAACAMGECT TACATT AAGTARGATTTGTTAAAATATEACTICACGRAAGAGAGRTT A

AAAGATTGLTG
TTATAATTATAAATTACCAGATGATTTT TR TAGCTCCAATTT AT
TG TGS TTATAAT T ACCTGTATAGATTGTTTAGGRAGT T T
AACTGAAATCTATCA iAot
A TG T CCAACCCACTTGETGT T TAC AT A TAGTAGTAC
TTCTTITGAACTTCTACATGCAC CAGEAACTGT TTGTGGACCTAAAAAGTCTACT ASTTTGGTTARAAAC
AAATEYGYCA«TTTC-«—‘CYYCAAYGGTTTAAC-«GGC {CAGGTGTTCTTACTGAGTCTAACAAAAAGTTTC
CCTTTCCAACAATTTGOCAGAGACATTGCTGACACTACTGAT LT TCCGTGAT CCACAGACACTTGA
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O AT TG T T G484 G TACTCA 00T TAGE 0 AT T T TAT AR ATAT TG CAGAATACCACC AT T T AAC T TIGSATS TGAACATGTCAACAACTCAT AT GAGTGTGACATACCCATTGGTGCAGG TATATGLGCTAGTTATCAGACT

TTGGGATACTATAGCTARTTATGCTAAGCCTTTTCTTARCARRGTTGTT. TOCATTCTGCATTGTGCARACTTTAATGTTTTATTCTCTACASTETTCCCACCTACAAGTTTTGE  CAGACTAATTCTACT TAGTCAATCCATCATTGCCTACACTATRTEACTT
T T T AT 1T AT TATAT LT PN AT A Gt GAGAAANTATI T 176 Gar AT TGTA 1 CAMCTGaATACEAE T TEAAGAE GTGCAGAAATTCAGTTECTTAC TCTAATAACTCTATTGCCATACCCACAAATTT TACTATTAGTETTAC
TTCTACAATTGTGTACTTTTACTAGAAGTACAAATT CTAGAATTASMGCATCTATGCCGACTACTATAG CTAGETGTTETACATATCAGGATGTASACTTACATAGE TCTAGACTTAGTTTTAAGGAATTACTTGTGT CACAGAAATTCTACCAGTGTCTATGACCARGACAT CAGTAGAT TGTACAATETACATTTGTGGTGATTCA

CAAAGAATACTGTTAAGAGTGTCRRTAAATTTTGTCTAGAGGC TTCATTTAATTATTTGAAGT CACCTAR ATGCTGCTGACCCTGCTATGCACGCTGCTTCTGAT AN TCTATTACTAGATAAACGCACTACGTGETTTTC
T AT A T T T AT AT TAAGT BT TG TAGaTTCTT A TETAC ASTAGETGCACTTAC TN AT TGETTTTCAAACTOTCAMCLC S TAATT T ACAAGACTIETAT

TACAR GTGA]
ACTGAATGCAGCAATCTTTTGT TGCAATATGGCAGT TTTTGTACACAATTARACCGTGCTTTASCTGEAA
TAGCTETTGAACAGACARARACACCCAAGAAGT TTTTGCACAAGTCAAACARATTTACARRACACCACC

TCAACCGCTGCTTTAGTGTTTTAATGTCTARTTTAGGCATGCCTTCTTACTGTACTRTTACAGAGAAG GACT GTTGAATTAAAACACTTCTTCTTTECTC

AATT AR GATTTTGGTGaTTTT AR TTTTTCACAAATATTACCAGATC CATCARAACCARGEARGAGGTCA

TTSCT GTTTCTT TTCTaT
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TTTATTGAAGATCTACTTTTCAACARAGTGACAC TTGCAGATC TG C TTCATCARACAATATGGTEATT
GCCTTGRTGATATTGCTGCT AGAGACCTCATTTGTGCACARARGTTTAACGGCCTTACT GTTTTGLCACC

TAGTGGTTTAGATTCTTTAGACACC TATCCTTCTTTAGAAAC TATACAAATTACEATTTCATCTTTTARA ACAACTACTATTTGTAGTTGAAGTTGTTGAT ANGT ACTT TGATTGT TACGATGGTGGCTGTATTAATGCT
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AT o TTGaCTGCAATCATGCAATTGT T CAGETATTTTGCASTACATTT AT AGTAAT C TTTATTATEATTCAATRAGTTATGAGGATC CAAAACGTAATETEATCCE
TTGGCTTATGTGGTTARTAATTAATCTTGTAC: L TTAGe 47T Ao GTACATC THTAT AN AT AT 1T AL CAS A1 G AGAE AT AL TGRTETE
TTCTTTGCATCATTTTATIAT AT GCATGT 6T AGACGaT TG TAAT TCATCAACTT TCTATCTGTAGTACTATGACCAATAGACAGTTTCATCAARAATTAT TGAMATCAATAGCCGCCACTAGAS
GTATGATGTGITACA GG TCGAATGTACARCTAT TG TTARTGGTGT TAGAAG GAGCTACTGTAGTAATTGGAACARGCARATTCTATGGTGGTTGSCACRACATGTT
GTCCTTTTATGTCTAT TTTTGCARACTACACAATTGRARTTGTGTTATTGT TCACCTTATGGGTTGGGATTAT AT
TACATTCTGTGCTGGTAGTACATTT A TTGCGAGAGAC TG TCACTACAGT TTARAR AGARTTATGGCCTCACTTGTTCTTGCTCCARACAT ACARCGTTTGTAGE TTGTCACACCTTTCTATA
bt S et TCCATCCA GATTAGC TCAAGTAT TCACTATATGTTARACC
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TTTGCTCAC TSCTCATACACTTCTGEACTET TAGC ST CAATGATTCTaRT 36
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AATTCANGACTCACTTTCTTCCACAGCAGTGCAC TTGGARAACTTCAAGATGTGAT CAACCARAATECA
AT TAACACSCTTGTTARACAACTTAGCTCCAATTTTGTCAATTTCARGTGT TTTASATEATA
TOCTTTCACGTC TTRACAAAGT TGAGGC TEAAGT GCAAATTGAT AGS T TGATCACAGGC AGACTTCARAG
T4 TG TG G TTAAT G GCAGAAATCA ST TCTGCT A CTTGCT T
CTAATSTCAGASTGTGTACTTGGACAATC (GTTGATTTTTGTGGARAGGGCTATCATCTTA

LTS TCEACTT T TETACT G GOT AT

GAACTTCACAACTaETCCTGCC AT T TG TCATGATGGARAAGCACACT TTCCTCGTGAAGETATETTTGTT

CAATGTTTTTA

TCARATGECACACACTOATTT6 T AACACARAGGAAT T TTTATGAACCACAAATCATTACTACAGACACA
GAATTGTCAACAACACAGTTTATGATCCTTTGCAACC
TEAATTAGACTCATTCAAGGAGGAGTTAGATAAAT AT TTTAAGAATCATACATCACCAGATGTTGATT TA

ATGTTGEACTGAGACTGACC TTACTAAAGRACCTCATSAATTTTGETC TEARCATAC
ST GATGATTATGTGTACCTTCCTTACCCAGATCCATCARGAATC CTAGGGGCE

TS T TGECATTAA TG TCAGT T CATICAMAGAAT TGECCGCCTOUTEAGITTE
CCAAGAATTTAAATGARTCTCTCAT AL AGTATATAARATGS!

GOCTETTTTGTAGATGAT ATCGT AAAAACAGAT GGT ACACTT ATGATTGAACGGTTCGTGTCTTTAGCT

TG TG TTACTAA A TECTAATCAGGAGTATGCTGATGTCTTTCATTTGTACTTAGRATS
T ANGAAGCTACATGAT GAG TTAACAGGACAC ATGTTAGACATGTATTCTGTTATGCTT ACTAATGAT
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amrarmm(mmm.cmmmmc«c.mc,mmmmarcmnmzmm

GTTTGCAATGCTCCAGRTTGTGA
aa

TACATTTGECTAGETTTT ATGETTTSET
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ACTCTGAGCCAGTRCT! TACATTA TGO
ATCTTCACAATTGRAACTGT AR TTTGAAGCAAGGTGARATCAAGBATGC TACTCCTTCAGATTTTGT

piskiemiibonssibeii b
TOCTGTTTTTCAGAGCGCTTCCARAATCATAACCC TCARAAAGAGATGRAACTAGCACTCTCEARGEET
TTCACTTTGTTTGCAACTTGE T TTGTTGTTTGT ACAGTTTACTCACACCTTTTGCTCRTTRETRCT

TETCACA
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TACATGTGTTGETAGCGAT ART G TTACTGACTTTAATGEARTTGCAACATE TGACTGGACARATGETGET
AT T TG CAGE A TG TCAGETIT TGS Ga G ARGETACTE

GCCTTGAAGCCCCTTTTCTCTATCTTTATGCTTTAGTCTACTTCTTGCAGAGTAT ARACTTTTAAGAAT
AATARTGAGECTTTGACTTTGCTGRARATGCCGTTCCARARACCCATTACTTTATGATGCCARCTATTTT
CTTTGCT GG TACT AT TGTTACBACTATIGTATACCTACATAG GTCTICT TCATIGTCATS

AGGAGACATTTAAACTGT CTT AT GG TATTGCTACTGTACGTGAAGTG T TCTGACAGAGAATTACA
T eoeAd GaTAAALL A AT TALECoanat AT T AT Gar T CETaTascT

(CAGTAAAGTACRRATA TACACCTT TATGGTGATGCTGTTGTTTACC
GAGGTACAACAACTTACAAAT T ARATGTTGETGATTATTTTGTGCTGACATCACATACAGT AATGECATT

ACAACAAGTCCT: CATGACTACCAGATTGGTGTTATACTGARRAATG
e AT T AT AT M AT ETACT
ACTCARTTAGTACAGACACTG 6 TG TTGAACATGTTACCTTCTTCATCTACAATAAAAT T TTGATGAGC
CTGAAGAACATGTCCARAT TCACACAATCGACGGTTCATCCGGAT TG TTARTCCAGT AATGGAACCAAT




Genome sizes and numbers of genes?

E. Coli—5Mb, 5,000 genes

D. melanogaster— 175Mb,
17,000 genes

H. sapiens— 3,000Mb,
20,000 genes




900 Mb, 38,000 genes 2,500 Mb, 39,000 genes

15,9 Gb, ??? genes

1,300 Mb, 56,000 genes



790 Mb, 57,000 genes

2,500 Mb, 32,000 genes

12









Conventional breeding

http://www.nsf.gov/news/mmg/media/images/corn-
and-teosinte_h1.jpg

Teosinte was gradually modified into

modern maize over 10,000 years (Conko et al. 2016)



A revolution in technologies driving
solutions and bioeconomies

* Genomics
* Systems Biology
 Genome editing and Synthetic biology



Marker assisted selection
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Genome editing for rapid domestication

3L
3L

3L

12-17L

Trait introduction

¢~ Compact plant architecture )
Synchronized fruit ripening
SP >
Day-length insensitivity
SP5G ’
Enlarged fruit size >
SICLV3 and SIWUS
Increased vitamin C level >
SIGGP1 -

De novo domestication
by CRISPR-Cas9

Coding sequences
Cis-regulatory regions
uORFs

Trait retention

Biotic/abiotic tolerance

Li et al., 2018. Nature Biotechnology

Number of flowers
in inflorescence

200 -

160 1

120 4

80

40 -

De novo—

domesticated tomato
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1L

1L

7-12L

LA1589

LA1357

Zs6gon et al., 2018. Nature Biotechnology

LA1589-T0-116




Why is decoding a plant genome important?

* Evolution

* Conservation

* Molecular biology and Ecology
* Domestication

* Synthetic biology



The value and the challenge

* Genomics, systems biology and synthetic biology will play a major role
in feeding the world and producing new greener products

* Unique plants become even more important resources



70% of the world’s biodiversity
can be found in 17 countries
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THE PREPRINT SERVER FOR BIOLOGY

bioRxiv posts many COVID | 9-related papers. A reminder: they have not been formally peer-reviewed and should not
guide health-related behavior or be reported in the press as conclusive.

New Results A Follow this preprint

Global disparities in plant science: a legacy of colonialism, patriarchy, and exclusion

@ Rose A. Marks, @ Erik J. Amézquita, @ Sarah Percival, @ Alejandra Rougon-Cardoso,
@ Claudia Chibici-Revneanu, @ Shandry M.Tebele, @ Jill M. Farrant, Daniel H. Chitwood, @ RobertVanBuren

doi: https://doi.org/10.1101/2022.10.15.512190
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Global distribution of plant scientists




» Southern Africa: 10% of the World’s plant species on 0.5% of the Earth’s surface.

Afr| Ca an d SA » Fynbos: % of Africa’s biodiversity on 2% of its land

» Table Mountain: As many species as the UK

countries

richness
<12

B >=12<30
O >=30<80
Bl >=80<200
B >=200<500
Bl >=500

0 400

kilometers

FIGURE 1 | Distribution of species richness in sub-Saharan Africa,
based on analysis of 5881 species mapped to a 1° grid. Richness is color
coded, yellow squares are most species poor and purple most species rich.
This illustrates the high richness of the West African coast, the East African
uplands, and the southern tip of the continent.




nature

plants

ARTICLES

https://doi.org/10.1038/541477-021-01031-8

‘.) Check for updales]

OPEN
Representation and participation across 20 years

of plant genome sequencing

Rose A. Marks ®"23% Scott Hotaling®#, Paul B. Frandsen®5¢ and Robert VanBuren ©2

The field of plant genome sequencing has grown rapidly in the past 20 years, leading to increases in the quantity and quality
of publicly available genomic resources. The growing wealth of genomic data from an increasingly diverse set of taxa provides
unprecedented potential to better understand the genome biology and evolution of land plants. Here we provide a contemporary
view of land plant genomics, including analyses on assembly quality, taxonomic distribution of sequenced species and national
participation. We show that assembly quality has increased dramatically in recent years, that substantial taxonomic gaps exist
and that the field has been dominated by affluent nations in the Global North and China, despite a wide geographic distribution
of study species. We identify numerous disconnects between the native range of focal species and the national affiliation of
the researchers studying them, which we argue are rooted in colonialism—both past and present. Luckily, falling sequencing
costs, widening availability of analytical tools and an increasingly connected scientific community provide key opportunities to
improve existing assemblies, fill sampling gaps and empower a more global plant genomics community.

Of the 800 fully sequenced plant
genomes, none were led by African
researchers and almost none represent
endemic African species

Fig. 3 | Geographic distribution of the submitting institutions for 798 plant genome assemblies. Circles are scaled by the number of genome assemblies
produced in each nation and coloured by the relative proportion of domesticated, cultivated, feral, natural commaodity, wild and wild relative species sequenced.
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King Protea: SA National flower and the first endemic SA and Fynbos
species to be sequenced and led from the African continent




Our current definition of Bioeconomy is limited and follows
similar models to extractive thinking



The future of work will rely on traversing multiple economies for
sustainable and equitable economic development
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Relationship with Nature



‘A hymn of love to the world’
ELIZABETH GILBERT

New Zealand river granted same legal BRAIDING
. h h .
rights as human being SWEETGRASS

Status Quo

Knowledge Assimilation Knowledge Coexistence

After 140 years of negotiation, Maori tribe wins recognition for
Whanganui river, meaning it must be treated as a living entity

Knowledge Space

Indigenous Wisdom,

Scientific Knowledge and

the Teachings of Plants

ROBIN WALL KIMMERER

Decision Space

FIGURE 3 A conceptual framework detailing the flow of knowledge (IK, Indigenous knowledge; WS, Western science) that underpins
researchers’ understandings or views of reality, and ultimately guides their research and management decisions, as classified under three
main archetypes. Status Quo (left) depicts a “one-eyed” approach that accepts solely Western science as a valid knowledge system,

Ecuador’s High COurt Affirms Constitutional producing a singular understanding that informs decision-making. Knowledge assimilation (centre) is typical of many management

. . . approaches that incorporate Indigenous knowledge into Western science for an improved understanding to inform decision-making,
PrOteCtlonS for the nghts Of Nature mna ultimately producing another “one-eyed” approach (however, the reverse situation can also occur whereby Indigenous peoples utilize
Landmark DeCiSion Western scientific approaches to inform their decision-making that is guided principally by Indigenous knowledge; also “one-eyed” but in the

inverse orientation). Lastly, Knowledge coexistence (right) shows an approach where Western science and Indigenous knowledge contribute

The: s_e.“'enjUStiCes ofthe Cons‘lcit.u‘t'lonal Courtfour:ld that mi_ning in parallel to produce a mutual understanding from which context-specific decisions are formed—this reflects an approach that is congruent
activities pursued by a state mining company and its .Canad'a'? with Two-Eyed Seeing (represented here by the same symbology shown in Figure 1). Artwork by Nicole Burton [Colour figure can be viewed
partner threatened the Los Cedros protected area'’s right to exist I |

and flourish.
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Representation of SA biodiversity
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Protea: "Emblem of the beauty of § %
our land and the flowering of our %&

potential as a nation in pursuit of \\‘(/
the African Renaissance.”
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Strelitzia reginae Aiton 'Mandela's Gold'

Family: Strelitziaceae
Common names: Mandela's Gold strelitzia, yellow strelitzia, QR code link

yellow crane flower, yellow bird of paradise, geelkraanvoel
blom, geel piesang

Strelitzia reginae 'Mandela's Gold' is a rare yellow form of

Description

'Mandela's Gold' is a stemless, evergreen clump-forming perennial. Greyish green, banana-like leaves grow to a height of
about 1.5 m and during winter and spring the large bird-like flowers are held above the foliage on the tips of long, sturdy
stalks. The structure and pollination of the flowers is fascinating. The hard, beak-like sheath from which the flower
emerges, is called the spathe. This is held at right angles to the stem, and has the appearance of a bird's head.

Each spathe contains 4 to 6 flowers, and these emerge one at a time from the spathe. Each flower consists of 3 clear
yellow sepals and 3 deep purple petals. The yellow sepals give the appearance of a crest on the 'bird's' head. Two of the

purple petals are joined together around the stamens and the style to form an arrow-like structure. The third purple petal is
visible as a small scale.
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Access to knowledge
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TRELITZIA 31

 Botanical language
 Aimed at scientists
e Book format

e Relatively high cost
 Lack of
representation

of indigenous
knowledge

English



Aesthetics of Biodiversity
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Birding Like It's 1899: Inside a Blockbuster
American West Video Game

In "Red Dead Redemption 2," a birder finds joy and despair in a realistic
portrayal of wildlife in the pre-conservation era.

The first time I see ravens, I flush them out of an alpine .
meadow carpeted with wildflowers. [ pause to watch the Birds Tell Us to Act on
flock fly off towards the distant, snow-capped peaks, Climate

trailed by their echoing croaks, when a man ridir

By Nicholas Lund Pledge to stand with Audubon to call on - ROCKSTAR GAMES pResoxs

January 02, 2019 horseback bumps into me. Irritated, I shoot the man elected officials to li science and work
dead, and take his hat. So it goes in "Red Dead towards clin

, ®. »  REDEMFTION




RESEARCH ARTICLE

Nature on screen: The implications of visual media for human-nature relationships

The educational value of virtual ecologies in Red Dead 0
Redemption 2
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there was a hidden quest to kill a certain species of

15
bird, after enough kills | got a notification of a finished
quest, reading the description it said they were wiped

-~ from the face of the earth. It made me feel really bad
- for doing it, and the fact that all | got was that mes-
| 5 Overall mean . i
10 K 3 I * (Played vs. Not played) sage with no reward, showed how evil and careless |
o was

A Have played in naturalist role

Score
g
o

If you accidentally glitch outside the map, all the animals

> @ Fave not played in naturalistrole are frozen in place... | remember walking up to every
animal | could find just to stare. Each and every one was
so beautiful and life-like. Even down to the twitch of a
. deer's nose... | just remember thinking hey, this is real.

Not completed Completed
No Yes
Have you played Red Dead Redemption 27?

You can go outside right now and see all of this.

Crowley et al., 2021, People and Nature



Riders Republic Rebirth ana
Climate March - Creating
Real World Change With an
In-Game Demonstration

July 28, 2022
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Ecocultural justice

» Refers to: Intersection between economic, ecological and cultural justice
* Can be observed in: Intersection of Bioeconomy and Creative Economy

e Ecocultural Injustice can be broadly defined as:

Exclusion from or exploitation of Nature and Peoples
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What have | started doing?



the plant journal [SKEAB|

The Plant Journal (2022) doi: 10.1111/tpj. 16044
The genome of the king protea, Protea cynaroides

Jiyang Chang, Tuan A. Duong®’ (), Cassandra Schoeman? ('}, Xiao Ma’, Danielle Roodt? (-}, Nigel Barker® (),

Zhen Li' (), Yves Van de Peer"** (") and Eshchar Mizrachi®”

'Dep of Plant Bi h and Bioinformatics, Ghent University and VIB Center for Plant Systems Biology, Ghent,
Belgium,

?Department of Bio istry, Genetics and Microbi , Forestry and Agricultural Biotechnology Institute, University of
Pretoria, Pretoria, South Africa,

3Dz-zpan‘ment of Plant and Soil Sciences, University of Pretoria, Pretoria, South Africa,

“Department of Biochemistry, Genetics and Microbiology, Centre for Microbial Ecology and Genomics, University of Pretoria,
Pretoria, South Africa, and

5College of Horti , A y for Ad

isciplinary Studies, Nanjing Agricultural University, Nanjing, China
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How might we?

* Unlock these new economies though the lens of
* Biodiversity

Sustainability

Unique SA culture

Empowering youth and elder wisdom

Building industries of the Future

Bioeconomy
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the south african -..~
Crea dustries Incubator |1/

Endlessly Creative. Infinitely Focused y

Welcome to Constitution Hill

SISO ARUER
et () -l
TIVE ECO PROJECT: e

DIGITAL ECO RESPONSE

A project connecting
ECOLOGY//ECONOMY//CREATIVITY

eir environment, South African biodiversity, public

e are looking for creatives that are passionate about
"~ art, engagement, and the sharing of knowledge.

visual artists x20

animators / graphic designers / bloggers x10

Click on link in description to apply

OPEN CALL CLOSES ON 22 FEBRUARY 2023
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Endlessly Creative. Infinitely Focused

Welcome to Constitution Hill



My Invitation

* Common gardens and Biobanking

* Accessibility to scholarly resources

* Urban gardening and agriculture

* Bio+Creative economy opportunities

e Coordinate united push for funding and collaboration across SA



Questions to ask ourselves regarding “Justice”

* What gets portrayed?

* |s there a particular aesthetic that is dominant in the environment?
* Who is the target audience/consumer?

* Who benefits?

* How much does educational content cost?

* To what extent is it SA and Africa focused?

 What language is it available in?

* |s it produced in SA? Do South Africans benefit and if so is there
representation of who benefits?

* How much do the creative industries deal with SA biodiversity? Music?
Fashion? Other media? Games? Podcasts? What else?



Reflecting as art leaders

* What is my role as an art leader in South Africa?

 What could | do in this ecosystem of creativity to restore and create
eco cultural justice?



FABI Research Groups People Resources Galleries Vacancies

We g e to the

African Plant Systems Biology For The Bioeconomy

Home Science and Society in Africa and the World Collaborators Team

Eshchar.Mizrachi@fabi.up.ac.za

Or Google “APSB FABI”
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