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FIG. 2A

> Z-EPV Mutant 1 ZEP gDNA sequence
SUTR

{indet sequencel

GCEACCCACGBLTEOOCCARATTIGU CAACG G CAGRGAGALLAAAT CGATCOAGHIGATCTTRLGAAGTICTNG
SACABATCGATCGCACCOATAGTGAT TIAAGCATTACATTTGLCLAAC G R TEAGAAGTEUGAGGUCEGAALGE
CTATGACGUCASTGOGCAGTT TACCATAT TTASAGCARAT TATTCATACATCATACAGCACGUTTATG TG AAGAAA
GUCAGGATTT RAGGCTETOGCLUCOATCAAGALGATCTCLCLAT TG LGAASTT U T CGGT YT CYTILCE G GClT
GUTLCCTATGATTTACCTITGUGCTACAACACCGALTTAGACBACCTACGTLGOCTIALTEIGTGCOUGTACGTGT
TIGTAGUTGTCAGATAGTTTIGTCCGLAGCRTALCUGLAAATAG

IGABATTAATAAGACTUATTATI TCIGECEAATEIACCTOSAAGETELETTCOLCEGAATALCAALGLGCT
TEITTTTCCTSTCOIGLGACCATGAACTAG GLCTTATCTTSAG S TETTAGLAIGT T TAGCCAGOGT TG BATCIGY
GTSGUGAGETTGGEETCASAALCUT TCCTGTG TACCTOCTUG GO TACCTIGTOCLCCACCOUTLALTERITT

TCAGTAGGCAATCCAGLTGTGCATLCAGTCGCGLGRTTGLGGAGGTCGTLTUGGEAAAL GLGACGTGGLGTIC
ACTCGLCCAAGGAGTEETCTCCLGCAGLETO G TCTCLCGCABLTOGGGTR LAACALCOTGLOCLCTGLGLGA
GLGLOCTRLECTTeCTTATRT TGCOCAGLGRTGTCASTTACAACAGCTTUTGTTCAARAGCTGTCATACGAAGC
ACGGECGCGUTGTGGLCCTCCAGCLGTRITRTCGAAACTCCAACALCTCCACCGLCAGLITGUCLALGLACALG
CAATACACTOGLCTIOTGTG LCULCTCUTOACACAACGRLATGTGACALTCAGTT TTAALCTCT TATTT TGACAGCY
GAGAGCTACACGOTTGEGTCARTGLEGAGETCLY TGA’C T'{TCGT?G‘” AL TCC GTGGQT(‘ CGGAGTLC GTGCG

T of:

GACCGTCACCCACAAATGGEGAGCGLALGEL
TTGACAGTTTACTITGCTATTTITCOTTCCAG

TGLOCELGETRTCATCCUT TTAGLGTLAGTGLTAGLATGGLGE T THLTGGETGETAATLGCOOUBLCLATGRT
LGEETAGCAGCGELCEAAAGCTCRIGLAGAGLGCGLIGTTRRACAAGLBETICTGTTGLCGGTATGGGLACSA
GUAGGGLGLTRRTCUGECLAMMGGELAGAGTCGAGTTGLAGAGCAGLLTRRLETCRELTETGLELTITLC
ARATGGCCTCOTGGLATTCTGACGGCACACATICTCGAAARTAGTAGCGLACCCAACTRLTGGTGGITICTLGT

: _ GTGAGAGUSTGUTAAGAAGAG
CATGUACGTGGAGCGTGTAAMATTGTG GAAGLGGCAGTG GGLATGGALTAGETGGTTGLAGE
ATGCTEUGUGCATEEGTTECCEETCAGGARACCEUCEGACCGAGLCGUGCAGATTCAGTCAGGAGCGGATTA
GGAAGTTTGAAMAACAGGGTTCGEAGTGTECAAGCGEELTCAGBAGCTETEATGCCTTTCTACACCEGTCRL
LCTACCAGGUACLCACTRAAMCTGTAMALLGITGLTGLG TELCCTLTACTTOAC

GTTGGAAGGAGGGAGLRGELEGAGLRGAATCGAAGGAAGTAGLCTREALGEGRIGT ALG&GAGGQG&AQG
GRACTGUGGGTCATAGCGICRLITTGLGLALIETOAGGAGTGTTGEGLARATATTCAGTTITCTTIGLLCAAG
ATCTTCOCACAATCOGCCTGTETCTGACGUGGGATGTGGLCLOTGCTGCCATGEITTCGCAG

TCAGCGRCGELGGEIGEELEAGLGAGGGCTGCCEEETITEGAGRGGTEG
TGTACCGGGUGGAAGGGAGGGEGAAGGGAGGECAAGGGAAGGTAGGATRCAGGUCAGEGLAGGATGTGAT
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FIG. 2B

GLRTGGGAAGAGGRLGTGGLGAGCACCAACTRCAAAGCTGERTGGEGTAAAAAAATGGTCCATGAATATGRLTC
GGTACAGTTCAAAGUATGGAAATGGAACCUGULGTUTCCTGLACCATRGG LG TCAGUGGGRARTALGLGALTL
CTGGACAGCLGTAALARTGCGGATGRCCTCAALAAGLCAGGAGLGGLACGAALLCAGCTCALGAGLGLACAL
COTGCCALGACBGUGGLLGGLAAGRATCAMATGT TT TTCLTAATATAAARTG CGGACTLCTGACGCATTATATCLA
TITTGCLACTGAGLCAAAGACALATATATACAL GTGLGCLGLCGTICTGUGCCACAGLCGICTAGCGCTCLGRLC
GLGLLCEHET TLCCTCGGLGTUATGUG LT GRAGLLTLCTCGLALCCTGCALCGCAAAGCLCATCAACACTACALY
CETCCLOACACLGLEAGTLACCBLCACTCCALTUBLTGTCCLTCAACLLGTLACAATLTCGLCGACALGLGRTAA
CRAALCCALBUAG :

TACGGABAAAGGGAGAGLGGRRETCRLTGRAGGGULGGARAGGRLG
AAGGGGUGGAGAAAGARATGACTAGGGEATGETGTTCATTTGTGGGATTGAGAGG LT CLGLERATCLIGEC
AGAGGGUGUCAGTGOUAAGGIGTGGRALTIGUGEERLCRACAATGLTGGGLTAGS GCCTAGTCALCC
GOGACALTETCTCAGTATGLUGCCETCCCGGRLCGUGLCGCACAGRERRENE R I SU LB AL A &

TCAGAGCTIGCAACCAGLGTAGTCLGGCTGGELITEIT GTGGGC}‘«G&:ETCGGGTTGGGTTGGGCGCACGTGGé
CGGLGAGTRTATGIGCAGTBTGACGTGLACALTATCATAATACT T TATGCTCACLRLACCBLELCGCGLIGCACT

GTGAGLGOLTECCRLOLTEEEEGREEGETRCACGGAGAGGAGRACGATTGIGGHAA
CGACGAGGRAGRGLAAGRLAGRLGCTCLCTTCGTGRATGLACCGULCLGTCRTTAGUAGGALTTLAGRAALTL
GTCCCT CACAACAG e : GCA

LCEOCECLGTRLE
TAAGGGUCLCCT TACGGEGRLGRLAGTCTLGUIGTCCAGGGAIGRTCIGGGRTICECAGGAATRGCAGGAS

AGCLGCLCGAGLLLEABLBAGCRGAGCLITCGAGELTTGLCGAGCGELAGLT TR CAAGAGCTGCGGAGA
CAGGAAGGAGLGLAGGELGLTTCEAGLACGLGCLAGATTACGATCACRGLAGLCLGAGELEIGLGTLTOAL
TTCRAAGTOETAAGGAAGATTTCATGTATGAT TCLRTUCAGERATACCOLAAGTTITIACGLELGRLGRAGEGA
GLCTIGGGRIATACAACAGTACCGAGCOGGRIGTIGRTGAGAAGGTGETCACTUCGTATGAGAAGATGGTTACTE
COTACCTTUOTGAGAAGLTIGLTGLGUACAAGT TALGAALLTATL TG TGTGLAGAGLLCGGTAGTATATCALGGE
CGAGGGTCATGAACGLCAGTEGLCAGTCTCTGAGLGLLAATTTOTTATGLEGLATAATTTCOLATCOGRETATT
ACGTCTACAAANTGTIGAGCTGROTIAGUGLAGRAGGLAACACLICAGECAGAAIGTALGAATRIGTRLAGAA
GHOLAGAGTCAAGGLAGAGGLGEAGAAGT TG TLAGEOLIGTGIGIGET TIGGTCAG LU TGECTAGAIGE
ATRIGAGACLLGLCOCLETCTCCAGAT IGTGRLEEAGGTIGRAALTLICEGCLCCLGLGUCARTCLCLELRELL
AGCGCATCCLGLCATCREOTTCTIGGLIGGTGCATCGLGLGEELTGTELTATGAGTGIGGARACACTATRTICG
CETOTCGT LT CASGTC TS T TRAGAGG T TLGTLGT T TGTRLATGTCLTGTCCLGET TGBAS T TTGAGCGARGET
SEITCAMAGTITTIGGATCOCLTGEEABABALTCAAALGET T TG TR ALAATLG TTGAGACABALBGTIGEEL
TIGCARACTCLARGAGAGGAGCAGLETAACTCCAGGACGATCCARTAGATCCALCACAACAGTIGTREIGES
CECCTGRAGTAALACLLGTGUCALCAACALGLAATTACAGAGATCOGTCATACAGGAGGOATCATATGUGATTIA
ATTITGCTTITGCATTTGTAAGACGTTTTCALA
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FIG. 2C

information on zeaxanthin epoxidase {ZEP} gene of Chilamydomonas wild-type and

ZEP gones in ZEP mutants i, 2, and 3

>ZEP Mutant 2 ZEP gDNA sequence 5" UTR /3 UTR / Target sequencs
44bp Insertion {indel sequence}

GUEACGCACG G TG GG AAAT T GCCAALGGLAGGAGALCAAAT G ATCEAGGCGATCTTGUGAAGTTCTCS
GALARATEGAT O ACCCATAG TGAT T TR AGUAT TACAT TG CCLAAG GG THAGAATTGCBAGGCUCGAACGE
CTATGACGCCAATGCGCAGL T TACGACAT TTAAAGTAAAT TAT T CATACAT CATACAGCACG L TTATG TGAAGAAA

BLCAGGATT T TABG L TCTEGUCE CHEATCAAGACHATCTCOCOATTOCRAAGTTCTCGGTTTETT TCLGGTTCRCCT
GCTCCGTATGATTTACCTTTGCGCTACAACAGLGACTTAAACGACTTAC

TTGTAGC TG TOAGATAG TTTTG TCCGCAGCG TACCE GCAAATAG AR

CT?GWT"”TGCT G"GCCGCGACCATQ,&ACT’\Q:QCTT@J C“i’ TGAGGTGTTAGCATGTTTAGCCAGCGTTGHATCY
GTGTGRGLGAGGTTRGRETCAGAALCCTTCOTGTRTACCTGCTCGGGCGTACCT TR TGLLLCALCGCTEALTERL
. .

<
CACTCGCCF A&GGAGTGGTCTCCCGCAGCG"'G\:T"YCC”GCAGCT‘CGGGTGCAACACCCTBF CCCCTGCCGCG
AGCGLGLCTGCCUTTGCTTATGTTRCGLAGLGGTGTRAGTTACAACAGCTTCTR TTCAAGAGLTGTCATACGAAS
CACGGCELGCTOTGGLGLTHIAGCLGTEITGTEEAAACTCLAACACCT CCALCGLCAGLCTGLGLACHIACAC

GSUARTACATTCGCLTLGTETRLCCOCTLOTCACACAACGGLATGTGACACTCASTT TTAALTCTTATTTTGACAGC
TEAGAGCTALACGLTIGGOTGAATEEEEAGRTCOTTCATGTTTLGTTCCACTCCGTGELTLCGGAGTCLGTEL
GGACCOTCACCCATAARTGGGAGTGCACGGLTTICTTGTGL
CTITGACAGTTTACTTTGOIATTTTTCOTTLCAR

GTGCGCELERTEIGATRRUTTTAGUGTCAGTGUTAGUATGGGGETIGGTGGETRGTASILGLG aC{)CCLATGG
CLGGGETAGCAGLGGLLGAAABLTE R UGCAGAGLGCEIGTTGRATAAGCEETCLIGTTGCLGGTATGGGCALG
AGCAGGGLGUTEETCUGGEIARAGEETAGAGTGGAGTTGLAGAGLAGLGLTRRLGTLGGCTGTRCGUTINC
CARATGGLCTCETOOCATTCTGACLGLGATACATCCTGGAAAATAGTAGCGCACCCAALTGCIGE TR RETCCOICS

TACAATCCLCLTD

AATTTACARTCGLTCGTTICTGRITIGCA
FTRAGAGLGTGCTAAGAAGA
GLATGCALGTRGAGCETGTAAAATTETGTGGLCTRAAGLGELAGTRCUTGLGLLATGRACTAGGTGGTIGTAG
CATGLTRLGLOLGTEEETIGULGGTCAGGAAALLGLLGGACLGAGCLGLGLAGATTUAG TCAGGAGLGGATT
AGGAAGTTIGAARAALAGGGTTCGGAGTGTGUAAGIGEELITAGGAGCIGTRGTGICTTTITACALCGGTLG
CLCACTRAAACTETAAARACLGTTGLTRLGCCGGLCATRLCCTUTACTTCALTA

STGAGATTATTGACCTTCA
AGTIGGAAGGAGLLRAGLGGGEEGGAGILGALTGGAAGLAAGTAGLETGGALGEEGLLLACLRAGELRAG

GGCALTELGGRETLATAGCGCLGCLTTGCGGEGLGTEAGRAGTET TGGCCGCATAT TCASTITTCTTTGCLCAA
GATCTTCCCACANTCCEUGTGTOTCTRALGLGEE

£ STSAGLGGCOGLGGEECEGGLHABIGAGGGCTCLGGRETCTHREAGES
GTGTALLGGGCGGAAGRRAGRGRAAGGGAGGGGAAGRRAAGGTAGRATGLAGRLGAGGGLAGGATGTGA
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FiG. 2D

TEETGEOAAGAGLELLGTGELGAGCAGLAALTEGAAAGCTG L TGEOTARAAARATGETCCATGRATATGGLTC

GGTACAGTTCAAAGCATGRAAATERAALCCGCLGTCTGCTGLACCATGRBRLL TGAGCGEEGAB TALGLGALTT
CIGGACAGCLCRTAALAATGLGGATGGUCTLAACAARCLAGGAGLGGLACGAACLLAGCTCACRAGLGLACAL

CLTGLCAGCACGELGETLGRIAAGLATGAALIGTTT T T CLTASTATAAATGCGGACTCUTRACGUATTATATCLA
TTTELCACTRAGCCAAAGALACATATATACACGTOUGLCGCUGTCCTG G LCALAGLLGLITAGLGITCLGRLC
GCECLIGETTLCCTCGGLGTCATGLOTTGGAGLCCCOTUGTCACCCTGCALIGTAAAGTLCAT CAACACCACALT
COTCCCCATALCG &
COAACCUACGOA

TACGGAAAMAAGGGAGAGLGGEETGELTGHABLGGCLRGGAAAGEGLG
AAGBGGCOGAGAAAGAAATCATTAGGGGATGETSTTCATTIGTGGGAT TRAGAG GGG TILGLGRATLCCLGC
ABABGGCGLLAGTOGLAALGGCRTGERALTCGIGGGELGGACAATGCIGHGLCAGGGGLGLCTAGTCALLLC
GREACACTOTCTCAGTATGCCGCLGT OGO RICGLACA :

GACGAGGGAGELLAAGBLAGELGLTELCTTCGTGBATELACCLCLCCOGTLGTTAGCAGGACCTLAGBAALTL
GTLCCCAMAALCACAACAGAACCCCLAATATCELCTOTTCLTTCACTOLTTG TCALGUCTG T COGLCRALIGLA
G

CEELELCGTEIG
TAABLGCLGEBLTTACGGEEELGELAGTRICOCIGTROAGGEATOETCIGOEETCGEAGGAATGLRALBGAG

AGLEGLEHEAGILLGAGOAGLGEAGLELTLHCAGGLTTGULGAGLGEIAGLTIGELAAGAGLIGLGGAGA
BAGGAAGGAGLGLAGGGLGLTTERAGCALGLGLCAGATTACGATCALGELAGLGLGAGGLGLGLOTLTRAL
TTCGAAGTGGCTAAGGAAGATTTCATGTATGAT TELETCGAGGGACACLGIAAGTTTTACLLBEGEBLGEALLGA
GLLTTGGGELATACALALAGTACGAGLGGGLGTIOOTRAGAAGGTEETCACTCCLTATOAGAAGATGRTTALTC
COTACCTTCRTGAGAAGLIGLTRLGLACAACTTALGAALLTATCTGTGTGRACAGLLLGETAGTATATCACGGE
COAGBLTCATCAACHLIGAGTCELGAGTLTCIGAGLGCCAAT TIRT TATGCGGCATARTTTLGLATCGGERTATT
ACGTCTACAAAATGTTGAGCIGRLTTAGLALARLAGLLAACACLTCAGGCAGAATGTACGAATRTGTGCAGAA
GLOCAGARTCAAGGLAGAGGLGCAGAAGTICTCAGGGLTCTETOICRTTIGETCAGGLLRTCELTAGATGE
ATATGAG AL OO UL LLETLTCCAGAT IGTGGLGRARRTGRAACTLTCGELLCLCGLGLLAGTILCLRLGRIL
AGLGCATCCCGLCATGLGE LT TETTERLTGGIGLATCGLGLOGEETCTGCTATGAGTGTGGARACALTAIGTCS
COTRICGTGCTRAGGTCTGTTGAGAGGTTTCOTCGT TICTROAIGTCOTCTCCLGGT TGRAGTTICAGCEAGGT
GETTCAAAGTTITIGHAT UG LG IGGRAGAGALTOAAALGGTTIGGIGAGAATGE T IGAGALAGAGETIGHGL
TIGGAARACTGEAGEAGABGAGCABLGTAAL TCHAGGACBATGLAGTABATBLACCALAACAGTIGTEETGEE
COCLTGGAGTAACALGLGTGCLACCAALACGCAATTACAGAGATLCGTCATACAGGABLGATCATATGCGATTIA
ATTTTGRTTTTGCATTIGTAAGACGTTTTCACA
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FIG. ZE

information on weaxanthin epoxidase {ZEP} gane of Chlamydomonas wild-type and

ZEP genes in ZEP mutants 1, 2, and 3

E

»ZEP Mutant 3 ZEP gDNA sequence 5 UTR 3 UTR/ Target seguence
b insertion findel sequence}

GLGALGCALGGCTGEECLARATTCOLCAACGGUAGCGAGACTAAATCOAT CRAGGCRATCTIGUGAAGTTITCG
GACAAAT CGATCCCALCCATAG TGAT TTAAGCAT TACATTTGOCTAAGGUGTGAGAAGTEUGAGGLLCGAACEE
CTATGACGCCAATGCGLAGIT TACGALAT T TABAGUAAAT TAT TCATALATCATALAGCACGLTTATGTRAAGAAA
GUCAGGATTTTAGGUTCTLGCCOCGATCAAGALGATCTCOCOATTGCGAAGTTCTCGGTTICTTTCOGGTTCGLLT
GUTCCGTATGATTTACCT TTGCGCTACAACAGL GALT TAAACGACCTACG T CGCCT TAC TG TA TG GOGTACGTGT
THETAGCTCTOAGATAGTTTIGTUCGCAGCETACCLGCAAATAGS

;QA} SIGCETICOUCEEAACACCAALGLGCTIGTITITELTGTGCCGUBACCATCAACTAGGCCTIATCTTGA
GGTGTTAGCATSTTTAGCLAGCGTIGRATCTGTGTGRLGAGGTTGEEETSABAACLCTTCOTGTGTACCTEETE
GOGLETACCYTGTRCCCCALCOUTGACTGRCT TACT TARTGACAAAACGUAG

TCACTAGGLAATCCAGCTRTGCATCCASTCSUGLESTIGGR
AGSTCGTCTCSGGAARLGURACSTGECETCCACTOGCLCAAGRAGTRRTITCCCGCAGLGTGRTETCCLGCAS
CTCGGGTGCAACACCCTGCLCLCTGCLGLGAGLGUGLTE LGCTIGCTTATGTTS LGCABLGGTE TS AGTTALAA
CAGTTICTGTTGAAGAGCTGTCATACGAAGCALGGUGLEITGTEELGCTCUAGLIGTGUTGTGGAAALTLUAA
CACCTCLACCGLLAGLLTEIGCACGCACALGCARTALACTCHLCTCOTR TS LOCLCTCLTCALACAACSEUATGT
GACACTCAGTTTTAACTCTTAT T TGACAGCTGAGAGLTACACGCT TG GGTGAATG LG RAGGTCLTIGATGTTIC
GTIGCACTOCETGEUTCLGGAGTCCETOLGGACLETLACTCAL AAATGGGAGLGLACGR LT T TCT IR TGLITETL
TECCCCSTTAGCCACTAACTRCGAATRACCTTRACAGTTTACTTTGCTATTITTCLTTCCA

k&

TEAGLCGTROGUGLGETRTCATEGUTTTAGCGTCAGTGCTAGLATCRREE
TIGGTGGGTRETAAT CGLRGIGLLCATRGLLGEETAGCAGLGRIIGAALAGITGGLGCAGAGCGLGLETIGEA
CAAGCGGTCLTETTGCCGETATGGGCALGAGCAGGGLGCTOETGCEEELAAALGELAGAGTGRAGTIGCAS
AGCAGCGLTGELGTIGGLTETGCGUTITUCAAATGGILTIGTRCATTCTGALGGGACACATUCTGGAAAATAG

TAGCGCACCCAALTELTEGTEECTLCTCOTALAATCCLCCCART TTALAATOGE TCAT TCTGGLCTCBIAGH

2 T GAGAGCGTCLTAAGAAGASCATGUALGTGGAGLGTETARAATTGTGTRRLCTGAARLGRIAL

TELCTGCGLUATGRALTAGGIGG T TGCAGCATGLTGCGLGLGTGEETTGCIGGTUAGGAAALLIGLLGRALLG

AGCCGLGCAGATTLAGTUAGGAGLGGAT TAGGAAGTTTGAAAAACAGGGTTUGGAGTRTGLAAGLGRRITIA

GGAGLTETORTECITTTCTACACLOSTCOUCLTACCAGGCALCCACTCARACTGTAAAACLGTTGL TS IGLLGS
TRCCCTCTACTTCALT,

TCAGATTATTGALLTTCAAGTIGGAAGRAGGGAGLGEGEEGAGLGGAATGRAAGGAAGT
AGCETGLALGGOGCLLACGLAGGGRAGGGGACTOCEEETCATAGLGCCELCTIGCGGGGCETCAGRAGTS
TTGGLGGATATTLAGTITTLTT TQLCCAAGATCTT CCCACAATCLGLGTETG TCTGALGCGGEATRTERICLLT
GCTGCCA
GTGAGCHELGGLGGGLGE
GLGAGLGAGGELTELGEGETCTERAGRGTOTETALTGEELGRAAGGHAGLEGAAGGGAGGGGAAGGGAA
GGLAGRATGUAGGLRAGGGLAGGATGTRAT
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FIG. 2F

GETGOGAABAGEELGTEGLGAGCAGCAACTGGAAAGGTGETE G TAAAAAALTESTCLATGAATATGGCTC
GETACAGTTCARAGCATGRARATGGARLCUBLCG TG TGUALCATGGGCE TGAGUSEGGASTALGLGALTC
CTGGACAGCLGTAACAATGUGGATEGCLTCAACAAGLC AGGRAGLEGCACGAALCCAGTTCACGAGCGCALAG
COTGLCAGGACGGOGEUCGGUAAGGATGAAATSTTTTTCCTAATATAAATGLGGACTCCTGALGCATTATATCCA
TTTTGCCACTEAGCCAAAGACACATATATALACGTGCGCOGCCETCLTELGCCACABLOGOITAGCGCTLOGGCD
GLGLCCEETTCCLTUEGCGTCATGLGL TG AGCLLCCTCOUACCCTRC AL GCAAAGCUCATUAACACCACALCT
CETCCCUACALCOCGAGTCACCGUCACTECACTCGLIGTCCOTCAACCCATCAL AATCTCGU L GATACGLGATAA
CGARCCCADGCAGE

STGGCTGGAGGGLEEEAAAGEGLG
AAGGHLCGCAGAAAGAAATGACTAGGCGATRGTGTTCATT TG TGGRGATTCAGAGGGGTCCALEEATICCGEL
AGAGGHLGCCATTGGRCAAGGLGTEEEAGTCRIGGEELGEACAATELTGOGLCABLLGGCLELCTAGTCALICL
GGGACACTGTUTCAGTATGCLGLCGTCULGGLUBIGILGLATAY

TGAGAGUTGUAALCAGCETALY
COGLOAGTGTAT 37
ACGUGLCALA

e

CHGGLTCGEUIGLIGTGGGLASGOTIGGRTTIGGGTTIGCGLBLACG TGRS
O A " ' i o N oo i

TEAGCEGLTOULGGEITERRGLEEEETECAGGEAGAGGAGGAGGATTGLIGGEGA
GACGAGHRGAGGGCAAGGUAGGLGCTGCCTTCETGGATGCACLCGUCCCGTCOTTAGCAGSATCTLAGGAACTT
GTCCCCARAALCACAACAGAATCLCCAATATLGCLTCTTCCTTCACTGOT TG TCALGCCTGETICELCRALCGCA
e

CLGEGLLGTEIG
TAAGGLLCGGETTACGLEEOLLLAGTEICALTOTCGACEGATGEICIGGEETLGCAGGAATEGEBAGEAL

AGCGLLGERRAGLLCGAGGAGCEEAGLELTRRAGRITICIGLABLGGLAGLTTGGRGAAGAGCTCLGGAGA
GAGGAAGGACCRLAGGGLGCTIGGAGTACGCELCAGATTALCATCACGGLAGLETGAGGLGLEGLGTLTRAL
TTCLAAGTOCTAAGLAASATTTCATOTATS AT TOLCTCRAGGEALACCOLAAGTITIACGLGLGELGEAGECA
GCCTIGGRELATALAACAGTACGAGCHLBLRLETTGETSCAGAAGETELTCALTLCGTATGAGAAGATGGTTALTC
CETACCTICETCAGAABLTGLTGLGCACAAGTTALGAACLTATCTIGIGTHBABAGLCCCETAGTATATCAGEGE
COAGGGTCATGAACGLEARTGGLGAGTCTGTCAGCLGCCAATTIGTIATGCGCLATAMTTTCOCATCGGGERTATT
ACGTCTACAAARTGTTICAGCTGOCTTAGUBLAGOAGGLAALACLTCAGELAGAATRTALGAATGTGTELAGAA
GGGCAGAGTCAAGGCAGAGGLELABAAGTTIGTLAGGGLTGIGIGTGETITGETCAGGGLGTGGITAGAIGE
ATRTGAGALCCGUCGCLETCICLAGAT TG TGO GEAGE TR AACTOTLGGLCLCLGLGLLAGTLCLLGLGELC
AGCGLATCCCCLCATGUGEET TG T TGRUTGGTCCATCOLGLGERETCTGCTATEACTGTCGAAACACTATETCS
COTGT LG TGl BAB LT TG GABAGT T TCLTCOTITEIGCATGTCCTCTCLCEGTIGCGAGT I TGAGCRBALETY
GETTCAAABTTT TG BATLGCCTGRRAGAGACTGARALGET TTEL TCACAATG T TGAGACABAGETTGGEE
TIGGASACTGGAGGAGAGRAGUAGUSTAACTCGAGGACCATGLAGTAGATCCACCACAACAGTTGIGRTIGSES
COLCTROARTAACATCLGTRLCACCAACACGUAATTACAGAGAT LG TUATACAGGAGGGATCATATGCGATTIA
ATTTTGGTITIGCATTTOTAAGALGTTITCALA
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HREGEEPDREEY S LDIG THEVE WAVITIREYEVPEKE

, JEDEGET ABATHLERTARRR Y TRRKHRICY LGB IPSHEMAK VRIDEFPHRL
E%?&?Eﬁﬁﬁ&%ﬁﬁiﬂiﬂ?&bﬂ COBEVAHEEYRTIVHLEEELVEETDRADLRLIVLAL ANMIEFROGIPLIES
DLNPINSDVIELFDR QT &LFE&N}*E%ﬁ&ﬁ?‘é’?&i‘ﬁ&aﬁ& SRRLENLIAGLIGEEKNGLPGHNLIA
LS TR NP R DL AEDARL GLSED TY DO DL DNLLAGG DOV AILFLAARNLEDAILL SDILRVRTRIT
KaPLEADMIRRYDEHHADLTLL AL VRRELPEEVER IFFRUSENOY AVIDGG ARREERYEFIRPLERM
D TERLLVELNBEDLLREQRTPONG EPHQINLGBLH AL RRQEDFYPFLEDNRRIIBKILTPRIFYVYVGRL
ARAHSRF AWM TREBERTIT PR HPERYVDEG AR AR ERM TRV DKLU PREK VL HELAVEYPTVHE
LTKVEYY TR MBERAFLEG BOKEAVDLLFETHNEENTY Kmx&ﬁ%i RECPDEVEBGVEDRPNARLG
TYHDLLEHKDEDFLDNEEREDILEDIVL TLTL , ETYAHLFDDRVMELLEKRBRY TG WGEL
SRELINGIRDROQSGETILDFLESDOFANRIIMALY ﬁi’ﬁc&»’???ﬁv GRARVISRGUSLHERIANLAGEP A
EEGIATVEYVDELVEVMORHEPENIVIEMARENQTTOER GENSRERMEBIERBGIKELASQILKEHPVE
ML AMERLY LY YLGNGRDMY VIQRLDRRLSDYDVDHIVPOSFLEDDSIDNEVL TREDENRGRSDNYP
SERVVEEMENYWRIELLNANLITOREFIHNU T ABRGOLABLDHAGPIKRGLVETRQITERVAQILDERMN
TRV DELIREY VI TRV SRR PG YR VREIGIVHHAHD AV RAVVG T AL IKK YPRLESEP WY
GIVEVYDVREMIA LT EQRREAT A RYPPYEHIMNFFUTRITL ANGEIRKRPLIBTRG ETG BIVWD K RDP
STVRRKVL SMPAVIIVER TRV TR KRR PERNSDRLIAREEDWIR K KVGGPDEP TYAYSVLYVAL
VERGKSKELESVKELLGITIMER P BENPDPLEAKOVHEVK KDL EELPEY SLFELENG RERMLABAGE
LANONELALPERY VRPLYLASHY BRLEGEPEDNEQH QL PVEQHENYLURIBR IEEPTURVIL ALANLLY
VLG AV HEHBRO R P IRE A B HLFTL TG AP A aPEY PO T TIDRKEV TS TREVLOATUHGSITGLYETHRE
DLSEGDs
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FIG. 7A

»Wild type - AGP gDNA sequence 5 UTR
CABGETITELTITTOEBOALGALTISCAT TS TG TALTY

t:szs(’ Gs‘i{ﬁ:&fﬁ'&f}?& ibis?"?ﬁ&bﬁﬁﬂ&ﬁii:«?ﬁ&f ?L& i:::ﬁ?i:zf “fcs‘“ Ah ?fbg £ Gb@?ﬁé&jﬁﬁ
CAIGTIGAAIG .;uf,{:;ﬁ"fmﬁﬁﬁfa{ Tv&?m@éﬁﬁhé?u&f ? ﬁ*iiwuaf Qﬁﬁ """" '{?’ f:Gﬁﬁu‘&?
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FIG. 7B

TLICCHCALADGGCCCGUACTGALCTGTCCCTOCCCGTCTCCOTCTGUTCCCCOTOOGUTATITCA

CRCELCGIAGAGLIGHLLGHLIGLGELGLIAG GG( GOOGLET {7(1(" T LGULGAGACGTT
GGIGATGLAGAGUAGACGRAGRIGGLGGGACCTAGGUALAT TICGLLAGUIGLLLGLAGLGAG
GAGCAGLCAGAGL LA LTRTLTRGL TR CACACGUTAGUGT GUACTEAU LACCTROAGUALCAG
CAGL LG TOGCGHAGATGOUGGRAGT IO U T GGG TACTO T IGAAGUCAGHOGGGUCCTIGRUIGE
Gl G aGTTCCARTCTIGLGUAGTGALGGGAL T TATAGAG TAGGOGEGAT TGAGTSTOLTIG
Gl GG oA AT GG AL TGO GLALGGLG TG GLGIGHCACTHLCATIGLTRCGHLAAGT
BCAAGUIGU GG TILCCGCAALGRIGLAGLAGLLGUATCGLALGUAALALCLCAGGAGUGHCA
GIAGC TG AT UG TGl GG UG T T TIGAGGLAGAG LG T T TTICGLGRAGUGTGAALGRITGS
ACCAALCACCGOULGGTELCAGTGGLAGGL LT TGO CCCCOGLCCOTIAAAGLTGUILGILOUA
ALGUALGULCGALGLGIGTIGTGTICCCGALGTGLAGCCGLEGLGH TGO LGUIGLALRGLTLGH
F O GAGLCAR IR UGTGU LA L AGCACGL GGG TIGTIGUGHUH L GUGGIGRGRAAGET
GRAGTACTGAGLGGELG TGO TG CGACGU T TUGLOGCTOALGCLGUGETIGHULGTIGOGET
IGCCTI OO TOGEAI GLEGTAGGAGGO GGG TCCT TACTUGCTLGUGTCLCATLIGRGLGETIN
ARG IO I TAATTTAGCG T GTALCATGUICAACAT TG I TIGACTO LT U AGACCOTRUGAALTTGUAT
IO GAGGTAGAGAGG R TC T TG I TG T GCAGAT T TIGRTIGTTIGGTTIGRGIGATOGGRIG
CAACAGT T IOl G TG CAGTGIC TGOS T ICTCAGAT GAGRAGAATTGTTTIGTGCTIATGCAGAG
FTGAGGLLAGAGRAAGAL TTTTLGLCACGAL IGLAL LG TGUATCCATORAGUALAGUIGUATAGA
AGCALGTGGOGUAACGLALGGCITNCACCGTCLGATGLATCGTICCCOUTCCOCCAGAGATTIGRALLG
AGARAAGAAATUCAGCACATGIAMUTCGIAIGALGS
GLA
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73 UTR/ Target sequence
firded soquente)
>Double ZEP/AGP mutant 1 (dZA1) - AGP gDNA sequence  1bp insertion
CAGGETTTGCTTTTICGGLACHAL TTGC)QTTC TGTACTIGT TIGTRACCTCAGGTCRAGBALCTICTILTAGG

5°UTR

RIGAGTACC
TTGTGAATACTGAAACTGCGGGITIGE RCTCOLRGLRACATAGCTGTLGRLIGACCHLAGAATGEGTIGEC
ATGLGEALTLGOLGLAACALCIGTCOLGTGTCACTCLCGUIAGGGLACADBGAGCGAALCAGLCLTLCAGG
COGCTTAATCCATLAGG R ABALTCTATGTTCAGATO GAAGGGACACAAG GCHBGGRLTHLGAAAGCTTTL
AAGTACACACGTETGGUATCATATOCTCTACCAGUGCACABLGLL ACU‘ CACALC GTACL%L&T(,? AC!‘HL{.‘
ACCTCTTGLCATCLUALCCUTCRCCCATCCTCCCACTCYOCCATO
CACCCCACCACCOTCCCCTCTCTCOGCTCCCCOTCTUGLACA

GAAGQGGGGQTWLCTCF TGLGL AAGGCAGCGAUaCcﬂG,&AGGTTGAGQU‘ GCCGTAALTOGGRLTIGG
TORAGTGGHRLGRGTCAGRLGLATGTIGAATGGRGLATOGAAGACTCGRTRGGTEGETCASTGGAGAGGL

GAAGTTTCGCAGUGTGULGHRAAAGGGUATEGUGGTRLASGRTCLCACTRGGTACGRTGECCTGULGTCA
AGCQRGGUGTERTTGLGCAGLEGGACTGIGCGLTGCAGLAGCCGGLACAGATACGBAGLGLALG RLAGRA
CGACACGCORAGLAGLIGELGEGLTAGTUGETCRRTETRLTGGERACARLAGUGACGLLLTGGTACAC

GGAGLGCTALGAGTGUTIGCACAGLCAGUITCHGLACACAATAGLCALCAGTACLGG CATETAGRCALCALGE
iﬂtT’(zfs{.T?ALLAG?ATCAL:C{)LA&YM:L&{:AY CAAYGGGG{SCGfSCﬁ\LG(s;«A(,GC(:TGT{:T&C’ 3GATGEE

TGAGTGTGTGCGUGCTGRTGTIGOTIGACATGGTGGTATGGTGGTGRTGTRTGELTGEETETIRG
GTGGTGELTGGHAATTGGAGGTGCTIATCATGLGTGORTATGTIGGGGAGTTCGGAGRATRCHLTCIGIGGE
GATATGGTTCCAGGGUTAATGGETLTGGGATGGGTCAAGGTGRAGGGETRCRLLATETGLETETRGLRT
GOAGABLGBLAGTIGHOIGLGGLACLGLAGLGGLGGLAACHLAGLAGIATALBLG LG ABGACEGCR
GCORCGUTCCAGLGGGLAGTGAGLLACGGLGEUGGLAGCTCAGACTAGCACTGLCALGHLLIAGTAGE
GCAGTGLAGCCALCAACAGCGLTGETOCTACTGLIGOTELIACTGLTH GG AATGLGGLIGT TG TRGGLGT
CGAGLAGTAGTGALCATCACCGGLACTRCGUTGCCGCAGCLGHLULTGLCATUCAGLATGGLGLLGLGRE0
CTGGOTGLGCAALTGAAAGGCAGCAGTEOTRBACAGAGUTOTTOAGGCALGELGUCTGACTGLCIGHTG
GTRACGATCTOLGGATGCTIGLGLTCAGCAGAAGRBALLAGGACTLGGLTEETRGLOGCUGLLIGCIGLL
GCAGCAGCAGTLGCCACGTAGLACGLAGLGHLTACAGCAGLAACCOGCGLLCACACTCBLACCALAALLC
CAGCCACCELACCAGCCARACACACGCACCOTTCCOTCTCTLCCLCTUTCOTCACACGG CCCGOACTGALCT
GTCCCTCCCOGTOICCCTCTGOTLCCOCTCCGICACTTCA
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FIG. 9B

CGCGLGOLGTIGTLGLGRAGACLTIGGTGATGRAGAGLAGALGRAG
G766 CGGGACCTCAGGCACATWCGGCAGCTGCCGCAGCGA{:GAGCAG(:GAGA{:C(:AGCGT(:TGTGGG
TGCACALGLTAGCGUGCACTCALGACCTGCAGLAGCAGCAGLCETG GG GABATGGLGETAGLTELICG
GGTACTGTTGAAGLGAGGLGOLCLCTIGRCIGLGT T TITGRGTIGRAATGTIGLGLAGTGALGGGACTCT
ATAGAGTAGGGGGEATTGAGTGTCLTTRGTICGGEIGAACGLCATGRACLGRIGLOLTALGGLGTRGLG
TGGRCACTRCOTTGUIGCOGAAGLECAARLTGUGELCTTICLORCAARCGRTGIARCAGCCGCATUGRACGCA
ACALCCOAGGAGLGLLALTAGCTRUCLAGTCOLGTRCGGCIGTI TTGAGLGGAGAGULCTTITILGEGAGL
GIGAACGOTCGOALCAAGCACLEGLGRTIGOLAGLGRCALGLLTTCRGLLLLCCGRLCCTTAAAGCTGLC
GGCGLCAAGGLACGLCGOCAGRLRIGTIGTGTTCCCGAGGTRLAGCLGLGLGRTGELEGOCIGLAGLGTR
GETGLEAGCCAGLTGECGTGULATCCAGCACGGLGRLGETTGITOUOGLTCGOLEETOEGGAAGGRTIGE
AGCACTOAGLGEHLIGTGLETLOGEACGCTTCGLGGLTCALGLGLHLGGTIGHLLGTTIGCLGCTRLLTICC
GIGGGATGLCGTAGGAGLGGLELGTLCTIACTCGLTCGLGTCLCACCTGLGGOGTTGIAGTTICTIAATTT
AGCGTGTACCATGCTCAACAT TG T T TRACTCCCCCAGALCLCTGUGAALCTRLATCTGCGGARGTAGAGAGS
GLICTTGGEIGTG TG CAGATTITIGOTIGTTIGGTTIGOGTCATCGTCCAACAGTITIGLGLGTIGGLGAST
GIGTGLGTTCTCAGATGAGGAGAATTGTITGTOUTATGCAGAGT THAGGLGAGAGGAAGACTTTTGGECA
COACTGCALCGTOCATCOATGGAGTLACAGUIGLATAGAAGRCALGTGGLCAACGCALGGITIGCACLGTCC
GQATGLATCGTCOCCTCCLUCAGAGATTTIGOALCGAGAGAAGALAATLCAGLACATGTAAALTLGTATGAGE
GCA




U.S. Patent Jun. 10, 2025 Sheet 19 of 24 US 12,325,852 B2

FIG. SC

SUTR # /¥ UTR / Target sequence
{indel sequanca}
op Defetion sngd e Substitutios

>Double ZEP/AGP mutant 2 {dZA2] - AGP gDNA sequence
CAGGHTTTGLTTT TG CACGACTTGEAT TG TETACTTG T TTOTBALCTGAGGTLG

QGCCCATTTRATOUTTCLGRACTCRTOGATGTRACLO TCOUGCATCYCOTTGUCG AT A

TCAGTACUTICTGAATACY
SBAAACTGUGGHLTCRGOLTLGRGCGACATABITGTIG S LLGACCGCARARTGUGTLGUCATGLGRALTIGE
CECAATACCTOTCOIG TG TCALTUCCGCTAGE BUALA G AGLG AALCAB LOCTCCAGRCGGLTTARTUCATT
AGGOAGALTGIATGTICAGATG D ASAGGOADACAAGABLGHGHUTHBUS AAMAGCT TICAAGTACACALGTRT
GGUATCATATGCTCTACUAGUGTACAGLATCATCGLACATCATALCGUGTCLACATCCACCTCTIGCTATCLCA
CLCOTTTCCCATCOTCCCACCUTCCCATCCTC CCACUCTUCCATC AR LCCUATOAA CCUCACL CCACCACCITLET
LICTCTCCALTCLUCCTCTCGUALA

GABGGRGTGGAGAGGGEGAAAGTTGREEETOGETECATGGAXTGRETROBAAGGLGGHEETTTOCTCCIG
COCAAGGUAGUGAGGLRAGAAGGTIGAGGLIGLUGTAALTAGSGRTERTGBARTERGUIEGETEAGELE
LAY TRAATGGOLCATRGAAGACTEGIGHRETEROGTRAGTOGAGAGEIGAARTTILGHALRGGTRILGRA
AAGERCATGGUGETRCAGGETRCCATTRGEUACGGTRGUCTGLIGTUAAGLGERIRTETIGAGLAGLGE
BACTGCGOGCTOIAGTAGUCGGUACAGATALG GAGCGLACHGLAGGACGACACHIGGGHLAGIIGEUGE
GLIGRGTLGGTCGETRIGITRGGHRCAGCARCRACLULGLTGETALACGGAGRGLIACGAGTEROTGLACALL
CAGUCT ‘&&CAL&(AACA{)C?AC»&\:TACK:&(!H(: tAG LAQCAf‘(af‘(a i 1’(3{3{, H ’f«-‘iCLA{:} FAT LR:.}LE:L}“«’Z:T
AGLGGALCARTGGGEGRLGHLACGRAALGE

TIGALATGGTGGTATGGTLRIGHRIGTRIGGGIE GTIGGREIGETGREETG GGAAY? BLAGETGCIATCAT
GETHOGTATOTTOEREAGTIUGUAGHATOUGUTLTSTGOUGATATGO T HICAGGHUTAATHUGTCTEGEATY
GHGTCAAGOTGEABGGETRLOCGGTHRTIGLGTRTOOIG TG BAGAGLGGUAGTTGHGTBIGUCALLGUAGT
GHOGGLAACGCAGTAGUATAGGUGRIGAGRALGGUSGIGRIBLTLCAGIGRALAGLGAGTIACGRIGS
CEGUAGLTCAGALCAGCALCBLCAGROTLCAGCAGCGCAGTRUAGLLAGLAACAGIGUTGRTGCTACTGL
TROTGCTACTRUTGGRAATRCLGTTBTTRIG G R TUGAGUAGTARTGACCATCATTGEUACTEIGTTGIG
SGCALRCIGHLUTGOLATICAGIATGGUGTIGLAGEHRITCGEETGUGLAAGIGARAGHLAGLAGTGETGGAC
AGAGCTRTTGAGHBLALGELGUCTRACTRULUGH TG TGACGATGTRLGGATGLUTLGUGLICAGLARAAGG
BACCAGRACCCGOUILGTEGLLHBLLGLCGLUBLIGIAGIAGLAGTIGLOACGTAGLACGLALCLGLTALA
GUAGLAACUSGCECCCACATCCGUACTACAACTLLAGLLACCGLACTASTUARAACACALGLACTLTILCCIC
TCICCCLCICTCCTCACACS U CCLGLACTGACCIS TCCCTL OO TCICCOYCYGUTLCCUETROGUCACLITOAG
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FIG. 9D

i BALCTOATCRLOTCOGEICGEGAA
3 { L GOGLLCLGLETETGGIGGARACET
TGOTIGATGGARAGCAGACGRACGIGGLEROACCTCAGGLALATTTLGGCAGCIGLIGLAGLEGAGGAGLA
GOGAGAGLOAGCGTETGTGOLTGTACACGCTAGLOLGLALTCALGALCTGCAGCAGCAGLAGLLGTGRIG
BAGATGLLGGGAGCIGLTCEGETALTGT IGAAGCHAGGLGGGLCCTTGELIGCOTTTIIGORTIGGAATG
TIGCGLAGTGACGGRACTCTATAGAGTAGGRGERAT TRAGTRICCTTGOTTLGGGIGAACGCCATGRALCG
GIGCEGLACGELOTGHUGTGECACTGCGTIGLTGCGGAAGLE CAAGCTOUGGCCTICCOGLAACGHTGLA
SUAGCLOCATCOGACGLAACACLCCAGOAGCLHGCAGTALLTIGLCAGTCLUGTOLOGCIGTTTTGAGLGAG
AGCGLTTTTTCGORAGCGTGAACGETCLGACCAAGLACCLGLGGTGGLAGLLGCAGGLLTTCGRLLCCCE
GOCCCTTAAAGCTGULOGUGCCAAGGLACGLCGLEAGGUGTEIGTGTTCCCCAGGTGCAGLLGGHLGETS
GUGGECTOLAGGETGOLTIGLOAGCLAGCTGHLGTGLCATCCAGLALGGLGELGRTIGTIOLLGCICGHILEG
T6GGCAAGGTGGAGLALTGAGLGLGOGTGGETCGGRACECTTCRCHGLTCACGLGHBLEGTIGRILGTITG
CEGLIGLCTTCCOTIGGHATGLLGTAGSAGGCRCGOGTCCTTACTCGLTCGCRTCCLACCTGGGLGRTICTA
SETCTTAATT TAGLGTGTACCATGLTCAALATTGTTTGACTLCCCCAGACTCTECUAACCTGLATCTGLGGAG
GIAGAGAGEGCICTIGEGTIGIGTGCAGAT T TIGOTIGTITGGT T TG GTOATGGTGCAACAGTTTIG GG
TGGCEAGTGTCTGCGTICTCAGATGAGRAGAATTGTTIGTGCTATGCAGAGT IGAGGCGAGAGRAAGACTT
TIGGGLACGACTGCACCOTGLATCCATGOAGLACAGUTGCATAGAAGCALGTEGGLAALGCALGGUTIGEA
CLBTCCOATGUATCGTCLCCTOCCLLAGAGATTTGGACCRAGAGAAGAAATCCAGCACATGTARALTCLTATG
AGGGLA
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a.  Media b. Starch staining
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1
CHLAMYDOMONAS MUTANT AND USE
THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a national stage of International Appli-
cation no. PCT/KR2020/000394 filed Jan. 9, 2020, claiming
priority based on Korean Patent Application No. 10-2019-
0002969 filed Jan. 9, 2019.

SEQUENCE LISTING

The content of the electronically submitted sequence
listing, file name: Substitute_Sequence_Listing_As-
_Filed.txt; size: 72,254 bytes; and date of creation: Feb. 28,
2022, filed herewith, is incorporated herein by reference in
its entirety.

TECHNICAL FIELD

The present invention relates to microalgae having veg-
etable oil production ability with improved antioxidant
pigment content and use thereof, more particularly, to a
composition including the microalgae described above and
a method for production of vegetable oil using the microal-
gae.

BACKGROUND ART

As essential fatty acids, linoleic acid (omega-6) and
a-linoleic acid (omega-3) must be consumed through food.
These essential fatty acids are responsible for growth in the
human body and have an important role in regeneration and
reproduction of the skin, in maintaining red blood cell
structure, and in formation and maintenance of cell mem-
brane structures in the retina of the eye and the central
nervous system. These essential fatty acids may be con-
sumed through animal and vegetable oils.

Animal oil includes animal fat as a raw material, has a
high saturated fat content, and is contained in a lot of meat
fat, butter, cheese, mayonnaise, cream, cocoa, processed oil,
ramen, etc. Saturated fat forms a part of the human subcu-
taneous fat layer, and an appropriate amount of subcutane-
ous fat is essential. However, since the fat is usually com-
bined with cholesterol, a level of low-density cholesterol
bad for the body is increased while increases the risk of
cardiovascular disease or stroke. Among animal oils, fish oil
has a high content of unsaturated fatty acids and is rich in
omega-3 including DHA and EPA, but has problems in
storage and acidification. Further, large fish species such as
tuna and salmon, which are used as main raw materials for
omega-3, may contain toxins such as high concentrations of
mercury, dioxin, polyvinyl chloride, etc. due to environmen-
tal contamination, hence causing a problem in stability of
fish oil. Further, there is a problem in supply due to depletion
of fish stocks. Therefore, it is necessary to discover stable
and new supply methods of unsaturated fatty acids.

Other sources of unsaturated fatty acids include vegetable
oils such as soybean oil, canola oil, corn oil, safflower oil,
and the like. However, vegetable oils have a high content of
polyunsaturated fatty acid, whereby vegetable oils are easily
oxidized during manufacture or storage. As a result, free
radicals are generated. When oxidized fat enters the body, it
causes inflammation and cell changes, and oxidizes and
scatters cholesterol in the arteries, causing vascular disease.
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In order to solve this problem, a method of artificially
forming hardened oil in a solid state by adding hydrogen to
vegetable oil in a liquid state was sought. However, typical
hardened oil such as margarine encounters a problem in that
transfats known to be harmful to the body are produced
during processing. In addition, commonly consumed edible
oils (such as soybean oil, corn oil and sunflower seed oil)
contain a large amount of omega-6 fatty acids, which may
collapse a ratio of omegal-3 and omega-6 levels in the body
due to excessive intake through diet, thereby causing health
problems such as persistent inflammation. Further, vegetable
oil obtained from higher plants is not free from GMO as well
as pesticide contamination problems of raw materials due to
commercial mass production of crops.

In another attempt, microalgae have attracted attention as
an alternative source of vegetable oil. Vegetable oil extracted
from microalgae has an excellent fatty acid profile that is not
found in other oils. Specifically, the amount of mono-
unsaturated fat was 13 g higher than that of olive oil which
is 9.9 g per tablespoon, and a saturated fat content of
microalgae was about 4% which is significantly lower
compared with olive oil (14%), canola o0il (7%) and coconut
oil (87%). Therefore, like fish oil, the oil extracted from
microalgae contains abundant EPA and DHA consisting of
omega-3 fatty acids, so that this oil has high potential to be
used as a desirable substitute for fish oil and a source of
omega-3 fatty acids.

However, microalgae oil may also have a problem that the
oil is easily acidified due to high content of unsaturated fatty
acids, and studies and attempts have been made to overcome
such shortcomings. For example, since olive oil contains
antioxidants such as vitamin E, it has been reported that the
shelf-life of olive oil is longer than other vegetable oils. In
the case of microalgae, if the problem of acidification can be
solved, the microalgae may be used in the form of oil in a
variety of food, cosmetic and pharmaceutical applications.
Therefore, there is a need for approaches in new aspects to
improve characteristics such as shelf life of vegetable oil
obtained from microalgae.

DISCLOSURE
Technical Problem

An object of the present invention is to provide a novel
strain with improved lipid production ability, a composition
using the same, and a method for production of a vegetable
oil using the same, whereby functionally superior vegetable
oil, especially, a vegetable oil with high unsaturated fatty
acid content can be stably and efficiently supplied on an
industrial scale.

Technical Solution

In order to achieve the above objects, the present inven-
tors have developed a novel Chlamydomonas strain that
produces vegetable oil with improved antioxidant pigment
content using genetic scissors without introducing external
DNA, and have discovered a method for production of
vegetable oil using the above strain, thereby completing the
present invention. In particular, a mutant strain of the present
invention has a xanthophyll-based pigment, that is, zeaxan-
thin production ability, which in turn exhibits distinguish-
able properties from wild-type strains. Further, the mutant
strain of the present invention has superior lipid production
ability and faster cell growth rate, as compared to the
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wild-type strains. Therefore, the strain of the present inven-
tion supplying vegetable oil is very advantageous in the
industrial field.

In this respect, the present invention may provide a
Chlamydomonas reinhardtii mutant strain, including: a ZEP
gene mutant in which adenine A, a base sequence repre-
sented by SEQ ID NO: 3 or a base sequence represented by
SEQ ID NO: 5 is inserted between the 816th base and the
817th base in the ZEP gene sequence of Chlamydomonas
reinhardtii represented by SEQ ID NO: 1; and an AGP gene
mutant in which adenine A is inserted between the 116” base
and the 117 base in the AGP gene sequence of Chla-
mydomonas rveinhardtii represented by SEQ ID NO: 2,
otherwise, the 115th base is deleted while the 116th base is
substituted by thymine T.

The above mutant strain may be characterized by having
improved lipid production ability and zeaxanthin and lutein
production ability, as compared to wild-type strains.

Further, the present invention may provide a culture of the
mutant strain.

Further, the present invention may provide a cosmetic
composition including at least one selected from the group
consisting of the mutant strain and cultures thereof.

Further, the present invention may provide a composition
for food or food additives including at least one selected
from the group consisting of the mutant strain and cultures
thereof.

Further, the present invention may provide a composition
for feed or feed additives including at least one selected from
the group consisting of the mutant strain and cultures
thereof.

Further, the present invention may provide a method for
production of vegetable oil, which includes culturing the
mutant strain.

Further, in an aspect that the vegetable oil contains a large
amount of unsaturated fatty acids, the present invention may
provide a method for producing unsaturated fatty acids,
which includes culturing the mutant strain.

Further, the present invention may provide a method for
production of raw materials for food or feed, which includes
culturing the mutant strain.

Further, the present invention may provide use of the
above mutant strain for producing food, feed, food raw
materials or feed raw materials.

Further, the present invention may provide a method for
preparation of a Chlamydomonas reinhardtii mutant strain
with improved oil production ability, which includes a ZEP
gene mutant and an AGP gene mutant, comprising: mutation
of ZEP genes while targeting the 800th to 820th bases in the
ZEP gene sequence of Chlamydomonas reinhardtii repre-
sented by SEQ ID NO: 1; and mutation of AGP genes while
targeting the 100th to 120th bases in the AGP gene sequence
of Chlamydomonas reinhardtii represented by SEQ 1D NO:
2.

The gene mutation may be performed by transformation
of Chlamydomonas reinhardtii cells with preassemble com-
plex that include polynucleotides expressing a single guide
RNA (sgRNA) containing a sequence of target gene, as well
as Cas protein.

The gene mutant may include the ZEP gene mutant and
the AGP gene mutant, in particular: a ZEP gene mutant in
which adenine A, a base sequence represented by SEQ ID
NO: 3 or a base sequence represented by SEQ ID NO: 5 is
inserted between the 816th base and the 817th base in the
ZEP gene sequence of Chlamydomonas reinhardtii repre-
sented by SEQ ID NO: 1; and an AGP gene mutant in which
adenine A is inserted between the 116th base and the 117 th
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base in the AGP gene sequence of Chlamydomonas rein-
hardtii represented by SEQ ID NO: 2, otherwise, the 115th
base is deleted while the 116th base is substituted by
thymine T.

Advantageous Effects

According to the present invention, a mutation location, at
which ZEP gene and AGP gene may be simultaneously
knocked out without introduction of external DNA in
microalgae Chlamydomonas Reinhardtii, could be identi-
fied, thereby developing a new mutant strain including
simultaneous knockout. As a result of confirming cell char-
acteristics of the mutant strain having mutation of the above
site, an amount of zeaxanthin as an industrially useful
pigment was markedly increased and, at the same time, a
lipid production ability was improved. Further, a cell growth
rate was faster compared to wild-type Chlamydomonas
reinhardtii strains, therefore, it is advantageous to provide
an industrially useful material using microalgae. In particu-
lar, the novel microalgae of the present invention are free
from the risk of GMO because no external genes are
introduced. Further, since vegetable oil extracted from the
microalgae of the present invention has higher content of
xanthophyll-based pigments such as lutein and zeaxanthin
having antioxidant activity, oil preservation and stability are
excellent, whereby the vegetable o0il can be effectively used
in food, medicine and cosmetics.

DESCRIPTION OF DRAWINGS

FIG. 1 illustrates overall technique in regard to a method
for preparation of ZEP and AGP gene-edited Chlamydomo-
ras mutant stains according to an embodiment of the present
invention.

FIGS. 2A, 2B, 2C, 2D, 2E and 2F illustrate ZEP gene
information of Chlamydomonas reinhardtii mutantAZ1
(FIGS. 2A and 2B) [SEQ ID NO: 4]; ZEP gene information
of Chlamydomonas reinhardtii mutant AZ2 (FIGS. 2C and
2D) [SEQ ID NO: 6]; and ZEP gene information of Chla-
mydomonas reinhardtii mutant AZ3 (FIGS. 2E and 2F)
[SEQ ID NO: 7].

FIGS. 3A and 3B illustrate ZEP gene mutants induced by
DNA-free RGEN-RNP [3a: frequencies of RGEN-trans-
fected cells and wild type mutants (insertion and deletion;
Indel) for each sgRNA were measured by targeted deep
sequencing. Indel frequency was measured to about 0.46%.
3b: according to targeted deep sequencing of representative
mutant DNA sequence (RGEN3) obtained from the most
efficient third sgRNA, which was observed in the targeted
deep sequencing analysis of FIG. 3 A, different Indel patterns
were identified in the target sequence and results thereof are
shown. This appeared at 3 nt upstream of PAM sequence].
In FIG. 3B, the sequence of Control is SEQ ID NO: 18, the
sequence of 2 ins (ZEP-RGENE3 2 insert) is SEQ ID NO:
19, the sequence of 1 del (ZEP-RGENE3 1 delete) is SEQ
ID NO: 20, the sequence of 4 del (ZEP-RGENE3 4 delete)
is SEQ ID NO: 21, the sequence of 6 ins (ZEP-RGENE3 6
insert) is SEQ ID NO: 22, and the sequence of 1 ins
(ZEP-RGENE3 1 insert) is SEQ ID NO: 23.

FIG. 4 illustrates a result of confirming a change in target
DN sequence at the actual ZEP gene position in three ZEP
mutants generated by DNA-free RGENRNPs through
Sanger sequencing [a: wild type, b: ZEP mutant 1(AZ1), c:
ZEP mutant 2 (AZ2), d: ZEP mutant 3 (AZ3), 42 Ins (SEQ
ID NO: 3), 44 Ins(SEQ ID NO: 9)].
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FIG. 5 illustrates a Cas9 protein sequence (SEQ ID NO:
16) used in one embodiment of the present invention.

FIGS. 6A, 6B and 6C are photographs showing morpho-
logical features of Chlamydomonas reinhardtii cw15 wild-
type microalgae, Chlamydomonas reinhardtii AZ1, AZ2 and
AZ3 [6a: results of measurement of chlorophyll (Chl)
fluorescence for hundreds of colonies in order to study ZEP
gene knockout, 6b: a photograph showing culturing colonies
on solid TAP medium containing agar, 6¢: a photograph
showing a state when adjusted to the same concentration
(OD,5,=1) after liquid-culturing in HS medium].

FIGS. 7A and 7B illustrate sequence information of AGP
(ADP glucose pyrophosphorylase) gene (SEQ ID NO: 9) of
wild-type Chlamydomonas reinhardtii cwl5.

FIG. 8A is a table showing positions and features of four
(4) sgRNAs to target AGP (ADP glucose pyrophosphory-
lase) of Chlamydomonas reinhardtii; and FIG. 8B illustrates
a result of confirming a change in target DNA sequence of
the actual AGP gene position in each of two AGP mutants
generated by DNA-free RGENRNP. In FIG. 8A, sgRNA
sequences of AGP4_sgl, AGP4_sg2, AGP4_sg3, and
AGP4_sg4 are shown in SEQ ID NO: 24, SEQ ID NO: 25,
SEQ ID NO: 26, and SEQ ID NO: 27, respectively. In FIG.
8B, the WT sequence TGAAGA(-)TGCGG is base
sequence at positions 111-122 of SEQ ID NO: 2, the
sequence of dZAl 1 Ins is base sequence at positions
111-123 of SEQ ID NO: 8, and the sequence of dZA2 1Del,
1Sub is base sequence at positions 111-121 of SEQ ID NO:
9.

FIGS. 9A, 9B, 9C and 9D illustrate sequence information
on each AGP gene of Chlamydomonas reinhardtii mutants
dZAl [SEQ ID NO: 8](FIGS. 9A and 9B) and dZA2 [SEQ
ID NO: 9|(FIGS. 9C and 9D), wherein red-colored
sequences refer to sequences inserted, deleted or substituted
in the mutant strain.

FIG. 10 illustrates a result of confirming morphological
features of the wild-type Chlamydomonas reinhardtii cw15,
mutants dZA1 and dZA2, wherein: a is a comparison of
color phenotypes when cultured in liquid medium (TAP) and
adjusted to the same concentration; and b is discoloration by
starch when reacted with Lugol’s solution at the same
concentration after 3 days of nitrogen depletion.

FIG. 11 illustrates results of confirming growth charac-
teristics of the wild-type Chlamydomonas reinhardtii cw15,
mutants dZA1 and dZA2 according to one embodiment of
the present invention: graphs showing growth curves (num-
ber of cells per volume, cells/ml) over time.

FIGS. 12A, 12B, 12C and 12D illustrate results of pig-
ment analysis for the wild-type Chlamydomonas reinhardtii
cwlS, Chlamydomonas reinhardtii mutants dZAl and
dZA2, respectively, according to one embodiment of the
invention, in particular: FIG. 12A is HPLC analysis graphs
showing the profile of pigments of each strain (neo: neoxan-
thin, vio: violaxanthin, an: antheraxanthin, lut: lutein, zea:
zeaxanthin, chl a: Chlorophyll a, chl b: Chlorophyll b); FIG.
12B is a graph confirming the contents of pigments (lutein
and zeaxanthin) of each strain; FIG. 12C is an analysis graph
confirming lutein content over time (weight per volume,
mg/L); and FIG. 12D is a graph confirming zeaxanthin
content over time (weight per volume, mg/L).

FIGS. 13A and 13B illustrate comparison of lipid-pro-
ducing properties of the wild-type Chlamydomonas rein-
hardtii cw15, and mutants dZA1 and dZA2 according to one
embodiment of the invention, in particular: FIG. 13A shows
a result of TAG lipid content analysis using Nile red
solution; and FIG. 13B shows a result of total lipid content
analysis by organic solvent extraction (g/L).
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF INVENTION

The present invention can be variously modified and may
have different forms, and specific embodiments and expla-
nation described below are only for understanding the
present invention and are not intended to limit the same to
specific disclosed forms. It should be understood that the
scope of the present invention includes all modifications,
equivalents or substitutions included in the spirit and scope
of the present invention.

Herein after, the present invention will be described in
detail by means of examples.

The present invention relates to a Chlamydomonas rein-
hardtii mutant strain.

Chlamydomonas reinhardtii of the present invention is
unicellular green algae (Chlorophyta) as eukaryotes that are
distributed in various environments such as fresh water and
the ocean, and has a cell division time (“doubling time”) of
6-8 hours. Further, this is one of the most widely used
microalgae model systems and can be produced in a biore-
actor.

The mutant strain of the present invention may be pro-
duced by double-knocking out the ZEP (Zeaxanthin epoxi-
dase) gene and the AGP (ADP glucose pyrophosphorylase)
gene using RGNERNPs and CRISPR gene scissors technol-
ogy rather than general mutagenesis. In this aspect, the
mutant strain of the present invention may include mutants
at specific positions of the Zeaxanthin epoxidase (ZEP) gene
and the ADP glucose pyrophosphorylase (AGP) gene. Using
the CRISPR gene scissors technology may possibly knock-
out the gene at a desired gene position, whereby the mutant
strain of the present invention may be identified through
mutation sites of the ZEP (Zeaxanthin epoxidase) gene and
the AGP (ADP glucose pyrophosphorylase) gene. Further,
mutant strains may be produced from wild-type Chla-
mydomonas reinhardtii microalgae.

In the present invention, “variation (or mutation)” indi-
cates that a base sequence is changed by insertion, deletion,
or substitution of bases in the original sequence. Specifi-
cally, “insertion mutation” occurs when some bases are
inserted between the original base sequences. The number of
bases to be inserted may differ depending on the mutation,
and thus is not limited. The term “deletion mutation” refers
to a mutation in which the base is absent from the original
sequence, and “substitution mutation” means that the origi-
nal base is replaced with another one without changing the
length of the original base sequence.

A mutant strain of the invention may include insertion
mutation wherein some bases are inserted between the 816th
base and the 817th base in the ZEP gene sequence of
Chlamydomonas reinhardtii represented by SEQ ID NO: 1,
and the ZEP gene can be knocked out by the same.

According to one embodiment, the present invention may
include a ZEP gene mutant in which adenine A, a base
sequence represented by SEQ ID NO: 3 or a base sequence
represented by SEQ ID NO: 5 is inserted between the 816th
base and the 817th base in the ZEP gene sequence of
Chlamydomonas reinhardtii cw15 (SEQ ID NO: 1), wherein
the ZEP gene was confirmed to be effectively knocked out
in each mutant strain. Therefore, the mutant strain of the
present invention may include a ZEP gene mutant in which
adenine A, a base sequence represented by SEQ ID NO: 3
or a base sequence represented by SEQ ID NO: 5 is inserted
between the 816th base and the 817th base in the ZEP gene
sequence (SEQ ID NO: 1).
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Further, the mutant strain of the present invention may
include mutation in which some bases are inserted, deleted
and/or substituted between the 116th base and the 117th base
in the AGP gene sequence of Chlamydomonas reinhardtii
represented by SEQ ID NO: 2, whereby the AGP gene can
be knocked out by the above mutation.

According to one embodiment, the present invention may
prepare a mutant strain including an AGP gene mutant in
which adenine A is inserted between the 116th base and the
117th base in the AGP gene sequence of Chlamydomonas
reinhardtii cw15 (SEQ ID NO: 2), otherwise, the 115th base
is deleted while the 116th base is substituted by thymine T,
wherein the AGP gene is confirmed to be effectively
knocked out in each mutant strain.

In one embodiment of the present invention, four (4)
target sites are selected from the AGP gene sequence of SEQ
ID NO: 2 to design sgRNA, which in turn is used to correct
the gene through Cas9. As a result, when other target sites
were used, knockout of the AGP gene did not occur. On the
other hand, when targeting 20 to 30 consecutive bases from
the 100th base in the sequence of SEQ ID NO: 2, the AGP
gene was effectively knocked out only if mutation preferably
occurs between the 115th and 117th bases. Therefore, the
present invention has a highly significant technical feature in
that an AGP gene knockout mutant can be obtained when
mutation occurs between the 115th base and the 117th base
in the AGP gene sequence of SEQ ID NO:2.

According to one embodiment of the present invention,
the mutant strain may include a gene mutant in which
adenine A is inserted between the 116th base and the 117th
base in the AGP gene sequence (SEQ ID NO: 2); otherwise,
the 115th base is deleted while the 116th base is substituted
with thymine (T). As a specific example, the mutant strain of
the present invention may include the mutated AGP gene of
SEQ ID NO: 8 or SEQ ID NO: 9.

Preferably, the mutant strain of the present invention may
include ZEP and AGP gene mutants simultaneously. More
particularly, the mutant strain of the present invention may
be a Chlamydomonas reinhardtii mutant strain including: a
ZEP gene mutant in which adenine A, a base sequence
represented by SEQ ID NO: 3 or a base sequence repre-
sented by SEQ ID NO: 5 is inserted between the 816th base
and the 817th base in the ZEP gene sequence of Chla-
mydomonas reinhardtii represented by SEQ ID NO: 1; and
an AGP gene mutant in which adenine A is inserted between
the 116th base and the 117th base in the AGP gene sequence
of Chlamydomonas reinhardtii represented by SEQ 1D NO:
2, otherwise, the 115th base is deleted while the 116th base
is substituted by thymine T.

For a more specific example, the mutant strain of the
present invention may include a mutated ZEP gene repre-
sented by SEQ ID NO: 4, SEQ ID NO: 6 or SEQ ID NO: 7;
and a mutated AGP gene represented by SEQ ID NO: 8 or
SEQ ID NO: 9.

In a specific embodiment of the present invention, a
double ZEP/AGP gene knockout mutant including the ZEP
gene mutant of SEQ ID NO: 7 and the AGP gene mutant
represented by SEQ ID NO: 8 is designated as dZA1 (double
ZEP/AGP mutant 1), while a double ZEP/AGP gene knock-
out mutant including the ZEP gene mutant of SEQ ID NO:
7 and the AGP gene mutant represented by SEQ ID NO: 9
is designated as dZA2 (double ZEP/AGP mutant 2).

The present inventors have also deposited Chlamydomo-
nas reinhardtii double ZEP/AGP mutant 1 (dZA1l) among
the above selected mutant strains at the Korea Research
Institute of Bioscience and Biotechnology Biological
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Resource Center (KCTC) on Oct. 15, 2018, and was given
accession number KCTC 13659BP.

It was confirmed that both of the above mutant strains
have improved lipid production ability as well as production
of lutein and zeaxanthin because of effective double ZEP/
AGP gene knockout. In particular, a vegetable oil derived
from the mutant strain of the present invention has higher
contents of xanthophyll-based pigments with antioxidant
properties such as lutein and zeaxanthin than oils derived
from wild-type strains so as to provide oils having high
functionality and improved storage stability, thereby being
more industrially useful. Further, the mutant strain having
double knockout of the present invention may have faster
growth rate compared to wild-type strains, and may be used
very effectively in order to produce or provide microalgae-
derived materials on an industrial scale.

The mutant strain of the present invention is viable even
in dim light and can be cultured under specific light condi-
tions ranging from 10 to 2,000 pmol photons/ms. In com-
plete darkness with less than the dim light condition, the
mutant strain cannot conduct photosynthesis. On the other
hand, cells may be damaged by light stress under a condition
of too strong light. When the mutant strain of the present
invention is cultured under the above specific conditions,
there is an advantage of having a high content of zeaxanthin
in the mutant strain while achieving excellent growth rate.

The mutant strain of the present invention may be grown
appropriately in a growth environment (brightness condi-
tion, temperature condition, medium, etc.) capable of cul-
turing normal Chlamydomonas reinhardtii algae. Further,
the mutant strain may have excellent lipid-producing ability
even at low luminosity, and is industrially useful as a
vegetable oil-producing microorganism due to fast cell
growth rate. Further, the mutant strain may have a relatively
lower density in colony even under high luminosity, as
compared to other algae, which makes it possible to achieve
excellent efficiency of pigment production by photosynthe-
sis in single cells. Specifically, wild-type Chlamydomonas
reinhardtii produces very little zeaxanthin, whereas the
mutant strain of the present invention can produce zeaxan-
thin unlike the wild-type strain and has an increased lipid
production ability of 10 to 20% or more and a fast growth
rate increased by 20% or more. Therefore, this mutant strain
is very suitable as a vegetable oil producing strain.

The mutant strain of the present invention may be cul-
tured according to the culture conditions for general Chla-
mydomonas reinhardtii, and specifically, a culture medium
in which algae can be cultured under dim light conditions
may be used. In order to cultivate a specific microorganism,
a material for specific purposes including nutritional sub-
stances required for a culture subject, that is, a microorgan-
ism to be cultured, may further be added and mixed with the
culture medium. The medium may also be referred to as a
culture or a culture solution, which is a concept including all
of natural medium, synthetic medium or selective medium.
The Chlamydomonas reinhardtii mutant strain may be cul-
tured according to a conventional culture method. For
example, the mutant strain may be cultured with a photo-
synthetic medium, that is, HS medium or TAP medium, and
may further include a carbon source. In one embodiment, in
environments establishing desired culture solution of Table
1 or Table 2 in the examples of the present invention, it was
confirmed that the mutant strain of the present invention has
excellent production ability of vegetable oil with enhanced
antioxidant pigment content.

A pH range of the culture medium is not particularly
limited as long as Chlamydomonas reinhardtii is viable and
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growable in the above range, for example, pH 6 or higher,
specifically pH 6 to pH 9, and an optimum growth rate may
be achieved in the range of pH 7.0 or higher to pH 8.0 or
lower.

The mutant strain of the present invention may be pro-
duced by directly introducing the mutant strain into a target
sequence in a ZEP gene and an AGP gene through
RGENRNP using CRISPR gene scissors technology.

The Chlamydomonas reinhardtii mutant strain of the
present invention may accumulate xanthine as a xantho-
phyll-based pigment as well as lipids in high contents in
cells, whereby the pigment derived from the mutant strain of
the present invention or a lipid including the pigment may be
effectively used as raw materials of food, feed, medicines,
etc.

In such aspects as described above, the present invention
may provide a culture of the Chlamydomonas reinhardtii
mutant strain.

Further, the present invention may provide a composition
including at least one selected from the group consisting of
a Chlamydomonas reinhardtii mutant strain and cultures
thereof. The composition may be a cosmetic composition, a
food composition, a composition for food additives, a feed
composition, a composition for feed additives, a pharma-
ceutical composition, a food raw material composition, a
feed raw material composition or a pharmaceutical raw
material composition.

In the present invention, the “culture (product)” refers to
a medium in which a specific microorganism has been
cultured, that is, a medium after cultivation, wherein the
culture includes all of the Chlamydomonas reinhardtii
mutant strain or a residue remaining after culturing the
mutant strain and then removing the mutant. The culture of
the present invention may include all of the concentrate,
dried product and extract of the culture medium, which are
obtained after culturing followed by concentration, drying
and extraction of the culture medium. Further, the culture
may include by-products of the above process, and a for-
mulation thereof is not limited and may be, for example,
liquid or solid.

The medium is a liquid or solid material containing
nutrients required for a culturing subject, that is, microor-
ganisms to be cultured, in order to cultivate a specific
microorganism, and may also include a material for special
purposes which is further added and mixed. The medium is
also called a culture or a culture solution and may include
both natural and synthetic media. Further, the medium is a
concept including both of a complete medium or a selective
medium. pH range of the medium may be a range within
which the Chlamydomonas reinhardtii mutant strain can be
grown, for example, pH 6 or higher, preferably pH 6 to pH
9.

Further, the present invention relates to a composition
including at least one selected from the group consisting of
the Chlamydomonas reinhardtii mutant strain, a culture of
the same, and a dried product or extract thereof.

The mutant strain of the present invention has a charac-
teristic of generating xanthophyll-based pigments and lipids
containing zeaxanthin and accumulating the same in the
body. In this aspect, the composition may be a vegetable oil
composition.

According to one embodiment of the present invention, as
a result of measuring a content of zeaxanthin in total
pigments per cell of the Chlamydomonas reinhardtii wild-
type algae, it was confirmed that the Chlamydomonas rein-
hardtii mutant strain has a remarkably higher zeaxanthin
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content in the pigment as compared to the wild-type, and
further shows excellent lipid production ability (FIG. 12B,
FIG. 13A and FIG. 13B).

The composition may be used as a raw material for food
or feed, and may be used as a preparation for oral admin-
istration or parenteral administration. For example, the com-
position of the present invention may be used as a formu-
lation for oral administration or injection administration.
Accordingly, the composition of the present invention may
be a composition for oral administration since the compo-
sition or an extract-containing composition may be supplied
orally while being contained in food, medicines or feed.

For the composition for oral administration, this compo-
sition may be included in oral formulations formulated by
conventional methods known in the art, such as powder,
granules, tablets, pills, lozenges (sugar-coated tablets), cap-
sules, liquid, gel, syrup, slurries, suspensions, etc. for
example, oral preparations may be produced in the form of
tablets or lozenges by blending active ingredients with a
solid excipient and then grinding the same, followed by
addition of a suitable adjuvant thereto and then processing
the same into a granular mixture. Examples of such suitable
excipients may include: sugars such as lactose, dextrose,
sucrose, sorbitol, mannitol, xylitol, erythritol and maltitol,
etc.; starches such as corn starch, wheat starch, rice starch
and potato starch, etc.; celluloses such as cellulose, meth-
ylcellulose, sodium carboxymethyl cellulose and hydroxy-
propylmethyl cellulose, etc.; and fillers such as gelatin,
polyvinylpyrrolidone, etc. Further, if necessary, cross-linked
polyvinylpyrrolidone, agar, alginic acid or sodium alginate,
etc. may be added as a disintegrant.

The composition may be used for promoting health of
humans and animals. Specifically, since the mutant strain of
the present invention has vegetable oil production ability
with improved antioxidant pigment content, thereby provid-
ing oil with less acidification, higher functionality and
superior antioxidant activity to conventional vegetable oils
derived from microalgae. Therefore, the mutant strain of the
present invention may be effectively used as a raw material
for food, health functional food, feed, medicines, etc.

Further, the composition may be added to the food or feed
in order to achieve a special purpose and, in this aspect, may
include a food composition, food additive composition, feed
composition or feed additive composition. In the case of
using the composition in food or feed, zeaxanthin and other
pigments and lipids produced by the Chlamydomonas rein-
hardtii mutant strain and accumulated in cells may maintain
or enhance health.

In the present invention, “use of additives” may include
any configuration of additives added to the food or feed in
addition to the main raw material. Specifically, the additive
may include active materials having functionality in food or
feed or food additives added for coloring, preservation, etc.
in processed food products, which are defined by Korea
Food and Drug Administration. Herein, the food may be a
health functional food. More particularly, the food may be a
health functional food for eye health.

The composition for food or food additives or the com-
position for feed or feed additives may further include other
active ingredients in a range that does not impair the activity
of the Chlamydomonas reinhardtii mutant strain of the
present invention, a culture solution of the mutant strain,
dried products and extracts thereof. Further, additional com-
ponents such as a support or carrier may be further included.

The composition for feed according to the present inven-
tion may be produced in the form of fermented feed, blended
feed, pellets and silage. The fermented feed may include the
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Chlamydomonas veinhardtii mutant strain of the present
invention, dried cells of the mutant strain, a culture of the
mutant strain and extracts thereof, and may be prepared by
adding various microorganisms or enzymes thereto. The
blended feed may be prepared by mixing various types of
general feeds, the mutant strain of the present invention,
dried cells of the mutant strain, a culture of the algae and
extracts thereof. Feed in the form of pellets may be prepared
by formulating the fermented feed or blended feed in a pellet
machine. Silage may be prepared by mixing cultivar feed
with the Chlamydomonas reinhardtii mutant strain, dried
cells of the mutant strain, a culture of the mutant strain
and/or extracts thereof, however, use of the composition of
the present invention is not limited thereto.

The composition may be mixed with a carrier and a
fragrance commonly used in the food or pharmaceutical
field, so as to produce tablets, troches, capsules, elixirs,
syrups, powders, suspension or granules, etc., which may be
administered. As the carrier, an excipient, a solubilizer, a
dispersant, a stabilizer, a suspending agent, etc. may be used.
The administration method may include oral or parenteral
administration or local application methods, however, oral
administration is preferably used. Further, a dosing amount,
that is, a dosage, may be appropriately determined based on
absorption of the active ingredients in the body, rates of
inactivation and excretion, age, sex, and conditions of
recipients. pH of the composition may be easily changed
depending on the manufacturing conditions, such as a drug
and food to which the composition is applied.

The composition may include 0.001 to 99.99% by weight
(“wt. %), preferably, 0.1 to 99 wt. % of any one selected
from the group consisting of a Chlamydomonas reinhardtii
mutant strain, a culture of the mutant strain, dried products
of the mutant strain or culture, and extracts of the mutant
strain or culture based on a total weight of the composition,
and the contents of the active ingredients may be appropri-
ately adjusted according the methods and purposes of using
the composition.

The Chlamydomonas reinhardtii mutant strain may be
included in the composition as it is or in dried form, and the
culture of the algae may be included in the composition in
a concentrated or dried form. In this case, the dried material
refers to a dried form of the algae or culture thereof, and may
be in the form of powder prepared by lyophilization.

Further, the extract may be obtained from the Chla-
mydomonas reinhardtii mutant strain of the present inven-
tion, a culture solution or a dried product thereof through
extraction, and may include an extract obtained using a
solvent, etc., or a product obtained by crushing the Chla-
mydomonas reinhardtii mutant strain of the present inven-
tion. More particularly, the extract may be obtained by
extracting and isolating a pigment accumulated in the cells
of the Chlamydomonas reinhardtii mutant strain of the
present invention according to any mechanical or chemical
method.

The extraction process may be conducted by a conven-
tional method, for example, by adding an extraction solvent,
homogenizing the same, and crushing the cells to extract the
desired pigment. After extraction, the crushed algae material
is removed by centrifugation, and the extraction solvent may
be removed by distillation under reduced pressure. Further,
the extraction process may further include a conventional
purification process. The pigment is insoluble in water and
may be more easily extracted from the algae of the present
invention.

The Chlamydomonas reinhardtii mutant strain of the
present invention has excellent xanthophyll, in particular,
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zeaxanthin production ability at a low light intensity (that is,
luminosity), therefore, the composition including the above
mutant strain and by-products thereof may exhibit improve-
ment in physical activity, maintaining of body functionality,
and effects of preventing degradation of body functionality.
Specifically, the xanthophyll pigment is known to have
macular degeneration inhibitory effects, antioxidant effects,
anti-cancer effects, etc. Further, since the microalgae-de-
rived vegetable oil is an effective source of unsaturated fatty
acids, the composition of the present invention may be used
as a raw material included in foods, health functional foods,
medicines or feeds for purposes of maintaining body health,
specifically, maintaining the body health with participation
of xanthophylls pigments and unsaturated fatty acids, pre-
venting deterioration therefore or improving the same.

Further, another object of the present invention is to
provide a method for production of vegetable oil using the
Chlamydomonas veinhardtii mutant strain of the present
invention. The production method may include culturing the
Chlamydomonas veinhardtii mutant strain of the present
invention.

Further, another object of the present invention is to
provide a method for production of a raw material for
medicines, food or feed, which includes culturing the Chla-
mydomonas reinhardtii mutant strain of the present inven-
tion.

Using the mutant strain of the present invention may
obtain a high growth rate so that a subject material can be
quickly recovered. Further, because of high zeaxanthin
production ability and lipid production ability, a storage
period may become longer. Further, the mutant strain of the
present invention is effectively useable in providing veg-
etable oil with excellent antioxidant activity. Therefore, the
mutant strain of the present invention may attain great
advantages in consideration of the above effects.

Further, the production method may further include iso-
lating the Chlamydomonas reinhardtii mutant strain of the
present invention from the culture after the culturing step.
The isolated algae may be subjected to further processing
steps including drying.

The production method may further include separating
lipid from the culture of the Chlamydomonas reinhardtii
mutant strain of the present invention. The separation of
lipid may be conducted using known methods for separating
metabolites from microalgae. The present invention is char-
acterized by excellent ability to produce lipid and antioxi-
dant xanthophyll-based pigment from the Chlamydomonas
reinhardtii mutant strain of the present invention, therefore,
it is not limited to the above known methods. For example,
an enzyme method, an ultrasonic extraction method and a
mechanical extraction method may also be used but are not
limited thereto.

The culturing may be implemented in a medium at pH 6.0
to 8.0. Further, the culturing may be conducted under dim
light conditions, specifically, a luminosity condition in the
range of 10 to 2,000 umol photons/m?s. In the case of the
Chlamydomonas veinhardtii mutant strain of the present
invention, the pigment production ability is excellent even at
a low light intensity so as to increase a content of zeaxanthin
in the body so that excellent zeaxanthin accumulation can be
achieved even without applying high luminosity, thereby
being effectively useable on an industrial scale.

In addition to the culturing step, the production method
may further include a concentrating process of increasing a
content of algae after culturing, and a drying process to dry
the algae by further reducing moisture of the algae after the
concentration process. However, the concentrating process
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or the drying process is not necessarily required and may be
generally conducted using any concentration and drying
method as well as an apparatus commonly used in the art, to
which the present invention pertains.

The production method may further include a process of
puritying the material separated from the culture, which may
be implemented by a conventional purification method.

The vegetable oil obtained after the above processes may
be used as a raw material for food, health functional food,
cosmetics or pharmaceuticals.

The vegetable oil production method of the present inven-
tion may be performed by adopting other methods within the
range not impairing the effects of the present invention.
Description in regard to the mutant strain and the compo-
sition may also be employed in the production method of the
present invention.

Further, the present invention provides a method for
preparation of a Chlamydomonas reinhardtii mutant strain
with improved oil production ability, which includes a ZEP
gene mutation and an AGP gene mutation, in particular:
mutation of ZEP genes while targeting the 800th to 820th
bases in the ZEP gene sequence of Chlamydomonas rein-
hardtii represented by SEQ ID NO: 1; and mutation of AGP
genes while targeting the 100th to 120th bases in the AGP
gene sequence of Chlamydomonas reinhardtii represented
by SEQ ID NO: 2.

Further, the present invention may provide use of the
above mutant strain in order to produce a food, feed, food
raw material or feed raw material.

Further, the present invention may provide use of the
above mutant strain in order to produce cosmetics, pigments,
oil or raw materials thereof.

Description in regard to the mutant strain and the com-
position may also be employed in the production method
and use of the present invention.

The gene mutation may be performed by transformation
of Chlamydomonas reinhardtii cells with the preassembled
complex that include polynucleotides expressing a single
guide RNA (sgRNA) containing a sequence of target gene,
as well as Cas protein.

More particularly, the gene mutant may include the ZEP
gene mutant and the AGP gene mutant, in particular: a ZEP
gene mutant in which adenine A, a base sequence repre-
sented by SEQ ID NO: 3 or a base sequence represented by
SEQ ID NO: 5 is inserted between the 816th base and the
817th base in the ZEP gene sequence of Chlamydomonas
reinhardtii represented by SEQ ID NO: 1; and the AGP gene
mutant in which adenine A is inserted between the 116th
base and the 117th base in the AGP gene sequence of
Chlamydomonas reinhardtii represented by SEQ ID NO: 2,
otherwise, the 115th base is deleted while the 116th base is
substituted by thymine T.

According to the method for preparation of the mutant
strain of the present invention, the microalgae are free from
the risk of GMO because the microalgae contain no external
genes, and the vegetable oil extracted from the microalgae
of the present invention has a high content of xanthophyll-
based pigments such as lutein and zeaxanthin having anti-
oxidant activity, thereby having excellent oil preservation
and stability. Therefore, the present invention may be effec-
tively used in industrial applications such as food, medicine
and cosmetics.

Hereinafter, the present invention will be described in
more detail by means of examples, and the following
examples are merely illustrative of the present invention,
and the contents of the present invention are not interpreted
to be limited by the following examples.
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Example 1—Culture of Strain

In one embodiment of the present invention, Chla-
mydomonas algae were cultured under the following
medium and culture conditions unless otherwise specified.
1-1) Independent Nutrition Culture

In the case where autotrophic culture is performed using
only photosynthesis without supply of an external carbon
source, the culturing was conducted by supplying 5% CO,
in HS medium as a minimal medium. After the medium
having the composition shown in Table 1 was autoclaved for
sterilization under a high pressure, cells in a vigorous growth
stage were prepared to a concentration of 10° cells/mL in the
culture medium to start growth. As a culture vessel, a glass
column as shown in FIG. 11 was used, and air was supplied
from the bottom (bubbles). Then, light at a luminosity of 200
uE was provided from both sides using a fluorescent lamp.

TABLE 1

Concentration in culture solution
(mM or uM)

Components of
HS media

Buffer and major components (mM)

NH,CI 9.345
MgS0,*7H,0 0.08
CaCl,*2H,0 0.07
K,HPO, 8.265
KH,PO, 5.29
Minor component (uM)

ZnSO,4°7H,0 765
H,BO, 922
MnCl,*4H,0 511
CoClL,*(H,0 7
CuSO,4*5H,0 126
(NH4) Mo,0,,4H,0 18
FeSO,*7H,0 18
EDTA disodium salt 134

Miscellaneous

Carbon source
pH in culture solution
Luminosity

5% CO bubble, 80 cc/min
7.0
200 uE

2) Culture of Mixed Nutrition

In the case of the mixed nutrient culture (Mixotrophic
culture) in which photosynthesis and a carbon source are
supplied at the same time to culture, acetic acid was added
to the TAP medium and cultured. After preparing the
medium having the composition shown in Table 2, auto-
claving/sterilization at a high pressure were performed in an
autoclave, and cells in an active growth stage were prepared
to a concentration of 10° cells/mL in the culture medium to
start growth. As a culture vessel, a glass flask or bottle as
shown in FIG. 12 was used to culture in a large volume
while stirring using a magnetic bar. A fluorescent lamp was
used to provide light at a luminosity of 70 uE.

TABLE 2

Concentration in culture solution
(mM or uM)

Components of
TAP media

Buffer and major components (mM)

NH,CL 75
CaCl,*21,0 0.675
MgS0,*7H,0 0.8
K,HPO, 0.62
KH,PO, 0.41
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TABLE 2-continued

Components of Concentration in culture solution

TAP media (mM or uM)
Minor component (M)

EDTA2H,0 135
FeSO,*7H,O 18
ZnS0O,*7H,0 75
H;3BO,; 185
MnCl,*4H,0 26
CuCl,*2H,0 6.5
Na,Mo0,*2H,0 5.5
CoCl,*6H,0 6.5

Miscellaneous

Carbon source Glacial acetic acid, 1 ml/L

Tris 2.42 g/L
pH in culture solution 7.2
Luminosity 70 uE

Example 2—Use of CRISPR Gene Scissors
Technology (CRISPR-Cas9 RNP) for Preparation
of ZEP Gene Knockout Chlamydomonas Mutant

Strain

In order to target Chlamydomonas reinhardtii ZEP gene
(phytozome: Cre02.g082550 or NCBI: AY211267.1) [phy-
tozome.jgi.doe.gov/pz/portal.html  #!gene?searc h=1&
detail=1&method=4614&search Text=transcriptid:
30785220; pre sent at position 1244277-1250969 in chro-
mosome 2], five (5) sgRNAs inducing microhomology-
driven frame shift mutation were designed by Cas-Designer
(www.rgenome.net), followed by synthesis through in vitro
transcription. Target sequences of the five sgRNAs designed
and prepared to target the ZEP gene according to Cas-
designer (www.rgenome.net/cas-designer/) are shown in
Table 3 below.

10

15

20

25

35

16

homology-mediated end joining (MMEJ) pathway. “#of
target-off site” means the number of mismatched sequences
throughout the whole genome. When the remaining sgRNA
sequence (Gttttagagctagaaatagcaagttaaaataaggctagtcegttat-
caacttgaaaaag tggcaccgagtcggtge, SEQ ID NO: 15) is linked
to the target sequence, the entire sgRNA is represented.

In the case of Cas9 protein, a recombinant Cas9 protein
was expressed using E. coli and prepared after purification.
The wild-type Chlamydomonas reinharddtii cwl15 mt (CC-
4349) used in the experiment was obtained from Chla-
mydomonas Resource Center (www.chlamycollection.org)
[www.chlamycollection.org/product/cc-4349-cw15-mt-
goodenough-330a/].

The chiamydomonas cells were placed in a 50 ml flask at
25° C. using TAP medium of Table 2, followed by emitting
light at a luminosity of 70 uE using a fluorescent lamp and
culturing the same while shaking at 90 rpm. A concentration
of the cells was measured using a spectrophotometer,
wherein the cells under active culturing in a level of 0.3 to
0.5 at OD,,, were used.

To prepare an RNP complex, 100 pg of Cas9 protein (FIG.
5, SEQ ID NO: 16) was mixed with 70 pug of sgRNA (SEQ
ID ID NO: 17, the front 20 bp is a portion that binds to the
target sequence of DNA; and the rest of the sequence is a
sequence to form a complex with Cas9 protein wherein the
front 20 bp depends on the target sequence in Table 3) in
nuclease-free water, and incubated at room temperature for
10 minutes. The bound RNP complex was transformed
along with 50x10* wild-type Chlamydomonas reinhardtii
cwl5 mt (CC-4349) cells through electroshock in a 4 mm
electroporation cuvette by BIORAD GENE PULSER
XCELL™ Electroporation System (Voltage 600V, Capacity
50 pF). After incubation for 12 hours in dark conditions,
gDNA was extracted and analyzed by targeted deep
sequencing, some were diluted to 2000 cells and plated on
a TAP agar plate to obtain a single colony.

TABLE 3
Out-of-
Cleavage GC Contents frame  Mismatch Mismatch Mismatch
#RGEN Target (5' to 3") Position Position Direction (w/o PAM)  Score 0 1 2
RGEN1 CACCAGCTGCGCGACCGAGCTGG 638 9.732573433 — 75 84.3 1 0 0
RGEN2 GCCGTTGCACTTCTGAAGCAGGG 724 13.98509426 + 55 75.3 1 0 0
RGEN3 TCCGGCGAACGCACCTGGATGGG 911 17.31696624 — 65 75.4 1 0 0
RGEN4  TGGTGGGCGCCGACGGCATCTGG 2569 33.97632617 + 75 88.2 1 0 0
RGENS5 CCATGGCTTCGCAGGCATCTCGG 2868 37.26435774 + 60 71.2 1 0 0

In TABLE 3, the #RGEN Target (5' to 3') sequences are
RGENI(SEQ ID NO: 10), RGEN2(SEQ ID NO: 11),
RGEN3(SEQ ID NO: 12) RGEN4(SEQ ID NO: 13),
RGENS(SEQ ID NO: 14)].

Five (5) sgRNAs were carefully designed within half of a
coding sequence region of the ZEP gene, which differs from
any other target sites by 3 nucleotides (nt) among the whole
genome and has an out-of-frame score higher than 66. “CDS
(coding sequence) position” refers to a relative position of a
cleavage point in RNA transcript. “+” of direction is the
same direction as the target sequence, that is, indicating that
the same sequence is a sequence of RGEN. Similarly, “~” of
direction is the reverse direction to the target sequence, that
is, indicating that the sequence is a sequence coupled to the
target sequence so as to be complementary to each other
(reverse complement). “Out-of-frame score” means a pos-
sibility of frame shift-induced deletion occurring when a
broken double-stranded DNA is repaired through a micro-

FIGS. 3A and 3B illustrate a result of confirming mutation
of the ZEP gene induced by RGEN-RNPs according to
targeted deep sequencing. A single colony induced by the
third sgRNA (0.456%), which has the highest transformation
efficiency, was isolated to identify mutation of the target
gene. FIG. 3B illustrates a result of target deep sequencing,
wherein, when all cells were collected after transformation
experiments using RNP and then gDNA was extracted and
analyzed, all mutations occurring in the DNA strand of the
target site were analyzed to identify pattern and frequency
thereof. However, FIG. 3B shows the patterns of mutations
actually identified at the target site through targeted deep
sequencing. Since a large-scale change such as insertion of
42 bp or more is hardly found on the basis of the principle
of targeted deep sequencing, there may be a difference
between the found mutation and that of the actually obtained
single colony [Control—SEQ ID NO: 18, ZEP-RGEN3
(2ins—SEQ ID NO: 19, 1del-SEQ ID NO: 20, 4del—SEQ
ID NO: 21, 6ins—SEQ ID NO: 22, lins—SEQ ID NO: 23)].
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After the ZEP gene-specific knockout mutant was gener-
ated using DNA-free RGENRNP, all cells in a Petri dish
were subjected to Chl fluorescence measurement, and sev-
eral putative ZEP knockout cell-lines were selected.

In FIG. 6A, red circles indicate putative ZEP knockout
mutants grown on TAP agar medium under dim light (50
pumol photons/m?®s) conditions. NPQ/4 images were mea-
sured with Imaging PAM (Walz). Single cell colonies of
wild-type (WT) and AZEP mutants were grown on minimal
agar medium under dim light (50 pmol photons/m?s) con-
ditions (FIGS. 6A and 6B). Three mutants (AZ1, AZ2, AZ3)
with increased macular pigment contents were selected from
the identified colonies, and a change in target DNA
sequences at the actual ZEP gene positions in three ZEP
mutants generated by RGEN RNPs was determined through
Sanger sequencing (FIGS. 2A, 2B, 2C, 2D, 2E and 2F).

As shown in FIG. 6B, it was confirmed that the colonies
of the wild-type Chlamydomonas reinhardtii cwl5, and
mutants AZ1, AZ2 and AZ3 were grown in similar forms and
sizes in TAP agar plates. Further, in the case of cells
liquid-cultured in HS medium through photosynthesis, it
was confirmed that the wild-type Chlamydomonas rein-
hardtii algae have green color while the mutantsAZ1, AZ2
and AZ3 exhibit a color similar to yellowish-green (FIG.
60).

Among the starting mutant strains, mutant strain Z1 was
named Chlamydomonas reinhardtii ZEP mutant 1 (AZ1),
which was deposited at the Korea Research Institute of
Bioscience and Biotechnology Biological Resource Center
(KCTC) at 181, Ipsin-gil, Jeongeup-si, Jeollabuk-do 56212,
Republic of Korea on Mar. 22, 2014 in accord with the
provisions of the Budapest Treaty for the Deposit of Micro-
organisms, and given accession number KCTC 13230BP.

Thereafter, the mutant strain Z1 was used for double gene
correction.

Example 3—Preparation of AGP (ADP Glucose
Pyrophosphorylase) Gene Knockout
Chlamydomonas Mutant Strain Using CRISPR
Gene Scissors Technique (CRISPR-Cas9 RNP) in
Chlamydomonas

To target the AGP gene, four (4) sgRNAs inducing
microhomology-driven frame shift mutation were prepared
by Cas-Designer (www.rgenome.net). The four sgRNAs
prepared to target the AGP gene are shown in Table 4 below
(see Table 3 for the meaning of each item).
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In order to prepare an RNP complex, 100 pg of Cas9
protein (FIG. 5, SEQ ID NO: 16) was mixed with 70 ug of
sgRNA (e.g.: SEQ ID NO: 28, the front 20 bp is a portion
that binds to the target sequence of DNA; and the rest of the
sequence is a sequence to form a complex with Cas9 protein
wherein the front 20 bp depends on the target sequence in
Table 3) in nuclease-free water, and incubated at room
temperature for 10 minutes. The bound RNPs complex was
transformed along with 50x10* Chlamydomonas reinhardtii
cells in a 4 mm electroporation cuvette by Biorad Gene
Pulser Xcell™ Electroporation System (Voltage 600V,
Capacity 50 pF). After incubation for 12 hours in dark
conditions, gDNA was extracted and analyzed by deep
sequencing. Further, some were diluted to 2000 cells and
plated on a TAP agar plate to obtain a single colony.

FIGS. 7A and 7B illustrate gene information and target
sequence of AGP of the wild-type Chlamydomonas rein-
hardtii algae. FIG. 8b illustrates a result of confirming a
change in target DNA sequences at the actual AGP gene
positions in two mutant stains. FIGS. 9A; 9B, 9C and 9D
illustrate changes in target DNA sequences at AGP gene
positions in the mutants dZA1 and dZA2 selected through
the gene correction which was confirmed through Sanger
sequencing.

Example 4—Assessment of Cellular Characteristics
of Mutant Strains of ZEP/AGP Double Gene
Knockouts

As described above, cellular characteristics of the mutants
(dZA1 and dZA2) of two ZEP/AGP double knockouts
separated in single colonies were assessed.

FIG. 10A is a photograph showing comparison of colors
between the wild-type Chlamydomonas strain and the ZEP/
AGP double knockout mutants of the present invention
generated by CRISPR-Cas9 RNP at the same concentration.

Further, a starch discoloration reaction using Lugol’s
solution in a nitrogen-depleted environment of cells was
compared to confirm whether AGP knockout was well
performed. Cells were cultured in a nitrogen-rich medium
and a nitrogen-depleted medium, respectively, to obtain
healthy cells. 1 pl of Lugol’s solution was added to 1 ml of
cell culture solution at OD,5,=1, cells were uniformly mixed
for 30 seconds, and then, colors responding to the Lugol’s
solution were compared according to nitrogen conditions.

Under nitrogen depletion conditions, the cells are stressful
to allow accumulation of starch and lipids in the cells. In the

TABLE 4
GC out

Cleavage Contents of
AGP4 Pos- Pogition Di- (%, w/o frame Mismatches
sgRNA RGEN Target (5' to 3') ition (%) rection PAM) Score 0 1 2
AGP4_ TAGCATGGCCCTGAAGATGCGGG 100 4.6 + 55 48.9 1 o] o]
sgl SEQ ID NO: 24
AGP4_ CAGACCTTCGTCTGCCCCCACGG 149 12.9 + 65 68.9 1 o] o]
592 SEQ ID NO: 25
AGP4_ GACTCATCTCGCAGGCTCAGTGG 229 20.1 + 60 70.1 1 o] o]
593 SEQ ID NO: 26
AGP4_ GTCGACCCCCGTTGAGACCAAGG 393 41 .6 + 65 45.7 1 o] o]

sg4 SEQ ID NO: 27
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case of wild-type strains, it could be seen that intercellular
starch is stained with Lugol’s solution in the nitrogen
depletion conditions and becomes purple. However, the
ZEP/AGP double knockout mutants inhibited starch synthe-
sis due to knockout of the AGP gene, thereby not causing
discoloration due to Lugol’s solution even in a nitrogen-
depleted environment. Therefore, as shown in FIG. 10B, it
could be confirmed that AGP knockout was desirably per-
formed in the ZEP/AGP double knockout mutant of the
present invention.

In order to compare the cell growth rates between the
wild-type Chlamydomonas reinhardtii cw15 algae and ZEP/
AGP double knockout mutants, culture experiments were
conducted at a luminosity of 50 umol photons/m* in TAP
medium as a mixed nutrient medium. The initial inoculation
cell number was 1x10° cells/ml, and the cell number was
measured at 12 hour intervals for 72 hours in order to draw
a growth curve.

As shown in FIG. 11, it could be seen that the ZEP/AGP
double knockout mutants rapidly increased the number of
cells per volume compared to the wild-type. In particular, it
could be seen that the dZA1 mutant showed a rapid growth
rate of 20% compared to the wild-type algae.

Example 5—Assessment of Lipid and Pigment
Content of ZEP/AGP Double Gene Knockout
Mutants

In order to compare a difference in pigment contents
between the mutant strain of the present invention and the
wile-type strain, the cell pigment profile of each strain was
analyzed using HPLC.

The separated single colonies were cultured in TAP
medium for 3 days under 70 pumol photons/m?s conditions.
Specific culture conditions applied herein were substantially
the same as the culture conditions of Example 1. The
harvested algae were analyzed by extracting the pigment
using 90% acetone and centrifuging the supernatant again
through a nylon filter and injecting the same into an HPLC.
Specifically, in order to separate the pigment, a total flow
rate of the solvent was set to 1.2 mL per minute, and Tris
with pH 8.0 and acetonitrile were uniformly reduced from
14% and 84%, respectively, to 0% at a time period of O to
15 minutes. Further, methanol and ethyl acetate started at
2% and were increased up to 68% and 32%, respectively,
until 15 minutes. Thereafter, a ratio of the solvent was
maintained for 3 minutes (from 15 minutes to 18 minutes),
and then, returned to the original ratio of each solvent at the
beginning for 1 minute (from 18 minutes to 19 minutes),
followed by conducting post-run while maintaining the same
for the remaining 6 minutes. A pump used herein was a
Shimadzu LC-20A Prominence, and the column was a
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Waters Spherisorb TMSS (DS1 4.6x250 mm, 5 pm Cartridge
Column, USA) wherein a temperature of the column was
maintained at 40° C. Further, a photodiode array detector
(SPD-M20A, Shimadzu) was used to analyze the data, and
carotenoid pigments including zeaxanthin were detected at
445 nm while detecting chlorophyll a at 670 nm. Further, a
concentration of each pigment was determined from the
detected results, using standard curves for quantification of
carotenoids and chlorophylls a and b, which were purchased
from DHL (Agern Alle, Horsholm, Denmark).

FIG. 12A is a graph showing results of analyzing the
pigment profile of the wild-type (WT) strain and mutants
dZAl and dZA2 (ZEP/AGP double knockout mutants gen-
erated by CRISPR-Cas9 RNP), while FIG. 12B is a graph
showing comparison of the contents of lutein and zeaxanthin
per cell. In the wild-type strain, zeaxanthin is almost non-
existent. However, with regard to the mutant strain of the
present invention, it could be confirmed that the content of
zeaxanthin in the cell was significantly increased. Further,
the contents of lutein and zeaxanthin per volume were
measured over time, and the results thereof are shown in
FIGS. 12C and 12D, respectively. In the case of the wild-
type strain, it was also confirmed that no zeaxanthin was
produced at all, and the zeaxanthin content increased over
time only in each mutant strain. Therefore, it could be seen
that the mutant strains of the present invention have different
mycological characteristics and pigment production abilities
as compared to the wild-type strains.

Further, in order to confirm the lipid production ability of
the ZEP/AGP double gene knockout mutants, lipid contents
of the wild-type and mutant strains of the present invention
were analyzed in a nitrogen-depleted environment. The lipid
contents of the wild-type strains and mutants dZA1l and
dZ.A2 were measured using a Nile-Red staining solution that
can determine TAG (Triacylglycerol) (FIG. 13A), respec-
tively. Further, a content of total cell lipids extracted using
an organic solvent extraction method was measured (FIG.
13B).

As shown in FIGS. 13A and 13B, it could be seen that the
mutants dZA1 and dZA2 of the present invention have lipid
production abilities improved by about 10 to 20% or more
compared to the wild type strains. When combined with the
result shown in FIG. 12, it could be understood that contents
of the antioxidant pigments such as lutein and zeaxanthin are
also high, thereby achieving excellent properties.

ACCESSION NUMBER

Depository name: Korea Research Institute of Bioscience
and Biotechnology

Accession number: KCTC13659BP

Date of accession: 20181015

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 28

<210> SEQ ID NO 1

<211> LENGTH: 6693

<212> TYPE: DNA

<213> ORGANISM: Chlamydomonas reinhardtii

<400> SEQUENCE: 1

gcgacgcacyg gctgggecaa attcgecaac ggcaggagac caaatcgate gaggegatct

tgcgaagtte tecggacaaat cgatcgcace catagtgatt taagcattac atttgeccaa

60

120
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-continued
ggcgtgagaa gtgcgaggcece cgaacggcta tgacgccaat gegcagcetta cgacatttaa 180
agcaaattat tcatacatca tacagcacgc ttatgtgaag aaagccagga ttttaggcte 240
tegecccgat caagacgatc tccccattge gaagttcteg gtttetttee ggttegectg 300
ctecegtatga tttacctttg cgctacaaca gegacttaaa cgacctacgt cgcecttactg 360
tgtgegegta cgtgtttgta getgtgagat agttttgtece gcagegtacce cgcaaataga 420
atgctecgega gcacttacac geecctgtgge gttegcecagyg tggcaggecyg cacggttgea 480
gtgcccagea gettggtcege gcecagtggca gtegeteggt cgetggggtt ggegecctac 540
gteectgtat gtgagectte tgcggegett ceggectgece agcagectag cgggegtegt 600
catgttcaga ctgctgccac tctcegtgee gacaaccceca geteggtege gcagetggtyg 660
catcagaatg gaaaggggat gaaggttatt atcgccggeg cgggcatcegyg cggectggtg 720
ctageegttyg cacttctgaa gcagggette caggttcagyg tetttgageyg cgacctgacyg 780
geecatcegeyg gcgagggcaa gtaccgtgga cccatccagg tgegttegece ggaacaccaa 840
cgegettgtt tttgetgtge cgcgaccatg aactaggect tatcttgagyg tgttageatg 900
tttagccage gttggatcetg tgtggcgagg ttggggtgag aacccttect gtgtacctge 960
tcgggegtac cttgtgcccece accgctgact ggcttactta atgacaaaac gcaggttcaa 1020
agcaatgcgce tecgctgcget ggaggctatce gatcccgagg tggccgcgga ggtgcetgegce 1080
gagggctgca tcactggcga ccgtatcaac gggctcectgeg acggcectgac tggcgagtgg 1140
tgagtaggca atccagctgt gcatccagtce gcgeggttge ggaggtcgte tegggaaacg 1200
cgacgtggeg tccactcgece caaggagtgg tcteccgcag cgtggtctece cgcagetegg 1260
gtgcaacacc ctgcccectg ccgegagege gctgegettg cttatgttge gcageggtgt 1320
gagttacaac agcttctgtt gaagagctgt catacgaagc acggcgcgct gtggcgetge 1380
agcegtgetyg tggaaactcce aacacctceca cegecagect gegecacgcac acgcaataca 1440
ctecgectegt gtgccccecte ctcacacaac ggcatgtgac actcagtttt aactcttatt 1500
ttgacagctg agagctacac gcttgggtga atggggaggt ccttgatgtt tegttgcact 1560
ccgtggetee ggagtcecgtyg cggaccgtca cccacaaatg ggagcgcacg gcetttettgt 1620
gctgtectgee cegttagecca ctaactgcga atgaccttga cagtttactt tgctattttt 1680
cctteccaggt acgtcaagtt cgacacgttce cacccggegg tcagcaaggg cctgceceggtg 1740
acccgegtcea tcagecgect cacgctgecag cagatcctgg ccaaagcecegt ggageggtga 1800
gcegtgegeg cggtgtgatg gctttagegt cagtgctage atgggggttg gtgggtggta 1860
atcgeggege ccatggecgg gtagcagegg ccgaaagetyg gegcagageyg cgcegttggac 1920
aagcggtect gttgecggta tgggcacgag cagggcegetyg gtgegggcaa agggcagagt 1980
ggagttgcag agcagcgctg gcgtecggetg tgcgectctec aaatggcctce gtggcattcet 2040
gacgggacac atcctggaaa atagtagcgce acccaactgce tggtggctcece tcgtacaatce 2100
cceccaattt acaatcgete gttectggcecte gcagctacgg cggccccgge accatccaga 2160
acggctgcaa cgtgaccgag ttcacggage gecgcaacga caccaccggce aacaacgagg 2220
tgagagcgtg ctaagaagag catgcacgtg gagcgtgtaa aattgtgtgg cctgaagegg 2280
cagtgcctge ggcatggact aggtggttgce agcatgctge gegcegtgggt tgccggtcag 2340
gaaaccgceeyg gaccgagcecg cgcagattca gtcaggageg gattaggaag tttgaaaaac 2400
agggttcgga gtgtgcaagce gggctcagga gctgtggtge ctttcectacac cggtcegcect 2460
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accaggcacc

aggtgactgt

acggcatctg

ggtacacctyg

agcggaatgg

agcgeegect

tcttceccaca

ggcatctegyg

aacggccagt

gcgggegggce

aagggagggag

cgtggcgage

tacagttcaa

gtacgcgact

gaacccagcet

tcctaatata

catatataca

gttcectegy

ccacactegt

caatctegec

ggcggcaccg

aacgacaacg

atctttgaca

dggcggagaa

gatcceggcea

caggggcgcc

acaggcegec

acgccatgea

tggccatega

tggagggcgt

gcatggcggyg

gttgggttgg

atactttatg

catggccage

gegeatcecyg

cgtgctggag

ctgetegetyg

daggaggagy

cegeccegte

tatcgectet

cactgaaact

gcagctggag

gtccaagatce

ctacaccggt

aaggaagcag

tgcggggege

atccgegtgt

actttacgec

actttgtcag

gagcgagggce

aagggaaggc

agcaactgga

agcatggaaa

cctggacage

cacgagcgcea

aatgcggact

cgtgegeage

cgtcatgege

ccccacaccyg

gacacgcgat

accecegagygyg

tggtggacct

ggtacggaaa

agaaatgact

gagggcgcca

tagtcaccce

catcttcacc

gcccaaccty

ccteageage

getgegcage

tgagagctge

gegcacgtgg

ctcaccgeac

acctacaagt

cacceaggec

tgggtgcetgg

ggcgacaage

attgcgggga

gttagcagga

tcctteactyg

gtaaaaccgt

gacgggcgca

cgtaagcage

gagattattg

cgtggacggg

gaggagtgtt

gtctgacgeyg

ggcggacatt

cagcgacgtyg

tgcggggtct

aggatgcagg

aaggtggtgg

tggaacccge

cgtaacaatg

cagcgtgeca

cctgacgeat

cgtectgege

tggagccecee

cgagtcaccyg

aacgaaccca

cagccgcaag

gatcaaggce

aagggagagc

aggggatggt

gtggcaagge

gggacactgt

tggagcaagg

dgccagggceyg

geegtgtecy

taccaggaca

aaccagcgta

geggegagtyg

cgegeegage

gctacetggy

gegtggtggg

geggcaacac

ccaaggtgag

gacgagggag

cctcaggaac

cttgtcacge

tgctgegeeyg

cgtttgegge

tcattggcga

accttcaagt

dcgcacggag

gggcggatat

ggatgtggcc

gacattgtgg

ggcaacggca

ggagggtgtyg

c¢gagggcagy

gtaaaaaaat

cgtetgetge

cggatggect

dgacggegge

tatatccatt

cacagccgec

tcgcacccetyg

ccactgcact

cgcaggtacyg

gegegectge

acgcccgagyg

ggggtggctyg

gttcatttgt

gtgggagteg

ctcagtatge

geegegtgge

getgecatgge

acaaggccegyg

gecgeatttt

gtegggetgg

tatgtgcagt

cgcaccacge

cgagggctgg

geggetggtyg

cgaccacgtyg

ngCthng

ggcaaggcag

tcgtecccaa

ctggtecgee

gegatgeect ctacttcact

cgacgtgctg gtgggCgCCg

gaccaaggce aactacagcg

tggaaggagg gagcgggggy

gggaggggac tgcgggtcat

tcagttttct ttgcccaaga

cctgetgeca tggettegea

gctacegegt gtteetggge

agatgcagtg gtgagcggeg

taccgggegg aagggagggy

atgtgatggt gggaagaggg

ggtccatgaa tatggctcegg

accatgggcg tgagcgggga

caacaagcca ggagcggcac

cggcaaggat gaaatgtttt

ttgccactga gccaaagaca

tagcgceteeyg gecegegeccag

caccgcaaag cccatcaaca

cgctgteect caaccegtca

gettecacaa ggagecgtet

tgcagatctt tggccactgyg

aggacgtgct gecgeccgegac

dagggceggga aagggcgaag

gggattgaga ggggtccgeg

cggggcggac aatgctgggc

cgecegteeceyg geegegecge

cctgetggge gacagegege

cattgaggac gcctacgage

aaacgcggcg gcggtggacyg

gegegtcage gecattcacg

getgetgtgg gcagggtegg

gtgacgtgca cactatcata

gccacaggca tggetgectt

agcaagtggg ttgaggggct

atgctgctca ccatgeccag

gegecgecace gcaccagcta

getggggggyg ggtggaggga

gegetgecett cgtggatgea

aaccacaaca gaacccccaa

gaccgecagge tttceccegag

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860
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-continued
agccgcettee ccgagttcat gaacaacgac gcctccatca teccgctecte ccacgcecgac 4920
tggctgetgyg tggeggageg cgacgecgece acggecgeeg cegecaacgt gaacgecgece 4980
accggcagca gcgeogecge ggecgecgee gecgacgtga acagcagetyg ccagtgcaag 5040
ggcatctaca tggcggactce ggcggecctyg gtgggeceget geggegecac ctegegeced 5100
gegetggecyg tggacgacgt gcacgtegee gagagtcacg cgcaggtcetyg gegeggecte 5160
gecggectee ccecectecte gtegtecgee tcecaccgeeg cegectetge gtecgecgec 5220
tcectetgeeg ccageggeac cgccageace ctgggeaget cggagggeta ctggetecege 5280
gacctgggca geggecgegg cacctgggte aacggcaage gectgeccga cggegecacyg 5340
gtgcagetgt ggcceggega cgceggtggag tteggecegge accccageca cgaggtgtte 5400
aaggtgaaga tgcagcacgt gacgctgege agegacgage tcageggeca ggectacacce 5460
acgctcatgg tgggcaagat ccggaacaac gactacgtea tgcccgagte geggecggac 5520
ggcggcagee agcagceeggg cegectggtyg acggettaag cggegecgtyg cgtaagggec 5580
ggcttacggg ggcggcagtg tegetgtgga gggatggtet ggggtgggag gaatgggagg 5640
agagcggegyg gagceccgagg agcggagege tggaggettg cggageggea gettgggaag 5700
agctgeggag agaggaagga gcgcagggeg cttggagcac gegecagatt acgatcacgg 5760
cagcgcgagg cgcgcegtetg acttcgaagt ggtaaggaag atttcatgta tgattgcgtce 5820
gagggacacc gcaagtttta cgcgceggegyg agggagcectt ggggcataca acagtacgag 5880
cgggcgttgg tgagaaggtg gtcactccgt atgagaagat ggttactcecg taccttegtg 5940
agaagctgct gecgcacaagt tacgaaccta tctgtgtgga gagcccggta gtatatcagg 6000
ggcgagggtce atgaacgcga gtggcgagtc tgtgagcgec aatttgttat gcggcataat 6060
ttcgcategg ggtattacgt ctacaaaatg ttgagctgge ttagcgcagg aggcaacacce 6120
tcaggcagaa tgtacgaatg tgtgcagaag ggcagagtca aggcagagge ggagaagttg 6180
tcagggctgt gtgtggtttg gtcagggcgt ggctagatgg atatgagacc cgccgccgte 6240
tccagattgt ggcggaggtg gaactctegg ccecegegece agtececgeg gecagegeat 6300
ccegecatge gggttgttgg ctggtgcate gcgeggggtg tgctatgagt gtggaaacac 6360
tatgtcgegt gtcgtgctga ggtctgttga gaggtttegt cgtttgtgca tgtectgtcece 6420
cggttggagt ttgagcgagg tggttcaaag tttttggatc gegtgggaga gactgaaacg 6480
gtttggtgag aatggttgag acagaggttg ggcttggaaa ctggaggaga ggagcagcgt 6540
aactcgagga cgatgcagta gatgcaccac aacagttgtg gtgggcgcct ggagtaacac 6600
gcgtgccace aacacgcaat tacagagatc cgtcatacag gagggatcat atgcgattta 6660
attttggttt tgcatttgta agacgttttc aca 6693
<210> SEQ ID NO 2
<211> LENGTH: 4903
<212> TYPE: DNA
<213> ORGANISM: Chlamydomonas reinhardtii
<400> SEQUENCE: 2
cagggtttge ttttgggcac gacttgecatt gtgtacttgt ttgtgacctyg aggtcgagga 60
ccttetteta ggtagtcaaa acagaggaag accgatcectt agecatggece tgaagatgeg 120
ggtgagccag cgccaggcege tgggctegeca gaccttegte tgeccccacyg gtgegtggea 180
tgaacagcegt tttatgtecga cttgggeegyg agegecagegg actcaaccga ctcatctege 240
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aggctcagtyg

ggtaaatgga

gecttatege

aacggggtgg

agcaaggtat

gccatctegt

cgtetgtate

cgectgateg

ctcacccagt

ttgtgaatac

atgegtegec

gagcgaacca

ggacacaagg

ccagegeaca

cctecteccat

cccaccaccece

caacagccge

gttccaggge

cgagggcgtg

ggggaaagtt

dgcagcgagy

gegeatgttyg

gagggtgecg

agcgggegtyg

cggcaggacyg

cgacgegetyg

caccagtacg

aatgggggcyg

tcccaaacat

cgactttgte

c¢gcggagaag

cgagttegeg

cectgggegte

tggtggtggt

gggtatgttg

tctgggatgg

gggtgcggcea

tccageggge

cgcagtgeag

gttgtgggeg

gtgcgcaagg

tcatgcatte

aggtegtteg

ccgeatecte

getegegety

tgccgatgea

ctctgaccaa

atattccegt

tcaactcgge

tgaaactgcg

atgcggactce

gecctecagyg

geggggcetge

gegecacege

ccteccaccee

tccectetet

ggCtthtgg

accgecgacyg

gaggacttce

gggggtgggt

cgagaaggtt

aatggggcat

gaaagggcat

ttgggcagcg

acacgcgggyg

gtacacggag

gcatgtagca

gcacggaacyg

cacatcctcece

cgcaagcace

gaggcecagceg

gagaagccca

gaccccgeca

gtgtgggtgg

gggagttegg

gtcaaggtgg

cegecagegge

agcgagccac

ccagcaacag

tcgagcagta

cegtgagete

gcacatgcat

ggctcaggcet

ththgggC

geccatttga

gacggtgctg

gaagcgtgee

tagcaactge

gtcgetgaac

ggCthggCt

ggcgcaacac

cggcttaate

gaaagcttte

acaccgtacc

tcccatecte

cegetececee

aggtgctggc

cegtgegeca

tcatcctgte

gcacggaatg

gaggcecegecyg

ggaagactgg

ggcggtgcag

ggactgcgcg

cagccggcgyg

ggctacgagt

ccacgegtet

cgtgtgtgcg

ccectectec

gcaactcggyg

cctteggect

agggegagge

cgtgagtgtg

gtgttgggtg

aggatgcggt

aggggtgege

ggcaacgcag

dgcggeggcea

cgetggtget

gtgaccatca

caaggcccge

ttgggcgacg

gtgtcgacce

actgggcaga

tgctteccgga

ggtattattc

aagccggcgyg

ctgaacagca

cgccacctgt

cgggcgacat

ctgtegegty

catcagggag

aagtacacac

gegtcecacat

ccaccctece

tctegeacag

ggccagccag

gtacatgtgg

gggtgagtgg

ggtgggaagg

taactggggg

tgggtgggtyg

ggtgccactyg

ctgcagcage

gCtggthgt

getgcacage

ggcttaccag

gatgggctgc

aggcgaccac

cgcegecate

gatgaagatc

getgaccaag

tgcgegetgg

gtgggtggga

ctgtggggat

ggtgtgcgtyg

cagcatagge

gctcagacca

actgctggtyg

ceggeactge

geegtgtege gecaggetca

tcactgcgac ttaccgggte

ccgttgagac caaggtcgeg

acgacccgge tggcgacatce

ctcegtegatyg tgaccgtece

tgggtggtygg tgccggeace

tgccectggyg cgccaactat

atgtcaccaa gatttactge

cccaggecta cgtgagtace

agctgtcegge cgaccgcaga

tcactccege tagggcacag

actgtatgtt cagatggaag

gtgtggcatc atatgctcta

ccacctettyg ccatcccace

atcaacccca tcaaccccac

aactcgtetyg tgggeggeta

tcgteegeca acaagagetyg

ctgttcgagg aggcggtgeg

gcaggaagag gggtggagag

gggggtttee tcctgegcaa

tggtggagtg ggcgggtgag

agtggagagg cgaagtttcg

ggcacggtgg cctgccegtca

cggcacagat acggagcgca

cggtgtgetg ggggcagceag

cagcctegge acacaacage

tatcagcgca gtagcggace

ggcacecgeca accggacgac

ctgtaccgca tggactaccyg

accatcgecyg cgetgeectyg

gacgaggagyg gccgcgtgat

atgcgegtgg acaccggeat

tgttggttga catggtggta

attggaggtg ctatcatggt

atggttccag ggctaatggyg

tggcgtggag agcggcagtt

dgcgaggacg geggceggegce

gcaccgecag ggceccageag

ctactgetgg gaatgegget

getgeggeag cceggectgece

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640
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atccagcatyg gecgecegeggyg

tgttgaggca cggcgectga

gaagggacca ggacccggcet

cacgcagegyg ctacagcage

ccagccaaac acacgcaccce

tgtccctece cgteteccte

catcgectee atgggeatct

ccgecatgeeyg ggcegecaacyg

cttcaaggtyg caggectteg

cttctacaac gccaacctygg

caaggacgcyg ccgatctaca

cgacgtgaac atgtccatca

caactccate atcggcatce

gatgatggge tcggactact

gcctatgggc gtgggcgatg

cattggtcce aagtgccaga

ccagggette gtgatcaagg

cggcaccate atctaaacgt

geeggegegy cggcagecgg

agacggaggt ggcgggacct

agcgagcgtg tgtgggtgca

tggcggagat ggcgggaget

ttttgggtty gaatgttgeg

ttggttcggy tgaacgccat

cggaagcgca agctgeggec

caggagcgge agtagetgec

agcgtgaacyg gtcggaccaa

cttaaagctyg ccggegecaa

geggtggegg ctgcagggtyg

tgttgcgget cggeggtggy

cggetcacge ggceggttgge

gtccttacte getegegtee

gctcaacatt gtttgactce

ctecttgggty tgtgcagatt

cgtggcegagt gtgtgegtte

gagaggaaga cttttgggca

cacgtgggca acgcacggcet

accgagagaa gaaatccage

<210> SEQ ID NO 3

getgggtgeg

ctgeceggty

ggtggCCgCC

aaccggegec

ttcectetet

tgctcecect

acgtcatgte

acttcggaaa

cctttgacgyg

cgctgaccga

ccatgtegeg

thgCgang

getegetgat

acgagaccct

gctecatcat

tcatcaacaa

acggcattgt

gatggctcgg

c¢ggcgcegegy

caggcacatt

cacgctageg

getegggtac

cagtgacggg

ggaccggtgc

ttcecegeaac

agtcgegtge

gcaccggcgg

ggcacgccge

ggtgcgagcc

gaaggtggag

cgttgegget

cacctggggg

cccagaccect

tttggttgtt

tcagatgagg

cgactgcace

tgcaccgtee

acatgtaaac

caagcgaaag

gtgacgatgt

geegeegecy

cacacccgca

cceectetec

cecgecaccte

cgccaaggeyg

cgaggtcatce

ctactgggag

tccegagaag

cttectgeey

ctgegtgatce

cggetecgac

ggaggagtge

cegtegegec

ggacggcgtc

cgtegtgate

gccgggaaga

cgtgtggegg

tcggcagetyg

cgcactcacyg

tgttgaageg

actctataga

ggCangCgt

ggtgcagcag

ggctgttttyg

tggcagcggc

gaggcgtgtg

agctggcgtg

cactgagegyg

gectteegty

gttgtagttt

gcgaacctge

tggtttgggt

agaattgttt

gtgcatccat

gatgcategt

tcgtatgagyg

gcagcagtgg tggacagagce

geggatgete gegeccagca

cagcagcagt cgccacgtag

ccacaacccc agccaccgca

tcacacggce cgcactgace

agcgcegecg ccaageccta

ctgcgegage tgctgttgaa

cceggegeca aggacgecgg

gacateggta ccgtggagge

gegeagttet cgttctacga

ccctecaagyg tgatggactyg

aaggccgget ccaagatcca

tgcatcatcyg acagcgcgat

gagtacgtge ccggetgect

attgtggaca agaacgcgcg

aaggaggcca accgcgagga

aaggactcge acatccccge

dgeggegegg cgeagageceg

agacgttggt gatggagagce

ccgcagcgag gagcagggag

acctgcagca gcagcagecg

aggcgggecce ttggetgegt

gtagggggga ttgagtgtcc

ggegtggeac tgegttgetg

ccgcatcegga cgcaacaccc

agggagagcyg cttttteggyg

aggccttegg ccccceggec

tgttceccgag gtgcageegy

ccatccageca cggeggeggt

gCgtgggth gganCtth

ggatgccgta ggaggggcegyg

cttaatttag cgtgtaccat

atctgcggag gtagagaggg

gatggtgcaa cagttttgeg

gtgctatgca gagttgagge

ggagcacagce tgcatagaag

ccecteceee agagatttgg

gca

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4903
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<211> LENGTH: 42

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chlamydomonas reinhardtii ZEP mutant 1-insert

<400> SEQUENCE: 3

gaaattaata agactcatta tattccggeg aacgcacctg ga

<210> SEQ ID NO 4
<211> LENGTH: 6735

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chlamydomonas reinhardtii ZEP

<400> SEQUENCE: 4

gegacgcacyg

tgcgaagtte

ggcgtgagaa

agcaaattat

tegecccgat

ctcegtatga

tgtgcgegta

atgctegega

gtgcccagcea

gtcectgtat

catgttcaga

catcagaatg

ctagcegttyg

gecatcegeyg

ceggegaacy

gecgegacca

tgtgtggcga

ccaccgetga

ctggaggeta

gaccgtatca

gtgcatccag

cccaaggagt

tgcegegage

ttgaagagct

ccaacacctce

tcctcacaca

acgcttgggt

tgcggaccgt

cactaactge

ttcgacacgt

getgggecaa

tcggacaaat

gtgcgaggcee

tcatacatca

caagacgatc

tttacctttyg

cgtgtttgta

gcacttacac

gettggtege

gtgagcctte

ctgetgecac

gaaaggggat

cacttctgaa

gcgagggcaa

cacctggaca

tgaactaggc

ggttggggtyg

ctggettact

tcgatccega

acgggetetyg

tcgegeggtt

ggtctecege

gegetgeget

gtcatacgaa

caccgecage

acggcatgtyg

gaatggggag

cacccacaaa

gaatgacctt

tccaccegge

attcgccaac

cgatcgeace

cgaacggceta

tacagcacgc

tccecattge

cgctacaaca

getgtgagat

gecetgtgge

gecagtggca

tgcggegett

tcteegtgee

gaaggttatt

gcagggcette

gtaccgtgga

ggtgcgttcg

cttatcttga

agaaccctte

taatgacaaa

ggtggecgeg

cgacggectyg

geggaggteg

agcgtggtet

tgcttatgtt

gcacggcgcg

ctgegeacge

acactcagtt

gtcettgatyg

tgggagcgca

gacagtttac

ggtcagcaag

ggcaggagac

catagtgatt

tgacgccaat

ttatgtgaag

gaagttcteg

gcgacttaaa

agttttgtce

gttegecagyg

gtegeteggt

ceggectgec

gacaacccca

atcgceggeyg

caggttcagg

cccatcgaaa

ccggaacace

ggtgttagca

ctgtgtacct

acgcaggtte

gaggtgctge

actggcgagt

tctegggaaa

ccegeagete

gegcageggt

ctgtggeget

acacgcaata

ttaactctta

tttegttgea

cggetttett

tttgctattt

ggCCthng

caaatcgatc

taagcattac

gegeagetta

aaagccagga

gtttetttec

cgacctacgt

gcagcgtace

tggcaggccg

cgctggggtt

agcagcctag

geteggtege

cgggcatcgg

tctttgageyg

ttaataagac

aacgcgettyg

tgtttagcca

gCthggCgt

aaagcaatgce

gcgagggetg

ggtgagtagg

cgcgacgtgg

gggtgcaaca

gtgagttaca

gcagcegtge

cactcgecte

ttttgacage

ctcegtgget

gtgetgtetyg

ttccttecag

tgaccegegt

mutant 1

gaggcgatct

atttgcccaa

cgacatttaa

ttttaggete

ggttcegectyg

cgecttactyg

cgcaaataga

cacggttgca

ggcgeectac

cgggcgtcgt

gcagctggtg

ngCCtggtg

cgacctgacyg

tcattatatt

tttttgetgt

gegttggate

accttgtgee

getegetgeg

catcactgge

caatccaget

cgtecacteg

cecectgeceee

acagcttcetyg

tgtggaaact

gtgtgcccce

tgagagctac

ccggagtecyg

ccecegttage

gtacgtcaag

catcagcege

42

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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34

ctcacgetge

tggctttage

gggtagcagc

tatgggcacyg

tggCgthgC

aaatagtagc

tegttetgge

agttcacgga

agcatgcacg

ctaggtggtt

cgcgeagatt

gcgggctcag

ctgtaaaacc

aggacgggey

tcegtaagea

gtgagattat

agcgtggacg

gtgaggagtg

gtgtctgacy

ceggeggaca

agcagcgacyg

getgeggggt

gcaggatgca

gaaaggtggt

aatggaaccc

gccgtaacaa

cacagegtge

ctectgacge

geegtectge

getggagece

cgcgagtcac

ataacgaacc

ggcagccgca

ctgatcaagg

aaaagggaga

ctaggggatg

cagtggcaag

cecgggacact

cctggageaa

agcagatcct

gtcagtgcta

ggccgaaage

agcagggcgce

tgtgcgetet

gcacccaact

tcgcagetac

gegecgcaac

tggagcgtgt

gcagcatgcet

cagtcaggag

gagctgtggt

gttgctgege

cacgtttgeg

gcteattgge

tgaccttcaa

dggcgceacgy

ttgggcggat

cgggatgtgg

ttgacattgt

tgggcaacgg

ctggagggtyg

dgcgagggcea

gggtaaaaaa

geegtetget

tgcggatgge

caggacggcyg

attatatcca

gccacagecyg

cctegeacee

cgccactgea

cacgcaggta

aggcgegect

ccacgeccga

geggggtgge

gtgttcattt

gegtgggagt

gtctcagtat

gggcegegtyg

ggccaaagcce

gcatgggggt

tggcgcagag

tggtgcggge

ccaaatggec

gCtggtggCt

ggcggccccg

gacaccaccyg

aaaattgtgt

gegegegtgg

cggattagga

gectttetac

cggegatgec

gecgacgtge

gagaccaagg

gttggaagga

aggggagggay

attcagtttt

ccectgetge

gggctaccge

caagatgcag

tgtaccggge

ggatgtgatg

atggtccatg

gcaccatggyg

ctcaacaagc

gccggcaagg

ttttgccact

cctagegete

tgcaccgcaa

ctegetgtec

cggcettecac

getgcagatce

ggaggacgtg

tggagggcgg

gtgggattga

¢gegygggegy

geegeegtee

gecetgetygyg

gtggagcggt

tggtgggtgg

cgcgegttgg

aaagggcaga

tcgtggeatt

cctegtacaa

gcaccatcca

gcaacaacga

ggcctgaage

gttgceggte

agtttgaaaa

accggtegec

ctctacttca

tggtgggege

ccaactacag

dggagegggy

actgcgggte

ctttgeccaa

catggcetteg

gtgttectgyg

tggtgagegg

dgaagggagy

gtgggaagag

aatatggctce

cgtgagcggg

caggagcggc

atgaaatgtt

gagccaaaga

cggecgeged

agcccatcaa

ctcaaccegt

aaggagcegt

tttggccact

ctgegecgeyg

gaaagggcga

gaggggtcceg

acaatgctgg

cggecgeged

gegacagege

gagccgtgeg cgcggtgtga

taatcgcgge gcccatggec

acaagcggte ctgttgeegyg

gtggagttge agagcagcgce

ctgacgggac acatcctgga

tccecccaat ttacaatcge

gaacggctge aacgtgacceg

ggtgagagceg tgctaagaag

ggcagtgect geggcatgga

aggaaaccgce cggaccgage

acagggttcyg gagtgtgcaa

ctaccaggca cccactgaaa

ctaggtgact gtgcagctgyg

cgacggcatce tggtccaaga

cgggtacacce tgctacaccyg

ggagcggaat ggaaggaagc

atagcgcege cttgegggge

gatcttceca caatcegegt

caggcatcte ggactttacg

gcaacggcca gtactttgte

¢ggcgggegy gcgagcgagyg

dgaagggagg ggaagggaag

ggegtggega gcagcaactg

ggtacagttc aaagcatgga

gagtacgega ctectggaca

acgaacccag ctcacgagceg

tttcctaata taaatgcgga

cacatatata cacgtgcgee

cggtteccte ggegtcatge

caccacacte gtccccacac

cacaatctcg ccgacacgeg

ctggeggecac cgaccccgag

ggaacgacaa cgtggtggac

acatctttga caggtacgga

aggggcggayg aaagaaatga

cggatccegyg cagagggege

gecaggggeg cctagtcace

gcacaggecg cccatcttcea

gcacgecatyg cagcccaacce

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140
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tgggccaggg

gegeegtgte

gctaccagga

gcaaccagcg

dggcggegag

accgegeage

gtgctaccty

cegegtggtyg

gggcggcaac

gcccaaggty

gagacgaggyg

gacctcagga

tgcttgtcac

atgaacaacg

cgcgacgecyg

geggecgecy

teggeggece

gtgcacgteyg

tegtegtecyg

accgccagea

ggcacctggg

gacgecggtgg

gtgacgctge

atccggaaca

ggCCgCCtgg

tgtcgetgtyg

dgagcggage

gagcgcaggy

tgacttcgaa

tacgcgegge

tggtcactce

gttacgaacc

gagtggcgag

gtctacaaaa

tgtgtgcaga

tggtcagggc

tggaactcte

ggctggtgca

gaggtetgtt

ggtggttcaa

cggcetgeatyg

cgacaaggcec

cagccgeatt

tagtcggget

tgtatgtgca

gecgcaccac

ggcgagggcet

gggcggctgg

accgaccacyg

agcggetgec

agggcaaggc

actecgtecce

gectggtecy

acgcctecat

ccacggeage

cegecgacgt

tggtgggccg

ccgagagtca

cctecacege

cecctgggeag

tcaacggcaa

agttcggeeg

gcagcgacga

acgactacgt

tgacggctta

gagggatggt

gctggaggct

cgcttggage

gtggtaagga

dgagggagcec

gtatgagaag

tatctgtgty

tctgtgageg

tgttgagetyg

agggcagagt

gtggctagat

ggceceegeyg

tegegegggg

gagaggttte

agtttttgga

gccattgagg

ggaaacgcgg

ttgcgegtea

gggctgctgt

gtgtgacgtg

gegecacagg

ggagcaagtg

tgatgcetget

tggcgecgea

gggctggggy

aggcgetgec

aaaaccacaa

ccgaccgeag

catccgetee

cgcegecaac

gaacagcagce

ctgeggegec

cgegcaggte

cgecegectet

ctcggagggc

gegectgece

gcaccccage

gctecagegge

catgcccgag

ageggcegecey

ctggggtggg

tgcggagegg

acgcgecaga

agatttcatg

ttggggcata

atggttactc

gagagccecgyg

ccaatttgtt

gettagegcea

caaggcagag

ggatatgaga

ccagteceeg

tgtgctatga

gtcgtttgtyg

tcgcgtggga

acgcctacga

cggcggtgga

gegecattea

gggcagggte

cacactatca

catggcetgee

ggttgagggyg

caccatgece

cecgeaccage

ggggtggagy

ttcgtggatg

cagaaccccce

gettteceey

tcccacgeeyg

gtgaacgccyg

tgccagtgca

acctecgegec

tggCgngCC

gegteegecy

tactggctee

gacggegeca

cacgaggtgt

caggcctaca

tegeggeegg

tgcgtaaggg

aggaatggga

cagcttggga

ttacgatcac

tatgattgeg

caacagtacg

cgtacctteg

tagtatatca
atgcggcata

ggaggcaaca

gcggagaagt

cecegecgeayg

cggecagege

gtgtggaaac

catgtectgt

gagactgaaa

getggecate gacctcagece

cgtggagggc gtgctgcgca

cggcatggcg ggtgagagct

gggttgggtt gggcgcacgt

taatacttta tgctcaccge

ttcatggcca gcacctacaa

ctgegecatee cgcacccegyg

agcgtgctgg agtgggtgct

tactgctege tgggcgacaa

gagaggagga ggattgcggg

caccgeceeg tegttageag

aatatcgect cttectteac

agagccgett ccccgagtte

actggctgct ggtggcggag

ccaccggeag cagegecgec

agggcatcta catggcggac

cegegetgge cgtggacgac

tcgecggect cccccectec

cctectetge cgcecagegge

gegacetggg cageggecge

cggtgcaget gtggeccegge

tcaaggtgaa gatgcagcac

ccacgctcat ggtgggcaag

acggcggcag ccagcagecg

CngCttan ggggcggcag

dgagagceggce gggagceccga

agagetgegg agagaggaag

ggcagcgcga ggCgCgCgtC

tcgagggaca ccgcaagttt

agcgggegtt ggtgagaagg

tgagaagctyg ctgcgcacaa

ggggcgaggyg tcatgaacgce

atttcgcatce ggggtattac

cctcaggcag aatgtacgaa

tgtcagggct gtgtgtggtt

tcteccagatt gtggcggagg

atcccgecat gegggttgtt

actatgtcge gtgtegtget

cceggttgga gtttgagega

cggtttggty agaatggttyg

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540
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agacagaggt
tagatgcacc
attacagaga

taagacgttt

tgggcttgga aactggagga gaggagcagce gtaactcgag gacgatgcag

acaacagttyg tggtgggege ctggagtaac acgegtgcca ccaacacgca

tcegtcatac aggagggatce atatgegatt taattttggt tttgcatttg

tcaca

<210> SEQ ID NO 5
<211> LENGTH: 44

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chlamydomonas reinhardtii ZEP mutant 2-insert

<400> SEQUENCE: 5

tagctctaaa acatccaggt gegttegeeg gactatagtg agta

<210> SEQ ID NO 6
<211> LENGTH: 6737

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chlamydomonas reinhardtii ZEP

<400> SEQUENCE: 6

gegacgcacyg

tgcgaagtte

ggcgtgagaa

agcaaattat

tegecccgat

ctcegtatga

tgtgcgegta

atgctegega

gtgcccagcea

gtcectgtat

catgttcaga

catcagaatg

ctagcegttyg

gecatcegeyg

tcegecggact

gtgcecgegac

tectgtgtgge

cceccaccget

cgctggaggc

gegaccegtat

ctgtgeatce

cgcccaagga

cctgecgega

tgttgaagag

getgggecaa

tcggacaaat

gtgcgaggcee

tcatacatca

caagacgatc

tttacctttyg

cgtgtttgta

gcacttacac

gettggtege

gtgagcctte

ctgetgecac

gaaaggggat

cacttctgaa

gcgagggcaa

atagtgagta

catgaactag

gaggttgggg

gactggctta

tatcgatcce

caacgggete

agtcgegegg

gtggtctece

gegegetgeg

ctgtcatacg

attcgccaac

cgatcgeace

cgaacggceta

tacagcacgc

tccecattge

cgctacaaca

getgtgagat

gecetgtgge

gecagtggca

tgcggegett

tcteegtgee

gaaggttatt

gcagggcette

gtaccgtgga

caggtgegtt

gecttatett

tgagaaccct

cttaatgaca

gaggtggecg

tgcgacggec

ttgcggagge

gcagegtggt

cttgcttatg

aagcacggceg

ggcaggagac

catagtgatt

tgacgccaat

ttatgtgaag

gaagttcteg

gcgacttaaa

agttttgtce

gttegecagyg

gtegeteggt

ceggectgec

gacaacccca

atcgceggeyg

caggttcagg

cccatctage

cgceggaaca

gaggtgttag

tcctgtgtac

aaacgcaggt

cggaggtgct

tgactggcga

cgtecteggga

ctcecegeage

ttgcgcageyg

cgctgtggeg

caaatcgatc

taagcattac

gegeagetta

aaagccagga

gtttetttec

cgacctacgt

gcagcgtace

tggcaggccg

cgctggggtt

agcagcctag

geteggtege

cgggcatcgg

tctttgageyg

tctaaaacat

ccaacgeget

catgtttage

ctgeteggge

tcaaagcaat

gcgcegaggge

gtggtgagta

aacgcgacgt

tcgggtgceaa

gtgtgagtta

ctgcageegt

mutant 2

gaggcgatct

atttgcccaa

cgacatttaa

ttttaggete

ggttcegectyg

cgecttactyg

cgcaaataga

cacggttgca

ggcgeectac

cgggcgtcgt

gcagctggtg

ngCCtggtg

cgacctgacyg

ccaggtgegt

tgtttttget

cagcgttgga

gtaccttgtg

gegetegetyg

tgcatcactyg

ggcaatccag

ggcgtcecact

caccctgece

caacagctte

getgtggaaa

6600

6660

6720

6735

44

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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-continued
ctccaacace tccaccgeca gectgegeac geacacgcaa tacactcgece tcegtgtgece 1500
cctectcecaca caacggcatg tgacactcag ttttaactcect tattttgaca gcetgagagcet 1560
acacgcttgg gtgaatgggg aggtccttga tgtttcecgttg cactcegtgg cteccggagte 1620
cgtgcggacce gtcacccaca aatgggagcg cacggcttte ttgtgetgte tgccccegtta 1680
gccactaact gcgaatgacce ttgacagttt actttgctat ttttcecttcecce aggtacgtca 1740
agttcgacac gttccaccceg geggtcagea agggectgece ggtgaccege gtcatcagece 1800
gectcacget gcagcagate ctggecaaag ccgtggageyg gtgagecegtg cgegeggtgt 1860
gatggcttta gcgtcagtge tagcatgggg gttggtgggt ggtaatcgceg gcgcccatgg 1920
cecgggtagea geggecgaaa getggegeag agegegegtt ggacaagegyg tcectgttgee 1980
ggtatgggca cgagcagggce gctggtgcegg gcaaagggca gagtggagtt gcagagcagce 2040
gctggegteg getgtgeget ctecaaatgg cctegtggeca ttectgacggg acacatcectg 2100
gaaaatagta gcgcacccaa ctgctggtgg ctcecctegtac aatcccccca atttacaatce 2160
getegttetyg getegecaget acggeggece cggcaccatce cagaacggcet gcaacgtgac 2220
cgagttcacg gagcgecgca acgacaccac cggcaacaac gaggtgagag cgtgctaaga 2280
agagcatgca cgtggagcgt gtaaaattgt gtggcctgaa gecggcagtge ctgcggcatg 2340
gactaggtgg ttgcagcatg ctgcgcgegt gggttgccgg tcaggaaacc gccggaccga 2400
gccgegcaga ttcagtcagg agcecggattag gaagtttgaa aaacagggtt cggagtgtge 2460
aagcgggctce aggagctgtg gtgcectttcet acaccggteg cectaccagg cacccactga 2520
aactgtaaaa ccgttgctge gecggcgatg ccctctactt cactaggtga ctgtgcaget 2580
ggaggacggyg cgcacgtttg cggecgacgt getggtggge gecgacggca tctggtccaa 2640
gatccgtaag cagctcattg gcgagaccaa ggccaactac agcgggtaca cctgctacac 2700
cggtgagatt attgaccttc aagttggaag gagggagcgg ggggagcgga atggaaggaa 2760
gcagcegtgga cggggcgcac ggaggggagg ggactgeggg tcatagegec gecttgeggyg 2820
gcgtgaggag tgttgggcgg atattcagtt ttctttgcec aagatcttcece cacaatccge 2880
gtgtgtctga cgcgggatgt ggcccctget geccatggcett cgcaggcatce tcggacttta 2940
cgccggegga cattgacatt gtgggctace gcecgtgttect gggcaacggce cagtactttg 3000
tcagcagcga cgtgggcaac ggcaagatge agtggtgage ggceggceggge gggcgagcga 3060
gggctgceggg gtetggaggg tgtgtaccgg gecggaaggga ggggaaggga ggggaaggga 3120
aggcaggatg caggcgaggg caggatgtga tggtgggaayg agggcgtgge gagcagcaac 3180
tggaaaggtg gtgggtaaaa aaatggtcca tgaatatggc tcggtacagt tcaaagcatg 3240
gaaatggaac ccgeegtetg ctgcaccatg ggcgtgageyg gggagtacge gactectgga 3300
cagcegtaac aatgcggatg gectcaacaa gecaggageg gcacgaacce agctcacgag 3360
cgcacagcgt gccaggacgg cggccggcaa ggatgaaatg tttttcecctaa tataaatgceg 3420
gactcctgac gcattatatc cattttgcca ctgagccaaa gacacatata tacacgtgeg 3480
cegeegtect gegecacage cgectagege teeggecgeyg cecggttece tceggegtcat 3540
gegetggage ccectegcac cctgecaccge aaagcccatce aacaccacac tcegtccccac 3600
accgecgagte accgecactg cactcgetgt cectcaacce gtcacaatct cgccgacacyg 3660
cgataacgaa cccacgcagg tacggcttee acaaggagec gtcetggegge accgaccccg 3720
agggcagcceg caaggcgege ctgctgecaga tetttggeca ctggaacgac aacgtggtgg 3780
acctgatcaa ggccacgccce gaggaggacg tgctgcegeceg cgacatcttt gacaggtacg 3840
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gaaaaaggga

gactagggga

gccagtggcea

ccecegggaca

cacctggage

cctgggecag

cegegecgty

cagctaccag

ctgcaaccag

gtgggcggeg

gecaccgegece

aagtgctacc

ggecgegtgg

ctgggcggca

aagcccaagg

dggagacgag

aggacctcag

actgcttgte

tcatgaacaa

agcgcgacge

cegeggeage

actcggegge

acgtgcacgt

cctegtegte

gcaccgccag

geggcaccety

gegacgeggt

acgtgacgcet

agatccggaa

cgggeegect

agtgtegetyg

daggagcgga

aggagcgcag

tctgactteg

tttacgecgeyg

ggtggtcact

aagttacgaa

gcgagtggeg

acgtctacaa

gagcggggtyg

tggtgttcat

aggcgtggga

ctgtctcagt

aagggccgcg

ggcggctgca

tccgacaagyg

gacagccgca

cgtagtcggg

agtgtatgtg

gegecgcace

tgggegaggg

tggggcggcet

acaccgacca

tgageggetg

dgagggceaag

gaactecgtee

acgectggte

cgacgectec

cgccacggec

cgcegecgac

CCtggtgggC

cgccgagagt

cgectecace

caccctggge

ggtcaacgge

ggagttcggc

gegecagcegac

caacgactac

ggtgacggct

tggagggatg

gegetggagg

ggcgcttgga

aagtggtaag

dcggagggag

ccgtatgaga

cctatetgtyg

agtctgtgag

aatgttgage

getggaggge

ttgtgggatt

gtegegggge

atgccgeegt

tggceetget

tggccattga

ccggaaacge

ttttgegegt

ctgggetget

cagtgtgacg

acgcgecaca

ctggagcaag

ggtgatgctg

cgtggcgecg

cegggetggg

gcaggcgctg

ccaaaaccac

cgcecgaccge

atcatceget

geegecgeca

gtgaacagca

cgctgeggeg

cacgcgcagyg

geegeegect

agctcggagg

aagcgectge

cggcaccceca

gagctcageg

gtcatgcccyg

taagcggege

gtetggggtyg

cttgcggage

gcacgegeca

gaagatttca

ccttggggea

agatggttac

tggagagccc

cgccaatttyg

tggcttageg

dggaaagggce

gagaggggte

ggacaatgct

ceceggecgeyg

gggcgacagc

ggacgcctac

ggcggeggty

cagcgecatt

gtgggcaggyg

tgcacactat

ggcatggctg

tgggttgagg

ctcaccatge

caccgcacca

ggggggtgga

ccttegtgga

aacagaaccc

aggctttece

ccteccacge

acgtgaacge

getgecagty

ccacctegeyg

tCtggCgng

ctgegteege

gctactgget

ccgacggege

gccacgaggt

gccaggecta

agtcgeggec

cgtgcegtaag

ggaggaatgg

ggcagcttgg

gattacgatc

tgtatgattg

tacaacagta

tccgtaccett

ggtagtatat

ttatgcggca

caggaggcaa

gaaggggcgg agaaagaaat

cgceggatece ggcagaggge

gggccagggg cgectagtca

ccgecacagge cgeccatcett

gegeacgeca tgcagceccaa

gagetggeca tcgacctcag

gacgtggagg gcgtgctgeg

cacggcatgg cgggtgagag

thggttggg ttgggcgcac

cataatactt tatgctcacc

ccttecatgge cagcacctac

ggctgegeat ccegecaccece

ccagegtget ggagtgggtyg

gctactgete getgggegac

gggagaggag gaggattgcg

tgcaccgece cgtegttage

ccaatatcge ctettectte

cgagagcege ttecccgagt

cgactggctg ctggtggcgg

cgccaccgge agcagegecg

caagggcatc tacatggegyg

cececegegety gecegtggacy

cctegecgge cteccceect

cgectectet gecegecageg

cegegaccetyg ggcageggec

cacggtgcag ctgtggeccyg

gttcaaggtyg aagatgcagce

caccacgcte atggtgggca

ggacggegge agccagcage

ggccggetta cgggggegge

daggagagcg gegggagecc

gaagagctgc ggagagagga

acggcagcgce gaggcgcgcg

cgtegaggga caccgcaagt

cgagcgggcg ttggtgagaa

cgtgagaage tgctgegeac

caggggcgag ggtcatgaac

taatttcgca tcggggtatt

cacctcagge agaatgtacg

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180
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aatgtgtgca gaagggcaga gtcaaggcag aggcggagaa gttgtcaggg ctgtgtgtgg 6240
tttggtcagg gcgtggctag atggatatga gacccgecge cgtctccaga ttgtggcgga 6300
ggtggaacte teggeccceg cgccagtcece cgeggecage geatccecegec atgegggttyg 6360
ttggctggtyg catcgcgegyg ggtgtgctat gagtgtggaa acactatgtce gegtgtegtg 6420
ctgaggtctg ttgagaggtt tcegtcecgtttg tgcatgtect gtccecggttg gagtttgagce 6480
gaggtggttc aaagtttttg gatcgcgtgg gagagactga aacggtttgg tgagaatggt 6540
tgagacagag gttgggcttyg gaaactggag gagaggagca gcgtaactcyg aggacgatge 6600
agtagatgca ccacaacagt tgtggtggge gectggagta acacgcegtge caccaacacg 6660
caattacaga gatccgtcat acaggaggga tcatatgcga tttaattttg gttttgcatt 6720
tgtaagacgt tttcaca 6737
<210> SEQ ID NO 7
<211> LENGTH: 6694
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chlamydomonas reinhardtii ZEP mutant 3
<400> SEQUENCE: 7
gegacgcacyg gctgggccaa attcgccaac ggcaggagac caaatcgatc gaggcgatcet 60
tgcgaagtte tcggacaaat cgatcgcacc catagtgatt taagcattac atttgcccaa 120
ggcgtgagaa gtgcgaggcece cgaacggcta tgacgccaat gegcagcetta cgacatttaa 180
agcaaattat tcatacatca tacagcacgc ttatgtgaag aaagccagga ttttaggcte 240
tegecccgat caagacgatc tccccattge gaagttcteg gtttetttee ggttegectg 300
ctecegtatga tttacctttg cgctacaaca gegacttaaa cgacctacgt cgcecttactg 360
tgtgegegta cgtgtttgta getgtgagat agttttgtece gcagegtacce cgcaaataga 420
atgctecgega gcacttacac geecctgtgge gttegcecagyg tggcaggecyg cacggttgea 480
gtgcccagea gettggtcege gcecagtggca gtegeteggt cgetggggtt ggegecctac 540
gteectgtat gtgagectte tgcggegett ceggectgece agcagectag cgggegtegt 600
catgttcaga ctgctgccac tctcegtgee gacaaccceca geteggtege gcagetggtyg 660
catcagaatg gaaaggggat gaaggttatt atcgccggeg cgggcatcegyg cggectggtg 720
ctageegttyg cacttctgaa gcagggette caggttcagyg tetttgageyg cgacctgacyg 780
gecatcegeyg gcgagggcaa gtaccgtgga cccatcacag gtgcegttege cggaacacca 840
acgcgettgt ttttgetgtg ccgcgaccat gaactaggece ttatcttgag gtgttagcat 900
gtttagccag cgttggatct gtgtggcgag gttggggtga gaacccttece tgtgtacctg 960
ctcgggegta ccecttgtgece caccgctgac tggcttactt aatgacaaaa cgcaggttca 1020
aagcaatgcg ctcgectgege tggaggctat cgatcccgag gtggccgcgg aggtgctgeg 1080
cgagggctgce atcactggceg accgtatcaa cgggctetge gacggcectga ctggcgagtg 1140
gtgagtaggc aatccagctg tgcatccagt cgcgeggttg cggaggtcegt ctegggaaac 1200
gcgacgtgge gtccactcge ccaaggagtg gtctcceccgeca gegtggtetce ccgcageteg 1260
ggtgcaacac cctgccceccect gcegecgageg cgctgegcett gettatgttg cgcageggtyg 1320
tgagttacaa cagcttctgt tgaagagctg tcatacgaag cacggcgcgce tgtggcegetg 1380
cagcegtget gtggaaactc caacacctcece accgecagece tgcgcacgca cacgcaatac 1440
actcgecteg tgtgcccect cctcacacaa cggcatgtga cactcagttt taactcttat 1500
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tttgacagct

tcegtggete

tgctgtetge

tccttecagy

gaccecgegte

agccgtgege

aatcgeggeyg

caagcggtec

tggagttgca

tgacgggaca

ccecccaatt

aacggctgea

gtgagagegt

gcagtgecty

ggaaaccgcce

cagggttcgg

taccaggcac

taggtgactg

gacggcatct

gggtacacct

gagcggaatg

tagcgeegec

atcttcccac

aggcatcteg

caacggccag

dgcgggegyay

gaagggaggyg

gegtggcgag

gtacagttca

agtacgcgac

cgaacccage

ttcctaatat

acatatatac

ggttcecteyg

accacactcg

acaatctege

tggcggcace
gaacgacaac

catctttgac

gagagctaca

cggagteegt

ccegttagec

tacgtcaagt

atcagcegec

geggtgtgat

cccatggecyg

tgttgceggt

gagcagcgcet

catcctggaa

tacaatcget

acgtgaccga

gctaagaaga

cggcatggac

ggaccgagcece

agtgtgcaag

ccactgaaac

tgcagctgga

ggtccaagat

gctacaccgyg

gaaggaagca

ttgcggggcy

aatccgegtyg

gactttacge

tactttgtca

c¢gagcgaggy

gaagggaagyg

cagcaactgg

aagcatggaa

tcctggacag

tcacgagege

aaatgcggac

acgtgegeceyg

gegtcatgeg

tccceccacace

cgacacgcga

gaccccegagg

gtggtggace

aggtacggaa

CgCttgggtg

geggacegte

actaactgceg

tcgacacgtt

tcacgcetgea

ggctttageyg

ggtagcagcg

atgggcacga

ggCgthgCt

aatagtagcg

cgttetgget

gttcacggag

gecatgcacgt

taggtggttg

gegeagatte

cgggctcagg

tgtaaaaccyg

dgacgggegce

ccgtaageag

tgagattatt

gegtggacgg

tgaggagtgt

tgtctgacge

cggeggacat

gcagcgacgt

ctgcggggtc

caggatgcag

aaaggtggtg

atggaacccg

ccgtaacaat

acagcgtgec

tcctgacgea

cegtectgeg

ctggageccec

gegagtcace

taacgaaccc

gcagccegcaa

tgatcaaggc

aaagggagag

aatggggagg

acccacaaat

aatgaccttg

ccacceggeyg

gcagatcctyg

tcagtgctag

gccgaaaget

gcagggcgct

gtgegetete

cacccaactg

cgcagcetacyg

cgcegeaacy

ggagcgtgta

cagcatgetg

agtcaggagc

agctgtggtg

ttgctgegee

acgtttgegyg

ctcattggeg

gaccttcaag

ggcgcacgga

tgggcggata

gggatgtgge

tgacattgtg

gggcaacggc

tggagggtgt

dcgagggcag

ggtaaaaaaa

cegtetgetyg

geggatggee

aggacggegy

ttatatccat

ccacagccge

ctegeacect

gccactgeac

acgcaggtac

ggCgCgCCtg

cacgceccgag

cggggtggcet

tccttgatgt ttegttgeac

gggagegeac ggetttettg

acagtttact ttgctatttt

gtcagcaagg gcctgeeggt

gccaaagecyg tggageggtg

catgggggtt ggtgggtggt

ggcgcagagce gcgcgttgga

ggtgcgggea aagggcagag

caaatggect cgtggcatte

ctggtggete ctegtacaat

geggeccegg caccatccag

acaccaccgg caacaacgag

aaattgtgtg gcctgaageg

cgegegtggyg ttgcceggtcea

ggattaggaa gtttgaaaaa

cctttetaca ceggtegece

ggcgatgece tctacttcac

ccgacgtget ggtgggegec

agaccaaggc caactacagce

ttggaaggag ggagcggggy

ggggagggga ctgcgggtca

ttcagtttte tttgcccaag

cecctgetgee atggettege

ggctaccgeg tgttectggg

aagatgcagt ggtgagcgge

gtaccgggeg gaagggaggg

gatgtgatgg tgggaagagg

tggtccatga atatggcteg

caccatgggc gtgagcgggyg

tcaacaagce aggagcggca

ccggcaagga tgaaatgttt

tttgccactyg agccaaagac

ctagecgetee ggecgegecoe

gcaccgcaaa gcccatcaac

tcgetgtece tcaaccegte

ggcttecaca aggagccegte

ctgcagatct ttggccactg

gaggacgtge tgcgecgega

dgagggcegygg aaagggcgaa

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840
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ggggcggaga
ggatccegge

ccaggggcgce

cacaggccge

cacgccatge

ctggecateg

gtggagggcg

ggcatggegg

ggttgggttg

aatactttat

tcatggccag

tgcgcatcee

gegtgetgga

actgcteget

agaggaggag

accgeecegt

atatcgecte

gagcecgette

ctggetgetyg

caccggeage

gggcatctac

cgegetggec

cgeceggecte

cteetetgec

cgacctggge

ggtgcagctg

caaggtgaag

cacgcteatg

cggcggcagce

cggettacgyg

gagagcggceyg

gagctgcgga

gcagcegegag

cgagggacac

gegggegttyg

gagaagctge

gggcgagggt

tttegecateg

ctcaggcaga

gtcagggctg

aagaaatgac

agagggcgcc

ctagtcacce

ccatcttcac

agcccaacct

acctcageceg

tgctgegeag

gtgagagetg

ggCgCantg

gctcaccgcea

cacctacaag

gcacccegge

gtgggtgetg

gggcgacaag

gattgcgggg

cgttagcagyg

ttccttecact

cccgagttea

gtggecggage

agcgeegecg

atggcggact

gtggacgacg

cceeectect

gecageggcea

ageggecgeg

tggCCngCg

atgcagcacyg

gtgggcaaga

cagcagcegg

gggcggcagt

ggagcccgag

dagaggaagyg

gegegegtet

cgcaagtttt

gtgagaaggt

tgcgcacaag

catgaacgceg

gggtattacyg

atgtacgaat

tgtgtggttt

taggggatgg

agtggcaagg

cgggacactyg

ctggagcaag

dggccagggce

cgecegtgtec

ctaccaggac

caaccagegt

ggcggegagt

cegegecgeg

tgctacctygg

cgcgtggtgg

ggcggcaaca

cccaaggtga

agacgaggga

acctcaggaa

gettgtcacy

tgaacaacga

gegacgecge

cggecgeage

cggeggecact

tgcacgtege

cgtegteage

cecgecageac

gcacctgggt

acgcggtgga

tgacgcetgeg

tccggaacaa

geegectggt

gtegetgtgg

gagcggagceyg

agcgcagggc

gacttcgaag

acgcgceggeg

ggtcactccyg

ttacgaacct

agtggcgagt

tctacaaaat

gtgtgcagaa

ggtcagggeg

tgttcatttyg

cgtgggagtc

tctcagtatg

ggccgegtgg

ggctgcatgg

gacaaggccyg

agccgeattt

agtcgggctg

gtatgtgcag

ccgeaccacyg

gcgagggcetyg

ggeggetggt

ccgaccacgt

geggetgeeg

gggcaaggca

ctcgtecceca

cctggtecge

cgectecate

cacggecged

cgcegacgty

ggtgggccege

cgagagtcac

ctccaccgec

cctgggcage

caacggcaag

gtthgCng

cagcgacgag

cgactacgte

gacggcttaa

agggatggtc

ctggaggett

gettggagcea

tggtaaggaa

gagggagcct

tatgagaaga

atctgtgtygg

ctgtgagege

gttgagctgg

gggcagagtc

tggctagatg

tgggattgag aggggtccgc

geggggcegga caatgcetggg

cegecgtece ggecgegecag

cectgetggyg cgacagegeg

ccattgagga cgcctacgag

gaaacgcgge ggcggtggac

tgcgegtcag cgccattcac

ggctgetgtg ggcagggteg

tgtgacgtge acactatcat

cgccacagge atggetgect

gagcaagtgg gttgaggggce

gatgctgete accatgccca

ggcgeegeac cgcaccagcet

ggctgggggyg gggtggaggyg

ggcegetgect tegtggatge

aaaccacaac agaaccccca

cgaccgcagg ctttecccga

atcecgetect cccacgecga

gecgecaacyg tgaacgecge

aacagcagct gccagtgcaa

tgcggegeca cctegegecoe

gegeaggtet ggegeggect

geegectetyg cgteegecge

tcggaggget actggeteceg

cgectgeceyg acggcegecac

caccccagee acgaggtgtt

ctcageggee aggcectacac

atgccecgagt cgceggecgga

gngCgCCgt gcgtaagggc

tggggtggga ggaatgggag

gcggagcggce agcttgggaa

cgcegecagat tacgatcacyg

gatttcatgt atgattgegt

tggggcatac aacagtacga

tggttactce gtaccttegt

agagcccggt agtatatcag

caatttgtta tgcggcataa

cttagegcag gaggcaacac

aaggcagagg cggagaagtt

gatatgagac ccgccegecegt

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240
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cteccagattyg tggeggaggt ggaactcteg geccccegege cagtcccege ggccagegca 6300
tceecgecatg cgggttgttyg getggtgcat cgecgeggggt gtgctatgag tgtggaaaca 6360
ctatgtcgeg tgtcegtgetyg aggtcectgttg agaggttteg tegtttgtge atgtcectgte 6420
ccggttggag tttgagcgag gtggttcaaa gtttttggat cgcgtgggag agactgaaac 6480
ggtttggtga gaatggttga gacagaggtt gggcttggaa actggaggag aggagcagcyg 6540
taactcgagg acgatgcagt agatgcacca caacagttgt ggtgggcgcc tggagtaaca 6600
cgcgtgcecac caacacgcaa ttacagagat ccgtcataca ggagggatca tatgcgattt 6660
aattttggtt ttgcatttgt aagacgtttt caca 6694
<210> SEQ ID NO 8
<211> LENGTH: 4904
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chlamydomonas reinhardtii AGP mutant 1
<400> SEQUENCE: 8
cagggtttge ttttgggcac gacttgecatt gtgtacttgt ttgtgacctyg aggtcgagga 60
ccttetteta ggtagtcaaa acagaggaag accgatcctt agcatggecce tgaagaatge 120
gggtgagcca gegecaggeg ctgggetege agaccttegt ctgccceccac ggtgegtgge 180
atgaacagcg ttttatgtcg acttgggecg gagcgcageg gactcaaccyg actcatcteg 240
caggctcagt ggtgegcaag gecgtgaget ccaaggceceyg cgecgtgteg cgccaggcete 300
aggtaaatgg atcatgcatt cgcacatgca tttgggcgac gtcactgcega cttaccgggt 360
cgecttateg caggtegttce gggctcagge tgtgtcgace ceegttgaga ccaaggtcege 420
gaacggggtyg gccgecatcct ctgetgeggg cactgggcag aacgacccegg ctggcgacat 480
cagcaaggta tgctegeget ggcccatttg atgetteegyg actegtcegat gtgaccgtcee 540
cgccateteg ttgecgatge agacggtget gggtattatt ctgggtggtyg gtgecggcac 600
cegtetgtat cctetgacca agaagegtge caagecggeg gtgeccctgyg gcegecaacta 660
tecgectgate gatattccceg ttagcaactg cctgaacage aatgtcacca agatttactg 720
cctcacccag ttcaactegg cgtcgetgaa cegecacctyg teccaggect acgtgagtac 780
cttgtgaata ctgaaactgc gggcteggge tegggcgaca tagetgtegyg ccgaccgcag 840
aatgcgtcege catgeggact cggcgcaaca cctgtegegt gtcactcceeg ctagggcaca 900
ggagcgaacce agccctccag gceggcettaat ccatcaggga gactgtatgt tcagatggaa 960
gggacacaag ggcggggctg cgaaagcttt caagtacaca cgtgtggcat catatgcetcect 1020
accagcgcac agcgccaccg cacaccgtac cgegtccaca tccacctett gccatcccac 1080
ccctetecca tecteccace cteccatect cccacccectece catcaaccce atcaacccca 1140
ccecaccacce ctcecectete tecgetecce ctetegcaca gaactegtet gtgggegget 1200
acaacagccg cggcettegtyg gaggtgetgg cggecageca gtegtcecgece aacaagagcet 1260
ggttccaggg caccgccgac gcegtgcegece agtacatgtg getgttecgag gaggcggtge 1320
gcgagggegt ggaggactte ctcatcctgt cgggtgagtyg ggcaggaaga ggggtggaga 1380
gggggaaagt tgggggtggg tgcacggaat gggtgggaag ggggggtttce ctcecectgegea 1440
aggcagcgag gcgagaaggt tgaggccgec gtaactgggg gtggtggagt gggcgggtga 1500
ggcgcatgtt gaatggggca tggaagactg gtgggtgggt gagtggagag gcgaagtttce 1560
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ggagggtgcee

aagcgggcgt

acggcaggac

gegacgeget

ccaccagtac

caatgggggc

ctcccaaaca

gegactttgt

dcgceggagaa

tcgagttege

tcectgggegt

atggtggtgg

tgggtatgtt

gtctgggatg

tgggtgegge

cteccagegygy

gegcagtgcea

tgttgtgggc

catccagcat

ctgttgagge

agaagggacc

gcacgcagceyg

accagccaaa

ctgteectee

acatcgecte

accgcatgec

gettcaaggt

ccttctacaa

acaaggacgc

gcgacgtgaa

acaactccat

tgatgatggg

tgcctatggyg

gecattggtee

accagggett

ccggeaccat

dgecggegcey

cagacggagg

gagcgagegt

gtggcggaga

ggaaagggca

gttgggcagc

gacacgcggg

ggtacacgga

ggcatgtage

ggcacggaac

tcacatcctce

ccgcaageac

ggaggccagc

ggagaagcce

cgacceeged

tgtgtgggtyg

ggggagttcg

ggtcaaggtg

accgcagegyg

cagcgageca

gccagcaaca

gtcgagcagt

dgcgecgegy

acggegectyg

aggacccgge

gctacagcag

cacacgcacc

cegtetecct

catgggcatc

gggegecaac

gcaggectte

cgccaaccty

gecgatctac

catgtccatce

catcggeatce

ctcggactac

cgtgggcgat

caagtgccag

cgtgatcaag

catctaaacg

gcggceagecy

tggcgggacc

gtgtgggtge

tggcgggage

tggcggtgea
gggactgege
geageceggeg
gggctacgag
accacgegte
gegtgtgtge
ccecectecte
cgcaactegyg
gectteggee
aagggcgagy
acgtgagtgt
ggtgttgggt
gaggatgcegg
gaggggtgcg
cggcaacgca
cggeggegge
gegetggtge
agtgaccatc
ggetgggtge
actgceceggt
tggtggecge
caaccggege
ctteectete
ctgetececee
tacgtcatgt
gacttcggaa
gectttgacy
gegetgacceyg
accatgtege
atcggcgacyg
cgctegetga
tacgagaccc
ggctccatca

atcatcaaca

gacggcattyg

tgatggcteg

gcggegegcey

tcaggcacat

acacgctage

tgctcgggta

gggtgccact

getgcageag

ggctggtegg

tgctgcacag

tggcttacca

ggatgggctg

caggcgacca

gegecgecat

tgatgaagat

cgctgaccaa

gtgcgegetg

ggtgggtggy

tctgtgggga

cggtgtgcgt

gcagcatagg

agctcagacc

tactgctggt

accggcactyg

gcaagcgaaa

ggtgacgatg

cgecegecged

ccacacccgce

tcceectete

tcecgecacct

cegecaagge

acgaggtcat

gctactggga

atcccgagaa

gettectgee

getgegtgat

tcggetecga

tggaggagtg

tcegtegege

aggacggcgt

tcgtegtgat

dgccgggaag

gegtgtggeg

ttcggcaget

gegeactcac

ctgttgaage

gggcacggtyg gcctgeegte

ccggcacaga tacggagege

thgtgtht gggggcagca

ccagectegg cacacaacag

gtatcagege agtagceggac

cggcaccgee aaccggacga

cctgtacege atggactace

caccatcgee gegetgeect

cgacgaggag ggccgcgtga

gatgcgegtyg gacaccggca

gtgttggttyg acatggtggt

aattggaggt gctatcatgg

tatggttcca gggctaatgyg

gtggcgtgga gageggeagt

c¢ggcgaggac ggceggcggced

agcaccgeca gggcccagca

gctactgetyg ggaatgegge

cgectgeggea geceggectge

ggcagcagtg gtggacagag

tgcggatget cgegeccage

gcagcagecag tcgccacgta

accacaaccc cagccaccgce

ctcacacgge ccgcactgac

cagcgecgee gccaagecect

getgegegag ctgetgttga

cceceggegee aaggacgecg

ggacatcggt accgtggagg

ggcgcagtte tcegttctacg

gecectecaag gtgatggact

caaggccgge tccaagatce

ctgcatcate gacagcgcega

cgagtacgtyg cccggetgee

cattgtggac aagaacgcge

caaggaggcce aaccgcgagyg
caaggactcg cacatcceceg

aggcggcgcecg gcgcagagcec

gagacgttgg tgatggagag

gccgcagcga ggagcaggga

gacctgcage agcagcagcce

gaggcgggcec cttggctgcg

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960
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tttttgggtt ggaatgttgc gcagtgacgg gactctatag agtagggggg attgagtgtce 4020
cttggttegg gtgaacgcca tggaccggtg cggcacggceg tggcgtggca ctgegttget 4080
gcggaagege aagcetgcegge ctteccgcaa cggtgcagea gecgcategg acgcaacacce 4140
ccaggagcgg cagtagctgce cagtcgegtg cggcectgtttt gagggagage getttttegg 4200
gagcgtgaac ggtcggacca agcaccggceg gtggcagegg caggectteg gecccccegge 4260
ccttaaaget gccggegeca aggcacgecg cgaggcegtgt gtgttcecega ggtgcagecg 4320
ggeggtggeyg getgcagggt gggtgegage cagcetggegt gecatccage acggeggegy 4380
ttgttgcegge tecggeggtgyg ggaaggtgga gcactgageg ggcgtgggtce gggacgctte 4440
gcggctcacyg cggeggttgg ccgttgegge tgceccttceccegt gggatgcegt aggaggggcy 4500
ggtccttact cgctegegte ccacctgggg ggttgtagtt tettaattta gcgtgtacca 4560
tgctcaacat tgtttgactc ccccagacce tgcgaacctg catctgcgga ggtagagagg 4620
gctettgggt gtgtgcagat ttttggttgt ttggtttggg tgatggtgca acagttttge 4680
gcgtggcgag tgtgtgegtt ctcagatgag gagaattgtt tgtgctatgce agagttgagg 4740
cgagaggaag acttttgggc acgactgcac cgtgcatcca tggagcacag ctgcatagaa 4800
gcacgtgggce aacgcacggc ttgcaccgtce cgatgcatceg tecccteccce cagagatttg 4860
gaccgagaga agaaatccag cacatgtaaa ctcgtatgag ggca 4904
<210> SEQ ID NO 9
<211> LENGTH: 4902
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chlamydomonas reinhardtii AGP mutant 2
<400> SEQUENCE: 9
cagggtttge ttttgggcac gacttgecatt gtgtacttgt ttgtgacctyg aggtcgagga 60
ccttetteta ggtagtcaaa acagaggaag accgatcctt agcatggecce tgaattgegg 120
gtgagccage gccaggceget gggctcegcag accttegtet geccccacgg tgegtggeat 180
gaacagcgtt ttatgtcgac ttgggccgga gcegcagegga ctcaaccgac tcatctcgea 240
ggctcagtygyg tgcgcaagge cgtgagetcece aaggcccgeg cegtgtegeg ccaggctcag 300
gtaaatggat catgcattcg cacatgcatt tgggcgacgt cactgcgact taccgggteg 360
ccttatcegea ggtegttegg getcaggetyg tgtcgacceee cgttgagacce aaggtcgcga 420
acggggtgge cgcatcctcet getgegggea ctgggcagaa cgacccegget ggcgacatca 480
gcaaggtatyg ctecgegetgg cccatttgat gettceeggac tegtcegatgt gaccgtccecg 540
ccatctegtt gcecgatgcag acggtgetgg gtattattet gggtggtggt gecggeacce 600
gtectgtatee tctgaccaag aagegtgcca agccggeggt geccctggge gecaactatce 660
gectgatega tattcccegtt agcaactgcece tgaacagcaa tgtcaccaag atttactgec 720
tcacccagtt caactcggceg tcgctgaacce gecacctgte ccaggectac gtgagtacct 780
tgtgaatact gaaactgcgg gctcegggete gggcgacata getgteggece gaccgcagaa 840
tgegtegeca tgcggactceg gegcaacacce tgtegegtgt cacteccget agggcacagg 900
agcgaaccag cccteccagge ggcttaatce atcagggaga ctgtatgtte agatggaagg 960
gacacaaggg cggggctgcg aaagctttca agtacacacg tgtggcatca tatgctctac 1020
cagcgcacag cgccaccgca caccgtacceg cgtccacate cacctcettge catcccacce 1080
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ctcteccatce

ccaccaccct

aacagccgeg

ttccagggca

gagggcgtgg

gggaaagttg

gcagcgagge

cgcatgttga

agggtgccgg

gegggegtgt

ggcaggacga

gacgegcetgg

accagtacgg

atgggggcgg

cccaaacatce

gactttgtce

dcggagaagy

gagttcgegg

ctgggcgtcg

ggtggtggtyg

ggtatgttgg

ctgggatggg

ggtgcggcac

ccagegggea

gcagtgcage

ttgtgggcgt

tccagecatgg

gttgaggcac

aagggaccag

acgcagcgge

cagccaaaca

gtcectecce

atcgecteca

cgcatgeegyg

ttcaaggtge

ttctacaacyg

aaggacgcge

gacgtgaaca

aactccatca

atgatgggcet

ctcccaccect

ccectetete

gettegtgga

cegecgacge

aggacttecct

ggggtgggtyg

gagaaggttg

atggggcatg

aaagggcatg

tgggcagegg

cacgcggggc

tacacggagyg

catgtagcac

cacggaacgc

acatcctcecee

gcaagcaccyg

aggccagege

agaagcccaa

accccgecac

tgtgggtggg

ggagttcgga

tcaaggtgga

c¢gcagceggey

gegagecacyg

cagcaacagc

cgagcagtag

¢gecgegggy

ggcgectgac

gacceggety

tacagcagca

cacgcaccct

gtctecectet

tgggcatcta

gegecaacga

aggccttege

ccaacctgge

cgatctacac

tgtccatcat

tcggeateeg

cggactacta

cccatcectcec

cgcteccect

ggtgctggeg

cgtgegecag

catcctgteg

cacggaatgg

aggccgeagt

gaagactggt

geggtgcagg

gactgegege

agecggeggy

gctacgagty

cacgcgtetyg

gtgtgtgegg

ccctecteca

caactecggge

ctteggectyg

dggcgaggcyg

gtgagtgtgt

tgttgggtgg

ggatgcggtc

ggggtgcgeg

gcaacgcage

dcggeggeayg

getggtgeta

tgaccatcac

ctgggtgcgc

thCngtgg

gtggeegeeg

accggegecc

tcecctetete

geteccecte

cgtcatgtee

ctteggaaac

ctttgacgge

getgaccgat

catgtecgege

cggcgacggc

ctcgetgate

cgagaccetyg

caccctecca

ctcgcacaga

geccagecagt

tacatgtgge

ggtgagtggg

gtgggaaggg

aactgggggt

gggtgggtga

gtgccactgyg

tgcagcagec

ctggteggte

ctgcacagec

gettaccagt

atgggctgcg

ggcgaccace

gecgecatca

atgaagatcg

ctgaccaaga

gegegetggt

tgggtgggaa

tgtggggata

gtgtgegtgt

agcataggeg

ctcagaccag

ctgetggtge

cggcactgeg

aagcgaaagg

tgacgatgtg

cegecgecge

acacccgcac

ccectetect

cgccacctea

gccaaggege

gaggtcatce

tactgggagg

cccgagaagg

ttcectgeege

tgcgtgatca

ggctcegact

gaggagtgeg

tcaaccccat caaccccacce

actcgtetgt gggeggctac

cgtecgecaa caagagctgg

tgttecgagga ggcggtgcege

caggaagagg ggtggagagg

ggggtttect cctgegcaag

ggtggagtgg gcgggtgagg

gtggagaggc gaagtttcgg

gcacggtgge ctgccgtcaa

ggcacagata cggagcgcac

ggtgtgctgg gggcagcagce

agccteggea cacaacagcec

atcagcgcag tagcggacca

gcaccgccaa ccggacgact

tgtaccgcat ggactaccge

ccatcgeege getgecctge

acgaggaggg ccgegtgatce

tgcgegtgga caccggcate

gttggttgac atggtggtat

ttggaggtge tatcatggtyg

tggttccagyg gctaatgggt

ggcgtggaga gcggcagttg

gegaggacgg cggeggeget

caccgecagg gcccagcage

tactgctggg aatgeggetyg

ctgeggcage cggectgeca

cagcagtggt ggacagagct

cggatgcteg cgcccagcag

agcagcagtc gccacgtage

cacaacccca gccaccgcac

cacacggece gcactgacct

gegecgeege caagcecctac

tgcgcgaget getgttgaac

ceggegecaa ggacgceaegge

acatcggtac cgtggaggec

cgcagttete gttctacgac

cctecaaggt gatggactge

aggccggete caagatccac

gecatcatega cagcegegatg

agtacgtgcce cggctgectyg

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480
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cctatgggeyg

tgggcgatgyg ctccatcate cgtegegeca ttgtggacaa

attggtccca agtgccagat catcaacaag gacggegtca aggaggccaa

cagggctteg tgatcaagga cggcattgte gtegtgatca aggactcegca

ggcaccatca tctaaacgtg atggcteggg ccgggaagag geggegegge

ceggegegge ggcagcecgge ggcgcegegge gtgtggegga gacgttggtg

gacggaggtyg gcgggaccte aggcacattt cggcagetge cgecagegagg

gegagegtgt gtgggtgcac acgctagege gcactcacga cctgecageag

ggcggagatyg gcgggagcetyg ctcegggtact gttgaagcega ggegggecct

tttgggttgg aatgttgege agtgacggga ctctatagag taggggggat

tggttegggt gaacgecatg gaccggtgeg gecacggegtyg gegtggecact

ggaagcgcaa gctgeggect teccgcaacyg gtgcagcage cgcatcggac

aggagcggca dgtagetgeca gtegegtgeg getgttttga gggagagege

gegtgaacgg tcggaccaag caccggeggt ggcageggea ggecttegge

ttaaagctge cggcgecaag gcacgecgeg aggegtgtgt gtteccgagg

cggtggegge tgcagggtgg gtgegageca getggegtge catccagcac

gttgeggete ggeggtgggg aaggtggage actgagceggg cgtgggtcegg

ggctcacgeg geggttggee gttgeggetyg cctteegtgg gatgecgtag

tccttacteg ctegegtece acctgggggg ttgtagttte ttaatttage

ctcaacattg tttgactecce ccagaccctg cgaacctgea tcetgeggagg

tcttgggtgt gtgcagattt ttggttgttt ggtttgggtyg atggtgcaac

gtggcgagtyg tgtgegttet cagatgagga gaattgtttg tgetatgeag

agaggaagac ttttgggcac gactgcaceg tgcatccatg gagcacagcet

acgtgggcaa cgcacggett geaccgteeg atgecatcegte cectecccca

ccgagagaag aaatccagca catgtaaact cgtatgaggg ca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: RGEN1 Target

SEQUENCE: 10

caccagctge gcgaccgage tgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: RGEN2 Target

SEQUENCE: 11

geegttgeac ttetgaagca ggyg

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 12

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

gaacgegege
cegegaggac
catcceegee
gcagagcegg
atggagagca
agcagggaga
cagcagcegt
tggctgegtt
tgagtgtect
gegttgetge
gcaacacccce
ttttteggga
cceceeggece
tgcagccggy
ggcggeggtt
gacgcttege
gaggggcggg
gtgtaccatg
tagagagggc
agttttgege
agttgaggcg
gcatagaagce

gagatttgga

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4902

23

23
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<223>

<400>

OTHER INFORMATION: RGEN3 Target

SEQUENCE: 12

tceggegaac gcacctggat ggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: RGEN4 Target

SEQUENCE: 13

tggtgggcege cgacggcate tgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: RGEN5 Target

SEQUENCE: 14

ccatggette gcaggecatct cgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 76

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: sgRNA for RGEN RNP

SEQUENCE: 15

gttttagagce tagaaatagc aagttaaaat aaggctagtce cgttatcaac ttgaaaaagt

ggcaccgagt cggtge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 1406

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Cas 9 protein

SEQUENCE: 16

Met Gly Ser Ser His His His His His His Val Tyr Pro Tyr Asp Val

1

5 10 15

Pro Asp Tyr Ala Glu Leu Pro Pro Lys Lys Lys Arg Lys Val Gly Ile

Arg Ile Pro Gly Glu Lys Pro Asp Lys Lys Tyr Ser Ile Gly Leu Asp

35 40 45

Ile Gly Thr Asn Ser Val Gly Trp Ala Val Ile Thr Asp Glu Tyr Lys

50

55 60

Val Pro Ser Lys Lys Phe Lys Val Leu Gly Asn Thr Asp Arg His Ser

65

70 75 80

Ile Lys Lys Asn Leu Ile Gly Ala Leu Leu Phe Asp Ser Gly Glu Thr

85 90 95

Ala Glu Ala Thr Arg Leu Lys Arg Thr Ala Arg Arg Arg Tyr Thr Arg

100 105 110

Arg Lys Asn Arg Ile Cys Tyr Leu Gln Glu Ile Phe Ser Asn Glu Met

115 120 125

Ala Lys Val Asp Asp Ser Phe Phe His Arg Leu Glu Glu Ser Phe Leu

23

23

23

60

76
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Arg

Tyr

Glu

Gln

225

Ala

Ser

Asn

Asn

Ser

305

Gly

Ala

Ala

Asp

Tyr

385

Ile

Ile

Arg

Pro

Glu

465

Ile

Asn

Pro

Phe

545

130

Glu

Asp

Lys

Leu

Gly

210

Leu

Ser

Arg

Gly

Phe

290

Lys

Asp

Ile

Pro

Leu

370

Lys

Asp

Leu

Glu

His

450

Asp

Leu

Ser

Trp

Ile
530

Leu

Glu

Glu

Lys

Ala

195

Asp

Val

Gly

Arg

Leu

275

Lys

Asp

Gln

Leu

Leu

355

Thr

Glu

Gly

Glu

Asp

435

Gln

Phe

Thr

Arg

Asn
515

Glu

Pro

Asp

Val

Leu

180

Leu

Leu

Gln

Val

Leu

260

Phe

Ser

Thr

Tyr

Leu

340

Ser

Leu

Ile

Gly

Lys

420

Leu

Ile

Tyr

Phe

Phe
500
Phe

Arg

Lys

Lys

Ala

165

Val

Ala

Asn

Thr

Asp

245

Glu

Gly

Asn

Tyr

Ala

325

Ser

Ala

Leu

Phe

Ala

405

Met

Leu

His

Pro

Arg

485

Ala

Glu

Met

His

Lys

150

Tyr

Asp

His

Pro

Tyr

230

Ala

Asn

Asn

Phe

Asp

310

Asp

Asp

Ser

Lys

Phe

390

Ser

Asp

Arg

Leu

Phe

470

Ile

Trp

Glu

Thr

Ser
550

135

His

His

Ser

Met

Asp

215

Asn

Lys

Leu

Leu

Asp

295

Asp

Leu

Ile

Met

Ala

375

Asp

Gln

Gly

Lys

Gly

455

Leu

Pro

Met

Val

Asn
535

Leu

Glu

Glu

Thr

Ile

200

Asn

Gln

Ala

Ile

Ile

280

Leu

Asp

Phe

Leu

Ile

360

Leu

Gln

Glu

Thr

Gln

440

Glu

Lys

Tyr

Thr

Val
520

Phe

Leu

Arg

Lys

Asp

185

Lys

Ser

Leu

Ile

Ala

265

Ala

Ala

Leu

Leu

Arg

345

Lys

Val

Ser

Glu

Glu

425

Arg

Leu

Asp

Tyr

Arg

505

Asp

Asp

Tyr

His

Tyr

170

Lys

Phe

Asp

Phe

Leu

250

Gln

Leu

Glu

Asp

Ala

330

Val

Arg

Arg

Lys

Phe

410

Glu

Thr

His

Asn

Val

490

Lys

Lys

Lys

Glu

Pro

155

Pro

Ala

Arg

Val

Glu

235

Ser

Leu

Ser

Asp

Asn

315

Ala

Asn

Tyr

Gln

Asn

395

Tyr

Leu

Phe

Ala

Arg

475

Gly

Ser

Gly

Asn

Tyr
555

140

Ile

Thr

Asp

Gly

Asp

220

Glu

Ala

Pro

Leu

Ala

300

Leu

Lys

Thr

Asp

Gln

380

Gly

Lys

Leu

Asp

Ile

460

Glu

Pro

Glu

Ala

Leu
540

Phe

Phe

Ile

Leu

His

205

Lys

Asn

Arg

Gly

Gly

285

Lys

Leu

Asn

Glu

Glu

365

Leu

Tyr

Phe

Val

Asn

445

Leu

Lys

Leu

Glu

Ser
525

Pro

Thr

Gly

Tyr

Arg

190

Phe

Leu

Pro

Leu

Glu

270

Leu

Leu

Ala

Leu

Ile

350

His

Pro

Ala

Ile

Lys

430

Gly

Arg

Ile

Ala

Thr
510
Ala

Asn

Val

Asn

His

175

Leu

Leu

Phe

Ile

Ser

255

Lys

Thr

Gln

Gln

Ser

335

Thr

His

Glu

Gly

Lys

415

Leu

Ser

Arg

Glu

Arg

495

Ile

Gln

Glu

Tyr

Ile

160

Leu

Ile

Ile

Ile

Asn

240

Lys

Lys

Pro

Leu

Ile

320

Asp

Lys

Gln

Lys

Tyr

400

Pro

Asn

Ile

Gln

Lys

480

Gly

Thr

Ser

Lys

Asn
560
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Glu

Phe

Thr

Lys

Phe

625

Asp

Ile

Arg

Leu

Ile

705

Leu

Asp

Gly

Pro

Leu

785

Met

Glu

Ile

Leu

Glu

865

Pro

Arg

Leu

Gly
945

Glu

Leu

Leu

Asn

Ile

610

Asn

Lys

Val

Leu

Lys

690

Asn

Lys

Asp

Gln

Ala

770

Val

Ala

Arg

Leu

Tyr

850

Leu

Gln

Ser

Val

Ile
930

Leu

Thr

Thr

Ser

Arg

595

Glu

Ala

Asp

Leu

Lys

675

Arg

Gly

Ser

Ser

Gly

755

Ile

Lys

Arg

Met

Lys

835

Leu

Asp

Ser

Asp

Lys

915

Thr

Ser

Arg

Lys

Gly

580

Lys

Cys

Ser

Phe

Thr

660

Thr

Arg

Ile

Asp

Leu

740

Asp

Lys

Val

Glu

Lys

820

Glu

Tyr

Ile

Phe

Lys

900

Lys

Gln

Glu

Gln

Val

565

Glu

Val

Phe

Leu

Leu

645

Leu

Tyr

Arg

Arg

Gly

725

Thr

Ser

Lys

Met

Asn

805

Arg

His

Tyr

Asn

Leu

885

Asn

Met

Arg

Leu

Ile
965

Lys

Gln

Thr

Asp

Gly

630

Asp

Thr

Ala

Tyr

Asp

710

Phe

Phe

Leu

Gly

Gly

790

Gln

Ile

Pro

Leu

Arg

870

Lys

Arg

Lys

Lys

Asp

950

Thr

Tyr

Lys

Val

Ser

615

Thr

Asn

Leu

His

Thr

695

Lys

Ala

Lys

His

Ile

775

Arg

Thr

Glu

Val

Gln

855

Leu

Asp

Gly

Asn

Phe
935

Lys

Lys

Val

Lys

Lys

600

Val

Tyr

Glu

Phe

Leu

680

Gly

Gln

Asn

Glu

Glu

760

Leu

His

Thr

Glu

Glu

840

Asn

Ser

Asp

Lys

Tyr

920

Asp

Ala

His

Thr

Ala

585

Gln

Glu

His

Glu

Glu

665

Phe

Trp

Ser

Arg

Asp

745

His

Gln

Lys

Gln

Gly

825

Asn

Gly

Asp

Ser

Ser

905

Trp

Asn

Gly

Val

Glu

570

Ile

Leu

Ile

Asp

Asn

650

Asp

Asp

Gly

Gly

Asn

730

Ile

Ile

Thr

Pro

Lys

810

Ile

Thr

Arg

Tyr

Ile

890

Asp

Arg

Leu

Phe

Ala
970

Gly

Val

Lys

Ser

Leu

635

Glu

Arg

Asp

Arg

Lys

715

Phe

Gln

Ala

Val

Glu

795

Gly

Lys

Gln

Asp

Asp

875

Asp

Asn

Gln

Thr

Ile

955

Gln

Met

Asp

Glu

Gly

620

Leu

Asp

Glu

Lys

Leu

700

Thr

Met

Lys

Asn

Lys

780

Asn

Gln

Glu

Leu

Met

860

Val

Asn

Val

Leu

Lys
940

Lys

Ile

Arg

Leu

Asp

605

Val

Lys

Ile

Met

Val

685

Ser

Ile

Gln

Ala

Leu

765

Val

Ile

Lys

Leu

Gln

845

Tyr

Asp

Lys

Pro

Leu

925

Ala

Arg

Leu

Lys

Leu

590

Tyr

Glu

Ile

Leu

Ile

670

Met

Arg

Leu

Leu

Gln

750

Ala

Val

Val

Asn

Gly

830

Asn

Val

His

Val

Ser

910

Asn

Glu

Gln

Asp

Pro

575

Phe

Phe

Asp

Ile

Glu

655

Glu

Lys

Lys

Asp

Ile

735

Val

Gly

Asp

Ile

Ser

815

Ser

Glu

Asp

Ile

Leu

895

Glu

Ala

Arg

Leu

Ser
975

Ala

Lys

Lys

Arg

Lys

640

Asp

Glu

Gln

Leu

Phe

720

His

Ser

Ser

Glu

Glu

800

Arg

Gln

Lys

Gln

Val

880

Thr

Glu

Lys

Gly

Val

960

Arg
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Met Asn Thr Lys Tyr Asp Glu Asn Asp Lys Leu Ile Arg Glu Val Lys
980 985 990

Val Ile Thr Leu Lys Ser Lys Leu Val Ser Asp Phe Arg Lys Asp Phe
995 1000 1005

Gln Phe Tyr Lys Val Arg Glu Ile Asn Asn Tyr His His Ala His
1010 1015 1020

Asp Ala Tyr Leu Asn Ala Val Val Gly Thr Ala Leu Ile Lys Lys
1025 1030 1035

Tyr Pro Lys Leu Glu Ser Glu Phe Val Tyr Gly Asp Tyr Lys Val
1040 1045 1050

Tyr Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln Glu Ile Gly
1055 1060 1065

Lys Ala Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met Asn Phe
1070 1075 1080

Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys Arg
1085 1090 1095

Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp
1100 1105 1110

Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met Pro
1115 1120 1125

Gln Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly Phe
1130 1135 1140

Ser Lys Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile
1145 1150 1155

Ala Arg Lys Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp
1160 1165 1170

Ser Pro Thr Val Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu
1175 1180 1185

Lys Gly Lys Ser Lys Lys Leu Lys Ser Val Lys Glu Leu Leu Gly
1190 1195 1200

Ile Thr Ile Met Glu Arg Ser Ser Phe Glu Lys Asn Pro Ile Asp
1205 1210 1215

Phe Leu Glu Ala Lys Gly Tyr Lys Glu Val Lys Lys Asp Leu Ile
1220 1225 1230

Ile Lys Leu Pro Lys Tyr Ser Leu Phe Glu Leu Glu Asn Gly Arg
1235 1240 1245

Lys Arg Met Leu Ala Ser Ala Gly Glu Leu Gln Lys Gly Asn Glu
1250 1255 1260

Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe Leu Tyr Leu Ala Ser
1265 1270 1275

His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp Asn Glu Gln Lys
1280 1285 1290

Gln Leu Phe Val Glu Gln His Lys His Tyr Leu Asp Glu Ile Ile
1295 1300 1305

Glu Gln Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala Asp Ala
1310 1315 1320

Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp Lys
1325 1330 1335

Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu Phe Thr Leu
1340 1345 1350

Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr
1355 1360 1365

Ile Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp Ala
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1370 1375 1380

Thr Leu Ile His Gln Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile
1385 1390 1395

Asp Leu Ser Gln Leu Gly Gly Asp
1400 1405

<210> SEQ ID NO 17

<211> LENGTH: 96

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: sgRNA 1 of ZEP

<400> SEQUENCE: 17
uccggcgaac gcaccuggau guuuuagage uagaaauagc aaguuaaaau aaggcuaguc

cguuaucaac uugaaaaagu ggcaccgagu cggugce

<210> SEQ ID NO 18

<211> LENGTH: 83

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: control

<400> SEQUENCE: 18

gecatcegeyg gegagggcaa gtaccgtgga cccatccagg tgegttegec ggaacaccaa
cgegettgtt tttgectgtge cge

<210> SEQ ID NO 19

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ZEP-RGENE3 2 insert

<400> SEQUENCE: 19

gecatcegeyg gcgagggcaa gtaccgtgga cccatctceca ggtgegtteg ccggaacacce
aacgcgettyg tttttgetgt gecge

<210> SEQ ID NO 20

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ZEP-RGENE3 1 delete

<400> SEQUENCE: 20

gecatcegeyg gcgagggcaa gtaccgtgga cccatcaggt gegttegecg gaacaccaac
gegettgttt ttgetgtgee ge

<210> SEQ ID NO 21

<211> LENGTH: 79

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ZEP-RGENE3 4 delete

<400> SEQUENCE: 21

gecatcegeyg gegagggcaa gtaccgtgga cccaggtgeg ttegecggaa caccaacgeg

cttgtttttyg ctgtgecge

60

96

60

83

60

85

60

82

60

79
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<210> SEQ ID NO 22

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ZEP-RGENE3 6 insert

<400> SEQUENCE: 22
gecatcegeyg gegagggcaa gtaccgtgga cccatcaaca tccaggtgeg ttegecggaa

caccaacgceg cttgtttttg ctgtgeege

<210> SEQ ID NO 23

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ZEP-RGENE3 1 insert

<400> SEQUENCE: 23
gecatcegeyg gegagggcaa gtaccgtgga cccatctcag gtgegttege cggaacacca

acgcgettgt ttttgetgtg cege

<210> SEQ ID NO 24

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: AGP4_sgl RGEN Target

<400> SEQUENCE: 24

tagcatggee ctgaagatge ggg

<210> SEQ ID NO 25

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: AGP4_sg2 RGEN Target

<400> SEQUENCE: 25

cagacctteg tctgecccca cgg

<210> SEQ ID NO 26

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: AGP4_sg3 RGEN Target

<400> SEQUENCE: 26

gactcatcte gcaggctcag tgg

<210> SEQ ID NO 27

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: AGP4_sg4 RGEN Target

<400> SEQUENCE: 27
gtcgaccece gttgagacca agg
<210> SEQ ID NO 28

<211> LENGTH: 96
<212> TYPE: RNA

60

89

60

84

23

23

23

23
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: sgRNA of AGP

<400> SEQUENCE: 28

gcaucuucag ggccaugcua guuuuagagce uagaaauage aaguuaaaau

cguuaucaac uugaaaaagu ggcaccgagu cggugce

aaggcuaguc 60

96

The invention claimed is:
1. A Chlamydomonas reinhardtii mutant strain, compris-
ing:
a ZEP gene mutant in which adenine (A), a base sequence
of SEQ ID NO: 3 or a base sequence of SEQ ID NO:
5 is inserted between an 816th base and an 817th base
in a Chlamydomonas reinhardtii ZEP gene sequence of
SEQ ID NO: 1; and

an AGP gene mutant in which adenine (A) is inserted
between a 116th base and a 117th base in a Chla-
mydomonas reinhardtii AGP gene sequence of SEQ ID
NO: 2, otherwise, a 115th base is deleted while the
116th base is substituted by thymine (T).

2. The mutant strain according to claim 1, wherein the
mutant strain a mutated ZEP gene of SEQ ID NO: 4, SEQ
IDNO: 6 or SEQ ID NO: 7; and a mutated AGP gene of SEQ
ID NO: 8 or SEQ ID NO: 9.

3. The mutant strain according to claim 1, wherein the
mutant strain is characterized by having improved ability to
produce lipids, zeaxanthin, and lutein, as compared to wild-
type strains.

4. The mutant strain according to claim 1, wherein the
mutant strain has a mutated ZEP gene of SEQ ID NO: 4; and
a mutated AGP gene of SEQ ID NO: 8 or SEQ ID NO: 9.

5. A culture of the mutant strain according to claim 1.

6. A cosmetic composition comprising one or more
selected from the group consisting of the mutant strain
according to claim 1 and a culture thereof.

7. A composition for food or food additives comprising
one or more selected from the group consisting of the mutant
strain according to claim 1 and a culture thereof.

8. A composition for feed or feed additives comprising
one or more selected from the group consisting of the mutant
strain according to claim 1 and a culture thereof.

9. A method for production of vegetable oil comprising
culturing the mutant strain according to claim 1 and sepa-
rating lipid from the mutant strain and/or the culture of the
mutant strain.
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10. A method for production of a raw material of food
comprising culturing the mutant strain according to claim 1
and isolating the cultured mutant strain and/or cultures
thereof.

11. A method for production of a raw material of feed
comprising culturing the mutant strain according to claim 1
and isolating the cultured mutant strain and/or cultures
thereof.

12. A method for preparation of Chlamydomonas rein-
hardtii mutant strain having a ZEP gene mutation, an AGP
gene mutation, and an improved oil production ability, said
method comprising:

mutating a ZEP gene by targeting 800th to 820th bases in

the ZEP gene sequence of Chlamydomonas reinhardtii,
wherein a wild-type ZEP gene sequence is a sequence
of SEQ ID NO: 1; and

mutating an AGP gene by targeting 100th to 120th bases

in the AGP gene sequence of Chlamydomonas rein-
hardtii, wherein a wild-type AGP gene sequence is a
sequence of SEQ ID NO: 2.

13. The method for preparation of a Chlamydomonas
reinhardtii mutant according to claim 12, wherein the muta-
tion of ZEP gene and the mutation of AGP gene are
performed by transformation of Chlamydomonas reinhardtii
cells with a preassembled complex that include polynucle-
otides expressing a single guide RNA (sgRNA) containing a
sequence of a target gene and a Cas protein.

14. The method for preparation of Chlamydomonas rein-
hardtii mutant according to claim 12, wherein the ZEP gene
mutant and the AGP gene mutant include:

a ZEP gene mutant in which adenine (A) a base sequence

of SEQ ID NO: 3 or a base sequence of SEQ ID NO:
5 is inserted between an 816th base and an 817th base
in the ZEP gene sequence of Chlamydomonas rein-
hardtii of SEQ ID NO: 1; and

an AGP gene mutant in which adenine A is inserted

between a 116th base and a 117th base in the AGP gene
sequence of Chlamydomonas reinhardtii of SEQ 1D
NO: 2, otherwise, a 115th base is deleted while the
116th base is substituted by thymine (T).

#* #* #* #* #*



