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Female plant 1 day post-

Flower Not trested

FIG. 5

Flower Dipped with 5%
sucrose and 0.05% Silwet L-77

Flower Dipped with 18r12v /
Dicot Binary 22 in 5% sucrose
and 0.05% Silwet L-77

yuded ‘SN

vT0T ‘p "unp

€8 JO € 199YS

79 8S6°666°I1 SN



US 11,999,958 B2

Sheet 6 of 83

Jun. 4, 2024

U.S. Patent

{pasesp) sejonad

{puseopd) sapon

sapoN $PONIBIY CETIREY

BAEY

w0

&

{p



U.S. Patent Jun. 4, 2024 Sheet 7 of 83 US 11,999,958 B2

FIG. 7

G




U.S. Patent Jun. 4, 2024 Sheet 8 of 83 US 11,999,958 B2

FIG. 8

Cannabis seeqd and reristens axplants
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F1G. 11

Transtert GUS expression in Cannabis meristem explants transformed with
Ari8eiZy / Dicot Binary 19 {explants de-stained in 70% EtOH}
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FIG. 13

Spectinomycin sensitive {eaching) phenotype visible In Incculated Connabis meristem explants
on 150 me/l spectinomycin BS

+  POC of use of aadA [ spectinomyin resistance s 2 selectable marker in Cannabis

¢ imaged 12AprH2018
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FIG. 20




Brightfield

RFP

Non-inoculated Cannabis
variety 3WS

FI1G. 21

Cannabis variety 3WS
inoculated with Ari8rl2v /
Dicot Binary19 (Hemp 5/30-3)

Cannabis variety 3WS
inoculated with Ar18ri2v / Soy
Test 2 (Hemp 6/6-1)
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FIG. 34

tn 1 = Low molecularweight ladder
Ln 2 = blank

tn 3 = 50:50 reagent negative control
L 4 = Cannabis 3WS negative contro}
in 5 = blank

Ln 6 = TO Cannabis WP421-1 feaf 1

Lnt 7 = TO Cannabis WP421-1 teaf 2

tn 8 = TO Cannabis WP421-1 ieaf 3

in 9= 70 Cannabis WP421-1 leaf 4

Lt 10 = TO Cannabis WP421-1 teaf 5
tn 11 = TO Cannabis WP421-1 leat @
Ln 12 = 70 Cannabis WP421-1 leaf 7
tn 13 = TO Cannabis WP421-1leaf 8
tn 14 = T Cannabis WP421-1 jeaf 8
tn 15 = T0 Cannabis WP421-1 feaf 10
Ln 16 = blank

tn 17 = 2 ng plasmid DNA

tn 18 = Low molecular weight ladder
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FIG. 36
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FIG. 37




U.S. Patent Jun. 4, 2024 Sheet 39 of 83 US 11,999,958 B2

FIG. 38
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FIG. 45
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FIG. 46
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FIG. 48
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FIG. 49
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FIG. 54

Lrn 1 = Low molecular weight ladder
L2 = blank

in 3 = 5250 reagentnegative control
in 4 = Cannabisleaf negative control
in 5= blank

in 6= T0 Cannabis WPDD1181-1 leaf 1
tn 7 = TO Cannabis WPQ01181-1 leaf 2
in & = TO Cannabis WPR01181-1 leaf 3
L 9 = TO Cannabis WP001181-1 leafd
Lt 10 = TO Cannabis WP001181-1 leaf 5
in 11 = TO Cannabis WP001181-1 leaf &
in 12 = 70 Cannabis WPO01181-1 leaf 7
i 13 = 10 Cannabis WPO01181-1 feaf 8
in 14 = 70 Cannabis WP001181-1 feat 9
in 15 = T0 Cannabis WP001181-1 leaf 10
in 16 = blank

tn 17 = 2 ng plasmid DNA

Lt 18 = blank

Lny 19 = Low molecular weightladder
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FIG. 61
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CBDA synthase (active}

CBDA synthase {Genhank XM_030624886.3)
CBDA Synthase (cebr Finola)

CBOA Synthase (Genbank KI468374.1)
CBDA synthase (mactive)

Consensus

CBDA zynthase {(active) {(159)
CBDA syrthase (Genbank XM_030624886.1) (159)
CBDA Synthase {ccbr Finola) {159)
CBDA. Syinthase (Genbank KJa69374.5) (159)
CRDA synthase (inactive) (155)

Consensus

(319}

BDA synthase (active) (319)

CBDA synthase (Genbank XM_030624886.2) (319}
CBOA Synthase (cc ok} (319)

CBOA Synthace (Genbank K1469374.1) (319)
CBDA synthase (inactive) (314}

Consensus (319) ATTCGAACTIGARGTGHTGRT SATT Helele CTACATAL LA TIAT 3 G Car TG RGCCARACTGUATBEGTTEARGCCE A GAGRAG

(479) ] 534 548 : k & G4 k2 30

CBDA synthase (active) (479)

CBDA syithase (Genbank XM_030624886,1) (479)
CBDA Synthase {ccbr Finok) (479)

CBDA Synthase (Genbank K1469374.1) (479}
CBDA synthase (indctive) (474)

Consensus (479 ATDGGE SAAL B35 AT AT L GG PAGACKS SGBGE 5 i ARG VAT i ATAATATIN]

(641)

CBOA synthase: (actve) (541} %

CBDA synthese {Genbonk XM_030624886.1) ((45) &
CBDA Synthase (cobr Finok) (841}

CBDA Synthase (Genbank KJ469374.5.) (641)
CBDA synthase (inactive) {636)

Consensus {641}

{800} 00

CBDA synthase {active) (797)

CBDA synthase (Genbank XM_030624686.1) (797)
CBOA Synthase (ccbr Finoka) (797)

CBOA Synthase (Genbank KI469374.1) (797)
CBDA synthase (inactive) (795}

Consensus (£00) CTTGYCARGTT TARCAAATGGCARAATA i AR TTATTACTURTG, CACTTCATAACTYAGSAACAT

(461) ¥ 370 ; B 2 g ! 0 1040 1030

CBDA synithase (active) (958)

CBDA synthase {Genbank XM_030624886.1) (558}
CBDA Synthase (cchr Finnl) (958)

CBDA Synthase (Genbank K1469374.1) {958)
GBDA synthase (nactive) (956)

Consensys (961)
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FIG. 65 CONTINUED

(12 11

CBDA synthase (active)(1119) &

CBDA synttase {Genbank XM_030624886.11119)
CBDA Synthase (cchs Fnoh)(1119)

CBDA Synthase (Genbank KJ469374.1)(1119)
CBDA synthase (inactive (1117}

Consensus(1122) GGCAGA e t ;s T 7 CChR: \TCTGIATT > T GAARAATTA!

(1281}
CBDA synthase (active (1278}

CBOA synrthase {Genbank XM_0306246886.1)(1278)
CBOA Synthase (ccbr Fnoia(1278)

CBOA Synthase (Genbank KI469374.8)1278)
CBDA synthase (inactive (1276}

Consensud 1281) AXTTC

(1441} 1450

CBDA gynthase (active (1437)

CBDA synthase {Genbank XM_030624686.1) 1437}
CBDA Synthase (ccbr Finola)(1437)

BOA Synthase (Genbank KI469374.1)(1437)
CHDA synthase (inactive (1436}

Consensus(1443.) TR Y . ) ¢ ‘ y 3 BABAGTERA

(1591)

CBDA synthace (active)(1587)

CBDA synthase {Genbank XM_030624886.1)(1587)
CBDA Synthase (ccbr Finola)(1587)

CBDA Synthase (Genbank KJ469374.13(1587)
CBDA synthase (inactive){(1586)

Consensus(1591) 7
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FIG. 66

BralTP2 Original sequence: Type IS recognition sequences: Bxe
ATGGCGACAGGTTICTCGTGTTCTGATCGGTCTAGCAATGATCCTCATAATCTCAGGAGAACTGCTAGTTCCAGGGLAAGGA
ACGTGCCAAGGAGACATAGAGGGTCTGATGAGAGAATGTGLGGTCTACGTCCAGCGTCCAGGLCCAAAGGTAAACCCATC
COCAGCGTGTTIGCAAAGTCOTCAAGAGATCAGACATCCCCTGLGCATLTGOLCGTATCACACCCTCGGTTCAAAAAATGAT
AGACATGAATAAGGTTGTTCTTIGTCACTTCCTTTTGTGGGAGGLUTCTCGCTCATGGTACCAAGTGTGGAAGCLTACATIGIG
CCATGA

BralTP2 CDS1 STOP Part for synthesis: Type lIS recognition sequences: : STOPERSNNY
= motif liberated by Bsal digestion during Golden Gate Level 1 assembly of Ta’ans.t:nptmnai Unit.
CGACAGGTTCTCGTGHICTGATCGGTCTAGCAATGATCCTCATAATCTCAGGAGAACT GUTAGTITCCAGG
GEA&GGﬁﬂEGTbECA&GG)’KGAE&T,&BﬂGG{JTETGATEﬁGﬁGAﬁ?GTGCGGTCTA{:KJTEE&GCGTCCAGGECC!K&AGGTA
AACCCATCCGUAGCGTOTIGCAAMAGTLGTCAAGAGATCAGACATCCCCTGLGUATGTGGCCGTATCACALCOTCGGTTCAAA
AALATGATAGACATGAATAAGGTTGTICTTIGTCACTICCTITIGTOGGAGGLUTCTCGUTCATGGTACCAAGTGTGGAAGCTA
CATTGTGLCA GCTTA

[ GPES SN

-

replaces STOP

BralTP2 CDS1 ns Part for synthesis: Type IS recognition sequences Bsal, |
miotif liberated by Bsal digestion during Golden Gate Level 1 assembly of Tfaﬁscnptmnai Unit; ;
{and produces a Serine-Serine linker}
CGACAGGTTCTCGTGTTCTGATCGGTCTAGCAATGATCCTCATAATCTCAGGAGAACTGLTAGTTCCAGG
GCAAGGAACGTGCCAAGGAGACATAGAGGGTCTGATGAGAGAATGTGLGGTCTACGTCCAGCGTCCAGGCLCAAAGGTA
AACCCATCCGLAGCGTRTIGCAAAGTCGTCAAGAGATCAGACATCCCOTGLGLATGTGGLCGTATCACACCCICGGTICAAA
AAATGATAGACATGAA GITGTICTTIGTCACTICCHITIGTGGGAGGLITCICGOTCATGGTACCAAGTGTGGAAGCTA
CATIGIGCCA e TTCGA
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FIG. 67

£sPTL Driginal segusncs, ) Tyns 1S recogrition sequences: S, BRR | ,
ATGREACTOTATCAS TG TACTYTT I AT T ARACTAATTACCATACTT TAT AR T AN AL TAAT AR TOCOAARATITCRTYATTA
IR TATOGACALCIIAARA AL AR T TSR TACTUTTACAR T BATT TTCLOTOTASACAT TEUTLALLARGAG TTTTCATRIACA S ASLAS
ATGUICARARATIRTTATCAATORIAAS ARATTCLATYARSGLAGTTAITALAAATUAAMITGAGIITICAGRATITGATARTIATYAGTA
GCARL A AAAT T LA TT TR RS AAERCATE T TR AR AT AR AGACATAT ATAATCATAGCATTTADT AT BLGCTYS TORBATTRY
TTEGEEALAGASTICTTACATAMAASATTTAATARSTY T GATOT T ARG ST T T I T TR TGOS TR TTATRSATTaCT
FOVTTTACAMCTACIAT AATOAGATTTALGATOYTLACATTGALA AR T SAACASLOTRATCY SUCACT ATV TOAGG CRAMSTATLAG
TASACARCAGITTCGATTATRAGCATARTTRTGRUACTETT TORATTGATAAT AAITAT AL AR TEAARGRTEGANCACTUIATATAYY R,
GTA TG TR A TT T T IGGTREGATTEYCTATTUIRTTICACTAT T TAGAT SR AASTAAARTUCT VDAL TR OATTTOT INTCAA TG
G A AT ACA A T T T A AT T T AT T AT RLCARCAGAGAGITITTRGCCT AlCATTTEAGTISAGGUOITOT T RALT IO GO
FARGUAT T AT A AN T AR TGRGT I AGCTTTRGCT T T AATUAAR GATROTT AR ALRTTRAAGRLGALALTAANTTTGRIATATIA ALY
RO AAR T AR AT R T T AR AT TG A AT T AT TR T I TRGART IO Y TO T AT CY ATR YRRV QCTATACTY GUTERGATTAYCY
AR AGACTTTCAAAGTAACE T SATRYTACTT ICTCATACARTCTTAGUATTTTRETTARTCCTICARACTIGARATTTTGIGTTAALA
SATTACGACCCORARGTABRIASAAGATT T TAUGARTYCATETEGSAGCTYTATTATGUTGAR T ATTTAGYETATGITITIRTATAR

CsPTL COSY STOF Part Tor symafesin Tyoe B3 recognition senquances) B ¥ % HHEX = motd
Boaratad by Buad sfigastion thuring Gulden Gate Level § ssiembly of Transoriptions
AT AT AT TG T AT T T AT T ARA L TAA TTACIATAUTTTATTAAR TOCTLACARTRATARTINIASAAILY
CATEAITATETY ANGAIALCICASASCACLAATTASATACTCTTACAA TRATTTTICCYCTARM AT T QUILCACTAAGAS T TICATITAC
ARARTASATECTTAGARTOATTATCAA UL UARRASATIU AT TAGR ELARTTAITACAAATUASACTRARCUTCOAR ARTCTRATART
TEGATTETTTGECAMSAGTTIGYTOOATAA ACAMATITAATARGTT: RLTOATETTCAAGEIATIOTTTTITITGRTGRUTREATTA
TECATTROIIITTTACARCTACDATCARTOAGAT T TADGATCITLAATIGACAGAA TARAERGUCTBATITACCACY AT TIAGGES
AAATATCASTARACACAGOTTGOATT AT BAGCATARTIGTEGUACTETTTERATTGATAAT ALTTAT AAARATGAREGETREAICACTY
A AT T S A G T T R A T T TG AT T T AT TOTETTICACCAT T TAGA TGS ARG RAARTOCY FOUAUTSCATYION
AT TCOT GRS TA T T AT T LA AT TT AT T TIAT YA TR LCAGAGAGLARCTUNTSSLITACCAT T TRAG T T AL [MEI LY
CYTECETGCTASTATTTATC AARTLAATO RO T I AGIITIGRITT TAATOAA AR ATROTTCAGALGYTRAAGGIRACALTAARYYTGRCAT
ATCARNCT TR AR T AR TA TR T CAGARACT TR ACAT T AT TR T T TR T TR T TCTRCT AT ILTATO TEGCYGCTATALTIONG
GGATTATCTEEC GOCTITCAACAGTARIGTASTETI Al T CA TECAATCTYAGUATTTTRSTTAATCUTCOAGS TS AGATTYY
SUSTTRALRAR GATCGEAAGUAGEUAGAR AT T T AUGAGTTCATE T OGS A BT TTATTATRCTCAR TR YT TAGTATATGTITICA

CsPTE COBE ns Part for synthesis: Tyne BE recopnition seguences: §

rotif fierated

by Seal Wigasvion Juriog Goiden BEe Leval 1 soserably of Trareariptions Unit ; 58 repleces STOP {ami prociurss 3 Serins-Surine
@

A A AR T TR AT YT AT VICARA T AR YALCA TACT YT TAT Y SAR TCUTCACAR TRATARTCLCARAR LY
GATATCTCARSACATTARATTAARTACTCTTAAA TAR T TTICCYCTAAR AT TGO TICACTAAGAG T TTTCATLYAL
A AR TEOTOAGAAT A TTAT A TOACASAASATTCA TTAGG AUABIT ACTACA M TUAS ACTRABCCTOUASAATO TS A TAS T
HTTCAGTAGCAAUTASAATTTTARRUTT T GREASGELATGTTRGAARTYOAARGALCATATAUSATCAT AR LATTTAUT TUAYRUEITYG
FTeEATTETTTRGCARARAGTTIRT TEIATAAACARATYTASTARGYTY GATEYTTCASGRUATTCTITITTTTRQTGRITREIATTA
TECATTEI T ACRACTACCATCAATCAGATT TACGATCT TOACA TTGACAGRA TASA CAAGLITRATITACCACY AT IABEGE
ASATATCAGTASALACAGCTTRRATT AT GARLATART TG GGLACTETTTRRATTRATAATAM TATSARAATGASGUETERALIALTY
A AR TSR T AL TR T VTG IATT I TR TR G aA T RTCTATICTE T COALCATT TAGAT GRARGUASAST COTTLCACTRUATTIONC
FUAATTCOTGGOOCATATTATTACAAATTTCACA TTTTATYATS LOAGCAGAR LAY CTTGELCTACCAT T TRAGTIGAGRLCITTOITITA
CrT LTI ASCATTTATR AR T AR TAR ST TCAGCTTTGGITT TAATOARASSATAUTTOAGAIRT TRALASGOSACACTAARTTTRRLAT
VTRRCAAGTARATATOE VI CCAGARALTTRACATIATTIVETTCTERARTTGTTOYCNTS TETGHUTECTATALY RIS
SEATTATCTGHLCCAGEUTT I AALAE TAMATAAT T T AT IV O ATGLAAT I TAGCATI TTGOTTAATLCTLCAGATTIGAGSTITY
BLETTAATAAATTACGACCLGRAAGCAGEIAGAAGATTYTRCRAGTICATE T BRAABCTITATIATRUT QAR TRITTAGTATATRTITICA

&3




U.S. Patent Jun. 4, 2024 Sheet 71 of 83 US 11,999,958 B2

LEOMTE (D3 Onigingl seque vaw S e800g GRS, % ity

ATRGETTIAACAGGRAATY CAAATRALCCCARUICAARTRYCLCALGARGAAGUIAALCYIVVCRILATRUAS VT AGIIAGTRT
TTCAGTITTACCLATERTY AGCTTTASAGCTIGATCTINTERAGATUATARALSGUUGETOUABGLRIGTITONCTALLY
TOCBACATRAGUILAACAGIYIY TLAGARCOCAGALETLCCRETEATRITOBACLGBATELY GABRLU TSV TREUTAGUTACARMGY
BETEACEIACYIACTGIGTS: RO RGAMSARGAA G RAIAGRTGAMSAGCITTTATEGETTSRITCCETRAGTARATA
TR AR AR T CAA AT B AR T AT TR TV O T IR TV CATRAADCAGLAT AR GETTCTTATR BAGAR TTCR TATIALTTARS
ACATRCAGTAUTIGATERAGSARTALCTTTCAAAS G LATATER AR TOACARCATTTCAR TR TUATGESACU R TUASAGETTCAATA
ARATCYTTAR Y AGAGGAATRTUCEBACTACTORACTATTALCA TG AARA AR ATICTLGARACT TACARGEETTTCRAGGG T TTARCTCGA

GasSCTRTTETTAALATYGATE i AAGTALCCTAITATTAAGG R TATTAALTYIGRTY YRGS
FEICATCEAMBATEIACUTICATTRACCERTE TAGACLATGYYTRGAS

SAGATATSTTIGTAABTETALCARAAGEAGATGLARTITICRY
SRAGTEEATTICCUATGATIREAGOSA TR AAAITROT TERARTTCT TG AR GALLTEUCACEITGUACT UL GAACATT G ARAAGTEA
TEGTEEOREGAGTRIATH T TGETCOUALCERACTIAABICTTBICACAAARAGTADGRYCLATATYGAT

TEATCRTSTITGELCIATA
ACCUTERTERIAMGAGACARACAGRASGAGTT TEAGEIATTOELT RS BRRASCTRAITITAAAGECTTUAARS TULATINCAATEL
TITCASTACLCATATCATREAATYTCTCAARACLATTTAR

Bw svntations o ofiwinets ntsrnst Type

CsOMAT2E IS STOP Purt for synthests: Tvpe 115 recopninion seguancas:
Hrwprastead by Byl digestion during Golden Gate Lowet §assembly of Teansary

3 TR CERRTE PRIRERtion

ioynad Linit

. CARATEACCOCAACCCASATATCIGADGAAGARGCLARCETCTTCBICATGCAATTAG
TGO AT AT GG T T TCA ARG AS LT T TAG BT LEACUTL TTRGAGATCATAGLUAAGRLOS S TELAGGUEIETTYL
STEATGCTOSACOGEATEIT GABACTETTGLUTAGET
ACACGTRETEALGTACTLGUTBIGTGASCO T GUGCAAGASEAREEEAARETEGAGAGGCTTTATGRETYGGUTICRRTER
BT AT AT T A G AAGAN T A AT A G T T AT TS T OO T T TG TC T CAT R AAC D AG B A TAAS S T TAT R AGAS T TR TATS
ACTTARRAGATACAG AT TEATGARBEARTALCTTTC AR AR GEIA TATORAA TEACAGUATT TS AR TATUATAGAAUCGATIARAGS
TTCAAT AT T TART AGARGAATETLCRACLALTCRACTAT TALUATOAASARSATOUTOGAASL TTACARGGBTTTCRAGGRTCITA
AT TG A TG TS T B TG T A TS A G TS T ST T A AL AT S AT AAGTACCUTACTAT T AR GGG TATTASCTTCBATTT
BTG TCAT B AABA T AL TR T TG AL B S TS TAGAGLATG T TR GABSAGACATGT TTG TARE TETATCARBAGBAGATGLAL
T FCA TGRS TSR TT TS CAT AT TR A SECEATEARALTEL TYRAART LT TR MG AL TRCOALETTGOALTAULUG AACALTGAR
A TGATOG TG UREASTEA T TCT TGS TOE AL ARACTG ABCLTTRICAUASAGAETACGS TCCACATTOATR TRATOATETTS
BUCCATAMI TEGTRGCAMAGAGAGAA AR AGA A GAGT TTOAGRCAT TG T ARG G GATC TGO TT TARABBUT TCARAG TLCATT
GORRTGOTTTLALTACLCATATCATESARTTTOTOAASACT A TYIRSCTY 4

BB K0 » mov? Huersted

L3081 COST oy Part for synthesis: Type S recogrition senuences B i,@
: BEONS 30 efminsts invsrnal Typs 2

by Bl digestion durley Golden Gate level 1 asseobly of Transoriptionsd Ukl B o o
% ruptuuny STOV fand produoes & SecimpSevinsg Holpe}
S A AT GATC AT ANATATC B AL B A G RS GO AR COTCTTEGUCATE S ATTAR
CPCAGTOYTALCIETGEYTOTIARAGUAGUTT TARACCTICACTITTORABATUATAGUTARRGCIGE TCIARRIEIGTTIC
AGRACTCAGNIGUILCBETEATECTCRACUGGATRITRARACTRTTGGITAGCY
ALAAMIGTOETEALETACTIGIT GUETRASTE COBAAEAGRAAGEEARGOTOCARAGEUTTTATCGGTTGRITINEETEA
GYAANTATCTCACSAS AR TRARGA T CEAGTOYCOATTRUICCILTY TS T ATCASCCAGRATAAGRTTCTTATORAGASYIGRIAYL
ACTTAARASATECAGTACTTCATREAGCAATALCTTTOAACAREEIATATREAATRACARCATITGAATATCA TR AMITCATIAALES
TIOAATASARTITTTAATAGASNCARTE TLCRACTATTCHACTATTATCHN ~Mﬁéﬁﬁﬁ"”éﬁt’:ﬁk&%f"?ﬁi&ﬁ@ﬁﬁ?ﬁiﬁ%ﬁﬁﬁ“CW&
ACTOSATTETIGATETTGEIG TACTEGASCTGTTRTTAAIATGAT SHETACTCTALTATTRAGGRTATTARCTTORATYY
GUOTIATRIATLGAAGATEUACOT LA TTCACLOG T QT AGARIATRTTCRARGARRCATRITTCTAAGTRTALDARSAGAGATEAR
TITTCATOAAGTOLATTTGLCATEATTRGACIRATCAACACTEUTTCARATIITTRAAS AATTRITALRCTRIaITGUICRAKIAIGGRA
AAGTRATIETSRCNRASTRIATTIOITIIAETGElAlOEEALTIGASCITIOICACARA QAT AIRETLOACATTGATRTEATCATETTG
GUOCATAACCUTCETCEIAAMSARASAMBROAGAAARAST T TRAGECATT GRITALGEEANITRRITT TAAAGOTTTCARAGTICATYY
SBUAKTGUTTTCARTACCTAT ei‘éi’L'ZQTGQMYETS?C&&GQQC;M?@M
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CoPT3 06 Grigingt sepuence: Tepe BS ratogniiion sequeniey:
AERTET T ATCASTY TR TAGY T YL CATIIT ST TORANCT AN TCLTCBTARTAATTTTAMGRIATCATCYTOTIAY
A AT A A AR A T T AT T S AR T A A A A AT T A AT T PG TA T TV ICT T CAAGR CTATRTTOUTUTGOCRA MO ATIGTALAT
AGATAAARCARATTTAURSARTCATTITCACTCASCCACCTIAALGUAMAARITCAT AR AGRIRLATES ATTSAMGITRATEE
BAGTASTERIALATI AT T SATE VAR TRAARARTORASALGLAATTTGEARATTTR TAKGELCATATRCAGUUARGQEARTATIRY
TEAACTCTROTEOTATETTTOCAARACAGT TBRTBRGRAALCTAART L AT ITAGTIRGIUTTIRATR T T T AR GAT ADTCTOTTTTALATTG
AT AT G AT T G T AR TACARS TOULA T ARTIASATTIA TUATC YIS ALATOSACAGGTTASA ARG TAATTICOUAGTR
A A AR AT T A T T AR T AT S T TG T TGAL T AT AT T TR TALAR TAAGTRGULTCACATTARCRAT TAT AACEARITIAG
AT T T Y T O A T R A S T AT T T TV T TGOV PO TATT O T GOTIOTORTTOAGA TR GAARASEAATLCTTITALA
AT AR T T A T T R Y AT B T T GO Al A A S T PG T S T AT TAT S LT TR TRAAGECTAS TU TG SR OT I UAGL O AAL TR AR
RO T G T R T T T GG T U A T AT VT IS AGY AT AU ATOW AT TRCAARARRTCTTTCAGAI R TATALGHIGALIGTA
ST GOARTATAR TR AA LT AR T TE G AGTR S ARNCLA TAGLATATATYTSY TOTGAATTACETEAGY
A T A TR T A T T R A A G T Y T A A A T A VAR T AT IRCT YT AT ROAT T ATCR IS ATT TR TATTATATL
TYGGATATTORAGAARTCAARTTALGUIALE FRCUARAASATACTATATAT T I TSRATARTTTITICTI TR AALAYGLILTY
ATTIGIT

~
oy

€3 uY
=

et

i B

i
2

7
il
wh £y

3

&

TABGNNY Y0 wlmine usrnsd

il digestion during Golden Gate level 1 asembly of
S ase rasogaiting Mot
AT AR T TR AT TN CTTGEARCTAR YT TT AAAT AR Y YOUR OO TAGTASYYTTAAGRIATIAY
AT RAAR T A AT AT TTAT T AR TAATASA A TTAAR TP IATRTTTTTUTTCAAGAIT ATAYTROIVITGLUARALTRS
TTETACACAGASASAACARATTUACASAATOA CROTEAGTLACITOURAAGGAASAGITIOATARABGCACATOETOASATICALS
CYGATEARASTAATRGIACKTCY GANTTT AT RTASTCARAARTGREA ARCECARTTIREAGATT IR TAARRCUATATOUARICAAGERGA
SR TGT T AACTIIRUTCCTATGTTTON A AR A BAQTTRRTRGERAA LT AR TUT AT T TASTYGELCTTTGATATTTARGATACTIINYY
PR AT AT AT T R TS a T T TS TAAGT AR RIS CATTAA TU AT TATEATCTIGAIATAATAGETTARACASACITARTITSRLD
CRGTASCATOAGRAGAAATTTLAGT TRAATTOOLATSETIGTIRACTATAG T TETACAK T AAGTRRCCTCACATIAA AR TTATAALGA
A ARG AT T T T Oy A ST GO AR T AT LY T VT QECTT YOI T A T TOT GO CA T TOAGA TGRSR ARSATICTTY
A AGCA T I I AR YT T AT QTR TATG T RCAlARGCETT BB TS TIVATIATRCTYGTAARGOVAGTITCBRGIYTCLASILAAL
GRS TGO T R TGO TV TG T T A TTCAT T O Y TRASTATACCOATITCOATT G UARAAGATOTTTCABATATAGAAGETES
COGTAAGTTTGUARTCATASLCTTCTCAALT AARTT TOGAGURAASICCATAGUATATATTTOTCATGGATTCATGLT TOTSART TACETS
A TOTTAT QUG AR T AT T AT TG UCAL AR TT T A ACAGTAGUGTAATATTCUTTYI I AT UAT Y CATRGCASTTIRGRTATIATA
TOAGGUYTTRCATATTREAGASATCA A AR AR A T AT AT AT T IR GAT AT TYTTT O TRAACAY
GUOTTCTATTTATROATCIRG LT

S »
X

CoPYS CDST ne Part for syithesis Type 15 recognition sequences ian R BER. w0 = monf liberates
by Baal Sigention thutng Golden Sete level 1 ssawrably of Tremmdpionst U ¥ oo montions o slivinge eersst Teps 58
i gnaoTRIiesse MTogRitEm motify % rephaon SYOF fand produses & Sorine-Seriys
T T N A T AT T TR A Y T AT T TG AACTAATTT T A AR TTART YOI R TAGTRATTTYAACRIATIAY
T AT AT RAAR TR A AT AT T TATT AR TBAT ARACCAAT T AALTTCTIATATTTTIITICAAGRUTATATTGIIITGLCASALTAA
TTETACALARASAASACARAT T CACRSARTOAT TTTCACTCAGLIALTTUICAAAGRASASARLTCLATARARRIALATR R TR ARATTCARS
CYOATERRASTAATRGCACATCY QAT AATRTARTCARAAGTEEASACRCAATT TR AGATT TR TAARRCUATATOIARICAAGERA
R AT AACT T T G TA TG T T I A SR A A G T TN TR G GA AT T ARATC T AT TTACT TGO TTRATETTTAAGATACTCTINTY
FRCATTERTTATTI AT GUAT T T TG T AAGTACAS S TCELATCAATUAAAT T TATE AT TUGALA TR ALAGRTTASACARSLUTAKRTITED
CAGTAGLATCAG R AR ASATTTCAGT TRAATTCBLATCRTTRYTRALTATALY TR TACAST SAG TR RITCACATTAAAATTAYARGA
A A e T T T T N O A T G AR T A T I T Y QG T T T ATICY G AT AGA TR AR GAAGARTRCTYY
ACAGC AT T T TS RAAT G TAT CY TS TATOT TR Al e AR TEE T TITATTA TGO TETALGGCY AT TCREGCY R aS{CART
A Y U T TR T U LT TGS T T A T T TS T T QY TRAS T ATACCCATOT CLATTRUAARRSATUT T T GACAT AL AR RET 4
COGUAAETTTORAATCATASCTTOTL A ALY AAATT TR RAGUASAS AT ARTATATATITOYCATRGALTCATRITTCY GARTTACETS
AT AT R T G AGT T AT AT TR U A AR TV T T AL AR TAGLETAATATTOUTTYITCATCIATTCATORUARYTIRGETAVIATA
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FIG. 70

LOC115705500;
LOC115705595:

AGCAATGCGTE CACTCACAGCTGC (SEQ ID NO:55)
AGCAATGCGTL CACTCACAGCTGE (SEQ ID NO:S5)

GCAATGLBT CACTCACAGCTGO (SEQID NO:55)

al position @ and from

scaffold- TEAGTGRACGCATTGUTATTCCAGCATTICLAALGGA (SEQID NO:56)

+ PRS

CsERSPS-gRNAL as

GTTTAAGTCTICT {Forward)  (SEQID NO:41)

GCAAAGTCTTCA {Reverse) (SEQID NO:42)

CsEPSPS-Extl Part for synthesis: (PBS+RT flanked by BspM sites):
ACCTGCTATAGTGCTGAGTGAACGCATTGCTATTCCAGCATTTCCAAGGAAACATATAGCAGGT (SEQID NO:43)
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FIG. 71

Reference CsEPSPS sequence:

LOC115705589:
LOC115705595:

SACEECATTACTGCOTGATCACTCCACCAGAGAA (SEQID NO:57)
HACEE GATTACTGCOTGATCACTCCACCAGAGAA (SEQID NO:57)

judred 'S'N

RT + PBS

CsEPSPS-gRNAZ a
TGAAGACTITGCA

TTTAAGTCTICT (Forward} (SEQID NO:44)

AGAAGACTTAAA TGCAAAGTCTTCA {Reverse} (SEQID NO:45)

CsEPSPS-Ext2 Part for synthesis: (PBS+RT flanked by BspM| sites):
ACCTGCTATAGTGCCACGCAGTAATCAAGTCCTTCCTCAACTGTTGAACATATAGCAGGT  (SEQID NO:46)
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FIG. 73
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METHODS OF GENE EDITING AND
TRANSFORMING CANNABIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 62/875,311, filed Jul. 17, 2019, U.S. Provisional
Application No. 62/906,210, filed Sep. 26, 2019, and U.S.
Provisional Application No. 62/982,522, filed Feb. 27, 2020,
each of which is incorporated herein by reference in their
entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

Not Applicable.

SEQUENCE LISTING

A Sequence Listing accompanies this application and is
submitted as an ASCII text file of the sequence listing named
“060296_04047_ST25.txt” which is 95.4 KB in size and
was created on Nov. 23, 2020. The sequence listing is
electronically submitted via EFS-Web on Nov. 23, 2020 and
is incorporated herein by reference in its entirety.

BACKGROUND

A key hurdle in the transformation of plants is the
responsiveness of cells in tissue culture to produce embryo-
genic cells that go on to form clonal, intact and fertile plants.
Many species and varieties of plants are recalcitrant to this
type of regeneration, including Cannabis sativa and Can-
nabis indica. Therefore, a need in the art exists for improved
Cannabis transformation and gene editing methods.

SUMMARY OF THE INVENTION

In a first aspect, provided herein is a method of preparing
an explant, the method comprising the steps of, rehydrating
a dry Cannabis seed in a hydration medium, and excising
meristematic tissue from the rehydrated Cannabis seed to
form an explant. In some embodiments, the hydration
medium comprises one or more priming agents. In some
embodiments, the seed is a Cannabis sativa seed.

In some embodiments, the explant preparation method
additionally comprises the step of surface sterilizing the
Cannabis seed prior to rehydration. In some embodiments,
the seed is surface sterilized using bleach.

In some embodiments, the explant preparation method
additionally comprises the step of drying the explant. In
some embodiments, the dried explant is capable of being
stored for at least 10 days. In some embodiments, the explant
is dried in the presence of one or more transformation
supplements. In some embodiments, the transformation
supplement is selected from the group consisting of a small
molecule, a nucleic acid, a polypeptide, a protein, an anti-
body, a transcription factor, a biological macromolecule, a
nanoparticle, and a liposome.

In some embodiments, the explant preparation method
additionally comprise the step of transforming the explant
with a heterologous nucleic acid of interest. In some
embodiments, the explant is transformed using Agrobacte-
rium mediated transformation or particle bombardment.
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In a second aspect, provided herein is a Cannabis explant
generated by the explant preparation methods described
herein.

In a third aspect, provided herein is a dried Cannabis
explant generated by the methods described herein.

In a forth aspect, provided herein is a method of trans-
forming Canrnabis with a heterologous nucleic acid, the
method comprising the steps of rehydrating a dry Cannabis
seed in a hydration medium, excising meristematic tissue
from the rehydrated Cannabis seed to form a Cannabis
explant, incubating the Cannabis explant in a pretreatment
medium, inoculating the Carnabis explant with Agrobacte-
rium spp. comprising the heterologous nucleic acid, co-
culturing the Cannabis explant in a co-culture medium for
between about 1 day and about 6 days, and culturing the
Cannabis explant on a selection medium to select for
transformed Cannabis explants.

In some embodiments, the method of transforming Can-
nabis additionally comprises the step of force treating the
Cannabis explant prior to or following inoculation. In some
embodiments, the force treatment is selected from the group
consisting of sonication, vortexing, centrifugation, heat-
shock, and addition of chemicals.

In some embodiments, the Canrnabis transformation
method additionally comprises the step of surface sterilizing
the Cannabis seed prior to rehydration.

In some embodiments, the heterologous nucleic acid
modulates the expression or activity of an endogenous
Cannabis gene selected from the group consisting of tetra-
hydrocannabinolic acid synthase (THCA synthase), canna-
bidiolic acid synthase (CBDA synthase), O-methyltransfer-
ase (CsOMT21), lipid transfer protein 2 (LTP2),
prenyltransferase 3 (CsPT3), and prenyltransferase 1
(CsPT1). In some embodiments, the heterologous nucleic
acid encodes a polypeptide at least 90% identical to SEQ ID
NO:28. In some embodiments, the heterologous nucleic acid
encodes a guide RNA that targets Cannabis sativa THCA
synthase gene, Cannabis sativa CBDA synthase gene, or
Cannabis sativa EPSP synthase gene

In some embodiments, the Cannabis seed is a Cannabis
sativa seed. In some embodiments, the Cannabis seed is a
seed from a Cannabis plant with less than 0.3 percent THC
based on dry weight.

In a fifth aspect, provided herein is a transformed Can-
nabis explant produced by the methods described herein.

In a sixth aspect, provided herein is a Cannabis plant
grown from the Cannabis explant generated by the methods
described herein.

In a seventh aspect, provided herein is a method of
producing a transformed Cannabis seed, the method com-
prising contacting a female Cannabis flower with an Agro-
bacterium spp. culture, wherein the Agrobacterium com-
prises a heterologous nucleic acid and pollinating the
contacted female Cannabis flower with male pollen from a
suitable donor plant, whereby a transformed Cannabis seed
is produced. In some embodiments, the Agrobacterium spp.
culture comprises sucrose and a wetting agent. In some
embodiments, the Agrobacterium comprises a vector com-
prising the heterologous nucleic acid.

In an eighth aspect, provided herein is a method of
transforming a Cannabis plant, the method comprising
growing a sanitized and imbibed Cannabis seed on a non-
selective culture medium suitable for supporting the growth
and survival of the Cannabis seed until a Cannabis explant
is formed, inoculating the Cannabis explant with a heter-
ologous nucleic acid, co-culturing the Cannabis explant in a
co-culture medium for between about 1 day and about 6
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days, and culturing the Carnabis explant on a selection
medium to select for transformed Canrnabis explants. In
some embodiments, the explant is selected from the group
consisting of a leaf explant, a node explant, an internode
explant, a petiole explant, a hypocotyl explant, and a bud
explant. In some embodiments, the Cannabis explant is
inoculated using particle bombardment, high velocity micro-
projection, microinjection, electroporation, direct DNA
uptake, cell-penetrating peptides, silica carbide fibers, nan-
oparticles, and bacterially-mediated transformation. In some
embodiments, Agrobacterium spp. is used to inoculate the
Cannabis explant.

In some embodiments, the method additionally comprises
the step of force treating the Cannrabis explant prior to or
following inoculation. In some embodiments, the force
treatment is selected from the group consisting of sonica-
tion, vortexing, centrifugation, heat-shock, and addition of
chemicals.

In some embodiments, the heterologous nucleic acid
modulates the expression or activity of an endogenous
Cannabis gene selected from the group consisting of tetra-
hydrocannabinolic acid synthase (THCA synthase), canna-
bidiolic acid synthase (CBDA synthase), O-methyltransfer-
ase (CsOMT21), lipid transfer protein 2 (LTP2),
prenyltransferase 3 (CsPT3), and prenyltransferase 1
(CsPT1). In some embodiments, the heterologous nucleic
acid encodes a polypeptide at least 90% identical to SEQ ID
NO:28. In some embodiments, the heterologous nucleic acid
encodes a guide RNA that targets Cannabis sativa THCA
synthase gene, Cannabis sativa CBDA synthase gene, or
Cannabis sativa EPSP synthase gene.

In some embodiments, the Cannabis seed is a Cannabis
sativa seed.

BRIEF DESCRIPTION OF DRAWINGS

The patent or patent application file contains at least one
drawing in color. Copies of this patent or patent application
publication with color drawings will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1 shows stable RFP expression in Cannabis plantlet
from meristem transformation experiments outlined in
Example 1.

FIG. 2 shows a non-transgenic Cannabis plant derived
from meristem explant in tissue culture.

FIG. 3 shows transient GUS expression in Cannabis
meristem explants varieties Honey Gold 3WS and Fiber
Hemp inoculated with Ar18r12v/DICOTBINARY-19.

FIG. 4 shows the plasmid map of the DICOTBINARY-22
vector.

FIG. 5 shows flower phenotypes post inoculum applica-
tion (1 day).

FIG. 6 shows GUS transient expression in Cannabis
leaves, petioles, internodes, and nodes inoculated with
Ar18r12v/DICOTBINARY-19.

FIG. 7 shows mature Cannabis seed and embryo.

FIG. 8 shows Cannabis seeds and meristem explants.

FIG. 9 shows Cannabis meristem explants on BS medium
and after 4 days in co-culture after inoculation with
Arl8r12v/DICOTBINARY-19.

FIG. 10 shows transient GUS expression in Cannabis
meristem explants transformed with Ar18r12v/DICOTBI-
NARY-19.

FIG. 11 shows transient GUS expression in Cannabis
meristem explants transformed with Ar18r12v/DICOTBI-
NARY-19 and de-stained in 70% EtOH.
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FIG. 12 shows a non-inoculated Cannabis seed sanitized
in 20% Clorox on BS medium (left) and a non-inoculated
meristem explant on B5 medium (right).

FIG. 13 shows spectinomycin sensitive (bleaching) phe-
notype visible in inoculated Cannabis meristem explants on
150 mg/L spectinomycin BS5.

FIG. 14 shows sanitized Cannabis seeds and axenic
plantlets on BS medium after about 6 weeks.

FIG. 15 shows greening, regenerating Cannabis explants
that were dried, stored, and regenerated (right) against
freshly excised explants (left) that were plated on Hemp
Node medium (Table 7) the day of excision. Explants were
imaged approximately 3 weeks after excision.

FIG. 16 shows stable GUS expression in a plantlet derived
from the treatment Hemp 3/22-3B described in Example 1.
One of the leaves in a plantlet transferred to non-selective
BRM expressed GUS in leaf stably.

FIG. 17 shows Cannabis seeds imbibed at 37° C.

FIG. 18 shows embryonic parts produced by mechanical
excision.

FIG. 19 shows the plasmid map of control binary con-
struct SOYTEST-2.

FIG. 20 shows positive GUS transients in Cannabis
meristem explants (3WS variety) using SOYTEST-2 in both
the Ar18r12v (left) and GV3101 (right) strains of Agrobac-
terium, demonstrating transfection of Cannabis meristems
using disarmed strains of both Agrobacterium rhizogenes
(Ar18r12v) and Agrobacterium tumefaciens (GV3101).

FIG. 21 additional stable RFP expressing Cannabis (Plant
WP421-1) from experiments in the Honey Gold 3WS vari-
ety. The plantlet in the center is rooting on 50 mg/L
streptomycin hemp node media (after being on 50 mg/L
spectinomycin hemp node media for approximately 1
month).

FIG. 22 shows the plasmid map of the DICOTBOMB-13
vector.

FIG. 23 shows GUS transient expression in Canrnabis
meristem explants bombarded with DICOTBOMB-13.

FIG. 24 shows pollen germination results.

FIG. 25 shows pollen germination results. TO=initial
germination after 1 hr treatment; T1=germination after 4 hr
treatment; T2=germination after overnight treatment (22 h).

FIG. 26 shows the phenotype of plant WP421-1 on the
day of transfer from tissue culture to the greenhouse (right)
and after approximately 4 weeks in the greenhouse (left).

FIG. 27 shows stable RFP and GUS expression in leaves
of TO Cannabis plant WP421-1 derived from meristem
transformation.

FIG. 28 shows stable GUS expression of leaves of TO
Cannabis plant WP421-1 derived from meristem transfor-
mation.

FIG. 29 shows Canrnabis VAEs after 5 weeks (left)
compared to freshly excised Cannabis meristem explants
(right).

FIG. 30 shows machine excised Cannabis meristem
explants imaged after approximately two weeks on non-
selective B5 medium.

FIG. 31 shows transgenic TO plant WP421-1 after 7 weeks
in the greenhouse.

FIG. 32 shows GUS expression in leaf samples from
WP421-1. Nine out of the ten leaf samples showed positive
GUS expression confirming minimal chimerism.

FIG. 33 shows the PCR amplification scheme for PCR of
leaf samples from WP421-1. A 156 bp fragment within the
aadAla expression cassette of DICOTBINARY-19 was
amplified using primers designated F56 and R11. The frag-
ments and the resulting amplicon is highlighted in blue.
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FIG. 34 shows the results of PCR amplification of a 156
bp fragment of the aadAla expression cassette. All 10 leaf
samples were positive.

FIG. 35 shows bleached Cannabis meristem explants
after 1 month on 100 mg/LL spectinomycin node medium.
RFP negative Cannrabis meristem explants that were previ-
ously greening on 10-50 mg/L. spectinomycin were trans-
ferred to hemp node medium containing 100 mg/T. spec-
tinomycin.

FIG. 36 shows GUS expression in vascular tissue (petiole
sections) of Cannabis TO event WP421-1 (“Candice”).

FIG. 37 shows pollination of WP421-1 by 3WS wild-type
plant.

FIG. 38 shows flower of WP421-1 pollinated by 3WS
wild-type plant.

FIG. 39 shows cuttings of WP421-1.

FIG. 40 shows T1 seedlings of WP421-1 and RFP expres-
sion in T1 seedling WP421-1@2 “Carly.”

FIG. 41 shows germline confirmation of Cannabis meri-
stem transformation through RFP, GUS expression, and
aadAla PCR.

FIG. 42 shows T1 Cannabis plants WP421-1@1 and
WP421-1@2 after 2 months in greenhouse.

FIG. 43 shows T1 seed of WP421-1.

FIG. 44 shows stable RFP expression (tdTomato) in T1
seedlings of WP421-1 (germinated on germination paper).

FIG. 45 shows stable RFP expression (tdTomato) in T1
seedlings of WP421-1 (germinated in flats).

FIG. 46 shows stable RFP expression (tdTomato) in T1
seedlings of WP421-1 (germinated in flats).

FIG. 47 shows stable GUS expression in T1 seedlings of
WP421-1 (germinated in flats).

FIG. 48 shows GUS expression 7-8 weeks post-inocula-
tion in chimeric Cannabis shoots (3WS variety) regenerated
on 75 mg/LL spectinomycin.

FIG. 49 shows TO Cannabis plant WP421-2 (Honey Gold
3WS+DICOTBINARY-19).

FIG. 50 shows Cannabis meristem explants targeted on
carboxymethylcellulose media for particle bombardment.

FIG. 51 shows phenotype and stable GUS expression in
transgenic 3WS Cannabis derived from particle-mediated
transformation of meristem explants (imaged approximately
2 months post-blast).

FIG. 52 shows phenotype and stable GUS expression in
TO transgenic 3WS Cannabis plant WP-001181-1a (“Fer-
nanda”) derived from particle-mediated transformation of
meristem explants.

FIG. 53 shows phenotype of TO transgenic 3WS Cannabis
plant WP-001181-1a “Fernanda” derived from particle-me-
diated transformation of meristem explants after approxi-
mately 3 weeks in greenhouse.

FIG. 54 shows Cannabis WP001181-1a particle gun TO
event aadAla PCR.

FIG. 55 shows Cannabis WP001181-1a particle gun TO
event GUS expression.

FIG. 56 shows GUS expression in vascular tissue in
petiole sections (and corresponding leaf) of Carnabis TO
particle gun event WP001181-1a.

FIG. 57 shows phenotype and stable GUS expression in
TO transgenic 3WS Cannabis plant WP-001181-1b (“Her-
nanda”) derived from particle-mediated transformation of
meristem explants.

FIG. 58 shows GUS transient expression in automated-
excised Cannabis meristem explants of Fiber Hemp variety
post co-culture.
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FIG. 59 shows metal rolling pin with glass plate; optional
gap can be set by adding/removing shims (metal shims
shown on left, paper on right).

FIG. 60 shows transient GUS expression in Cannabis
(Abacus variety) meristem explants mechanically excised
by crushing under a rolling pin, then stored for 2 months at
-20 C (left image seed crushed wet and crushed material
then dried; right image seed dried first then crushed.

FIG. 61 shows GUS transient expression in Canrnabis
meristem explants of variety 3WS and Abacus post co-
culture.

FIG. 62 shows RFP (tdTomato) segregation in the T2
generation of transformed Cannabis (derived from TO event
WP421-1).

FIG. 63 shows a schematic of the gene networks under-
lying cannabinoid and terpenoid accumulation in Carnabis.
Zager et al., Plant Physiology, 2019, 180(4):1877-1897.

FIG. 64 shows a sequence alignment of various THCA
synthase ¢cDNA sequences. From top to bottom, the
sequences shown are: SEQ ID NO:1, SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:2, SEQ ID NO:5, and SEQ ID NO:59.

FIG. 65 shows a sequence alignment of various CBDA
synthase ¢cDNA sequences. From top to bottom, the
sequences shown are: SEQ ID NO:11, SEQ ID NO:13, SEQ
ID NO:15, SEQ ID NO:11, SEQ ID NO:17, and SEQ ID
NO:11.

FIG. 66 shows embodiments of a cloning strategy for
Bral'TP2. From top to bottom, the sequences shown are:
SEQ ID NO:29, SEQ ID NO:47, and SEQ ID NO:48.

FIG. 67 shows embodiments of a cloning strategy for
CsPT1. From top to bottom, the sequences shown are: SEQ
ID NO:31, SEQ ID NO:49, and SEQ ID NO:50.

FIG. 68 shows embodiments of a cloning strategy for
CsOMT1. From top to bottom, the sequences shown are:
SEQ ID NO:33, SEQ ID NO:51, and SEQ ID NO:52.

FIG. 69 shows embodiments of a cloning strategy for
CsPT3. From top to bottom, the sequences shown are: SEQ
ID NO:35, SEQ ID NO:53, and SEQ ID NO:54.

FIG. 70 shows an embodiment of the CsEPSPS prime
editing mutation strategy as described herein.

FIG. 71 shows an embodiment of the CsEPSPS prime
editing mutation strategy as described herein.

FIG. 72 shows the phenotype of TO transgenic 3WS
Cannabis plant WP-001181-1b (“Hernanda™) derived from
particle-mediated transformation of meristem explants after
transplant to large pot.

FIG. 73 shows Cannabis WP001181-1b particle gun TO
event aadAla PCR.

FIG. 74 shows Cannabis WP001181-1b particle gun TO
event GUS expression.

FIG. 75 shows a Cannabis seed (Badger variety) surface
sanitized followed by incubation at 37° C. without imbibi-
tion (note radical emergence in seed on left).

FIG. 76 shows the phenotype of Cannabis meristem
explants of Badger variety after 3-day co-culture.

FIG. 77 shows transient GUS expression in Canrnabis
meristem explants of Badger variety after 3-day co-culture.

FIG. 78 shows stable RFP (tdTomato) expression in
Cannabis meristem explants (variety Badger).

FIG. 79 shows a process diagram timeline for Cannabis
sativa Agrobacterium-mediated transformation of embodi-
ments described herein. Stage 1 shows Cannabis seeds.
Stage 2 shows appearance of Cannabis meristem explant
(mature embryo) derived from imbibed seed, the explant on
left has cotyledonary tissue intact; explant on right has
cotyledonary tissue removed. Stage 3 shows transient GUS
activity in Honey Gold 3WS Cannabis explants after co-
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culture with Agrobacterium. Stage 4 shows appearance of
Cannabis meristem explants after 4 day co-culture. Stage 5
shows phenotypes of Cannabis meristem explants after ~3
weeks on 50 mg/L spectinomycin; note incomplete bleach-
ing. Stage 6 shows Cannabis TO event after second selection
on 50 mg/L, streptomycin prior to handoff to greenhouse.
Finally, Stage 7 shows Cannabis TO event prior to transplant
in greenhouse.

FIG. 80 shows a process diagram timeline for Cannabis
sativa Particle-mediated transformation. Stage 1 shows Can-
nabis seeds. Stage 2 shows appearance of Cannabis meri-
stem explant (mature embryo) derived from imbibed seed,
the explant on left has cotyledonary tissue intact; explant on
right has cotyledonary tissue removed. Stage 3 shows Can-
nabis embryo target on CMC targeting media. Stage 4 shows
PDS-1000 Helium gun. Stage 5 shows transient GUS activ-
ity in Honey Gold 3WS Cannabis explants 1-day post-
bombardment. Stage 6 shows phenotypes of Carnabis meri-
stem explants 2 months post-bombardment. Stage 7 shows
Cannabis TO event prior to handoff to greenhouse. Finally,
Stage 8 shows Cannabis TO event prior to transplant in
greenhouse.

INCORPORATION BY REFERENCE

All publications, patents, and patent applications men-
tioned in this specification are herein incorporated by ref-
erence to the same extent as if each individual publication,
patent, and patent application was specifically and individu-
ally indicated to be incorporated by reference.

DETAILED DESCRIPTION OF THE
INVENTION

The present disclosure describes methods for preparation
and transformation of meristem explants from Cannabis.
The meristem explant preparation methods described herein
allow for pretreatment of the tissues for higher explant
transformation and longer explant storage following exci-
sion.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention pertains. All definitions, as defined and used
herein, should be understood to control over dictionary
definitions, definitions in documents incorporated by refer-
ence, and/or ordinary meanings of the defined terms.

The indefinite articles “a” and “an,” as used herein in the
specification and in the claims, unless clearly indicated to
the contrary, should be understood to mean “at least one.”

The phrase “and/or,” as used herein in the specification
and in the claims, should be understood to mean “either or
both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively pres-
ent in other cases. Multiple elements listed with “and/or”
should be construed in the same fashion, i.e., “one or more”
of the elements so conjoined. Other elements may optionally
be present other than the elements specifically identified by
the “and/or” clause, whether related or unrelated to those
elements specifically identified. Thus, as a non-limiting
example, a reference to “A and/or B”, when used in con-
junction with open-ended language such as “comprising”
can refer, in one embodiment, to A only (optionally includ-
ing elements other than B); in another embodiment, to B
only (optionally including elements other than A); in yet
another embodiment, to both A and B (optionally including
other elements); etc.
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As used herein in the specification and in the claims, “or”
should be understood to have the same meaning as “and/or”
as defined above. For example, when separating items in a
list, “or” or “and/or” shall be interpreted as being inclusive,
i.e., the inclusion of at least one, but also including more
than one, of a number or list of elements, and, optionally,
additional unlisted items. Only terms clearly indicated to the
contrary, such as “only one of” or “exactly one of,” or, when
used in the claims, “consisting of,” will refer to the inclusion
of exactly one element of a number or list of elements. In
general, the term “or” as used herein shall only be inter-
preted as indicating exclusive alternatives (i.e. “one or the
other but not both”) when preceded by terms of exclusivity,
such as “either,” “one of,” “only one of,” or “exactly one of.”
“Consisting essentially of,” when used in the claims, shall
have its ordinary meaning as used in the field of patent law.

As used herein, the terms “approximately” or “about” in
reference to a number are generally taken to include num-
bers that fall within a range of 5% in either direction (greater
than or less than) the number unless otherwise stated or
otherwise evident from the context (except where such
number would exceed 100% of a possible value). Where
ranges are stated, the endpoints are included within the range
unless otherwise stated or otherwise evident from the con-
text.

Provided herein are methods for preparing an explant
suitable for transformation from a Canrnrabis seed. Also
provided herein are methods of transforming and gene
editing Cannabis meristem explant tissue. The explants
generated by the methods described herein exhibit higher
transformation efliciency with a broader capacity to custom-
ize the transformation process via pretreatment of the meri-
stematic tissue used to generate the explants. The methods
described herein allow for high scale production of storable
explants for more effect transformation methods. As
described in further detail below, the protocols described
herein allow for targeted pretreatment of the meristematic
tissues used in explant preparation at various stages and with
various factors to improve explant storage and transforma-
tion efficiency.

As used herein, “embryo” refers to part of a seed, con-
sisting of precursor tissues (meristematic tissues) for the
leaves, stem, and root, as well as one or more cotyledons.
Once the embryo begins to grow (germinate), it becomes a
seedling plant.

As used herein, “meristem” or “meristematic tissue”
refers to the portion of a seed that consists of undifferenti-
ated cells, the meristematic cells, which differentiate to
produce multiple plant structures including stem, roots,
leaves, germline tissues and seeds. The meristematic cells
are the targets for transformation to obtain transgenic plants.

As used herein, “explant” refers to the target material for
transformation.

As used herein, “germline transformation” refers to the
transformation of a gene of interest into cells that give rise
to pollen or ovule thus into seed.

In a first aspect, provided herein is a method for preparing
an explant from the meristematic tissue of a seed, where the
method generally comprises the steps of drying the seed,
surface sterilizing the seed, imbibing the seed until suffi-
ciently hydrated, excising meristematic tissue from the
hydrated seed to generate an explant, and optionally drying
the excised meristematic tissue to generate the storable
explant for transformation. The explants generated by the
methods described herein are suitable for use in any trans-
formation method known in the art.
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The methods described herein also include one or more
priming steps in which one or more priming agents are
added to either the hydration medium during imbibing of the
seed or to the explant as it is drying to generate a value added
explant. As used herein, the term ‘“value added explant”
refers to an explant prepared by the methods described
herein when a priming factor has been included in the
hydration medium or a transformation supplement is
included during drying of the explant.

The method includes a first step of drying a seed or
acquiring a dried seed from which the explant will be
generated. Preferably, a dry seed for use in the methods of
the present invention will have a moisture content of
between 1% and 25%. Ideally seeds are grown and harvested
to achieve a viable embryo and are grown and harvested and
cleaned to achieve blemish-free identity preserved seeds free
of plant diseases and microbes that could interfere with
sterile tissue culture. It may be desirable to treat the plants
with fungicides and/or natural or synthetic plant regulators
to improve embryo viability, embryo storage quality, seed
coat intactness, seed vigor, percent germination cell
response in tissue culture and transformation.

Seeds from which explants are to be prepared may be
harvested from any Cannabis cultivar of interest. In some
embodiments, the seed is from Cannabis sativa. In some
embodiments, the seed is from Cannabis indica. In some
embodiments, the seed is from a Cannabis variety devel-
oped from cross breeding of Cannabis sativa and Cannabis
indica. In some embodiments, the seed is from a Canrnabis
sativa L. plant with less than 0.3 percent tetrahydrocannabi-
nol (THC) based on the dry weight. In some embodiments,
the Cannabis sativa cultivar is selected from the group
consisting of Elektra x Chardonnay, Honey Gold 3WS (also
referred to in the art at 3W1), Abacus, and Fiber Hemp.

In some embodiments of the present invention, the dry
seed is surface sterilized. Any means known in the art for
surface sterilization can be used. Suitable methods for
surface sterilization may include, but are not limited to,
exposure of the seed surface to radiation, UV light, oxidizing
gasses, heat, plasma, disinfecting solvents and agents. In
some embodiments, the seed is surface sterilized with a
chemical agent such as sodium hypochlorite. In some
embodiments, the seed is surface sterilized with an antibac-
terial or antifungal agent. In some embodiments, the seed is
surface sterilized with ethanol (e.g., 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, or 100% ethanol). In some embodi-
ments, the seed is surface sterilized with Clorox™ bleach.

The dry seed, which in some embodiments has undergone
surface sterilization, is imbibed under conditions that sup-
port hydration of the seed. The dry seed is hydrated in a
hydration medium and for a time sufficient for the seed to
reach a moisture content of between 30% and 70%. In some
embodiments, the seed is hydrated for at least 12 hours. In
some embodiments, the seed is hydrated between 2 and 24
hours.

The hydration medium used for hydration of the seed
maybe any suitable sterile hydration medium known in the
art that supports survival of the meristematic tissue in the
seed. In some embodiments, the hydration medium is a
modified sterile water and includes antibiotics or antifun-
gals. In some embodiments, the hydration medium is a tissue
culture medium that includes natural or synthetic plant
growth regulators, plant tissue culture nutrients, a carbon
source or a non-nutritive osmoregulator. In one embodiment,
the hydration medium is bean germination medium, which
includes the components outlined in Table 1 of Example 1.

20

25

40

45

60

10

In some embodiments of the invention, the hydration
medium may optionally include one or more priming factors
for pretreatment of the meristematic tissue. As used herein,
“priming factor” or “priming agent” references to any mol-
ecule or substance included in the hydration medium which
promotes survival and storage of the prepared explant or that
promotes or increases the transformation efficiency of the
prepared explant. Priming factors for use in the hydration
medium of the present invention may include, but are not
limited to, small molecules, biological molecules such as
nucleic acids, polypeptides, proteins, antibodies, transcrip-
tion factors, and macromolecules or complexes thereof,
nanoparticles, liposomes, and cell-penetrating peptides. In
some embodiments, the priming factor is a plant growth
factor including, but not limited to, thidiazuron (TDZ),
6-benzylaminopurine (BAP), polyethylene glycol (PEG),
2,4-dichlorophenoxyacetic acid (2,4-D), Paczol™, gibber-
ellic acid (GA3), indole-3-acetic acid (IAA), indole-3-bu-
tyric acid (IBA), 1-naphthalaneacetic acid (NAA), forchlo-
rfenuron (CPPU), spectinomycin, streptomycin, glyphosate,
glufosinate, bialophos, hygromycin, amikacin, tobramycin,
imazapyr, dicamba, polyvinylpyrrolidone (PVP), polyvi-
nylpolypyrrolidone (PVPP), salicylic acid, proline, betaine,
ethylene, brassinosteroids, nitrates, and gibberellins.

Following hydration of the seed, meristematic tissue is
excised to form an explant. Excision of the meristematic
tissue may be performed by any means known in the art in
which the seed coat and cotyledons are removed from the
seed. Suitable methods for the excision of the meristematic
tissue may include, but are not limited to manual processing,
wet milling using a series of rollers and spray nozzles,
adjustable grinding plates, rods, knives, wheels and other
mechanical or machine based excision methods. These may
be composed of, but are not limited to, ceramics, metals, and
synthetic polymers. Induced pressure, injected gasses,
vacuum and turbulence are also suitable methods. Hydrated
explants may be stored in suitable storage medium for up to
7 days. Suitable storage medium for the hydrated explants
may be any medium that supports survival and competence
of the explant tissue. In some embodiments, the explants are
stored with an excess of liquid to explants by volume. In
some embodiments, the storage medium is liquid medium
including MS salts.

In some embodiments, the meristematic tissue is excised
from a dry seed to form an explant without first imbibing the
seed. A dry seed suitable for dry excision will typically have
a moisture content of between 1% and 25%. Excision of the
meristematic tissue from the dry seed may be performed by
any means known in the art in which the seed coat and
cotyledons are removed from the seed. Suitable methods for
the excision of the meristematic tissue may include, but are
not limited to manual processing, wet milling using a series
of rollers and spray nozzles, adjustable grinding plates, rods,
knives, wheels and other mechanical or machine based
excision methods. These may be composed of, but are not
limited to, ceramics, metals, and synthetic polymers.
Induced pressure, injected gasses, vacuum and turbulence
are also suitable methods.

Following excision, the explant may be dried. Desiccation
of the explant may be performed by any means known in the
art such that the moisture content of the dry explant is
between 1% and 25%. Suitable methods for desiccating the
explant may include, but are not limited to, drying in the
presence of air with and without an added dehumidifying
agent. In some embodiments, the explants are dried in a
laminar flow hood. In some embodiments, the explants are
dried on the surface of filter paper in a laminar flow hood for
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about 26 hours. In some embodiments, the explants are dried
in a dehumidifier. In some embodiments, the explants are
dried at a temperature between 0° C. and 35° C. for at least
5 hours (e.g., at least 5,7, 9, 12, 15, 18, 24, 30, 36, 42, 48,
72, 96 or 120 hours) and up to 2 weeks (e.g., up to 1, 2, 3,
4, 5,6, 7,8,9, 10, 11, 12, 13, or 14 days). In some
embodiments, it may be beneficial to control rates of drying
by tightly controlling temperature, humidity, air flow, and
time.

During desiccation of the explant, one or more transfor-
mation supplements may be added. As used herein, “trans-
formation supplement” refers to any molecule or substance
added to the explant during desiccation, which promotes
survival and storage of the prepared explant or that promotes
or increases the transformation efficiency of the prepared
explant. Transformation supplements for use during desic-
cation of the explant of the present invention may include
small molecules, biological molecules such as nucleic acids,
polypeptides, proteins, antibodies, transcription factors, and
macromolecules or complexes thereof, nanoparticles, lipo-
somes, Agrobacterium, Rhizobium, and cell-penetrating
peptides. In some embodiments, the transformation supple-
ment is a plant growth factor, cell protectant agent including,
or other agent including, but not limited to, thidiazuron
(TDZ), 6-benzylaminopurine (BAP), polyethylene glycol
(PEG), alginates and alginate complexes, starches, cellulo-
ses, synthetic polymers, gums, waxes, proline, betaine,
polyvinylpyrrolidone  (PVP), polyvinylpolypyrrolidone
(PVPP), salicylic acid, calcium sources, silicone sources,
colchicine, 2,4-dichlorophenoxyacetic  acid (2,4-D),
Paczol™, gibberellic acid (GA3), gibberellin (GA) pathway
inhibitors, indole-3-acetic acid (IAA), indole-3-butyric acid
(IBA), 1-naphthalaneacetic acid (NAA), forchlorfenuron
(CPPU), spectinomycin, streptomycin, glyphosate, glufosi-
nate, bialophos, hygromycin, amikacin, tobramycin,
imazapyr, lyophilized agrobacterium, lyophilized rhizo-
bium, and potassium hydroxide (KOH). In some embodi-
ments, the transformation supplement is an agent, which
promotes multiplication of the meristematic tissue, such as,
but not limited to, TDZ, BAP, zeatin, kinetin, and CPPU. In
some embodiments, explants are mechanically wounded
prior to drying and storage. This can be achieved with
exposure to ultrasound energy (e.g., sonication), liquid nitro-
gen, centrifugation, pressure, and chemical (ex. KOH, PEG,
acids, bases), enzymes, abrasives, water jets, lasers, needles,
or blades.

The dried explants are suitable for storage in a variety of
conditions. Dried explants may be stored at temperatures
ranging from about -200° C. to 50° C. (i.e., about -190° C.
to 40° C., about -170° C. to 30° C., about -150° C. to 20°
C., about -130° C. to 10° C., and about -102° C. to 0° C.)
for a period of time of at least 7 days (i.e., at least 10 days,
at least 30 days, at least 50 days, at least 60 days, at least 75
days, at least 90 days, and at least 120 days). Storable dried
explants can also be banked to create libraries of germ-
plasms from a variety of cultivars of agronomic significance.
In general, lower temperature storage under dry conditions
or controlled humidity will allow for prolonged storage of
the dried Cannabis explants.

Explants generated by the methods described herein can
be transformed with a heterologous gene or nucleic acid of
interest by any means known in the art. Various methods
have been developed for transferring genes or nucleic acids
into plant tissue including particle bombardment, high
velocity microprojection, microinjection, electroporation,
direct DNA uptake, silica carbide fibers, cell-penetrating
peptides, nanoparticles, viral vectors, and bacterially-medi-
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ated transformation. Bacteria known to mediate plant cell
transformation include a number of species of the Rhizobi-
aceae, including, but not limited to, Agrobacterium spp.,
Sinorhizobium spp., Mesorhizobium spp., Rhizobium spp.,
Ochrobacterium spp., and Bradyrhizobium spp. In some
embodiments, the explant is transformed using Agrobacte-
rium spp. In some embodiments, the explant is transformed
using Agrobacterium strain Arl8rl12v. In some embodi-
ments, the explant is transformed using particle bombard-
ment using gold microcarriers. Suitable viral vectors are
known and described in the art and may include, but are not
limited to, tomato yellow leaf curl virus (TYLCV), tobacco
yellow dwarf virus (TobYDV), tomato golden mosaic virus
(TGMV), bean pod mottle virus (BPMV). Suitable methods
of plant transformation are described in the art, such as, for
example, by McCabe et al. (McCabe, D. E., Swain, W. F.,
Martinell, B. J., Christou, P. (1988) Nature Biotechnology
6(8), 923-926), Chen et al. (Chen, Y., Rivlin, A. Lange, A.,
Ye, X., Vaghchhipawala, Z., Eisinger, E., Dersch, E., Paris,
M., Martinell, B., Wan, Y. (2014) Plant Cell Reports 33(1),
153-164), Ye et al. (Ye, X., Williams, E. J., Shen, J., Johnson,
S., Lowe, B., Radke, S., Strickland, S. Esser, J. A., Petersen,
M. W., and Gilbertson, L. A. (2011) Transgenic Research
20(4), 773-7860), and Plant Transformation Technologies
(Edited by C. Neal Stewart, Alisher Touraev, Vitaly Citovsky
and Tzvi Tzfira ©2011 Blackwell Publishing Ltd. ISBN:
978-0-813-82195-5.)

Prior to inoculation, dried explants to be transformed may
be rehydrated using suitable tissue culture medium. In some
embodiments, the rehydration medium is Soy INO medium,
VAE rehydration medium, or a solid medium such as Basal
MS or Gamborg’s B5 medium. In some embodiments, the
rehydration step is combined with the pretreatment step
described below.

Embryos may be pretreated prior to inoculation and
transformation. In some embodiments, the embryos are
pretreated with a polyethylene glycol (PEG) solution. In
some embodiments, the PEG solution includes about 20%
PEG4000. In some embodiments, the embryos are pretreated
in the PEG-ethanol solution for between about 1 minute and
about 3 hours (e.g. 1 min., 2 min., 5 min., 15 min., 30 min.,
45 min., 1 hr, 1.5 hr.,, 2 hr, 2.5 hr, or 3 hr.). In some
embodiments, salts may be added to the PEG solution. In
some embodiments, the PEG solution includes one or more
fungicides (e.g., Captan, Bravo, etc.). In some embodiments,
the PEG solution includes Murashige and Skoog (MS) salts.
In some embodiments, the pretreatment step includes soni-
cation, vortexing, centrifugation, heat-shock, or addition of
chemicals (e.g., TDZ, glyphosate, or metolachlor).

In some embodiments, the explant transformation is
supplemented with force treatments. Force treatments may
include, but are not limited to, sonication, vortexing, cen-
trifugation, increased pressure, vacuum infiltration, heat-
shock, dessication or addition of chemicals (e.g., TDZ,
glyphosate, or metolachlor). Force treatments may be
applied prior to or during transformation. For example, prior
to or concurrently with inoculation with Agrobacterium or
particle bombardment treatment. In some embodiments,
explants are sonicated for about 20 seconds at about 45 kHz.
Force treatment transformation methods are described in the
art. See, for example, Khanna, et al. (“Centrifugation
assisted Agrobacterium tumefaciens-mediated transforma-
tion (CAAT) of embryogenic cell suspensions of banana
(Musa spp. Cavendish AAA and Lady finger AAA),”
Molecular Breeding, 2004, 14:239-252), Kapila et al. (“An
Agrobacterium-mediated transient gene expression system
for intact leaves,” Plant Science, 1997, 122(1):101-108),
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Trick et al. (“SAAT: sonication-assisted Agrobacterium-
mediated transformation,” Transgenic Research, 1997, 6(5):
329-336), and Hiei et al. (“Improved frequency of transfor-
mation in rice and maize by treatment of immature embryos
with centrifugation and heat prior to infection with 4gro-
bacterium tumefaciens,” Plant Cell, Tissue, and Organ Cul-
ture, 2006, 87(3):233-243).

Following inoculation, the explants are co-cultured for
between about 1 day and about 6 days in any suitable
co-culture medium that supports the growth and survival of
the inoculated explant. In some embodiments, the co-culture
medium is WCIC INO medium, which includes the com-
ponents outlined in Table 2 of Example 1.

Following transformation, the explants or transformed
tissue is regenerated using a suitable regeneration medium
that supports the growth and survival of at least the posi-
tively transformed explants or transformed tissues. Suitable
regeneration medium are known and described in the art. For
example, the regeneration medium may be B5 medium,
WPM based medium, MS salts based medium, ¥2xMS salts
based medium, or similar medium with or without supple-
mentation. The regeneration medium may additionally com-
prise nystatin, TBZ, meta-topolin (mT), napthylacetic acid
(NAA) and GA3. In some embodiments, the regeneration
medium includes a selection agent to select for positive
transformants. Examples of suitable selection agents
include, but are not limited to, RFP, GUS, aadAla, spec-
tinomycin, streptomycin, and imazapyr.

The heterologous gene or nucleic acid of interest may be
any gene or nucleic acid that may confer a particular
desirable trait or phenotype in the transformed plant.
Examples of suitable genes of agronomic interest envisioned
by the present invention would include but are not limited to
genes for disease, insect, or pest tolerance, herbicide toler-
ance, genes for quality improvements such as yield, nutri-
tional enhancements, environmental or stress tolerances, or
any desirable changes in plant physiology, growth, devel-
opment, morphology or plant product(s) including starch
production, modified oils production, high oil production,
modified fatty acid content, high protein production, fruit
ripening, enhanced animal and human nutrition, and biopo-
lymers production. Also environmental stress resistance,
pharmaceutical peptides and secretable peptides, improved
processing traits, industrial enzyme production, improved
flavor, nitrogen fixation, hybrid seed production, and fiber
production. Any of these or other genetic elements, methods,
and transgenes may be used with the invention as will be
appreciated by those of skill in the art in view of the instant
disclosure. The heterologous gene or nucleic acid of interest
may also be a sequence that can affect a phenotype of
interest by encoding an RNA molecule that causes the
targeted inhibition of expression on an endogenous gene via
gene silencing technologies.

In some embodiments, the heterologous nucleic acid of
interest modulates the expression or function of the endog-
enous Cannabis tetrahydrocannabinolic acid synthase
(THCA synthase) gene. A heterologous nucleic acid is
introduced into the Canrnrabis explant to knockout or silence
the THCA synthase gene. Cannabis plants grown from the
transformed Cannabis explant are characterized by a tetra-
hydrocannabinol (THC) low or THC free phenotype. The
sequence and activity of the THCA synthase gene is known
and described in the art. See, for example, Laverty et al.
(Laverty et al., “A physical and genetic map of Cannabis
sativa identifies extensive rearrangements at the THC/CBD
acid synthase loci,” Genome Research, 2018, 29:146-156).
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Provided below are five cDNA sequences (SEQ ID NOs:
1-5) of THCA genes from various Cannabis sativa strains.
Single nucleotide polymorphs (SNPs) between the active
THCA synthase of SEQ ID NO:1 and each of SEQ ID
NOs:2-5 are indicated in each of the respective sequences
and a full sequence alignment is shown in FIG. 64.

Cannabis sativa cultivar Skunk #1 tetrahydrocannabino-
lic acid synthase (THCA1) gene ¢cDNA (SEQ ID NO:1),
Genbank: KJ469378.1

ATGAATTGCTCAGCATTTTCCTTTTGGTTTGTTTGCAAAATAATATT
TTTCTTTCTCTCATTCCATATCCAAATTTCAATAGCTAATCCTCGAG
AAAACTTCCTTAAATGCTTCTCAAAACATATTCCCAACAATGTAGCA
AATCCAAAACTCGTATACACTCAACACGACCAATTGTATATGTCTAT
CCTGAATTCGACAATACAAAATCTTAGATTCATCTCTGATACAACCC
CAAAACCACTCGTTATTGTCACTCCTTCAAATAACTCCCATATCCAA
GCAACTATTTTATGCTCTAAGAAAGTTGGCTTGCAGATTCGAACTCG
AAGCGGTGGCCATGATGCTGAGGGTATGTCCTACATATCTCAAGTCC
CATTTGTTGTAGTAGACTTGAGAAACATGCATTCGATCAAAATAGAT
GTTCATAGCCAAACTGCGTGGGTTGAAGCCGGAGCTACCCTTGGAGA
AGTTTATTATTGGATCAATGAGAAGAATGAGAATCTTAGTTTTCCTG
GTGGGTATTGCCCTACTGTTGGCGTAGGTGGACACTTTAGTGGAGGA
GGCTATGGAGCATTGATGCGAAATTATGGCCTTGCGGCTGATAATAT
TATTGATGCACACTTAGTCAATGTTGATGGAAAAGTTCTAGATCGAA
AATCCATGGGAGAAGATCTGTTTTGGGCTATACGTGGTGGTGGAGGA
GAAAACTTTGGAATCATTGCAGCATGGAAAATCAAACTGGTTGATGT
CCCATCAAAGTCTACTATATTCAGTGTTAAAAAGAACATGGAGATAC
ATGGGCTTGTCAAGTTATTTAACAAATGGCAAAATATTGCTTACAAG
TATGACAAAGATTTAGTACTCATGACTCACTTCATAACAAAGAATAT
TACAGATAATCATGGGAAGAATAAGACTACAGTACATGGTTACTTCT
CTTCAATTTTTCATGGTGGAGTGGATAGTCTAGTCGACTTGATGAAC
AAGAGCTTTCCTGAGTTGGGTAT TAAAAAAACTGATTGCAAAGAATT
TAGCTGGATTGATACAACCATCTTCTACAGTGGTGTTGTAAATTTTA
ACACTGCTAATTTTAAAAAGGAAATTTTGCTTGATAGAT CAGCTGGG
AAGAAGACGGCTTTCTCAATTAAGTTAGACTATGTTAAGAAACCAAT
TCCAGAAACTGCAATGGTCAAAATTTTGGAAAAATTATATGAAGAAG
ATGTAGGAGCTGGGATGTATGTGTTGTACCCTTACGGTGGTATAATG
GAGGAGATTTCAGAATCAGCAATTCCATTCCCTCATCGAGCTGGAAT
AATGTATGAACTTTGGTACACTGCTTCCTGGGAGAAGCAAGAAGATA
ATGAAAAGCATATAAACTGGGTTCGAAGTGTTTATAATTTTACGACT
CCTTATGTGTCCCAAAATCCAAGATTGGCGTATCTCAATTATAGGGA
CCTTGATTTAGGAAAAACTAATCATGCGAGTCCTAATAATTACACAC
AAGCACGTATTTGGGGTGAAAAGTATTTTGGTAAAAATTTTAACAGG
TTAGTTAAGGTGAAAACTAAAGTTGATCCCAATAATTTTTTTAGAAA

CGAACAAAGTATCCCACCTCTTCCACCGCATCATCATTAA
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Cannabis sativa isolate 60D2 tetrahydrocannabinolic acid
GenBank:
MG996415.1, single nucleotide polymorph (SNP) relative

synthase (THCA) gene (SEQ ID NO:2),

to SEQ ID NO:1 shown in bold underline.

atgaattgctcagcattttecttttggtttgtttgcaaaataatatt
tttetttetetcattecatatecaaatttcaatagetaatectegag
aaaacttccttaaatgcttctcaaaacatattcccaacaatgtagea
aatccaaaactcgtatacactcaacacgaccaattgtatatgtcetat
cctgaattcgacaatacaaaatcttagattcatctetgatacaacce
caaaaccactcgttattgtcactecttcaaataactceccatatcecaa
gcaactattttatgctctaagaaagttggettgcagattcgaacteyg
aagcggtggecatgatgetgagggtatgtectacatatcteaagtece
catttgttgtagtagacttgagaaacatgcattegatcaaaatagat
gttcatagccaaactgegtgggttgaagecggagctacecttggaga
agtttattattggatcaatgagaagaatgagaatcttagttttectg
gtgggtattgcectactgttggegtaggtggacactttagtggagga
ggctatggagcattgatgegaaattatggecttgeggetgataatat
tattgatgcacacttagtcaatgttgatggaaaagttctagatcgaa
aatccatgggagaagatctgttttgggctatacgtggtggtggagga
gaaaactttggaatcattgcagcatggaaaatcaaactggttgetgt
cccatcaaagtctactatattcagtgttaaaaagaacatggagatac
atgggcttgtcaagttatttaacaaatggcaaaatattgettacaag
tatgacaaagatttagtactcatgactcacttcataacaaagaatat
tacagataatcatgggaagaataagactacagtacatggttacttet
cttcaatttttcatggtggagtggatagtctagtegacttgatgaac
aagagctttegtgagttgggtattaaaaaaactgattgcaaagaatt
tagctggattgatacaaccatcttctacagtggtgttgtaaatttta
acactgctaattttaaaaaggaaattttgcttgatagatcagetggg
aagaagacggctttctcaattaagttagactatgttaagaaaccaat
tccagaaactgcaatggtcaaaattttggaaaaattatatgaagaag
atgtaggagctgggatgtatgtgttgtacccttacggtggtataatg
gaggagatttcagaatcagcaattccattecctcategagetggaat
aatgtatgaactttggtacactgcttectgggagaagcaagaagata
atgaaaagcatataaactgggttcgaagtgtttataattttacgact
ccttatgtgteccaaaatccaagattggegtatectcaattataggga
ccttgatttaggaaaaactaatcatgegagtcectaataattacacac
aagcacgtatttggggtgaaaagtattttggtaaaaattttaacagg
ttagttaaggtgaaaactaaagttgatcccaataatttttttagaaa

cgaacaaagtatcccacctcttmecaccgcatcatcattaa

Cannabis sativa clone ABC67 THCA synthase gene (SEQ
ID NO:3), GenBank: KT876047.1, SNPs relative to SEQ ID

NO: shown in bold underline.
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atgaattgctcagcattttecttttggtttgtttgcaaaataatatt
tttetttectetcattecatatecaaatttcaatagetaatectegag
aaaacttccttaaatgettctcaaaacatattcccaacaatgtagea
aatccaaaactcgtatacactcaacacgaccaattgtatatgtctat
cctgaattcgacaatacaaaatcttagattcatetcetgatacaacee
caaaaccactegttattgtcactecttcaaataactcccatatcecaa
gcaactattttatgctctaagaaagttggettgecagattegaacteg
aageggtggecatgatgetgagggtatgtectacatatetcaagtee
catttgttgtagtagacttgagaaacatgcattcgatcaaaatagat
gttecatagccaaactgegtgggttgaagecggagetacecttggaga
agtttattattggatcaatgagaagaatgagaatcttagttttcetg
gtgggtattgecctactgttggegtaggtggacactttagtggagga
ggctatggagecattgatgegaaattatggecttgeggetgataatat
tattgatgcacacttagtcaatgttgatggaaaagttctagatcgaa
aatccatgggagaagatctgttttgggetatacgtggtggtggagga
gaaaactttggaatcattgcagcatggaaaatcaaactggttgetgt
cccatcaaagtctactatattcagtgttaaaaagaacatggagatac
atgggcttgtcaagttatttaacaaatggcaaaatattgcttacaag
tatgacaaagatttagtactcatgactcacttcataacaaagaatat
tacagataatcatgggaagaataagactacagtacatggttacttet
cttcaatttttcatggtggagtggatagtctagtegacttgatgaac
aagagctttectgagttgggtattaaaaaaactgattgcaaagaatt
tagctggattgatacaaccatcttctacagtggtgttgtaaatttta
acactgctaattttaaaaaggaaattttgcttgatagatcagetggg
aagaagacggctttcectcaattaagttagactatgttaagaaaccaat
tccagaaactgcaatggtcaaaattttggaaaaattatatgaagaag
atgtaggagetgggatgtatgtgttgtacecttacggtggtataatg
gaggagatttcagaatcagcaattccattceectecategagetggaat
aatgtatgaactttggtacactgettectgggagaagcaagaagata
atgaaaagcatataaactgggttcgaagtgtttataattttacgact
ccttatgtgteccaaaatccaagattggegtatetcaattataggga
ccttgatttaggaaaaactaatcatgegagtectaataattacacac
aagcacgtatttggggtgaaaagtattttggtaaaaattttaacagg
ttagttaaggtgaaaactaaagttgatcccaataatttttttagaaa

cgaacaaagtatcccacctcettecaccgcecatecatceat

THCA synthase Cannabis sativa Purple Kush (SEQ ID
NO:4), SNPs relative to SEQ ID NO:1 shown in bold

underline.

ATGAATTGCTCAGCATTTTCCTTTTGGTTTGTTTGCAAAATAATAT

TTTTCTTTCTCTCATTCCATATCCAAATTTCAATAGCTAATCCTCG
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AGAAAACTTCCTTARATGCTTCTCAARACATATTCCCAACAATGTA

GCAAATCCAAAACTCGTATACACTCAACACGACCAATTGTATATGT
CTATCCTGAATTCGACAATACAAAATCTTAGATTCATCTCTGATAC
AACCCCAAAACCACTCGTTATTGTCACTCCTTCAAATAACTCCCAT
ATCCAAGCAACTATTTTATGCTCTAAGAAAGTTGGCTTGCAGATTC
GAACTCGAAGCGGTGGCCATGATGCTGAGGGTATGTCCTACATATC
TCAAGTCCCATTTGTTGTAGTAGACTTGAGAAACATGCATTCGATC
AAAATAGATGTTCATAGCCAAACTGCGTGGGTTGAAGCCGGAGCTA
CCCTTGGAGAAGTTTATTATTGGATCAATGAGAAGAATGAGAATCT
TAGTTTTCCTGGTGGGTATTGCCCTACTGTTGGCGTAGGTGGACAC
TTTAGTGGAGGAGGCTATGGAGCATTGATGCGAAATTATGGCCTTG
CGGCTGATAATATCATTGATGCACACTTAGTCAATGTTGATGGARA
AGTTCTAGATCGAAAATCCATGGGAGAAGATCTGTTTTGGGCTATA
CGTGGTGGTGGAGGAGAAAACTTTGGAATCATTGCAGCATGGAAAA
TCAAACTGGTTGCTGTCCCATCAAAGTCTACTATATTCAGTGTTAA
AAAGAACATGGAGATACATGGGCTTGTCAAGTTATTTAACARATGG
CAAAATATTGCTTACAAGTATGACAAAGATTTAGTACTCATGACTC
ACTTCATAACAAAGAATATTACAGATAATCATGGGAAGAATAAGAC
TACAGTACATGGTTACTTCTCTTCAATTTTTCATGGTGGAGTGGAT
AGTCTAGTCGACTTGATGAACAAGAGCTTTCGTGAGTTGGGTATTA
AAAAAACTGATTGCAAAGAATTGAGCTGGATTGATACAACCATCTT
CTACAGTGGTGTTGTAAATTACAACACTGCTAATTTTAAAAAGGAA
ATTTTGCTTGATAGATCAGCTGGGAAGAAGACGGCTTTCTCAATTA
AGTTAGACTATGTTAAGAAACCAATTCCAGAAACTGCAATGGTCAA
AATTTTGGAAAAATTATATGAAGAAGATGTAGGAGCTGGGATGTAT
GTGTTGTACCCTTACGGTGGTATAATGGAGGAGATTTCAGAATCAG
CAATTCCATTCCCTCATCGAGCTGGAATAATGTATGAACTTTGGTA
CACTGCTTCCTGGGAGAAGCAAGAAGATAATGAAAAGCATATAAAC
TGGGTTCGAAGTGTTTATAATTTTACGACTCCTTATGTGTCCCAAA
ATCCAAGATTGGCGTATCTCAATTATAGGGACCTTGATTTAGGARA
AACTAATCATGCGAGTCCTAATAATTACACACAAGCACGTATTTGG
GGTGAAAAGTATTTTGGTAAAAATTTTAACAGGTTAGT TAAGGTGA
AAACTAAAGTTGATCCCAATAATTTTTTTAGAAACGAACAAAGTAT

CCCACCTCTTCCACCGCATCATCATTAA

Inactive THCA synthase gene (SEQ ID NO:5), SNPs
relative to SEQ ID NO:1 shown in bold underline.

ATGAATTGCTCAGCATTCTCCTTTTGGTTTGTTTGCAAAATAATATT
TTTCTTTCTCTCATTCAATATCCAAATTTCAATAGCTAATCCTCAAG
AAAACTTCCTTAAATGCTTCTCGGAATATATT CCTAACAATCCAGCA

AATCCAAAATTCATATACACTCAACACGACCAATTGTATATGTCTGT
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-continued
CCTGAATTCGACAATACAAAATCTTAGATTCACCTCTGATACAACCC

CAAAACCACTCGTTATTGTCACTCCTTCAAATEECTCCCATATCCAE
GCCAGTATTCTCTGCTCCAAGAAAGTTGGTTTGCAGATTCGAACTCG
AAGCGGTGGCCATGATGCTGAGGGTTTGTCCTACATATCTCAAGTCC
CATTTGCTATAGTAGACTTGAGAAACATGCATACGGTCAAAGTAGAT
ATTCATAGCCAAACTGCGTGGGTTGAAGCCGGAGCTACCCTTGGAGA
AGTTTATTATTGGATCAATGAGATGAATGAGAATTTTAGTTTTCCTG
GTGGGTATTGCCCTACTGTTGGCGTAGGTGGACACTTTAGTGGAGGA
GGCTATGGAGCATTGATGCGAAATTATGGCCTTGCGGCTGATAATAT
CATTGATGCACACTTAGTCAATGTTGATGGAAAAGTTCTAGATCGAA
AATCCATGGGAGAAGATCTATTTTGGGCTATACGTGGTGGAGGAGGA
GAAAACTTTGGAATCATTGCAGCATGGAAAATCARACTTGTTGTTGT
CCCATCARAGGCTACTATATTCAGTGTTAAAAAGAACATGGAGATAC
ATGGGCTTGTCAAGTTATTTAACAAATGGCAAAATATTGCTTACAAG
TATGACAARAGATTTAATGCTCACGACTCACTTCAGAACTAGGAATAT
TACAGATAATCATGGGAAGAATAAGACTACAGTACATGGTTACTTCT
CTTCCATTTTTCT TGGTGGAGTGGATAGTCTAGTTGACTTGATGAAC
AAGAGCTTTCCTGAGTTGGGTAT TAAAAAAACTGATTGCAAAGAATT
GAGCTGGATTGATACAACCATCTTCTACAGTGGTGT TGTAAATTACA
ACACTGCTAATTTTAAAAAGGAAATTTTGCTTGATAGATCAGCTGGG
AAGAAGACGGCTTTCTCAATTAAGTTAGACTATGTTAAGAAACTAAT
ACCTGAAACTGCAATGGTCAAAATTTTGGAAARAATTATATGAAGAAG
AGGTAGGAGTTGGGATGTATGTGTTGTACCCTTACGGTGGTATAATG
GATGAGATTTCAGAATCAGCAATTCCATTCCCTCATCGAGCTGGAAT
AATGTATGAACTTTGGTACACTGCTACCTGGGAGAAGCAAGAAGATA
ACGAAAAGCATATAAACTGGGTTCGAAGTGTTTATAATTTCACAACT
CCTTATGTGTCCCAAAATCCAAGATTGGCGTATCTCAATTATAGGGA
CCTTGATTTAGGAAAAACTAATCCTGAGAGTCCTAATAATTACACAC
AAGCACGTATTTGGGGTGAAAAGTATTTTGGTAAAAATTTTAACAGG
TTAGTTAAGGTGAAAACCAAAGCTGATCCCAATAATTTTTTTAGAAA

CGAACAAAGTATCCCACCTCTTCCACCGCGTCATCATTAA

THCA synthase polypeptide sequence (SEQ ID NO:6)

MNCSAFSFWFVCKIIFFFLSHITQISIANPRENFLKCFSKHIPNNVA

NPKLVYTQHDQLYMSILNSTIQNLRFISDTTPKPLVIVTPSNNSHIQ

ATILCSKKVGLQIRTRSGGHDAEGMSYISQVPFVVVDLRNMHSIKID

VHSQTAWVEAGATLGEVYYVVINEKNENLSFPGGYCPTVGVGGHFSG

GGYGALMRNYGLAADNI IDAHLVNVDGKVLDRKSMGEDLFWAIRGGG

GENFGIIAAWKIKLVDVPSKSTIFSVKKNMEIHGLVKLFNKWQONIAY

KYDKDLVLMTHFITKNITDNHGKNKTTVHGYFSSIFHGGVDSLVDLM

NKSFPELGIKKTDCKEFSWIDTTIFYSGVVNFNTANFKKEILLDRSA
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GKKTAFSIKLDYVKKPIPETAMVKILEKLYEEDVGAGMYVLYPYGGI

MEEISESAIPFPHRAGIMYELWYTASWEKQEDNEKHINVVVRSVYNF

TTPYVSQNPRLAYLNYRDLDLGKTNHASPNNY TQAR IWGEKYFGKNF
NRLVKVKTKVDPNNFFRNEQS IPPLPPHHH

In some embodiments, the THCA synthase gene may be
knocked out using Clustered Randomly Interspersed Short
Palindromic Repeats (CRISPR)/Cas mediated gene editing.
To knockout the THCA synthase gene using CRISPR/Cas
mediated gene editing, one or more guide RNAs are
designed that target the THCA synthase gene or a region
adjacent there to and proximal to a Protospacer Adjacent
Motif (PAM) site. Upon introduction to a Cannabis cell, the
guide RNAs target a nuclease to induce a double strand
break at the designated cut site. The cell will then undergo
non-homologous end joining (NHEJ) to repair the cut site.
Due to the nature of NHEJ, one or more insertions or
deletions (indels) are introduced at the cut site, thereby
silencing the target THCA synthase gene. In some embodi-
ments, a homology directed repair (HDR) template oligo-
nucleotide may be used to direct the repair at the cut site to
introduce a mutation of interest. The mutation of interest
may be an insertion of a stop codon, a frameshift mutation,
or a nonsense mutation that disrupts expression of the THCA
synthase gene. In some embodiments, the HDR oligonucle-
otide encodes a sequence comprising one or more of the
THCA synthase gene SNPs recited herein. In some embodi-
ments, the guide RNAs direct cleavage of the THCA gene
such that all or a portion of the THCA gene is removed.

In some embodiments, the nuclease is a Cas nuclease.
Suitable Cas nucleases are known and described in the art
including, but not limited to, a Cas9 nuclease.

In some embodiments, the guide RNA targeting the
THCA gene is selected from SEQ ID NO:7 (TGCAGCATG-
GAAAATCAAAC, forward gRNA gRF743), SEQ ID NO:8
(CCCTTACGGTGGTATAATGG, forward gRNA
gRF1271), SEQ ID NO:9 (TAGCTATTGAAATTTGGATA,
reverse gRNA gRR63), SEQ ID NO:10 (TAGAGCAT-
AAAATAGTTGCT, reverse gRNA gRR279), or combina-
tions thereof. As used herein, the guide RNA (gRNA)
nomenclature (e.g., gRF743) refers to the template direction
of the gRNA, either forward (F) or reverse (R), and nucleo-
tide position at which the 20 base pair (bp) gRNA ends. For
example, gRF743 is a forward gRNA that aligns with the
THCA synthase gene and ends at nucleotide 743. Other
nomenclature schemes and identification methods will be
known to a skilled artisan. In some embodiments, the guide
RNA sequences are cloned into a vector for introduction to
the cell. In some embodiments, the vector also encodes a Cas
nuclease (e.g., Cas9 nuclease). In some embodiments, one or
more vectors encoding the guide RNA and the Cas nuclease
are introduced into the cell in the presence of an HDR
oligonucleotide. Cells positive for transformation and the
desired CRISPR/Cas mediated editing results may be
screened and selected for using standard molecular biology
and sequencing techniques known in the art.

In some embodiments, the heterologous nucleic acid of
interest modulates the expression or function of the endog-
enous Cannabis cannabidiolic-acid synthase (CBDA syn-
thase) gene. A heterologous nucleic acid is introduced into
the Cannabis explant to knockout or silence the CBDA
synthase gene. Cannabis plants grown from the transformed
Cannabis explant are characterized by a tetrahydrocannabi-
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nol (THC) low or THC free phenotype. The sequence and
activity of the CBDA synthase gene is known and described
in the art. See, for example, Laverty et al. (Laverty et al., “A
physical and genetic map of Cannabis sativa identifies
extensive rearrangements at the THC/CBD acid synthase
loci,” Genome Research, 2018, 29:146-156).

Provided below are four cDNA or reverse complement
sequences (SEQ ID NOs:11, 13, 15, and 17) of CBDA genes
from various Canrnabis sativa strains. Single nucleotide
polymorphs (SNPs) between the active CBDA synthase of
SEQ ID NO:11 and each of SEQ ID NOs:13 and 15 are
indicated in each of the respective sequences and a full
sequence alignment is shown in FIG. 65. Additionally,
mutations in the CBDA synthase sequences of SEQ ID
NOs:14 and 16 are shown relative to SEQ ID NO:12.

Cannabis sativa cultivar Carmen cannabidiolic acid syn-
thase (CBDAIl) gene (SEQ ID NO:11), GenBank:
KJ469374.1

atgaagtgctcaacattctecttttggtttgtttgcaagataatatt
tttetttttetcattcaatatccaaacttecattgetaatectegag
aaaacttccttaaatgettctegecaatatatteccaataatgcaaca
aatctaaaactcgtatacactcaaaacaacccattgtatatgtetgt
cctaaattcgacaatacacaatcttagattcagetctgacacaacee
caaaaccacttgttategtcactecttecacatgtetcteatatecaa
ggcactattctatgctcecaagaaagttggettgecagattegaacteg
aagtggtggtcatgattctgagggcatgtectacatatetcaagtee
catttgttatagtagacttgagaaacatgcgttcaatcaaaatagat
gttcatagccaaactgecatgggttgaagecggagetacecttggaga
agtttattattgggttaatgagaaaaatgagagtettagtttggetg
ctgggtattgecctactgtttgegeaggtggacactttggtggagga
ggctatggaccattgatgagaagetatggectegeggetgataatat
cattgatgcacacttagtcaacgttcatggaaaagtgctagatcgaa
aatctatgggggaagatctettttgggetttacgtggtggtggagea
gaaagcttcggaatcattgtagcatggaaaattagactggttgetgt
cccaaagtctactatgtttagtgttaaaaagatcatggagatacatg
agcttgtcaagttagttaacaaatggcaaaatattgcttacaagtat
gacaaagatttattactcatgactcacttcataactaggaacattac
agataatcaagggaagaataagacagcaatacacacttacttctett
cagttttccttggtggagtggatagtctagtegacttgatgaacaag
agttttcctgagttgggtattaaaaaaacggattgcagacaattgag
ctggattgatactatcatcttctatagtggtgttgtaaattacgaca
ctgataattttaacaaggaaattttgcttgatagatccgetgggeag
aacggtgctttcaagattaagttagactacgttaagaaaccaattcce
agaatctgtatttgtccaaattttggaaaaattatatgaagaagata
taggagctgggatgtatgegttgtaccettacggtggtataatggat
gagatttctgaatcagcaattccattecctcategagetggaatett

gtatgagttatggtacatatgtagctgggagaagcaagaagataacg
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aaaagcatctaaactggattagaaatatttataacttcatgactect
tatgtgtcccaaaatccaagattggcatatctcaattatagagacct
tgatataggaataaatgatcccaagaatccaaataattacacacaag
cacgtatttggggtgagaagtattttggtaaaaattttgacaggcta
gtaaaagtgaaaaccctggttgatcccaataatttttttagaaacga

acaaagcatcccacctettecacggcategteattaa

Cannabis sativa CBDA synthase (SEQ ID NO:12)

MKCSTFSFWFVCKIIFFFFSFNIQTSIANPRENFLKCFSQYIPNNAT
NLKLVYTQNNPLYMSVLNSTIHNLRFSSDTTPKPLVIVTPSHVSHIQ
GTILCSKKVGLQIRTRSGGHDSEGMSYISQVPFVIVDLRNMRSIKID
VHSQTAWVEAGATLGEVYYWVNEKNESLSLAAGYCPTVCAGGHFGGG
GYGPLMRSYGLAADNIIDAHLVNVHGKVLDRKSMGEDLFWALRGGGA

ESFGIIVAWKIRLVAVPKSTMFSVKKIMEIHELVKLVNKWONIAYKY

DKDLLLMTHFITRNITDNQGKNKTAIHTYFSSVFLGGVDSLVDLMNK
SFPELGIKKTDCRQLSWIDTIIFYSGVVNYDTDNFNKEILLDRSAGQ
NGAFKIKLDYVKKPIPESVFVQILEKLYEEDIGAGMYALYPYGGIMD
EISESAIPFPHRAGILYELWYICSWEKQEDNEKHLNVVIRNIYNFMT

PYVSQNPRLAYLNYRDLDIGINDPKNPNNYTQARIWGEKYFGKNFDR
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-continued
AGCTTGTCAAGTTAGTTAACAAATGGCAAAATATTGCTTACAAGTAT
GACAAAGATTTATTACTCATGACTCACTTCATAACTAGGAACATTAC
AGATAATCAAGGGAAGAATAAGACAGCAATACACACTTACTTCTCTT
CAGTTTTCCTTGGTGGAGTGGATAGTCTAGTCGACTTGATGAACARG
AGTTTTCCTGAGTTGGGTATTAAAAAAACGGATTGCAGACAATTGAG
CTGGATTGATACTATCATCTTCTATAGTGGTGTTGTAAATTACGACA
CTGATAATTTTAACAAGGARATTTTGCTTGATAGATCCGCTGGGCAG
AACGGTGCTTTCAAGATTAAGTTAGACTACGTTAAGAAACCAATTCC
AGAATCTGTATTTGTCCAAATTTTGGAAAAATTATATGAAGAAGATA
TAGGAGCTGGGATGTATGCGT TGTACCCTTACGGTGGTATAATGGAT
GAGATTTCAGAATCAGCAATTCCATTCCCTCATCGAGCTGGAATCTT
GTATGAGTTATGGTACATATGTAGT TGGGAGARGCARGAAGATAACG
AAAAGCATCTAAACTGGATTAGAAATATTTATAACT TCATGACTCCT
TATGTGTCCAARAATCCAAGATTGGCATATCTCART TATAGAGACCT
TGATATAGGAATAAATGATCCCAAGAATCCARATAATTACACACAAG
CACGTATTTGGGGTGAGAAGTATTTTGGTARAAATTTTGACAGGCTA
GTAAAAGTGAARACCCTGGTTGATCCCAATAACTTTTTTAGAAACGA

ACAAAGCATCCCACCTCTTCCACGGCATCGTCATTAA

CBDA synthase protein sequence corresponding to SEQ
ID NO:13 (SEQ ID NO:14), mutations relative to SEQ ID

LVKVKTLVDPNNFFRNEQS IPPLPREIRH . .
NO:12 shown in bold underline.

Cannabis  sativa  cannabidiolic  acid  synthase
(LOC115697762) (SEQ ID  NO:13), GenBank:
XM_030624886.1, SNPs relative to SEQ ID NO:11 shown
in bold underline.

MKCSTFSFWFVCKIIFFFFSFNIQTSIANPRENFLKCFSQYIPNNATN
LKLVYTQNNPLYMSVLNSTIHNLRFTSDTTPKPLVIVTPSHVSHIQGT
ILCSKKVGLQIRTRSGGEIDSEGMSYISQVPFVIVDLRNMRSIKIDVH

40
SQTAWVEAGATLGEVYYVVVNEKNENLSLAAGYCPTVCAGGEIFGGGG

ATGAAGTGCTCAACATTCTCCTTTTGGTTTGTTTGCAAGATAATATT

TTTCTTTTTCTCATTCAATATCCAAACTTCCATTGCTAATCCTCGAG
YGPLMRNYGLAADNI IDAHLVNVHGKVLDRKSMGEDLFWALRGGGAES

AAAACTTCCTTAAATGCTTCTCGCAATATATTCCCAATAATGCAACA
FGIIVAWKIRLVAVPKSTMFSVKKIMEIHELVKLVNKWQNIAYKYDKD

AATCTAAAACTCGTATACACTCAAAACAACCCATTGTATATGTCTGT 45
LLLMTHFITRNITDNQGKNKTAIHTYFSSVFLGGVDSLVDLMNKSFPE

CCTAAATTCGACAATACACAATCTTAGATTCACCTCTGACACAACCC
- LGIKKTDCRQLSWIDTIIFYSGVVNYDTDNFNKEILLDRSAGONGAFK

CAAAACCACTTGTTATCGTCACTCCTTCACATGTCTCTCATATCCAA
IKLDYVKKPIPESVFVQILEKLYEEDIGAGMYALYPYGGIMDEISESA

GGCACTATTCTATGCTCCAAGAAAGTTGGCTTGCAGATTCGAACTCG 50
IPFPHRAGILYELWYICSWEKQEDNEKHLNVVIRNIYNFMTPYVSKNP

AAGTGGTGGTCATGATTCTGAGGGCATGTCCTACATATCTCAAGTCC
RLAYLNYRDLDIGINDPKNPNNYTQARIWGEKYFGKNFDRLVKVKTLV

CATTTGTTATAGTAGACTTGAGAAACATGCGTTCAATCAAAATAGAT
DPNNFFRNEQSIPPLPREIRH

GTTCATAGCCAAACTGCATGGGTTGAAGCCGGAGCTACCCTTGGAGA 55 Cannabis sativa Finola CBDA synthase gene reverse

complement (SEQ ID NO:15), SNPs relative to both SEQ
ID NOs:11 and 13 shown in bold underline, SNPs relative to
SEQ ID NO:13 shown in bold italics.

AGTTTATTATTGGGTTAATGAGAAAAATGAGAAT CTTAGTTTGGCGG
CTGGGTATTGCCCTACTGTTTGCGCAGGTGGACACTTTGGTGGAGGA

GGCTATGGACCATTGATGAGAAACTATGGCCTCGCGGCTGATAATAT 60

CATTGATGCACACTTAGTCAACGTTCATGGAAAAGTGCTAGATCGAA ATGAAGTACTCAACATTCTCCTTTTGGTTTGT TTGCAAGATAATATT

AATCTATGGGGGAAGATCTCTTTTGGGCTTTACGTGGTGGTGGAGCA

GAAAGCTTCGGAATCATTGTAGCATGGAAAATTAGACTGGTTGCTGT

CCCAAAGTCTACTATGTTTAGTGTTAAAAAGATCATGGAGATACATG

65

TTTCTTTTTCTCATTCAATATCCAARACTTCCATTGCTAATCCTCGAG

AAAACTTCCTTAAATGCTTCTCGCAATATATTCCCAATAATGCAACA

AATCTAAAACTCGTATACACTCAAAACAACCCATTGTATATGTCTGT
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CCTAAATTCGACAATACACAATCTTAGATTCAS CTCTGACACAACC
CCAARAACCACTTGTTATCGTCACTCCTTCACATGTCTCTCATATCCA
AGGCACTATTCTATGCTCCAAGARAGTTGGCTTGCAGATTCGAACTC
GAAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNTGGGTTGAAGCCGGAGCTACCCTTGGAG
AAGTTTATTATTGGGTTAATGAGAARAATGAGAS TCTTAGTTTGGCT
GCTGGGTATTGCCCTACTGTTTGCGCAGGTGGACACTTTGGTGGAGE
AGGCTATGGACCATTGATGAGAAS CTATGGCCTCGCGGCTGATAATA
TCATTGATGCACACTTAGTCAACGTTCATGGARAAGTGCTAGATCGAR
AATCTATGGGGGAAGATCTCTTT TGGGCTTTACGTGGTGGTGGAGCAG
AAAGCTTCGGAATCATTGTAGCATGGAARATTAGACTGGTTGCTGTCC
CARAGTCTACTATGTTTAGTGTTAAAAAGATCATGGAGATACATGAGC
TTGTCAAGTTAGTTAACAAATGGCAAAATATTGCTTACAAGTATGACA
AAGATTTATTACTCATGACTCACTTCATAACTAGGAACATTACAGATA
ATCARAGGGAAGAATAAGACAGCAATACACACTTACTTCTCTTCAGTTT
TCCTTGGTGGAGTGGATAGTCTAGTCGACT TGATGAACAAGAGTTTTC
CTGAGTTGGGTATTAAAAAAACGGATTGCAGACAATTGAGCTGGATTG
ATACTATCATCTTCTATAGTGGTGTTGTARATTACGACACTGATAATT
TTAACAAGGAAATTTTGCT TGATAGATCCGCTGGGCAGAACGGTGCTT
TCAAGATTAAGTTAGACTACGTTAAGAAACCAATTCCAGAATCTGTAT
TTGTCCAAATTTTGGAAAAAT TATATGAAGAAGATATAGGAGCTGGGA
TGTATGCGTTGTACCCTTACGGTGGTATAATGGATGAGATTTCT
GAATCAGCAATTCCATTCCCTCATCGAGCTGGAATCTTGTATGAGTTA
TGGTACATATGTAGCTGGGAGAAGCAAGAAGATAACGAAAAGCATCTA
AACTGGATTAGAAATATTTATAACTTCATGACTCCTTATGTGTCCCAR
AATCCAAGATTGGCATATCTCAATTATAGAGACCTTGATATAGGAATA
AATGATCCCAAGAATCCAAATAATTACACACAAGCACGTATTTGGGGT
GAGAAGTATTTTGGTAAAAATTTTGACAGGCTAGTAAAAGTGARAACC
CTGGTTGATCCCAATAAT TTTTTTAGAAACGAACAAAGCATCCCACCT

CTTCCACGGCATCATCATTAA

CBDA synthase protein sequence corresponding to SEQ
1D NO:15 (SEQ ID NO:16), mutations relative to both SEQ
ID NOs:12 and 14 shown in bold underline, mutations

relative to SEQ ID NO:14 shown in bold italics.

MKYSTFSFWFVCKIIFFFFSFNIQTSIANPRENFLKCFSQYIPNNATN

LKLVYTQNNPLYMSVLNSTIHNLRFSSDTTPKPLVIVTPSHVSHIQGT

ILCSKKVGLQIRTRXX XXXXXXXXXX XXXXXXXXX

WVEAGATLGEVYYVVVNEKNES LSLAAGY CPTVCAGGHFGGGGY

GPLMRS YGLAADNI IDAHLVNVHGKVLDRKSMGEDLFWALRGGGAESF

GIIVAWKIRLVAVPKSTMFSVKKIMEIHELVKLVNKWONIAYKYDKDL
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-continued
LLMTHF I TRNITDNQGKNKTAIHTYFSSVFLGGVDSLVDLMNKSFPEL
GIKKTDCRQLSWIDTIIFYSGVVNYDTDNFNKEILLDRSAGONGAFKI
KLDYVKKPIPESVFVQILEKLYEEDIGAGMYALYPYGGIMDEISESAT
PFPHRAGI LYELWYICSWEKQEDNEKHLNVVIRNIYNFMTPYVSONPR
LAYLNYRDLDIGINDPKNPNNYTQAR INGEKY FGKNFDRLVKVKTLVD

PNNFFRNEQSIPPLPRHHH

Inactive CBDA synthase (SEQ ID NO:17)

ATGAAGTGCTCAACATTCCCCTTTTGGTTTGTTTGCAAGATAATATTT
TTCTTTCTCTCATTCAATATCCAAACTTCAATTGCTAATCCTCGAGAA
AACTTCCTTAAATGCTTCTCGCAATATATTCCCACCAATGTAACARAAT
CTAAAACTTACACCCAAAACAACCAATTGTATATGCCTGTCCAAAATT
CAACAATACACAATCTTAGATTCACCTCTAACACAACCCCAAAACTAC
TTGTTATCGTCACTCCTTCATATGTCTCTCATATCCAAGGCACTATTC
TATGTCCAAGAAAATTGGTTTGCAAATTCGAACTCGAAGCGGTGGTCA
TGATTCTGAAGACATGTCCTACATATCTCAAGTCCCATTTGTTATAGT
AGACTTGAGAAACATGCATTCAATCAACATAGATGTTCATAGCCAAAT
CGCAAGGGTTGAAGCCGGAGCTACCCTTGGAGAAGTTTATTATTGGGT
TAATGAGAAAAATGAGAATCTTAGTTTGGCTGCTGGGTATTGCCCTAC
TGTTAGCGCAGCTGGACACTTTGGTGGAGGAGGATATGGACCATTGAT
GCAAAATTATGGCCTCGCGGCTGATAATATCGTTGATGCACACTTAGT
CAACGTTGATGCAAAAGTGCTAGATCGAAAATCTATGGGGGAAGATCT
CTTTTGGGCTATACGTGGTGGTGGAGGAGAAAGCTTCGGAATCATTGT
AGCATGGAAAATTAGACTGGTTGCTGTCCCAACAAAGTCTACTATGTT
TAGTGTTAAAAAGATCATGGAGATACATGAGCTTGTCAAGTGAGTTAA
CAAATGGCAAAATATTGCTTACAAGTATGACAAAGATTTATTACTCAT
GACTCACTTCATAACTAGGAATATTACAAATAATCATGGGAAGAATAA
GACAACAATACACACTTACTTCTCTTCAGTTTTCCTTGGTGGAGTGGA
TAGTCTAGTCGACTTGATGAATAAGAGTTTTCCTGAGTTGGGTATTAA
AAAAACAGATTGCAAACAATTGAGCTAGATTGATATTATCATCTTTTA
TAGCGGTGTTGTAAATTACGGCACTGATAATTTTAATAAGGAAATTTT
GCTTGATAGATCAGCTGGGCAGAACGGTTCTT TAAAGATTAAGTTAGA
CTACGTTAAGAAACCAATTCCAGAATCTGCGTTTGTCAAAATTTTGGA
AAAATTATATGAAGAAGATGAAGGAGTTGGGATGTATGCGTTGTACCC
TTACGGTGGTATAATGGATGAGATTTCAGAATCAGCAATTCCATTCCC
TCATTGAGCTGGAATCATGTATGAATTATGGTACATATGTAGCTGGGA
GAAGCACGAAGATAACGAAAAAGCATCTAAACTGGATTCGAAATGTTT
ATAGCTTCATTACTCCTTATGTGTCCTAAAATCCAAGATTGGCATATC
TCAATTATAGAGACCTTGATACTGGAATAAATGATCCCAAGAGTCCAA

ATAATTACACACAAGAAAGTATTTGGGGTGAGAAGTATTTTGGTAAAA
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ATTTTGACAGGGTAGTAAAAGTGAARACCCTGGTTGATCCCAATAATT

TTTTTAGAAATGAACAAAGCATCCCACCTCTTCCACGGCATCGTCATT
AA

In some embodiments, the CBDA synthase gene may be
knocked out using CRISPR/Cas mediated gene editing. To
knockout the CBDA synthase gene using CRISPR/Cas
mediated gene editing, one or more guide RNAs are
designed that target the CBDA synthase gene or a region
adjacent there to and proximal to a PAM site. Upon intro-
duction to a Cannabis cell, the guide RNAs target a nuclease
to induce a double strand break at the designated cut site.
The cell will then undergo NHEJ to repair the cut site. Due
to the nature of NHEJ, one or more indels are introduced at
the cut site, thereby silencing the target CBDA synthase
gene. In some embodiments, an HDR template oligonucle-
otide may be used to direct the repair at the cut site to
introduce a mutation of interest. The mutation of interest
may be an insertion of a stop codon, a frameshift mutation,
or a nonsense mutation that disrupts expression of the
CBDA synthase gene. In some embodiments, the HDR
oligonucleotide encodes a sequence comprising one or more
the CBDA synthase gene SNPs recited herein or encodes a
mutation in the CBDA synthase polypeptide sequence as
demonstrated herein. In some embodiments, the guide
RNAs direct cleavage of the CBDA gene such that all or a
portion of the CBDA gene is removed. In some embodi-
ments, the nuclease is a Cas nuclease. Suitable Cas nucle-
ases are known and described in the art including, but not
limited to, a Cas9 nuclease.

In some embodiments, the guide RNA targeting the
CBDA gene is selected from SEQ ID NO:18 (GCTA-
GATCGAAAATCTATGQG, forward gRNA gRF668), SEQ
ID NO:19 (AAAGCATCCCACCTCTTCCA, forward
gRNA gRF1621), SEQ ID NO:20 (TTTAGGACAGA-
CATATACAA, reverse gRNA gRR172), SEQ ID NO:21
(GAAAGCACCGTTCTGCCCAG, reverse gRNA
gRR1118), or combinations thereof. In some embodiments,
the guide RNA sequences are cloned into a vector for
introduction to the cell. In some embodiments, the vector
also encodes a Cas nuclease (e.g., Cas9 nuclease). In some
embodiments, one or more vectors encoding the guide RNA
and the Cas nuclease are introduced into the cell in the
presence of an HDR oligonucleotide. Cells positive for
transformation and the desired CRISPR/Cas mediated edit-
ing results may be screened and selected for using standard
molecular biology and sequencing techniques known in the
art.

In some embodiments, both the THCA synthase and
CBDA synthase genes are knocked out to produce a THC
low or THC free Cannabis plant. The polypeptide sequence
of the THCA synthase and CBDA synthase enzymes are
approximately 84% identical and both contribute to THC
production in Cannabis. Plants produced by knocking out
both the THCA synthase and CBDA synthase genes have
significantly increased production of cannabigerolic acid
(CBG), which is the substrate for both THCA synthase and
CBDA synthase, relative to a Cannabis plant with wild-type
expression of THCA synthase and CBDA synthase. In some
embodiments, both the THCA synthase and the CBDA
synthase genes are knocked-out using CRISPR/Cas medi-
ated gene editing as described herein. In some embodiments,
guide RNAs targeting both the THCA synthase gene and the
CBDA gene simultaneously are designed and used for
CRISPR/Cas9 mediated gene editing. In some embodi-
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ments, the guide RNAs targeting both THCA synthase and
CBDA synthase are selected from SEQ ID NO:22 (CATT-
TAAGGAAGTTTTCTCG, reverse gRNA gRR88), SEQ ID
NO:23 (AAATGGGACTTGAGATATGT, reverse gRNA
gRR259), SEQ ID NO:24 (CCCTTGGAGAAGTTTATTAT,
forward gRNA gRF481), SEQ ID NO:25 (GTACCCT-
TACGGTGGTATAA, forward gRNA gRF1265), SEQ ID
NO:26 (ATTCCAGCTCGATGAGGGAA, reverse gRNA
gRR1291), SEQ ID NO:27 (TACACACAAGCACGTAT-
TTG, forward gRNA gRF1515), and combinations thereof.
In some embodiments, the guide RNA sequences are cloned
into a vector for introduction to the cell. In some embodi-
ments, the vector also encodes a Cas nuclease (e.g., Cas9
nuclease). In some embodiments, one or more vectors
encoding the guide RNA and the Cas nuclease are intro-
duced into the cell in the presence of an HDR oligonucle-
otide. Cells positive for transformation and the desired
CRISPR/Cas mediated editing results may be screened and
selected for using standard molecular biology and sequenc-
ing techniques known in the art.

In some embodiments, the heterologous nucleic acid of
interest encodes a SOLO DANCERS (SDS) and BARNASE
fusion gene. The SDS gene encodes a meiosis-specific
cyclin and is required for homology interaction during
meiotic prophase 1 in Arabidopsis. The BARNASE gene
encodes a ribonuclease, is driven by a tapetum-specific
promoter, and, when activated is toxic to and eliminates
tapetal cells to create male sterile plants. Co-expression of
SDS and BARNASE from a heterologous nucleic acid will
create a male and female sterile plant. See, for example,
Huang et al. (“Creating completely both male and female
sterile plants by specifically ablating microspore and mega-
spore mother cells,” Frontiers in Plant Science, 2016, 7(30)).

SDS gene from Arabidopsis (SEQ 1D NO:60)

ATGAAGGAGATCGCGATGAGGAATTCAAAGCGCAAGCCTGAGCCGACG
CCGTTCGCCGGGAAGAAGCTCCGGTCGACGCGATTACGCCGGAAGAGA
GCACAGATCTCTCCCGTTCTTGTTCAATCACCTCTCTGGAGCAAACAA
ATCGGAGTCTCTGCTGCTTCTGTCGATTCCTGCTCCGATTTGCTAGCT
GATGACAACGTTTCCTGTGGTTCGAGCAGAGT CGAGAAGAGCTCGAAT
CCGAAGAAGACTCTAATTGAAGAGGTAGAAGTTTCTAAACCTGGTTAT
AATGTGAAGGAGACGATTGGTGATTCGAAATTTCGAAGGATTACGAGG
TCTTACTCTAAGCTACACAAGGAGAAGGAGGGAGATGAGATCGAAGTA
AGCGAATCGTCTTGTGTTGATTCGAATTCTGGTGCTGGATTAAGGAGA
TTGAATGTGAAGGGAAATAAAATTAACGACAACGATGAGATCTCTTTC
TCACGATCCGATGTGACCTTCGCCGGACATGTCTCCAACAGCCGGAGT
TTGAATTTCGAATCGGAGAATAAGGAGAGCGACGTCGTTTCTGTCATA
TCTGGAGTTGAGTACTGTTCCAAGTTCGGGAGCGTTACCGGAGGAGCT
GATAACGAAGAAATTGAAATCTCCAAGCCGAGCAGCTTCGTGGAAGCT
GATTCCTCTCTTGGATCGGCCAAGGAATTGAAGCCGGAGCTTGAGATA
GTCGGATGCGTCTCTGATCTCGCTTGCTCTGAGAAATTCTCGGAAGAG
GTTTCGGATTCTCTCGATGATGAGTCATCTGAGCAACGTTCAGAGATA
TATTCACAGTATTCCGACTTCGATTACTCGGATTACACTCCGTCCATC

TTCTTCGACTCTGGCAGCGAATTCTCTGAGAAATCTTCCTCTGATTCT
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CCTATTTCACATTCTCGCTCTCTGTACCTCCAGTTCAAGGAACAGTTC
TGTAGATCCACGATTCCCAACGATTTTGGATC TTCTTGCGAGGAAGAR
ATTCACTCTGAATTGCTAAGGTT TGATGATGAGGACGTGGAAGAGAGC
TATCTAAGGCTGAGGGAAAGAGAAAGAAGT CATGCATATATGCGGGAC
TGTGCTAAGGCATACTGCTCCAGGATGGACAATACTGGTCTCATCCCT
CGTCTACGCTCCATCATGGTTCAATGGATTGTAAAGCAATGTTCTGAC
ATGGGGCTTCAGCARGAGACATTGTTTCTAGGAGTTGGTCTGTTGGAT
CGATTCCTGAGCAAAGGATCATTCAAAAGCGAAAGGACTCTAATACTA
GTCGGGATTGCGAGTCTTACTCTGGCCACCAGAATTGAAGARAATCAA
CCTTACAACAGCATCCGGARAAGGAACTTCACCATTCAGAACCTARGA
TATAGCCGGCATGAAGTGGTGGCAATGGAGTGGCTGGTTCAAGAAGTC
CTCAACTTCARATGCTTCACACCCACAATCTTCAACTTCTTGTGGTTC
TACTTAAAAGCTGCTCGAGCCAATCCAGAAGT TGAAAGGAAAGCCAAR
TCCTTGGCTGTTACCTCACTATCCGACCARACTCAACTCTGTTTTTGE
CCCTCAACTGTAGCAGCTGCACTCGTGGTTCTCGCCTGCATCGAACAC
AACARAATCTCTGCATACCAACGAGTCATAAAGGTCCATGTTAGAACA
ACAGATAACGAGTTGCCTGAATGCGTTAAGAGTCTGGACTGGTTGCTT
GGGCAGTAA

BARNASE gene (SEQ ID NO:61)

CTGGAAAACGTCACATTGCTTCCGCATATCGGGTCAGCAACGGCTAA
AATCCGCTTGAATATGTTCACACAAGCCGCTCAAAACATGATTGACG
CCGTATACGGAAGAACGCCGAAAAACCTTACTAAGGAATTTCAATAA
GAAGAAAAATCCCGGTTGGTTCAGCCGGGGTTTATTTTTCGCTAGAT
AAAAAGTACTATTTTTAAATTCTTTCTATTCCTTTCTTTCGTTGCTG
ATACAATGAAAAGGAATCAGCTTCACATGATGAAAATGGGAGGTATT
GCTTTGAAAAAACGATTATCGTGGATTTCCGTTTGTTTACTGGTGCT
TGTCTCCGCGGCGGGGATGCTGTTTTCAACAGCTGCCAAAACGGAAA
CATCTTCTCACAAGGCACACACAGAAGCACAGGTTATCAACACGTTT
GACGGGGTTGCGGATTATCTTCAGACATATCATAAGCTACCTGATAA
TTACATTACAAAATCAGAAGCACAAGCCCTCGGCTGGGTGGCATCAA
AAGGGAACCTTGCAGACGTCGCTCCGGGGAAAAGCATCGGCGGAGAC
ATCTTCTCAAACAGGGAAGGCAAACTCCCGGGCAAAAGCGGACGAAC
ATGGCGTGAAGCGGATATTAACTATACATCAGGCTTCAGAAATTCAG
ACCGGATTCTTTACTCAAGCGACTGGCTGATT TACAAAACAACGGAC
CATTATCAGACCTTTACAAAAATCAGATAACGAAAAAAACGGCTTCC
CTGCGGAGGCCGTTTTTTTCAGCTTTACATAAAGTGTGTAATAAATT
TTTCTTCAAACTCTGATCGGTCAATTTCACTTT

In some embodiments, provided herein is a Cannabis
plant with increased trichomes that has increased expression
of endogenous Cannabis lipid transfer protein 2 (LTP2) or
includes a heterologous nucleic acid encoding Brassica
napus LTP2 (BraL'TP2). In some embodiments, a Cannabis
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cell is transformed with a heterologous polynucleotide
encoding a polypeptide at least 80%, 85%, 90%, 95%, 98%,
99%, or 99.9% identical to SEQ ID NO:28. In some embodi-
ments, a Cannabis cell is transformed with a heterologous
polynucleotide encoding the polypeptide of SEQ ID NO:28.
In some embodiments, the heterologous polynucleotide is at
least 80%, 85%, 90%, 95%, 98%, 99%, or 99.9% identical
to SEQ ID NO:29. The heterologous nucleic acid encoding
Bral'TP2 may be incorporated into a construct or vector as
described herein. One embodiment for cloning Bral.TP2 into
a vector suitable for transformation using the methods
described herein is demonstrated in FIG. 66. Trichomes in
the transformed Cannabis plant may be at least 2 fold, 5
fold, 10 fold, or 15 fold higher than trichomes in a Cannabis
plant that does not include the heterologous polynucleotide.
In some embodiments, the modulation of the LTP2 gene in
other plants, such as Brassica napus is described in the art.
See, for example, Tian et al. (Tian et al., “Overexpression of
Bral'TP2, a lipid transfer protein of Brassica napus, results
in increased trichome density and altered concentration of
secondary metabolites,” Int. J. Mol. Sci., 2018, 19:1733).
BralLTP2 protein sequence (SEQ ID NO:28)

MATGSRVLIGLANi1LIISGELLVPGQGTCQGDIEGLMRECAVYVQR
PGPKVNPSAACCKVVKRSDIPCACGRITPSVQKMIDMNKVVLVTSFC
GRPLAHGTKCGSYIVP

BralLTP2 gene sequence GenBank: KM062522.1 (SEQ
ID NO:29)

ATGGCGACAGGTTCTCGTGTTCTGATCGGTCTAGCAATGATCCTCAT
AATCTCAGGAGAACTGCTAGT TCCAGGGCAAGGAACGTGCCAAGGAG
ACATAGAGGGTCTGATGAGAGAATGTGCGGTCTACGTCCAGCGTCCA
GGCCCAAAGGTAAACCCATCCGCAGCGTGTTGCAAAGTCGTCAAGAG
ATCAGACATCCCCTGCGCATGTGGCCGTATCACACCCTCGGTTCARA
AAATGATAGACATGAATAAGGTTGTTCTTGTCACTTCCTTTTGTGGG
AGGCCTCTCGCTCATGGTACCAAGTGTGGAAGCTACATTGTGCCATG
A

In some embodiments, the heterologous nucleic acid of
interest modulates the expression or function of the endog-
enous Cannabis LTP2 gene. A heterologous nucleic acid is
introduced into the Cannabis explant to upregulate, overex-
press, or provide multiple copies of the LPT2 gene. Can-
nabis plants grown from the transformed Cannabis explant
are characterized by a phenotype with an increase in
trichomes compared to a wild-type plant as well as increased
cannabidiol (CBD) production.

In some embodiments, the heterologous nucleic acid of
interest modulates the expression or function of the endog-
enous Cannabis sativa prenyltransferase 1 (CsPT1) gene. A
heterologous nucleic acid is introduced into the Cannabis
explant to upregulate, overexpress, or provide multiple
copies of the CsPT1 gene. In some embodiments, a Can-
nabis cell is transformed with a heterologous nucleic acid
encoding a polypeptide at least 80%, 85%, 90%, 95%, 98%,
99%, or 99.9% identical to SEQ ID NO:30. In some embodi-
ments, a Cannabis cell is transformed with a heterologous
nucleic acid encoding the polypeptide SEQ ID NO:30. In
some embodiments, a Cannabis cell is transformed with a
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heterologous nucleic acid comprising SEQ ID NO:31 or a
sequence at least 80%, 85%, 90%, 95%, 98%, 99%, or
99.9% identical thereto. The heterologous nucleic acid
encoding CsPT1 may be incorporated into a construct or
vector as described herein. One embodiment for cloning
CsPT1 into a vector suitable for transformation using the
methods described herein is demonstrated in FIG. 67. Can-
nabis plants grown from the transformed Cannabis explant
are characterized by a phenotype with increased cannab-
igerol (CBG) production and increased cannabidiol (CBD)
production. The sequence and activity of the CsPT1 gene is
known and described in the art. See, for example, Luo et al.
(Luo et al.,, “Complete biosynthesis of cannabinoids and
their unnatural analogues in yeast,” Nature, 2019, 567) and
U.S. Pat. No. 8,884,100.
CsPT1 protein sequence (SEQ ID NO:30)

MGLSSVCTFSFQTNYHTLLNPHNNNPKTSLLCYREIPKTPIKYSYNN
FPSKHCSTKSFEILQNKCSESLSIAKNSIRAATTNQIEPPESDNHSV
ATKILNFGKACWKLQRPYTIIAFTSCACGLFGKELLHNTNLISWSLM
FKAFFFLVAVLCIASFTTTINQIYDLHIDRINKPDLPLASGEISVNT
AWIMSIIVALFGLIITIKMKGGPLYIFGYCFGIFGGIVYSVPPFRWK
ONPSTAFLLNFLAIIIITNFTFYYASRAALGLPFELRPSFTFLLAFM
KSMGSALALIKDASDVEGDTKFGISTLASKYGSRNLTLFCSGIVLLS
YVAAILAGIIWPQAFNSNVMLLSHAILAFWLILQTRDFALTNYDPEA
GRRFYEFMVVKLYYAEYLVYVFI

CsPT1 cDNA sequence (SEQ ID NO:31)

atgggactctcatcagtttgtacctttteatttcaaactaattaccata
ctttattaaatcctcacaataataatcccaaaacctcattattatgtta
tcgacaccccaaaacaccaattaaatactcettacaataattttecctet
aaacattgctccaccaagagttttcatctacaaaacaaatgctcagaat
cattatcaatcgcaaaaaattccattagggcagetactacaaatcaaac
tgagectccagaatctgataateattcagtagcaactaaaattttaaac
tttgggaaggcatgttggaaacttcaaagaccatatacaatcatageat
ttacttcatgegettgtggattgtttgggaaagagttgttgeataacac
aaatttaataagttggtctctgatgttcaaggcattettttttttggty
getgtattatgeattgettettttacaactaccatcaatcagatttacyg
atcttcacattgacagaataaacaagcctgatctaccactagetteagyg
ggaaatatcagtaaacacagcttggattatgagcataattgtggcactg
tttggattgataataactataaaaatgaagggtggaccactctatatat
ttggctactgttttggtatttttggtgggattgtetattetgttecace
atttagatggaagcaaaatccttecactgcatttettcteaatttecty
gcccatattattacaaatttcacattttattatgccagcagagecagete
ttggcctaccatttgagttgaggecttatttactttectgetageattt
atgaaatcaatgggttcagctttggcetttaatcaaagatgettcagacyg

ttgaaggcgacactaaatttggcatatcaaccttggcaagtaaatatgg
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-continued
ttccagaaacttgacattattttgttetggaattgttetectatectat

gtggctgctatacttgetgggattatetggecccaggetttcaacagta
acgtaatgttactttctcatgecaatcttageattttggttaatecteca
gactcgagattttgegttaacaaattacgaccceggaagcaggcagaaga
ttttacgagttcatgtggaagctttattatgetgaatatttagtatatg
ttttcatataa

In some embodiments, the heterologous nucleic acid of
interest modulates the expression or function of the endog-
enous Cannabis sativa O-methyltransferase (CsOMT21)
gene. A heterologous nucleic acid is introduced into the
Cannabis explant to upregulate, overexpress, or provide
multiple copies of the CsOMT21 gene. In some embodi-
ments, a Cannabis cell is transformed with a heterologous
nucleic acid encoding a polypeptide at least 80%, 85%, 90%,
95%, 98%, 99%, or 99.9% identical to SEQ ID NO:32. In
some embodiments, a Cannabis cell is transformed with a
heterologous nucleic acid encoding the polypeptide SEQ ID
NO:32. In some embodiments, a Cannabis cell is trans-
formed with a heterologous nucleic acid comprising SEQ ID
NO:33 or a sequence at least 80%, 85%, 90%, 95%, 98%,
99%, or 99.9% identical thereto. The heterologous nucleic
acid encoding CsOMT21 may be incorporated into a con-
struct or vector as described herein. One embodiment for
cloning CsOMT21 into a vector suitable for transformation
using the methods described herein is demonstrated in FIG.
68. Cannabis plants grown from the transformed Cannabis
explant are characterized by a phenotype with increased
chrysoeriol production and increased cannflavin A and cann-
flavin B production. The sequence and activity of the
CsOMT?21 gene is known and described in the art. See, for
example, Rea et al. Phytochemistry 2019: “Biosynthesis of
cannflavins A and B from Canrnabis sativa L.

CsOMT21 (PK24150) (SEQ ID NO:32)

MGSTGIETQMTPTQISDEEANLFAMQLASASVLPMVLKAALELDLLEI
TAKAGPGAFLSPSDIAQQLPTQNPDAPVMLDRMLRLLASYNVVTYSLR
ERETAEEEGKVERLYGLAPVSKYLTKNEDGVSIAPLCLMNQDKVLMES
WYEILKDAVLDGGIPFNKAYGMTAFEYHGTDQRFNKIFNRGMSDHSTI
TMKKILETYKGFEGLNSIVDVGGGTGAVVNMIVSKYPTIKGINFDLPH
VIEDAPPLTGVEHVGGDMFVSVPKGDAIFMKWICHDWSDEHCLKFLKN
CHAALPEHGKVIVAECILPVAPDSSLATKSTVHIDVIMLAHNPGGKER
TEKEFEALAKGAGFKGFKVHCNAFNTHIMEFLKTI

Cannabis sativa PK24150.1_1.CasaPuKu, GenBank:

JP459899.1 (SEQ ID NO:33)

ATGGGTTCAACAGGAATAGAGACCCAAATGACCCCAACCCAAATATCC
GACGAAGAAGCCAACCTCTTCGCCATGCAATTAGCCAGTGCCTCAGTC
TTACCCATGGTTCTCAAAGCAGCTTTAGAGCTCGACCTCTTGGAGATC
ATAGCCAAGGCCGGTCCAGGCGCGTTTCTCTCACCTTCCGACATAGCT
CAACAGCTTCCGACTCAGAACCCAGACGCCCCGGTGATGCTGGACCGG

ATGCTGAGACTGTTGGCTAGCTACAACGTGGTGACGTACTCGCTGCGT
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-continued
GAGCGTGAGACGGCGCARGAGGAAGGCAAGGTGGAGAGGCTTTATGEG

TTGGCTCCGGTGAGTAAATATCTGACGAAGAATGAAGATGGAGTCTCC
ATTGCTCCTCTTTGTCTCATGAACCAGGATAAGGTTCTTATGGAGAGT
TGGTATCACTTAAAAGATGCAGTACTTGATGGAGGAATACCTTTCAAC
AAGGCATATGGAATGACAGCATTTGAATATCATGGAACCGATCAAAGG
TTCAATAAAATCTTTAATAGAGGAATGTCCGACCACTCGACTATTACC
ATGAAAAAAATCCTCGAAACTTACAAGGGTTTCGAGGGTCTTAACTCG
ATTGTTGATGTTGGTGGTGGTACTGGAGCTGTTGTTAACATGATCGTC
TCTAAGTACCCTACTATTAAGGGTATTAACTTCGATTTGCCTCATGTC
ATCGAAGATGCACCTCCATTGACCGGTGTAGAGCATGT TGGAGGAGAC
ATGTTTGTAAGTGTACCAAAAGGAGATGCAATTTTCATGAAGTGGATT
TGCCATGATTGGAGCGATGAACACTGCTTGAAATTCTTGAAGAACTGC
CACGCTGCACTGCCCGAACACGGAAAAGTGAT CGTGGCGGAGTGCATT
CTTCCGGTGGCACCGGACTCGAGCCTTGCCACAAAGAGTACGGTCCAC
ATTGATGTGATCATGTTGGCCCATAACCCTGGTGGCAAAGAGAGAACA
GAGAAAGAGTTTGAGGCATTGGCTAAGGGAGCTGGCTTTAAAGGCTTC
AAAGTCCATTGCAATGCTTTCAATACCCATATCATGGAATTTCTCAAG
ACCATTTAA

In some embodiments, the heterologous nucleic acid of
interest modulates the expression or function of the endog-
enous Cannabis sativa prenyltransferace 3 (CsPT3) gene. A
heterologous nucleic acid is introduced into the Cannabis
explant to upregulate, overexpress, or provide multiple
copies of the CsPT3 gene. In some embodiments, a Can-
nabis cell is transformed with a heterologous nucleic acid
encoding a polypeptide at least 80%, 85%, 90%, 95%, 98%,
99%, or 99.9% identical to SEQ ID NO:34. In some embodi-
ments, a Cannabis cell is transformed with a heterologous
nucleic acid encoding the polypeptide SEQ ID NO:34. In
some embodiments, a Cannabis cell is transformed with a
heterologous nucleic acid comprising SEQ ID NO:35 or a
sequence at least 80%, 85%, 90%, 95%, 98%, 99%, or
99.9% identical thereto. The heterologous nucleic acid
encoding CsPT3 may be incorporated into a construct or
vector as described herein. One embodiment for cloning
CsPT3 into a vector suitable for transformation using the
methods described herein is demonstrated in FIG. 69. Can-
nabis plants grown from the transformed Cannabis explant
are characterized by a phenotype with increased cannab-
igerol (CBG) production and increased cannabidiol (CBD)
production.

CsPT3 (PK17697) (SEQ ID NO:34)

MVFSSVCSFPSSLGTNFKLVPRSNFKASSSHYHEINNF INNKPIKFSY
FSSRLYCSAKPIVHRENKFTKSFSLSEILQRKSSIKAHGEIEADGSNG
TSEFNVMKSGNAIWRFVRPYAAKGVLFNSAAMFAKELVGNLNLFSWPL
MFKILSFTLVILCIFVSTSGINQIYDLDIDRLNKPNLPVASGEISVEL
AWLLTIVCTISGLTLTIITNSGPFFPFLYSASIFFGFLYSAPPFRWKK

NPFTACFCNVMLYVGTSVGVYYACKASLGLPANWSPAFCLLFWFISLL
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-continued
SIPISIAKDLSDIEGDRKFGI ITFSTKFGAKPIAYICHGLMLLNYVSYV

MAAATIWPQFFNSSVILLSHAFMATIWVLYQAWILEKSNYATETCQKYY
IFLWIIFSLEHAFYLFM

Cannabis sativa PK17697.1_1.CasaPuKu, GenBank:
JP460361.1, (SEQ ID NO:35)

atggtgttctcatcagtttgtagtttteccatecteccttggaactaat
tttaaattagttcctcgtagtaattttaaggcatcatcttetecattat
catgaaataaataattttattaataataaaccaattaaattctcatat
ttttcttcaagactatattgctectgccaaaccaattgtacacagagaa
aacaaattcacaaaatcattttcactcagccacctccaaaggaaaagce
tccataaaggcacatggtgaaattgaagctgatgggagtaatggeaca
tctgaatttaatgtaatgaaaagtggaaacgcaatttggagatttgta
aggccatatgcagccaagggagtattgtttaactetgetgetatgttt
gcaaaagagttggtggggaacctaaatctatttagttggcattgatgt
ttaagatactctcttttacattggttattttatgcatttttgtaagta
caagtggcatcaatcaaatttatgatctcgacatcgacaggttaaaca
aacctaatttgccagtagcatcaggagaaatttcagttgaattggeat
ggttgttgactatagtttgtacaataagtggcctcacattaacaatta
taacgaactcagggccattctteecttttetectactetgetagtatet
tttttggetttetctattetgetecteccattcagatggaagaagaatce
cttttacagcatgtttctgtaatgttatgttgtatgttggcacaageyg
ttggtgtctattatgcttgtaaggctagtectegggettecagecaact
ggagcectgetttttgtttgetettttggtttatttecattgttgagta
tacccatctccattgcaaaagatctttcagacatagaaggtgaccgea
agtttggaatcataaccttctcaactaaatttggagcaaaacccatag
catatatttgtcatggactcatgcttctgaattacgtgagtgttatgy
ctgcagctattatttggecacagtttttcaacagtagegtaatattge
tttctcatgcattcatggcaatttgggtattatatcaggcttggatat
tggagaaatcaaattacgccacggagacgtgccaaaaatactatatat
tectttggataattttttetettgaacatgecttetatttgtteatgt
ag

In some embodiments, the heterologous nucleic acid of
interest produces a glyphosate resistant Cannabis plant fol-
lowing transformation. To create a glyphosate resistant
Cannabis plant, a Cannabis cell is transformed as described
herein with a heterologous nucleic suitable for mutating the
Cannabis sativa gene encoding 3-phosphoshikimate 1-car-
boxyvinyltransferase 2 (EPSP synthase) such that when
expressed, the EPSP synthase enzyme is not inhibited by the
herbicide glyphosate. Without wishing to be bound by any
particular theory or embodiment, glyphosate is a competi-
tive inhibitor of phosphoenolpyruvate (PEP) in EPSP, acting
as a transition state analog that binds more tightly to the
EPSPS-S3P (shikimate-3-phosphate bound EPSP synthase)
complex than PEP. Upon exposure to glyphosate, the EPSP
synthase enzyme is non-functional or severely inhibited
resulting in plant death. However, it is possible to mutate the
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EPSP synthase enzyme such at it does not bind glyphosate
but still catalyzes the synthesis of 5-enol-pyruvylshikimate-
3-phosphate.

In some embodiments, the Cannabis sativa gene encoding
EPSP synthase is mutated using prime editing guide RNA
(pegRNA) together with a Cas9 nuclease and reverse tran-
scriptase fusion protein. In some embodiments, the Cas9
nuclease is a mutated Cas9 nuclease that only cleaves a
single strand of the target DNA. In some embodiments, the
mutated Cas9 nuclease is a Cas9 H840A nickase or a Cas9
D10A nickase (Cas9n). pegRNA are designed with the
desired genetic mutation and to target the Cannabis sativa
EPSPS gene loci of interest. A nucleic acid encoding the
pegRNA and the Cas9 nuclease/reverse transcriptase fusion
protein is introduced into a Canrnabis sativa cell. Cells
positive for transformation and the desired prime editing
mutations may be screened and selected for using standard
molecular biology and sequencing techniques known in the
art.

In some embodiments, the Cannabis EPSPS gene (SEQ
ID NO:40) is mutated at positions 1790, 1801, 3620, and
3621 to encode an EPSP synthase that is glyphosate resistant
and includes T1811, P185S, and P460L mutations relative to
the wild-type sequence. In some embodiments, the pegRNA
for the mutations at positions 1790 and 1801 comprises the
gRNA  sequences  tgaagactitgcaCAACTTTITCCTTG-
GAAATGCgtttaagtcttct (forward, SEQ ID NO:41) and
AGAAGACTTAAACGCATTTC-
CAAGGAAAAGTTGTGCAAAGTCTTCA (reverse, SEQ
ID NO:42) and the sequence ACCTGCTATAGTGCT-
GAGTGAACGCATTGCTATTCCAGCATTTC-
CAAGGAAACATAT AGCAGGT (SEQ ID NO:43) encod-
ing the two C—T mutations at positions 1790 and 1801. See,
FIG. 70. In some embodiments, the pegRNA for the muta-
tions at positions 3620 and 3621 comprises the gRNA
sequences tgaagactttgcaCTTGGAGCAACAGTTGAG-
GAgtttaagtcttct (forward, SEQ ID NO: 44) and AGAA-
GACTTAAACTCCTCAACTGTTGCTC-
CAAGTGCAAAGTCTTCA (reverse, SEQ ID NO:45) and
the sequence ACCTGCTATAGTGCCACGCAGTAAT-
CAAGTCCTTCCTCAACTGTTGAACATATAGCA GGT
(SEQ ID NO:46) encoding the two C—T mutations at
positions 3620 and 3621. See, FIG. 71.

Cannabis EPSP synthase (SEQ ID NO:36)

MAQVSKICSNGAQTILTLPNISKSHTPRSLNSVSLRSPFLGSSNSLSL
KIGTEFGGCSTVGKAMAGPVMASAVTAEKPSKVPEIVLQPIKDISGTV
KLPGSKSLSNRILLLAALSEGTTVVDNLLDSDDIHYMLGALETLGLRV
EADKESKRAIVEGCAGQFPAGKESVDEVQLFLGNAGTAMRPLTAAVTV
AGGNASYVLDGVPRMRERPIGDLVTGLKQLGADVDCFHGTDCPPVRVL
GKGGLPGGKVKLSGSISSQYLTALLMAAPLALGDVEIEIIDKLISVPY
VDMTLKLMARFGVTVEHSDSWDRFLVKGGQKYKSPGNAYVEGDASSAS
YFLAGAAVTGGTVTVEGCGTSSLQGDVKFAEVLEKMGAKVSWTENSVT
VTGPPRDSVKSKHLKAIDVNMNKMPDVAMT LAVVALFADGPTAIRDVA
SWRVKETERMIAICIELRKLGATVEEGPDYCVITPPEKLNITAIDTYD
DEIRMAMAFSLAACSDVPVTIKDPGCTRKTFPDYFEVLERFTKH

Glyphosate resistant Cannabis EPSP synthase (SEQ ID
NO:37), mutations relative to SEQ ID NO:36 shown in bold
underline including T1811, P185S, P460L
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MAQVSKICSNGAQTILTLPNISKSHTPRSLNSVSLRSPFLGSSNSLSL
KIGTEFGGCSTVGKAMAGPVMASAVTAEKPSKVPEIVLQPIKDISGTV
KLPGSKSLSNRILLLAALSEGTTVVDNLLDSDDIHYMLGALETLGLRV
EADKESKRAIVEGCAGQFPAGKESVDEVQLFLGNAGIAMRSLTAAVTV
AGGNASYVLDGVPRMRERPIGDLVTGLKQLGADVDCFHGTDCPPVRVL
GKGGLPGGKVKLSGSISSQYLTALLMAAPLALGDVEIEIIDKLISVPY
VDMTLKLMARFGVTVEHSDSWDRFLVKGGQKYKSPGNAYVEGDASSAS
YFLAGAAVTGGTVTVEGCGTSSLQGDVKFAEVLEKMGAKVSWIENSVT
VTGPPRDSVKSKHLKAIDVNMNKMPDVAMTLAVVALFADGPTAIRDVA
SWRVKETERMIAICTELRKLGATVEEGLDYCVITPPEKLNITAIDTYD

DEIRMAMAFSLAACSDVPVTIKDPGCTRKTFPDYFEVLERFTKH

Cannabis EPSP synthase cDNA (SEQ ID NO:38)

ATGGCCCAAGTGAGCAAAATCTGTAGCAATGGAGCTCAAACTATCCTTA
CTCTCCCAAATATATCTAAGTCTCATACACCAAGATCCCTAAATTCAGT
TTCGTTGAGATCACCGTTTTTGGGTTCATCTAACTCTTTGAGTTTGAAG
ATTGGAACTGAATTTGGGGGT TGTTCTACGGTTGGTAAAGCTATGGCTG
GTCCAGTCATGGCTTCAGCTGTCACAGCGGAGAAGCCTTCAAAGGTACC
GGAGATTGTGTTGCAGCCCATTARAGATATCTCTGGCACTGTCAAGTTG
CCGGGTTCCAAGTCACTATCGAATCGGATTCTACTCCTGGCTGCTCTTT
CTGAGGGGACAACTGTTGTGGACAACTTGTTAGATAGTGATGACATTCA
CTACATGCTTGGTGCCTTGGAAACCCTTGGTCTTCGTGT TGAAGCAGAC
AAGGAAAGCAAACGAGCAATTGTGGAAGGTTGTGCGGGTCAGTTTCCTG
CAGGTAAAGAATCTGTTGACGAAGTTCAACTTTTCCTTGGARATGCTGG
AACAGCAATGCGTCCACTCACAGCTGCGGTGACTGTTGCTGGTGGAAAT
GCTAGCTACGTACTTGATGGTGTTCCTCGAATGAGAGAAAGACCAATTG
GAGATTTGGTGACTGGTCTTAAGCAGCTTGGTGCAGATGTTGATTGTTT
TCATGGTACGGATTGTCCCCCTGTTCGTGTGCTTGGAARAAGGAGGCCTT
CCTGGGGGCAAGGTGAAACTTTCTGGATCAATTAGCAGTCAATATTTGA
CAGCCTTGCTTATGGCAGCTCCCTTGGCTCTTGGAGATGTTGAAATCGA
GATAATTGATAAATTGATCTCGGTTCCCTATGTTGATATGACTTTGAAG
TTGATGGCACGTTTTGGGGTTACTGTTGAACACAGTGATAGCTGGGATC
GATTTTTAGTTAAAGGAGGTCAAARAGTACAAATCTCCTGGAAACGCTTA
TGTTGAAGGTGATGCTTCAAGTGCTAGTTACTTCCTAGCTGGTGCTGCA
GTCACTGGTGGTACAGTCACCGTAGAAGGTTGTGGGACTAGTAGTTTAC
AGGGAGACGTAAAATTTGCTGAAGTTCTTGAGAAAATGGGTGCTAAAGT
TAGCTGGACAGAGAACAGTGTCACGGTCACTGGACCACCACGAGATTCT
GTAAAAAGTAAACACTTGAAAGCCATTGATGTCAACATGAACAAAATGC
CTGATGTTGCCATGACTCTTGCTGTAGTTGCTCTTTTTGCTGATGGCCC
CACTGCTATAAGAGATGTGGCAAGTTGGAGAGTCAAGGAGACAGAGAGA

ATGATTGCCATCTGCACTGAACTCAGAAAGCTTGGAGCAACAGTTGAGG
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-continued
AAGGACCCGATTACTGCGTGATCACTCCACCAGAGARACTARATATCAC
AGCAATAGACACATACGACGACCACAGGATGGCTATGGCGTTCTCTCTT
GCAGCTTGTTCAGATGTGCCAGTTACCATTAAGGATCCTGGTTGCACCC
GAAARACTTTCCCAGATTACTTTGAAGTCCTTGAGAGATTTACAAAGCA

CTGA

Glyphosate resistant Cannabis EPSP synthase cDNA
(SEQ ID NO:39), mutations relative to SEQ ID NO:38
shown in bold underline, including C542T, C553T, C1379T,

and C1380T

ATGGCCCAAGTGAGCAAAATCTGTAGCAATGGAGCTCAAACTATCCTTA
CTCTCCCAAATATATCTAAGTCTCATACACCAAGATCCCTARAATTCAGT
TTCGTTGAGATCACCGTTTTTGGGTTCATCTAACTCTTTGAGTTTGAAG
ATTGGAACTGAATTTGGGGGTTGTTCTACGGTTGGTAAAGCTATGGCTG
GTCCAGTCATGGCTTCAGCTGTCACAGCGGAGAAGCCTTCAAAGGTACC
GGAGATTGTGTTGCAGCCCATTAAAGATATCTCTGGCACTGTCAAGTTG
CCGGGTTCCAAGTCACTATCGAATCGGATTCTACTCCTGGCTGCTCTTT
CTGAGGGGACAACTGTTGTGGACAACTTGTTAGATAGTGATGACATTCA
CTACATGCTTGGTGCCTTGGAAACCCTTGGTCTTCGTGTTGAAGCAGAC
AAGGAAAGCAAACGAGCAATTGTGGAAGGTTGTGCGGGTCAGTTTCCTG
CAGGTAAAGAATCTGTTGACGAAGTTCAACTTTTCCTTGGAAATGCTGG
AATAGCAATGCGTTCACTCACAGCTGCGGTGACTGT TGCTGGTGGAAAT
GCTAGCTACGTACTTGATGGTGTTCCTCGAATGAGAGAAAGACCAATTG

GAGATTTGGTGACTGGTCTTAAGCAGCTTGGTGCAGATGTTGATTGTTT
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-continued
TCATGGTACGGATTGTCCCCCTGTTCGTGTGC TTGGARAAGGAGGCCTT
CCTGGGCGCARGGTGAAACTT TCTGGATCAAT TAGCAGTCAATATTTGA
CAGCCTTGCTTATGGCAGCTCCCTTGGCTCTTGGAGATGTTGAAATCGA
GATAATTGATAAATTGATCTCGGTTCCCTATGTTGATATGACT TTGAAG
TTGATGGCACGTTTTGGCETTACTGTTGAACACAGTGATAGCTGGGATC
GATTTTTAGT TAAAGGAGGTCAAAAGTACAAATCTCCTGGARACGCTTA
TGTTGAAGGTGATGCTTCAAGTGCTAGTTACTTCCTAGCTGGTGCTGCA
GTCACTGGTGGTACAGT CACCGTAGAAGGTTGTGGGACTAGTAGT TTAC
AGGGAGACGTAAAATTTGCTGAAGTTCT TGAGAAAATGGGTGCTARAGT
TAGCTGCACAGAGAACAGTGT CACGGTCACTGGACCACCACGAGATTCT
GTAAAAAGTAAACACTTGAAAGCCATTGATGT CAACATGAACAARATGC
CTGATGTTGCCATGACTCTTGCTGTAGTTGCTCTTTTTGCTGATGGCCC
CACTGCTATAAGAGATGTGGCAAGTTGGAGAGTCAAGGAGACAGAGAGA
ATGATTGCCATCTGCACTGAACTCAGAAAGCTTGGAGCAACAGTTGAGG
AAGGACTTGATTACTGCGTGATCACTCCACCAGAGARACTARATATCAC
AGCAATAGACACATACGACGACCACAGGATGGCTATGGCGTTCTCTCTT
GCAGCTTGTTCAGATGTGCCAGTTACCATTAAGGAT CCTGGTTGCACCC
GAAAAACTTTCCCAGATTACT TTGAAGTCCTTGAGAGATTTACARAGCA
CTGA

Cannabis EPSP synthase gene, Cannabis sativa chromo-
some 2, cs10, whole genome shotgun sequence, Cannabis
sativa 3-phosphoshikimate 1-carboxyvinyltransferase 2
(LOC115705599), (SEQ ID NO:40), possible glyphosate
resistant mutation target loci indicated in bold underline
italics including positions 1790, 1801, 3620, and 3621.

GGTTGGTAAGCCCTCCTACCCTCTTTGAAAAT TGAAAGAGAGT CAATGTCGACCTACAGCAG

CAGCATCCATTAACGTTACCATTGCCACCAAAAATCCAACCTTTATTTGTATAGAGAGAATC

AGAGAAGGTTTGGGT TTCAGAGAGAGAGAGAAGAAGAACAARAAAATGGCCCAAGTGAGCAA

AATCTGTAGCAATGGAGCTCAAACTATCCTTACTCTCCCAAATATATCTAAGTCTCATACA

CCAAGATCCCTAAATTCAGTTTCGTTGAGATCACCGTTTTTGGGTTCATCTAACTCTTTGAG

TTTGAAGATTGGAACTGAATTTGGGGGTTGTTCTACGGTTGGTAAAGCTATGGCTGGTCCAG

TCATGGCTTCAGCTGTCACAGCGGAGAAGCCTTCAAAGGTACCGGAGATTGTGT TGCAGCCC

ATTAAAGATATCTCTGGCACTGTCAAGTTGCCGGGTTCCAAGTCACTATCGAATCGGATTCT

ACTCCTGGCTGCTCTTTCTGAGGTATATTTCATTTTTTTTAAAACGT CAAACATGTATTTTT

GTCGAGGAAGTTTTCTGTATATACAAAGATAAGAGAGTAAAAATATGGAACATCAATACCAA

AATGAACCAAAACTAGGCTAAGCTATCAAATCATGTCATGGTATGCCATACTCTACTTTCCT

ATCTCAAGCTCCACAGCTATAAAATACTATATCGTAATTATTTTGTCAACTGCTTTCATATT

CCTTGTAATTTCCCTCATTCCCACTAAAACTAGTTCCAATGGATTGTGTGGCTGGAAACTGT

AGTTAGTTACATTAGCTAGATCTGAACCATGATCAGCATCGACTGCCCAACTGGTAAACCAT

GTAATTGCATGGAATTCTTCCTTTGTTATCCACAAATTTGAAAAGTATTTTTGAGGTATACA

AAGATTGTGCTTTTTATGAGCAATTTTCTTTTAGTTTTATGTTAAGAGTTTGTAGCGATGGG
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-continued
ATGTTTTTTTTCTAGAAAATGGACAGTARAGCTTAGCATTTTTACTTTATTGGTGTARATGA

ATAGTGTTCATTGAAGCTGAACTCATGCCCTTAATTGGGAGGAAAAT TGAGAGAAATGGAGT
AAAGTAATATGATATTTTGGTTAAATTCGTAAGAATATGATGGAAATAAAAAATGCAACTCA
ACTGGGTTACTGAAGTTATATTTCTGGTCTCAGT TGTGCTTTTACAACT TTAGTCTAGAGCT
CCACGCTGCGGAGAGATTCGGAGTCCTTACAGTTTATTTTGATAATGATTTATGAGAATTTC
ATAACTCTACGCTTTTGTTACATTATATATGAGGTGTTTCGTTGGTGCATTGTCTCACCTGA
ACTCCCTAAATTTTAGAATGTGGGATTTAGAATGAAGT TATACTATTAGTGTTTGAGTCATC
TAGAATTTGTAGCTGCTCATTCTCCATATACTCTTTCTCTATTTCCTCCCCATATTTTGGCG
CTACTACTTATCTTTACAGTTCATGTTATTTTCATGTACTTGAGTTTTTTGCCCTATAAAAT
ATTTTGAGCGGTGGGAAGTAACTGTTTTTTTTGT TATAATTATCCAGGGGACAACTGTTGTG
GACAACTTGTTAGATAGTGATGACATTCACTACATGCTTGGTGCCTTGGAAACCCTTGGTCT
TCGTGTTGAAGCAGACAAGGAAAGCAAACGAGCAATTGTGGAAGGTTGTGCGGGTCAGTTTC
CTGCAGGTAAAGAATCTGTTGACGAAGTTCAACTTTTCCTTGGAAATGCTGGAACAGCAATG
CGTCCACTCACAGCTGCGGTGACTGTTGCTGGTGGARATGCTAGGTTTGTCTTCATTGCAAT
TGCTTTTGAATATAAAGTACTTCTAATGCAGTGAATTTATGCTCTTGTTTTTCTTACTGGCC
GAGTAGCTCTTACATTTTAGGTAAAGAAAGTCACTTTTGCTAACAACATCACCATTTATACT
TCCCTCTTTACTTTGATGTGGTTATGCTAGAAATTACATGTTGGAAATGAACTAGCACATAT
CATAAATTATTTTGTATGCTGTTATTACATTTTCTCAGTAACCTCTTAACTTCTATATCTCA
GCTACGTACTTGATGGTGTTCCTCGAATGAGAGAAAGACCAATTGGAGATTTGGTGACTGGT
CTTAAGCAGCTTGGTGCAGATGTTGATTGTTTTCATGGTACGGATTGTCCCCCTGTTCGTGT
GCTTGGAAAAGGAGGCCTTCCTGGGGGCAAGGTGAGGCTTGCATTGCTTCTTCTTATTCTTT

TTGGCCATAAAACATCATTGTAATAGTGGTTTTATGTTATGAAATCCATTGACTGGTTTATT

TTTAGGTTGTTGTTTTGCT TT TAAATAAAAACAATATTGTCAAATGATGCATAAGTAGTGAT

TACATCTACATCATTTAATTTATTATCTTAAATGATGACAAACTTCATCATTTTGACTCAGA

ATTATGTAATATTACCCTTTGCAGGTGAAACTTTCTGGATCAATTAGCAGTCAATATTTGAC

AGCCTTGCTTATGGCAGCTCCCTTGGCTCTTGGAGATGTTGAAATCGAGATAATTGATAAAT

TGATCTCGGTTCCCTATGTTGATATGACTTTGAAGT TGATGGCACGTTTTGGGGTTACTGTT

GAACACAGTGATAGCTGGGATCGATTTTTAGT TAAAGGAGGTCAAAAGTACAAGTAGGTTTC

TTCTGAATATAGTTGATAGTATTGT TACATTACATCTGGTTATGTCAAAGAGTAATAAATTG

AAAAATAARAATCTGTCAGATCTCCTGGAAACGCTTATGT TGAAGGTGATGCTTCAAGTGCT

AGTTACTTCCTAGCTGGTGCTGCAGTCACTGGTGGTACAGTCACCGTAGAAGGTTGTGGGAC

TAGTAGTTTACAGGTATTTTGCTTAGACCTTGAAATCTCTTATTCTTGTACTTGTGTTTACA

TAGAATCTAAGATTAAGTGTATTTACATACATTAACTGGTGTTTAATAAAGGGAGACGTAAA

ATTTGCTGAAGTTCTTGAGAAAATGGGTGCTAAAGT TAGCTGGACAGAGAACAGTGTCACGG

TCACTGGACCACCACGAGATTCTGTAAAAAGTAAACACTTGAAAGCCATTGATGTCAACATG

AACAAAATGCCTGATGTTGCCATGACTCTTGCTGTAGTTGCTCTTTTTGCTGATGGCCCCAC

TGCTATAAGAGATGGTATGTTTTTCCTTAAAT TTGTGAGATGGTAAAATGGGGCAGTCGGTT

TGGGTTGGGGTAGATTATCGGTTCTCGTCTGCCATAATAAAAAATAATCTGCTCATTTGCAA

TAAATTTCACAGACACAAAAATGAAAACCAATAAAATATTATTTTGTTTAGAGGATTARATA

CTCATTTCTTGCCTTTCCTAATTCCCAGTGGCAAGT TGGAGAGTCAAGGAGACAGAGAGAAT

GATTGCCATCTGCACTGAACTCAGAAAGGTTAGTTTTTATGCTGTTTTATGTACTTGTTATG

38
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-continued

40

TCATGCGCCTTGGAATGTAATGGCTGATAGCTATCTGTTCTTATGGGAACAAACATTTCAGC

TTGGAGCAACAGTTGAGGAAGGACCCGATTACTGCGTGATCACTCCACCAGAGAAACTAAAT

ATCACAGCAATAGACACATACGACGACCACAGGATGGCTATGGCGTTCTCTCTTGCAGCTTG

TTCAGATGTGCCAGTTACCATTAAGGATCCTGGTTGCACCCGAAAAACTTTCCCAGATTACT

TTGAAGTCCTTGAGAGATTTACAAAGCACTGAATGAGTATTTATTAACTGGATAGAGAACAA

TAGCATCGGCTACTGTCATTACAACTAAAGCAGT TGGGAGGCAGGCAATCCTTTTCAATTAT

CATGTGTTTGATTTTGGTCGACTGTATTGCAAGTTGAGCTTCTCATTATTATTAAGACTGTA

ATCGTAGTTATTTGTTGTAACTTCTGCAAACCCTTCATGTTATTTTTTCACCCTTCTAATAA

GCCAGTGGGGCAAATTCTATATCTGCTATATGAGCT TGAGTGTAGAGAGAACTTTTGTCAAT

GTATAGGTTTCTAGCAGAAGCACCATCCCTAATATGCTTTATTATAAGAGTTGCTGTGATCG

TGTAGTGTTATTTTATTGAAAGTAACCGACGCATCTCATATTA

2 <

As used herein, the terms “polynucleotide,” “polynucle-
otide sequence,” “nucleic acid” and “nucleic acid sequence”
refer to a nucleotide, oligonucleotide, polynucleotide (which
terms may be used interchangeably), or any fragment
thereof. These phrases also refer to DNA or RNA of natural
or synthetic origin (which may be single-stranded or double-
stranded and may represent the sense or the antisense
strand). The polynucleotides may be cDNA or genomic
DNA.

As used herein, the term “construct” refers to recombinant
polynucleotides including, without limitation, DNA and
RNA, which may be single-stranded or double-stranded and
may represent the sense or the antisense strand. Recombi-
nant polynucleotides are polynucleotides formed by labora-
tory methods that include polynucleotide sequences derived
from at least two different natural sources or they may be
synthetic. Constructs thus may include new modifications to
endogenous genes introduced by, for example, genome-
editing technologies. Constructs may also include recombi-
nant polynucleotides created using, for example, recombi-
nant DNA methodologies.

The constructs provided herein may be prepared by
methods available to those of skill in the art. Notably each
of the constructs used or claimed are recombinant molecules
and as such do not occur in nature. Generally, the nomen-
clature used herein and the laboratory procedures utilized in
the present invention include molecular, biochemical, and
recombinant DNA techniques that are well known and
commonly employed in the art. Standard techniques avail-
able to those skilled in the art may be used for cloning, DNA
and RNA isolation, amplification and purification. Such
techniques are thoroughly explained in the literature.

The constructs provided herein may include a promoter
operably linked to any one of the polynucleotides described
herein. The promoter may be a heterologous promoter or an
endogenous promoter associated with the heterologous
gene, nucleic acid, or polypeptide of interest.

As used herein, the terms “heterologous promoter,” “pro-
moter,” “promoter region,” or “promoter sequence” refer
generally to transcriptional regulatory regions of a gene,
which may be found at the 5' or 3' side of the polynucleotides
described herein, or within the coding region of the poly-
nucleotides, or within introns in the polynucleotides. Typi-
cally, a promoter is a DNA regulatory region capable of
binding RNA polymerase in a cell and initiating transcrip-
tion of a downstream (3' direction) coding sequence. The
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typical 5' promoter sequence is bounded at its 3' terminus by
the transcription initiation site and extends upstream (5'
direction) to include the minimum number of bases or
elements necessary to initiate transcription at levels detect-
able above background. Within the promoter sequence is a
transcription initiation site (conveniently defined by map-
ping with nuclease S1), as well as protein binding domains
(consensus sequences) responsible for the binding of RNA
polymerase.

In some embodiments, the heterologous polynucleotides
of interest are operably connected to the promoter. As used
herein, a polynucleotide is “operably connected” or “oper-
ably linked” when it is placed into a functional relationship
with a second polynucleotide sequence. For instance, a
promoter is operably linked to a polynucleotide if the
promoter is connected to the polynucleotide such that it may
effect transcription of polynucleotides. In various embodi-
ments, the polynucleotides may be operably linked to at least
1, at least 2, at least 3, at least 4, at least 5, or at least 10
promoters.

Heterologous promoters useful in the practice of the
present invention include, but are not limited to, constitu-
tive, inducible, temporally-regulated, developmentally regu-
lated, chemically regulated, tissue-preferred and tissue-spe-
cific promoters. The heterologous promoter may be a plant,
animal, bacterial, fungal, or synthetic promoter. Suitable
promoters for expression in plants include, without limita-
tion, the 35S promoter of the cauliflower mosaic virus,
ubiquitin, tCUP cryptic constitutive promoter, actin, the
Rsyn7 promoter, pathogen-inducible promoters, the maize
In2-2 promoter, the tobacco PR-la promoter, glucocorti-
coid-inducible promoters, estrogen-inducible promoters and
tetracycline-inducible and tetracycline-repressible promot-
ers. Other promoters include the T3, T7 and SP6 promoter
sequences, which are often used for in vitro transcription of
RNA. Those of skill in the art are familiar with a wide
variety of additional promoters for use in various cell types.
In some embodiments, the heterologous promoter includes a
plant promoter, either endogenous to the plant host or
heterologous.

Vectors including any of the constructs or polynucleotides
described herein are provided. The term ““vector” is intended
to refer to a polynucleotide capable of transporting another
polynucleotide to which it has been linked. In some embodi-
ments, the vector may be a “plasmid,” which refers to a
circular double-stranded DNA loop into which additional
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DNA segments may be ligated. Certain vectors are capable
of autonomous replication in a host cell into which they are
introduced (e.g., bacterial vectors having a bacterial origin
of replication and episomal mammalian vectors). Other
vectors can be integrated into the genome of a host cell upon
introduction into the host cell, and thereby are replicated
along with the host genome, such as some viral vectors or
transposons. Plant mini-chromosomes are also included as
vectors. Any suitable vector design known in the art may be
used with the explants of the present invention.

Vectors may carry genetic elements, such as those that
confer resistance to certain drugs or chemicals. In some
embodiments, the vector will additionally include one or
more selectable or screenable markers. The selectable or
screenable marker may confer upon the plant tissue resis-
tance to an otherwise toxic compound. A number of screen-
able or selectable marker are known in the art and can be
used in the present invention. The screenable marker may be
fluorescent (e.g., REP) or non-fluorescent (e.g., GUS). More
than 20 selectable marker genes have been reported in the
transformation of higher plants (Komari T, Takakura Y, Ueki
J, Kato N, Ishida Y, Hiei Y (2006) Binary vectors and
super-binary vectors. In: KanWang (ed.), and Methods in
Molecular Biology, vol. 343: Agrobacterium Protocols, Vol.
1, Second Edition. Humana Press Inc., Totowa, NJ, pp.
15-41). In some embodiments, the selectable or screenable
marker is selected from the group consisting of RFP, GUS,
aadA, spectinomycin, streptomycin, and imazapyr. In some
embodiments, the vector is a DICOTBINARY-19 plasmid.
In some embodiments, the vector is a DICOTBINARY-22
plasmid.

In some aspects, provided herein are methods for trans-
forming Cannabis using floral dip transformation. Female
Cannabis flowers are exposed to Agrobacterium cultures
suitable for flower dip transformation. In some embodi-
ments, Cannabis flowers are submerged in an Agrobacte-
rium culture under vacuum to induce transformation. In
some embodiments, the Agrobacterium culture comprises
Agrobacterium comprising the heterologous gene or nucleic
acid of interest, a wetting agent, and a carrier. In some
embodiments, the heterologous gene or nucleic acid of
interest is included on a vector such as the DICOTBINARY-
22 vector described herein. Other suitable vectors are known
in the art. In some embodiments, the Agrobacterium strain
is Arl8rl12v, although other suitable Agrobacterium strains
are known and used in the art. In some embodiments, the
Agrobacterium used is a constitutively active variant or virG
mutant of Agrobacterium (e.g., N45D mutant Agrobacte-
rium). In some embodiments, the carrier is a cell culture
medium suitable for the survival of the Agrobacterium. In
some embodiments, the carrier is 5% sucrose. In some
embodiments, the wetting agent is 0.05% silwet L-77. In
some embodiments, the Agrobacterium culture includes
Triton X-100, NP-40, Tween, or combinations thereof. In
some embodiments, the Agrobacterium culture additionally
comprises acetosyringone, galacturonic acid, cinnamic acid,
coumarin, vanillin, other phenolic compounds, or combina-
tions thereof. Suitable surfactants for plant floral dip trans-
formations are known in the art. Following application of the
Agrobacterium culture to the female Cannabis flower, the
flowers are pollinated with male pollen from a suitable
donor plant. In some embodiments, female Cannabis flow-
ers are exposed to the Agrobacterium culture for at least 1,
at least 2, at least 5, at least 10, at least 12, at least 15, at least
16, or at least 18 days before pollination. In some embodi-
ments, the female Cannabis flowers are pollinated using a
paintbrush.
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In some embodiments of the floral dip transformations,
DNA is delivered directly to the Cannabis ovules. In some
embodiments, DNA is complexed with cell penetrating
peptides prior to administration to Cannabis ovules.

In some aspects, provided herein are methods for trans-
forming Cannabis nodes, internodes, leafs, petioles, hypo-
cotyls, and buds. Sanitized and imbibed seeds are plated on
non-selective medium (e.g., B5 medium) and grown for
approximately 6 weeks or until explants suitable for trans-
formation are formed. Resulting explants are inoculated
with a heterologous gene or nucleic acid of interest. In some
embodiments, the explants are inoculated using a force
treatment as described herein. In some embodiments, the
explants are inoculated by sonication with a vector com-
prising the heterologous gene or nucleic acid of interest. In
some embodiment, the vector additionally comprises a
selectable markers.

Following inoculation, node and bud explants are co-
cultured in a culture medium that supports growth and
survival of the node or bud for at least about 4 days. In some
embodiments, the culture medium that supports the growth
and survival of the node or bud is WCIC INO medium. In
some embodiments, the medium additionally comprises
nystatin, TBZ, and meta-topolin (mT). Following co-culture
of at least about 4 days, the nodes and buds are transferred
to a second culture medium suitable for the growth and
survival of the nodes or buds. In some embodiments, the
second culture medium is hemp node medium described
herein in Table 7. In some embodiments, the hemp node
medium additionally comprises a selection agent. In some
embodiments, the hemp node medium additionally com-
prises activated charcoal.

Following inoculation, internode, leaf, hypocotyl, and
petiole explants are co-cultured in a culture medium that
supports growth and survival of the internode, leaf, hypo-
cotyl, or petiole for at least about 4 days. In some embodi-
ments, the culture medium that supports the growth and
survival of the internode, leaf, hypocotyl, or petiole is WCIC
INO medium. In some embodiments, the medium addition-
ally comprises nystatin, TBZ, meta-topolin (mT), napthy-
lacetic acid (NAA) and GA3. Following co-culture for at
least about 4 days, leaf, petiole, hypocotyl, and internode
explants are transferred to a second culture medium suitable
for the growth and survival of the leaf, petiole, or internode.
In some embodiments, the second culture medium is hemp
internode medium described herein in Table 12. In some
embodiments, the medium additionally includes a selection
agent.

In some aspects, provided herein are methods for trans-
forming Cannabis pollen or anther cultures. Cannabis pol-
len is harvested by shaking branches of male plants and
collecting the pollen. In some embodiments, after harvest
and collection, the pollen may be sized by passing the pollen
through a sieve (e.g., a #30 sieve). Pollen may be used
immediately for transformation, or may be stored prior to
use. Pollen may be stored at a temperature between about 4°
C. and about 20° C. The pollen may be stored in the presence
of a storage medium. In some embodiments, the storage
medium is medium suitable for pollen germination. In some
embodiments, the storage medium includes boric acid, cal-
cium chloride, potassium phosphate, and water. In some
embodiments, the storage medium additionally includes
glycerol.

Pollen may be transformed using particle bombardment,
high velocity microprojection, microinjection, electropora-
tion, direct DNA uptake, cell-penetrating peptides, silica
carbide fibers, nanoparticles, and bacterially-mediated trans-
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formation. In some embodiments, pollen is transformed
using silica carbide fibers. In some embodiments, pollen is
transformed using cell-penetrating peptides. Following
transformation, pollen is co-cultured and germinated on
medium suitable for the survival of the pollen. The medium
may include a suitable selection agent. In some embodi-
ments, transformed pollen is used to pollenate female flow-
ers for rapid generation of transgenic T1 progeny.

In some aspects, provided herein are methods for trans-
forming Cannabis callus tissue or embryogenic suspension
cells. In general, Cannabis leaf tissue is cultured on plant
medium containing hormones suitable to induce embryo-
genic calli formation. Embryogenic calli are then trans-
formed using any of the suitable transformation methods as
described herein. Calli are then grown a suitable plant
medium containing hormones suitable for induction of
shooting in the plant. Suspension cells may similarly be
transformed in suspension as single cells then subsequently
grown into plants using suitable medium including suitable
hormones. Suitable medium and hormones are known and
described in the art.

The present invention has been described in terms of one
or more preferred embodiments, and it should be appreciated
that many equivalents, alternatives, variations, and modifi-
cations, aside from those expressly stated, are possible and
within the scope of the invention.

—
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cides. Explants were then rinsed and inoculated with Agro-
bacterium strain Arl8r12v harboring the binary plasmid
DICOTBINARY-19. During inoculation, explants were
exposed to 20 seconds of sonication at ~45 kHz. Explants
were co-cultured in either 1.75 ml or 2.0 ml WCIC INO
media with 100 uM acetosyringone, 50 mg/L. nystatin, 10
mg/L. TBZ, and 95 uM lipoic acid for 4 days at 23 C 16/8
photoperiod. Thidiazuron (TDZ) was added to some co-
culture treatments at 1 mg/L.

TABLE 2

WCIC INO media

Amount
to add
per liter
Ingredients and Notes (grams)
Gamborg B35 Phytotechnology 1.284
Laboratories G398
Glucose 30
MES 2.8
pH to 5.4 with IN KOH and
autoclave

After 4 days of co-culture, transient GUS expression was
evaluated in explants. Explants were then transferred to
either 10 mg/LL spectinomycin or 150 mg/L spectinomycin

Example 1 WCIC Gamborg B5 medium (Table 3) for selection.
Th bodi described here d C bi Explants on 10 mg/L spectinomycin B5 were transferred to
. f €1mbo llmf?t e?cn et' ere demonstrates Cannabis 30 50 mg/L, spectinomycin B5 approximately 1 week later,
me;s gm e;(p an ranEsl Olglrla 10n¢h d of and then explants from all treatments were transferred to 50
,?,e 2 0 ‘ﬂ;] 31(;Oe/tycl e ? XS ~art0nne.1y v(\izere dsu tafce mg/L spectinomycin B5 1 month later. Additional transfers
sathizeb ‘;’1 o LA0roxX lc)n:b finute IS; nwné? C’ aBn sa G or have been made with explants remaining green on spectino-
~< QIS belore .ovemlght 1mbibition wit can er- mycin. A summary of this experiment is given in Table 4.
mination Media (BGM). 35
TABLE 3
TABLE 1
WCIC Gamborg BS Medium
WCIC Bean Germination Media (BGM)
40 Amount to add per liter
Amount Ingredients and Notes (grams)
to add
per liter Phytotechnology Laboratories 241
Ingredients and Notes (grams) BS5 salts G398
Sucrose 20
Phytotechnology Laboratories WPM 1449 2.41 Cleary’s 3336 (50WP) 0.06
Sucrose 20 45 Ca Gluconate 1.29
pH to 5.8 with 1IN KOH and autoclave pH to 5.8 with 1IN KOH
Add the following prior to use: Phytagel 3.50
. autoclave
Captan fungicide (SOWP) 0.06 Add the following fresh before use:
Bravo fungicide (Daconil) (82DP) 0.03
Cefotaxime (100 mg/ml) 1.25 ml 50 Timetin (150 mg/ml stock) Use 1 mL per Liter (150 mg/L)
Cefotaxime (100 mg/ml stock) Use at 2 ml per Liter (200 mg/L)
. . . Carbenicillin (100 mg/ml stock) Use at 4 ml per Liter (400 mg/L)
The next day, meristem explants were aseptically excised Selective Agent as needed
from seed and incubated for approximately 2 hrs in 20%
PEG4000 with 60 mg/I. Captan and 30 mg/IL Bravo fungi-
TABLE 4

Description and summary of Cannabis meristem explant transformation experiments.

#
embryos
Experiment to Selection
Co-Culture conditions D Selection Media 2nd media 3rd media Notes Notes
Filter paper in plantcon Hemp 3/22- 7 10 ppm spec 150 ppm spec 50 ppm spec 1 greening explant
with 1.75 ml INO + 50 1A B5; 28 C. 16/8 B5;28 C. 16/8 B5; 28 C. 16/8 transferred to non-
ppm nystatin + 10 ppm photoperiod; photoperiod; photoperiod; selective BRM

TBZ + lipoic acid; 23 C.
16/8 photoperiod
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TABLE 4-continued

Description and summary of Cannabis meristem explant transformation experiments.

#
embryos
Experiment to Selection
Co-Culture conditions D Selection Media 2nd media 3rd media Notes Notes
Filter paper in plantcon Hemp 3/22- 4 150 ppm spec  NA 50 ppm spec 1 greening explant
with 1.75 ml INO + 50 1B B5; 28 C. 16/8 B5; 28 C. 16/8 transferred to non-
ppm nystatin + 10 ppm photoperiod; photoperiod; selective BRM
TBZ + lipoic acid; 23 C.
16/8 photoperiod
Filter paper in plantcon Hemp 3/22- 9 10 ppm spec 150 ppm spec 50 ppm spec 1 greening explant
with 2 ml INO + 50 ppm  2A B5; 28 C. 16/8 BS5; 28 C. 16/8 B5; 28 C. 16/8 transferred to 10
nystatin + 10 ppm TBZ + photoperiod; photoperiod; photoperiod; ppm spec B5
lipoic acid; 23 C. 16/8
photoperiod
Filter paper in plantcon Hemp 3/22- 10 150 ppm spec  NA 50 ppm spec 1 chimeric RFP+ 1 greening explant
with 2 ml INO + 50 ppm 2B B3; 28 C. 16/8 B5; 28 C. 16/8 explant (primary transferred to non-
nystatin + 10 ppm TBZ + photoperiod; photoperiod; leaves) transferred  selective BRM
lipoic acid; 23 C. 16/8 to BS
photoperiod
Filter paper in plantcon Hemp 3/22- 9 10 ppm spec 150 ppm spec 50 ppm spec
with 1.75 ml INO + 50 3A B5; 28 C. 16/8 B5; 28 C. 16/8 B5; 28 C. 16/8
ppm nystatin + 10 ppm photoperiod; photoperiod; photoperiod;
TBZ + lipoic acid + 1
ppm TDZ; 23 C. 16/8
photoperiod
Filter paper in Hemp 3/22- 10 150 ppm NA 50 ppm spec 1 chimeric RFP + 4 greening explant
plantcon with 1.75 ml 3B spec B5; 28 C. BS5; 28 C. 16/8 explant (primary  transferred to non-
INO + 50 ppm nystatin + 16/8 photoperiod; leaves) selective BRM;
10 ppm TBZ + lipoic photoperiod; transferred to BS  GUS positive leaf
acid + 1 ppm TDZ; imaged
23 C. 16/8 photoperiod
Filter paper in Hemp 3/22- 9 10 ppm spec 150 ppm 50 ppm spec  RFP positive
plantcon with 2 ml 4A B5; 28 C. 16/8 spec B5; 28 C. B5; 28 C. 16/8 shoot imaged
INO + 50 ppm nystatin + photoperiod; 16/8 photoperiod;
10 ppm TBZ + lipoic photoperiod;
acid + 1 ppm TDZ;
23 C. 16/8 photoperiod
Filter paper in plantcon Hemp 3/22- 12 150 ppm spec  NA 50 ppm spec 5 greening explants
with 2 ml INO + 50 ppm 4B B5;28 C. 16/8 B5; 28 C. 16/8 transferred to 10
nystatin + 10 ppm TBZ + photoperiod; photoperiod; ppm spec B5

lipoic acid + 1 ppm
TDZ; 23 C. 16/8
photoperiod

Stable RFP (tdTomato) was imaged several explants 3
weeks after inoculation, but was confined primarily to
primary leaves and cotyledonary remnants. The stable RFP
signal in the chimeric plantlet that appeared to be from new
growth was from treatment 4A (treatment bolded in Table
4—2 ml co-culture volume with TDZ, and initial transfer to
10 mg/L spectinomycin B5), shown again in FIG. 1. This
plant did not survive tissue culture, which may have been
result of its chimerism in response to selection, or possibly

non-optimal media conditions.

We have also observed stable GUS expression in a
plantlet derived from this experiment in treatment Hemp
3/22-3B. One of the leaves in a plantlet transferred to
non-selective BRM expressed GUS in leaf stably. The leaf
shown in FIG. 16 was imaged 2 months after inoculation

after clearing with 70% ethanol.
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The non-inoculated control meristem explant was sent to
the greenhouse as a proof of concept of tissue culture (TC)
regeneration of a plant from a meristem explant (rooted on

non-selective BS media). See FIG. 2.

Additional experiments with additional varieties of Can-
nabis inoculated with Ar18r12v/DICOTBINARY-19 and a 4
day co-culture are outlined in Table 5. The co-culture
volume was increased as we noted in the prior tests explants
were very dry post co-culture. Some of these experiments
used meta-topolin in co-culture, which has been demon-
strated to encourage propagation in Cannabis nodal cultures
(H. Lata et al./Journal of Applied Research on Medicinal and
Aromatic Plants 3 (2016) 18-26); some used a full-strength
formulation of B5 media for selection; and some used an
MS-based selection media with meta-topolin (mT) based on

Lata 2016 but without activated charcoal.
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Description and summary of follow-up experiments with Canrnabis meristem explant:

Cannabis #
sativa Experi- embryos
Genotype/ ment to
Line Comments D Strain Binary Selection Notes
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8l12v DICOT- 35 10 ppm spec
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/9-1 BINARY- 100% BS5;
3WS PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, inoculated 19 28 C. 16/8
and sonicated 20 s 45 kHz; incubated 30 min, inoculum photoperiod;
removed; explants co-cultured on filter paper in plantcon with
2.5 ml INO + 60 ppm Cleary’s + 50 ppm nystatin + 10 ppm
TBZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl&l12v DICOT- 25 10 ppm spec
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/9-2 BINARY- 100% BS;
3WS PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, inoculated 19 28 C. 16/8
and sonicated 20 s 45 kHz; incubated 30 min, inoculum photoperiod;
removed; explants co-cultured on filter paper in plantcon with
2.5 ml INO + 60 ppm Cleary’s + 50 ppm nystatin + 10 ppm
TBZ + 1 ppm meta-topolin (mT); 23 C. 16/8 photoperiod
Fiber Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8l12v DICOT- 21 10 ppm spec
Hemp rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/9-3 BINARY- 100% B5;
PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, inoculated 19 28 C. 16/8
and sonicated 20 s 45 kHz; incubated 30 min, inoculum photoperiod;
removed; explants co-cultured on filter paper in plantcon with
2.5 ml INO + 60 ppm Cleary’s + 50 ppm nystatin + 10 ppm
TBZ; 23 C. 16/8 photoperiod
Fiber Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8l2v DICOT- 12 10 ppm spec
Hemp rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/9-4 BINARY- 100% B5;
PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, inoculated 19 28 C. 16/8
and sonicated 20 s 45 kHz; incubated 30 min, inoculum photoperiod;
removed; explants co-cultured on filter paper in plantcon with
2.5 ml INO + 60 ppm Cleary’s + 50 ppm nystatin + 10 ppm
TBZ + 1 ppm meta-topolin (mT); 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8l12v DICOT- 59 10 ppm spec
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/16-1 BINARY- 100% BS5;
3WS PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, inoculated 19 28 C. 16/8
and sonicated 20 s 45 kHz; incubated 30 min, inoculum photoperiod;
removed; explants co-cultured on filter paper in plantcon with
2.5 ml INO + 60 ppm Cleary’s + 50 ppm nystatin + 10 ppm
TBZ 1 ppm TDZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8r12v  DICOT- 19 10 ppm spec
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/16-2 BINARY- 100% B5;
3WS PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, inoculated 19 28 C. 16/8
and sonicated 20 s 45 kHz; incubated 30 min, inoculum photoperiod;
removed; explants co-cultured on filter paper on top of
semisolid INO (8 g/L agarose I) + 60 ppm Cleary’s + 1 ppm
TDZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8r12v  DICOT- 5 non-
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/30-1 BINARY- selective
3WS PEGA4000 with Captan/Bravo for 1.5-2.5 h, rinsed, inoculated 19 hemp node
and sonicated 20 s 45 kHz; incubated 30 min, inoculum media
removed; explants co-cultured on filter paper in plantcon with (minus
2.5 ml INO + 60 ppm Cleary’s + 50 ppm nystatin + 10 ppm activated
TBZ 1 ppm TDZ; 23 C. 16/8 photoperiod charcoal)
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8l2v DICOT- 36 10 ppm sec
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/30-2 BINARY- hemp node
3WS PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, inoculated 19 media
and sonicated 20 s 45 kHz; incubated 30 min, inoculum (minus
removed; explants co-cultured on filter paper in plantcon with activated
2.5 ml INO + 60 ppm Cleary’s + 50 ppm nystatin + 10 ppm charcoal)
TBZ 1 ppm TDZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp — Arl8rl2v  DICOT- 43 50 ppm sec
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/30-3 BINARY- hemp node
3WS PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, inoculated 19 media
and sonicated 20 s 45 kHz; incubated 30 min, inoculum (minus
removed; explants co-cultured on filter paper in plantcon with activated
2.5 ml INO + 60 ppm Cleary’s + 50 ppm nystatin + 10 ppm charcoal)
TBZ + 1 ppm TDZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8rl2v  SOYTEST-2 36 50 ppm sec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/6-1 hemp node
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, media
inoculated and sonicated 20 s 45 kHz; incubated 30 min, (minus
inoculum removed; explants co-cultured on filter paper in activated
plantcon with 2.5 ml INO + 60 ppm Cleary’s + 50 ppm charcoal)

nystatin + 10 ppm TBZ + 1 ppm TDZ; 23 C. 16/8 photoperiod
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Description and summary of follow-up experiments with Canrnabis meristem explant:

Cannabis #
sativa Experi- embryos
Genotype/ ment to
Line Comments D Strain Binary Selection Notes
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8rl12v  SOYTEST-2 36 50 ppm sec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/6-2 hemp node
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, media
inoculated and sonicated 2 min 45 kHz; incubated 30 min, (minus
inoculum removed; explants co-cultured on filter paper in activated
plantcon with 2.5 ml INO + 60 ppm Cleary’s + 50 ppm charcoal)
nystatin + 10 ppm TBZ + 1 ppm TDZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8rl2v  SOYTEST-2 44 50 ppm sec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/13-1 hemp node
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, media
inoculated and sonicated 20 s 45 kHz; incubated 30 min, (minus
inoculum removed; explants co-cultured on filter paper in activated
plantcon with 2.5 ml INO + 50 ppm nystatin + 10 ppm TBZ + 1 charcoal)
ppm TDZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8rl12v  SOYTEST-2 45 50 ppm sec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/13-2 hemp node
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, media
inoculated and sonicated 2 min 45 kHz; incubated 30 min, (minus
inoculum removed; explants co-cultured on filter paper in activated
plantcon with 2.5 ml INO + 50 ppm nystatin + 10 ppm TBZ + 1 charcoal)
ppm TDZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8rl2v  SOYTEST-2 20 10 ppm sec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/20-1A B5; 28 C.
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, 16/8
inoculated and sonicated 20 s 45 kHz; incubated 30 min, photocopied;
inoculum removed; explants co-cultured on filter paper in
plantcon with 2.5 ml INO + 60 ppm Cleary’s + 50 ppm
nystatin + 10 ppm TBZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8rl12v  SOYTEST-2 10 10 ppm sec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/20-1B node-AC;
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, 28 C. 16/8
inoculated and sonicated 20 s 45 kHz; incubated 30 min, photocopied;
inoculum removed; explants co-cultured on filter paper in
plantcon with 2.5 ml INO + 60 ppm Cleary’s + 50 ppm
nystatin + 10 ppm TBZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8r12v  SOYTEST-2 10 50 ppm sec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/20-1C BS; 28 C.
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, 16/8
inoculated and sonicated 20 s 45 kHz; incubated 30 min, photocopied;
inoculum removed; explants co-cultured on filter paper in
plantcon with 2.5 ml INO + 60 ppm Cleary’s + 50 ppm
nystatin + 10 ppm TBZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8r12v. SOYTEST-2 10 50 ppm strep
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/20-1D node-AC;
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, 28 C. 16/8
inoculated and sonicated 20 s 45 kHz; incubated 30 min, photoperiod;
inoculum removed; explants co-cultured on filter paper in
plantcon with 2.5 ml INO + 60 ppm Cleary’s + 50 ppm
nystatin + 10 ppm TBZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8rl12v  SOYTEST-2 10 10 ppm spec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/20-2A B5; 28 C.
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, 16/8
inoculated and sonicated 20 s 45 kHz; incubated 30 min, photoperiod;
inoculum removed; explants co-cultured on filter paper in
plantcon with 2.5 ml INO + 1 ppm TDZ, 60 ppm Cleary’s + 50
ppm nystatin + 10 ppm TBZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8rl2v. SOYTEST-2 10 10 ppm spec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/20-2B node-AC;
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, 28 C. 16/8
inoculated and sonicated 20 s 45 kHz; incubated 30 min, photoperiod;
inoculum removed; explants co-cultured on filter paper in
plantcon with 2.5 ml INO + 1 ppm TDZ, 60 ppm Cleary’s + 50
ppm nystatin + 10 ppm TBZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8rl2v  SOYTEST-2 10 50 ppm spec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/20-2C B5; 28 C.
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, 16/8
inoculated and sonicated 20 s 45 kHz; incubated 30 min, photoperiod;

inoculum removed; explants co-cultured on filter paper in
plantcon with 2.5 ml INO + 1 ppm TDZ, 60 ppm Cleary’s + 50
ppm nystatin + 10 ppm TBZ; 23 C. 16/8 photoperiod
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TABLE 5-continued
Description and summary of follow-up experiments with Canrnabis meristem explant:
Cannabis #
sativa Experi- embryos
Genotype/ ment to
Line Comments D Strain Binary Selection Notes
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8rl12v  SOYTEST-2 10 50 ppm strep
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/20-2D node-AC;
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, 28 C. 16/8
inoculated and sonicated 20 s 45 kHz; incubated 30 min, photoperiod;
inoculum removed; explants co-cultured on filter paper in
plantcon with 2.5 ml INO + 1 ppm TDZ, 60 ppm Cleary’s + 50
ppm nystatin + 10 ppm TBZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  GV3101  SOYTEST-2 48 50 ppm spec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/27-1 meristem
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, regeneration;
inoculated and sonicated 20 s 45 kHz; incubated 30 min, 28 C. 16/8
inoculum removed; explants co-cultured on filter paper in photoperiod;
plantcon with 2.25 ml INO + 60 ppm Cleary’s + 50 ppm
nystatin + 10 ppm TBZ + 1 ppm TDZ; 23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  GV3101  SOYTEST-2 36 50 ppm spec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in = 6/27-2 meristem
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, regeneration
inoculated and sonicated 20 s 45 kHz; incubated 30 min, with 0.5
inoculum removed; explants co-cultured on filter paper in ppm MT;
plantcon with 2.25 ml INO + 60 ppm Cleary’s + 50 ppm 28 C. 16/8
nystatin + 10 ppm TBZ + 1 ppm TDZ; 23 C. 16/8 photoperiod photoperiod;
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8rl2v  SOYTEST-2 83 10 ppm spec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  7/3-1 meristem
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, regeneration;
inoculated and sonicated 20 s 45 kHz; incubated 30 min, 28 C. 16/8
inoculum removed; explants co-cultured on filter paper in photoperiod;
plantcon with 2.25 ml INO + 60 ppm Cleary’s + 1 ppm TDZ;
23 C. 16/8 photoperiod
Honey Hand excised from seed surface sanitized in 20% Clorox 5 min; Hemp  Arl8r12v  SOYTEST-2 48 50 ppm spec
Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  7/8-1 meristem
3WS 20% PEG4000 with Captan/Bravo for 1.5-2.5 h, rinsed, regeneration
inoculated and sonicated 20 s 45 kHz; incubated 30 min, with 0.5
inoculum removed; explants co-cultured on filter paper on ppm mT;
semisolid INO (8 g/L agarose I) + 60 ppm Cleary’s 1 ppm TDZ; 28 C. 16/8
23 C. 16/8 photoperiod photoperiod;
TABLE 6 TABLE 7-continued
40

WCIC TRUE Gamborg B5 Media

WCIC Hemp Node Media (modified from Lata 2016)

Ingredients and Notes Amount to add per liter (grams)

Ingredients and Notes Amount to add per liter (grams)

Phytotechnology Laboratories B5 3.21
salts G398

Sucrose 20
Cleary’s 3336 (5S0WP) 0.06
Ca Gluconate 1.29
pH to 5.8 with IN KOH

Phytagel 3.50
autoclave

Add the following fresh before use:

Timetin (150 mg/ml stock)
Cefotaxime (100 mg/ml stock)
Carbenicillin (100 mg/ml stock)
Selective Agent

Use 1 mL per Liter (150 mg/L)
Use at 2 ml per Liter (200 mg/L)
Use at 4 ml per Liter (400 mg/L)
as needed

TABLE 7

WCIC Hemp Node Media (modified from Lata 2016)

Ingredients and Notes Amount to add per liter (grams)

MS Salts complete with vitamins 4.43
(PhytoTech M519)

Sucrose 30
Cleary’s 3336 0.06

pH to 5.7 with IN KOH
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Agar (Sigma A7921) 8
autoclave

Meta-topolin (mT) (1 mg/ml) 0.5 ml
Carbenicillin (200 mg/ml) 1.25 ml
Cefotaxime (100 mg/ml) 2 ml
Selection as needed

We did obtain strong GUS transients using both Carnabis
varieties Honey Gold 3WS and the Fiber Hemp (in addition
to the transients shown for Elektra x Chardonnay in initial
disclosure). See FIG. 3.

Additionally, Cannabis seeds were also imbibed at 37° C.
to facilitate excision of the meristem explants. With an
overnight imbibition at 37° C. the radical begins to emerge
from the seed which makes a natural crack in the hard seed
coat. This makes isolating the Cannabis mature embryo/
meristem explant easier. See FIG. 17.

It is also possible to mechanically excise the Canrnabis
meristem explants from the seen. 10 g Cannabis seed from
the Fiber variety were surface sterilized with 20% bleach
solution for 5 minutes, then rinsed with sterile distilled water
for 2 minutes. Seed were then imbibed in sterile distilled
water at 37 degrees C. for approximately 24 hours. Seed was
then rinsed with sterile distilled water for 2 minutes and
weighed (collected rehydrated weight was 18 grams). Seed
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was then split into two 9 gram samples and spread on sterile
filter paper in petri dishes and dried in laminar flow hood.
One sample was removed 24 hrs later, the other 49 hours
later. The collected dry weight of each sample was 4.8
grams.

A portion of this dry hemp seed from the 49 hour dried
material was used for machine excision experiments. Seed
were placed through a Perten Instruments Laboratory Mill
3310 using seven different gap settings (0 to 6, smallest to
largest gap) with 20 seeds per gap setting. Ground material
was collected and embryonic parts were counted under a
microscope. While the Perten Lab mill was used for these
examples, excision of embryos and explants can be per-
formed using and dry mill or equivalent instrumentation
known in the art, for example, roller mills, hammer mills,
and bladed mills or other suitable means described herein.
Equivalent wet mill processing is also envisioned.

TABLE 8

Embryonic parts produced using various gap
setting on the Perten Instruments Laboratory Mill 3310

Gap Setting Embryonic Parts Produced
6 20
5 14
4 14
3 5
2 3
1 4
0 0

Further experimentation will be carried out using gap
setting 6 for grinding hemp varieties. Following embryonic
part production, regeneration of the embryonic material will
be checked on non-selective medium. Embryonic parts
generated using the gap 6 setting on Perten is shown in FIG.
18.

Additionally, MS-based medium with or without meta-
topolin may be used with meristem explants. When TDZ is
used in co-culture with Agrobacterium, the use of meta-
topolin during selection/regeneration may not be necessary.

TABLE 9

Hemp Meristem Regeneration Medium

Ingredients and Notes Amount to add per liter (grams)

MS Salts complete with vitamins 443
(PhytoTech M519)

Sucrose 30
Cleary’s 3336 0.06

pH to 5.7 with IN KOH

Agar (Sigma A7921) 8
autoclave

Meta-topolin (mT) (1 mg/ml) as needed
Carbenicillin (100 mg/ml) 2 ml
Cefotaxime (100 mg/ml) 2 ml
Timetin (150 mg/ml) 1ml
Selection as needed

Additional control binary constructs have also been test-
ing including SOYTEST-2. SOYTEST-2 has a different
promoter driving tdTomato to test impacts on RFP visual-
ization (DICOTBINARY-19 uses the Glycine max Ubiquitin
3 XL promoter driving tdTomato, where SOYTEST-2 uses
Pinus radiata Super Ubiquitin promoter driving tdTomato).
See FIG. 19.

We have obtained positive GUS transients in Cannabis
meristem explants (3WS variety) using SOYTEST-2 in both
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the Arl8r12v and GV3101 strains of Agrobacterium (see
FIG. 20), demonstrating transfection of Cannabis meristems
using disarmed strains of both Agrobacterium rhizogenes
(Ar18r12v) and Agrobacterium tumefaciens (GV3101).

We have obtained additional stable RFP expressing Can-
nabis from experiments in the Honey Gold 3WS variety. The
plantlet in the center of FIG. 21 (Cannabis plant WP421-1)
is rooting on 50 mg/L streptomycin hemp node media (after
being on 50 mg/L. spectinomycin hemp node media for
approximately 1 month).

Plant WP421-1 was transferred to the greenhouse and
imaged the day of transfer, approximately 4 weeks later
(FIG. 26), and approximately 7 weeks later (FIG. 31). Three
leaves from WP421-1 were sampled after it had been in
greenhouse for 4 weeks. Two of the three leaves were stably
expressing RFP (FIG. 27), while all three were stable
expressing GUS (FIGS. 27 and 28). RFP expression was
relatively weaker than when we initially sent the plant,
which is likely due to tissue age. That all three randomly
selected leaves are stably expressing GUS is a good indi-
cator WP421-1 is not overly chimeric.

Additional data in FIGS. 32-34 confirms the chimerism in
the WP421-1 plant. 10 leaf samples were taken from
EP421-1 and divided for PCR (FIGS. 33-34) and GUS
expression (FIG. 32) analysis. For PCR, we amplified a 156
bp fragment within the aadA expression cassette of DICOT-
BINARY-19 using primers designated F56 and R11 (frag-
ments and amplicon highlighted in blue in FIG. 33). Leaf
DNA from WP421-1 was extracted using the REDExtract-
N-Amp™ Plant PCR Kit (Sigma-Aldrich XNAP-1KT) fol-
lowing manufacturer’s instructions. PCR reaction was run
with following:

1. 3 minutes at 94 C for initial denaturation

2. 30 seconds at 94 C for denaturation

3. 30 seconds at 55 C for annealing

4. 1 minute at 72 C for primer extension

5. Cycle steps 2-4 34 more times (35 total cycles)

6. 10 minutes at 72 C for final primer extension

PCR products were run on 1.5% agarose gel in SB buffer.
All 10 leaf samples gave the expected 156 bp product,
confirming minimal chimerism in this event

We have also blasted DNA into Canrnabis meristem
explants using PDS-1000 Helium gun with a plasmid des-
ignated DICOTBOMB-13. For particle bombardment
experiments, gold-DNA “bead prep” was prepared by first
washing 50 mg 0.6 um gold microcarriers (BioRad part
#1652262) in 1 ml 100% ethanol and sonicating for 1 min
45 kHz. Gold was pelleted by centrifugation at 5000 rpm in
microfuge (~2300xg) and ethanol removed. Gold was then
resuspended in 1 ml 100% ethanol and stored at =20 C until
use. To precipitate DNA onto beads, the 50 mg gold/l ml
ethanol stock was sonicated for 1 min 45 kHz. 42 ul of this
stock was transferred to an Eppendorf tube, then pelleted by
centrifugation at 2500 rpm for 10 seconds, after which
ethanol was removed. 500 uL sterile water was added and
mixture sonicated 1 min 45 kHz. Gold was again pelleted by
centrifugation at 2500 rpm for 10 seconds and water
removed. 25 ul sterile water was then added, followed by
sonication for 1 min 45 kHz. 2.6 ug DICOTBOMB-13 DNA
was added, then sterile water to bring volume up to 245 ul.
250 ul cold 2.5 M CaCl, was added, followed by 50 ul 0.1
M spermidine. Solution was mixed by low speed vortexing.
Tube was incubated on ice for approximately 1 hour with
gentle inversions every 5-10 minutes. DNA/gold was pel-
leted at 1000 rpm (~100xg) for 2 min and supernatant
removed. Pellet was then washed with 1 ml 100% EtOH w/
pipette tip, then pelleted again at 1000 rpm (~100xg) for 2
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min and supernatant removed 36 ul 100% EtOH was added
to tube and gold completely resuspended with low-speed
vortexing. Bead prep was stored at —20 C until used, with 5
ul used per bombardment. This corresponds to 360 ng DNA
per blast; 290 ug gold per blast (1.2 ng DNA per ug gold).

Cannabis meristem explants were excised from seed and

precultured on EJW1 media overnight at 28 C 16/8 photo-
period, arranged on 12% xanthan gum targeting plates (with
60 mg/L Cleary’s 3336 fungicide), blasted at 6 cm from the
launch assembly using 5 uL. bead prep per target and a range
of rupture disks (650 psi-1550 psi), then allowed to rest on
EJW1 media overnight. Transients were taken the next day.
GUS transient expression in Cannrabis meristem explants
bombarded with DICOTBOMB-13 is shown in FIG. 23.

TABLE 10

Preculture Medium ETW1

Ingredients and Notes Amount to add per liter (grams)

MS salts no vitamins 4.3
Sucrose 30
2,4-D (1 mg/ml stock) 0.2 ml
MES 2
Cleary’s 3336 .03
pH 5.6
Agarose 4
Autoclave

Carbenicillin (100 mg/ml)
TDZ (1 mg/ml stock)

25
1ml

Example 2

The embodiments described herein demonstrate Cannabis
floral dip experiments.
We used strain Arl8rl2v based on positive GUS tran-

sients in meristem explants, harboring DICOTBINARY-22,
which has the aadAla protein targeted to both plastid and
mitochondria in the plants. Agrobacterium cultures were
resuspended in 5% sucrose with 0.05% silwet L-77 as a
wetting agent. One of the cultures was induced with 100 uM
acetosyringone and one was not. These cultures were
applied directly to female flowers (some flowers received
only 5% sucrose+0.05% silwet L-77 “blank™). Experiment is
summarized in Table 11.

TABLE 11
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We noted no obvious ill effects of the inoculum applica-
tion to the flowers one-day post-application. See FIG. 5.
Female flowers were then pollinated with male pollen from
donor plants by dusting the plants with pollen; as well as
using a paint brush to apply pollen earlier.

Example 3

The embodiments described herein demonstrate Cannabis
node, internode, leaf, and petiole transformation experi-
ments.

We inoculated node, internode, leaf, and petiole explants
of Cannabis variety Elektra x Chardonnay. We used asep-
tically grown plantlets from sanitized and imbibed seed
plated on non-selective B5 media for approximately 6
weeks. Explants were sonicated for 20 seconds at ~45 kHz
in the presence of Arl8r12v/DICOTBINARY-19. Nodal
explants were co-cultured on 2.5 ml WCIC INO media with
50 mg/L nystatin, 10 mg/L. TBZ, and 0.5 mg/L. meta-topolin
(mT). Internode, leaf, and petiole explants were co-cultured
on 2.5 ml WCIC INO media with 50 mg/L nystatin, 10 mg/L,
TBZ, 1 mg/L. meta-topolin (mT), 1 mg/L napthylacetic acid
(NAA), and 0.2 mg/L. GA3. After 4 days of co-culture at 23
C 16/8 photoperiod, GUS transient expression was observed
in all explant types. See FIG. 6.

After co-culture, nodal explants were transferred to 100
mg/LL spectinomycin hemp node media (Table 7) supple-
mented with 500 mg/L activated charcoal. Leaf, petiole, and
internode explants were transferred to 100 mg/L. spectino-
mycin hemp internode media, which is a modification of
potato ZIG media (Cearley J A, Bolyard M G: Regeneration
of Solanum tuberosum cv. Katandin from leaf explants in
vitro. Am Potato J 74: 125-129 (1997)). A summary of these
experiments is provided in Table 13.

TABLE 12

‘WCIC Hemp Internode Media (modified from Cearley 1997)

Ingredients and Notes Amount to add per liter (grams)

MS Salts complete with vitamins 4.43
(PhytoTech M519)

Sucrose 20
Cleary’s 3336 0.06

pH to 5.7 with 1IN KOH
Gelrite (or Phytagel), then autoclave 2

Meta-topolin (mT) (1 mg/ml) 1 ml

Description and summary of experiments with Cannabis floral dip

Experiment Co-Culture Duration Observations and

1D Comments AS (Days) Comments

Hrmp 4/17-1 Agro washed once with none Agro applied directly to 5 female plants; 3
sterile water; spun 10 flowers; 1 d dark in high hermaphrodites
min, resuspended in 5% humidity LEDA; then (red/white twist tie
sucrose; Silwet L-77 moved to GH7 with 3 below flower for
added to 0.05% males inoculated, white for

blank)

Hemp 4/17-2 Agro washed once with 100 uM AS  Agro applied directly to 5 female plants; 3

sterile water; spun 10 flowers; 1 d dark in high hermaphrodites

min, resuspended in 5%
sucrose; Silwet L-77
added to 0.05%

humidity LEDA; then
moved to GH7 with 3
males

(green twist tie
below flower for
inoculated, white for
blank)
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2. 25% glycerol (w/v) PGM, inverted several times to mix
and stored at 4 C

WCIC Hemp Internode Media (modified from Cearley 1997) 3. Untreated, fresh po]]en, stored at 4 C
) ) 4. Untreated pollen, stored at =20 C
Ingredients and Notes Amount to add per liter (grams) 5. Pollen placed in 1.5 mL microfuge tube, placed in
Napthylacetic acid (NAA) (1 mg/ml) 1 ml sweater box with MgNO3 solution. Moved to =20 C on
GA3 (FS) Sigma Prod G7645 0.2 ml 5/3 at 11 am.
(1 mg/ml) 6. 25% wlg glycerol PGM, 1 hour incubation at RT,
Ca.rbcmlmlhn (200 mg/ml) 1.25 ml followed by storage at —80 C
Cefotaxime (100 mg/ml) 2 ml N y ] .
Selection as needed 10 7. One hour untreated at room temperature in 50 mL tube.
The same day pollen was harvested, pollen from tubes
#6,7 were placed onto solid PGM after one hour of incuba-
TABLE 13
Description and summary of experiments with Cannabis nodes, leaves, petioles, and internodes.
#
embryos # explants
Experiment to to second
1D Comments Selection  Notes media  2nd media
Hemp 5/2-1 Nodes from hemp seed sanitized and imbibed; germinated 11 100 ppm spec hemp NA NA
on B5 3/22/19; harvested in INO; inoculated and sonicated node media; 28 C.
20 s 45 kHz; co-cultured in plantcons with filter paper + 2.5 16/8/photoperiod
ml INO with 50 ppm nystatin +10 ppm TBZ + .5 ppm
meta-topolin (mT); 23 C. 16/8 photoperiod 68 100 ppm spec hemp 18 non selective
Hemp 5/2-2 Leaves from hemp seed sanitized and imbibed; germinated internode media; hemp node
on B35 3/22/19; harvested in INO; inoculated and sonicated 28 C. media; 28 C.
20 s 45 kHz; co-cultured in plantcons with filter paper + 2.5 16/8/photoperiod 16/8/photoperiod
ml INO with 50 ppm nystatin + 10 ppm TBZ + 1 ppm
meta-topolin (mT) + 1 ppm NAA + 0.2 ppm GA3; 23 C.
16/8 photoperiod
Hemp 5/2-2 Petioles from hemp seed sanitized and imbibed; germinated 68 100 ppm spec hemp 3 non selective
on B35 3/22/19; harvested in INO; inoculated and sonicated internode media; hemp node
20 s 45 kHz; co-cultured in plantcons with filter paper + 2.5 28 C. media; 28 C.
ml INO with 50 ppm nystatin + 10 ppm TBZ + 1 ppm 16/8/photoperiod 16/8/photoperiod
meta-topolin (mT) + 1 ppm NAA + 0.2 ppm GA3; 23 C.
16/8 photoperiod
Hemp 5/2-2 Internodes from hemp seed sanitized and imbibed; 68 100 ppm spec hemp 3 non selective
germinated on B5 3/22/19; harvested in INO; inoculated internode media; hemp node
and sonicated 20 s 45 kHz; co-cultured in plantcons with 28 C. media; 28 C.
filter paper + 2.5 ml INO with 50 ppm nystatin + 10 ppm 16/8/photoperiod 16/8/photoperiod

TBZ + 1 ppm meta-topolin (mT) + 1 ppm NAA + 0.2 ppm

GA3; 23 C. 16/8 photoperiod

Example 4

Cannabis meristem explants were excised, dried, and
stored at —20 C. Cannabis meristem explants of variety 3WS
were excised from seed and then dried on the surface of filter
paper in a laminar flow hood for 26 hours. Dried Cannabis
meristem explants were then stored at —20 C for 3 days.
Explants were then rehydrated in 20% PEG4000 with 60
mg/[. Captan and 30 mg/lL Bravo fungicides, rinsed, and
plated on Hemp Node media without activated charcoal
(Table 7).

Example 5

This embodiment describes the transformation of Canna-
bis pollen, in particular the advantages provided when
pollen from male plants can be stored. Carnrabis pollen was
harvested in by shaking branches of male plants onto a
creased sheet of blue paper (high visibility of yellow on
blue). Pollen was poured through a #80 sieve into a 50 mL
conical tube. A small, visible amount of pollen was added to
7 1.5 mL. microfuge tubes comprising the following treat-
ments:

1. 25% glycerol (w/v) PGM, inverted several times to mix

and stored at =20 C.
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tion at room temperature. Plates were then wrapped in
parafilm and placed in dark room and examined under
microscope for germination in the form of pollen tube
expansion. Germination of tubes was visible on both. Tube
emerged more quickly from pollen from tube #6, which may
be due to the liquid PGM matrix. Germination continue onto
the next day, 22 hours after plating. See FIG. 24.

To test for overnight storage, we assayed pollen for
germination the next day. Pollen from tubes 1,4 and 6 were
placed on ice to thaw. After half an hour, a small amount of
pollen from each was added to a PGM plate partition. 50 ul,
of pollen was taken from 1 & 6. Tube 6 was noticeably more
opaque than tube 1. Tube germination was visible only in
treatment #1. Multiple, branched tube-like structures were
visible in treatment #4 at T2 (overnight storage) which may
have been aberrant germination or the first indications of
fungal hyphae. Following 24H of incubation, tube germi-
nation was visible in the -20° C. stored pollen that was
stored in 25% (w/v) glycerol PGM. No survival was
observed in either -80° C. treatment, which perhaps indi-
cates that a slower rate of freezing is important for retaining
viability. See FIG. 35.
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TABLE 14
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Pollen Germination Medium - Salts II Solution (PGM2 Salts)
Pollen Germination Medium Salts II Solution (PGM2 Salts)

Volume:
Stock (100X) 10 mL Original 100 mL stock
Reagent CAS /10 mL Units grams added
Boric Acid (H3BO3) 0043-35-3  0.05 0.005% 0.5
CaCl2 * 2H20 10035-04-8  1.47 10mM  14.7
Potassium Phosphate, 7778-77-0  0.00680 0.05mM  0.068
monobasic (KH2PO4)
ddH20 (dissolve salts) Add 8 mL Add 80 mL
dissolve by stirring and/or
sonication
ddH20 Fill to 10 mL w/ Fill to 100 mL w/
graduated cylinder graduated cylinder
TABLE 15 Cannabis VAEs after 5 weeks plated on non-selective
medium. FIG. 30 shows machine excised Cannabis meri-
=X ggl\g (lfl")“ecf Ge.rmﬁ“at“r’j Ifed‘“m) 20 stem explants on non-selective medium for 2 weeks.
olien SIInNation edium . . .
Cannabis VAEs may also be primed with WCIC INO or
1L other medium prior to drying. Examples of priming and
) drying conditions are outlined below. These examples are
Volume amount units . . .
for soybean transformations but are applicable to Cannrabis
PGM Salts 10 mL 23 VAE priming and drying and the same or similar conditions
Sucrose 100 g : :
may be used with Carnabis explants.
PEG 4000 600 g Y P
ddH20 Fillto1 L
Heat to 70 C. for 10 minutes on stir plate. TABLE 18
Filter sterilize.
Store at 4 C. 30 Priming and Drying of Explants
(Soybean genotype W28, strain GV3101)
TO
TABLE 16 Shoots plants
Co- Ex- har- to
Solid Pollen Germination Medium 35 VAE Batch/Priming culture plants  vested GH TF
Solid Pollen Germination Medium Fresh explants giving rise 1 ppm 75 6 3 4.0%
1L to S92 series TDZ
Fresh explants giving rise  no TDZ 71 3 3 4.2%
Vol " it to S92 series
oume amoun s 40 S92A (sid dry) 1 ppm 75 8 4 53%
2X PGM 500 mL o ™72 .
0.6% Noble Agar 500 mL S92B (3 hr prime in INO, 1 ppm 50 10 10 20.0%
then dry) TDZ
$92C (3 hr prime in INO 1 ppm 75 9 6 8.0%
with 1 ppm TDZ
TDZ, then dry)
TABLE 17 45 $92D (3 hr prime in INO 1 ppm 50 0 0 0.0%
with 10 ppm TDZ
25% glycerol PGM TDZ, then dry)
25% glycerol PGM S92E (3 hr prime in INO 1 ppm 63 0 0 0.0%
with 50 ppm TDZ
1L TDZ, then dry)
50 S92E (3 hr prime in INO 1 ppm 50 0 0 0.0%
Volume amount units with 100 ppm TDZ
TDZ, then dry)
2X PGM 500 mL
50% (wly) glycerol 500 mL
55 Example 7
Example 6

Cannabis value added explants (VAEs) were generated by
hand excising meristem tissue from seeds surface sanitized
in 20% Clorox for 5 min, rinsed, and imbibed for ~20 h in
BGM. Cannabis VAEs of variety 3WS were excised from
seed, then dried on the surface of a filter paper in a laminar
flow hood for 26 hours. Dried Cannabis meristem explants
were then stored at —20 C for 3 days. Explants were then
rehydrated in 20% PEG4000 with 60 mg/L Captan and 30
mg/L Bravo fungicides, rinsed, and plated on Hemp Node
media without activated charcoal. FIG. 29 shows dried
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This example demonstrates additional embodiments of
the transformation methods and transgenic Cannabis plants
described herein.

T1 data/POC of germline transformation of Canrnabis
using meristem explants: A leaf sample of Carnabis TO
event WP421-1 (plant “Candice”) was taken for long-term
storage at —80 for further genetic analysis, and at this time
we took sections of the petiole as well for GUS expression
analysis. FIG. 36 shows GUS expression in the vascular
tissue of WP421-1, which is an indicator of germline status
for the transgene.



US 11,999,958 B2

61

WP421-1 was moved to short days in GH15 approxi-
mately 9 weeks after plant handoff to greenhouse. 10 cut-
tings were taken 2 days later. Some cuttings had roots
approximately 2 weeks after cuttings were taken. First
flowers (female) observed 5 days after moving plant to short
days. WP421-1 was move into GH9 2 weeks after being put
in short-day to be exposed to pollen from the 3WS 2-5
auto-flowering male. FIG. 37 shows WP421-1 adjacent to
the male pollen donor wild-type 3WS plant.

2.5 weeks after pollination with male 3WS plant, imma-
ture T1 seed of WP421-1 was planted. We noted RFP+
expression (tdTomato) in one of the seedlings 3.5 weeks
after this (in plantlet “Carly”), confirming germline trans-
mission of transgene. (FIG. 40)

We followed this observation up with additional RFP
expression (tdTomato) observations (eliminating back-
ground in a null segregant and in a wild-type leaf), GUS
expression, and an aadAla PCR that produced the expected
156 bp amplicon. (FIGS. 41 and 42). Approximately 5250
T1 seed were harvested from WP421-1 approximately 2
months after pollination was initiated (FIG. 43). We germi-
nated T1 seed of WP421-1 on germination paper and planted
a flat of T1 seed to examine more plants for RFP expression
(tdTomato) and segregation. RFP expression (tdTomato)
was apparent along with null segregants (FIG. 44)

Of the 48 T1 WP421-1 seed planted in flats, 44 germi-
nated and were designated WP421-1@3 through WP421-
1@46. 22 of these 44 expressed RFP (tdTomato) and GUS,
giving the expected 1:1 segregation ratio for this cross. (FIG.
45)

Additional Cannabis transformation experiments using
meristem explants: Additional experiments with Cannabis
meristem explants inoculated with Arl8r12v/DICOTBI-
NARY-19 using 75 mg/L. spectinomycin selection have
yielded plantlets chimeric for GUS as well as greening
plantlets that are GUS negative. These chimeric plantlets did
not root on the subsequent 50 mg/L. streptomycin media and
were instead transferred to selection-free BRM (FIG. 48).
One chimeric GUS+ plant (center photo in FIG. 48) from
this set rooted on selection-free BRM and was sent to the
greenhouse as the TO plant WP421-2, but we could not
detect positive GUS or RFP expression or transgene inte-
gration by PCR in subsequent tests of WP421-2, possibly
indicating negative sectors of the plant outcompeted trans-
genic sector (FIG. 49).

We have regenerated a transgenic Cannabis plantlet from
particle-mediated transformation that is stably expressing
GUS in all it leaves. Cannabis explants prepared from seed
germinated at 37 C overnight of variety 3WS were precul-
tured on EJW1 overnight and blasted on carboxymethylcel-
lulose media using DICOTBOMB-13 (at 1.2 ng DNA/ug
gold; 0.6 um gold; 1 cm gap, 6 cm distance, and 1350 psi).

Explants were rested on EJW1 overnight, then transferred
to 100 mg/LL spectinomycin hemp node media without
activated charcoal for 1 month. Explants were then trans-
ferred to 50 mg/L. streptomycin hemp regeneration media
with 1 mg/L. meta-topolin (mT). Leaves were sampled from
greening explant and incubated in X-gluc at 37 C. Stable
GUS expression was present in every leaf, demonstrating
POC of particle-mediated transformation of Cannabis meri-
stem explants (FIG. 51).

Example 8

Transgenic TO Cannabis Plant Generation Using Particle-
Mediated Transformation of Cannabis Meristem Explants
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The regenerating transgenic Cannabis plantlet from par-
ticle-mediated transformation stably expressing GUS in all
it leaves from last report has rooted and been sent to GH as
TO plant WP-001181-1. This TO plant was derived from
Cannabis meristem explants prepared from seed germinated
at 37 C overnight of variety 3WS. Meristem explants were
precultured on EJW1 overnight and blasted on carboxym-
ethylcellulose media using DICOTBOMB-13 (at 1.2 ng
DNA/ug gold; 0.6 um gold; 1 cm gap, 6 cm distance, and
1350 psi). Explants were rested on EJW1 overnight, then
transferred to 100 mg/L. spectinomycin hemp node media
without activated charcoal for 1 month (media previously
described). Explants were then transferred to 50 mg/L
streptomycin hemp regeneration media with 1 mg/[. meta-
topolin (mT) for 6 weeks (media previously described). We
then attempted to root this explant by transferring it to: (i) 4
weeks on 50 mg/L streptomycin hemp node media after
cutting hypocotyl to remove necrotic tissue; (ii) 2 weeks on
non-selective BS media; (iii) 6 weeks on non-selective dicot
BRM media (Y2 MS salts with 0.1 mg/L IAA); (iv) Explant
split into two; hypocotyl cut on each piece to remove
necrotic tissue; and (v); 4 weeks (plant “A”) to 7 weeks
(plant “B”) on non-selective dicot BRM media. We re-
assayed leaves for GUS and found all leaves remained
GUS+. (FIG. 52).

After the WP-001181a event had been in the greenhouse
for 3 weeks, we used the previously described primer set and
PCR conditions to amplify a 156 bp fragment of the aadAla
gene from 10 separate leaves. At the same time, we assayed
these leaves for GUS expression (each leaf sample was
divided in 2, one sample for PCR, one for GUS assay). All
10 leaves tested positive for aadAla by PCR, and all 10 were
GUS positive (FIG. 53).

Previous examples described taking petiole sections of the
Cannabis TO event WP421-1 to examine GUS expression in
vascular tissue, which appeared to be an early indicator of
germline status in the Cannabis WP421-1 TO event, and
found GUS expression to be present in vascular tissue of
WPO001181-1a as well (FIG. 56). The second piece of this
explant rooted approximately 3 weeks after the first, and was
sent to greenhouse after finding all leaves GUS+ (FIG. 57).
The ability to split the event into two TO plants in the
meristem transformation system may offer some down-
stream advantages. It may be possible to feminize either the
WP-001181-1a or WP-001181-1b to make subsequent flow-
ers male (process described later). Crosses from —la onto
-1b would then yield homozygotes in the T1 progeny, which
may offer timing advantages for transgenic Cannabis breed-
ing programs (and advantages to attempting to make her-
maphroditic plants for same purpose).

DNA complexed with gold “bead prep” was made by
these steps:

Sonicate 50 mg/1 ml EtOH gold suspension for 3 min

45-55 kHz to resuspend gold.

Transfer 42 ul to a new tube. Pellet by centrifugation at
2500 rpm for 10 seconds, remove EtOH.

Add 500 uL sterile water, sonicate 3 min 45-55 kHz.
Pellet by centrifugation at 2500 rpm for 10 seconds,
remove water.

Add 25 ul sterile water (wash sides of tube with pipette
tip). Sonicate 3 min 45-55 kHz.

Add 2.6 ug DNA

Add cold sterile water to bring volume up to 245 ul.

Add 250 ul cold 2.5 M CaCl2.

Add 50 ul 0.1 M spermidine
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Mix solution by low speed vortexing. Incubate tube on ice
for at least 45 min (I usually go 1.5 hrs). Invert tube
every 5-10 minutes.

Once coating is done, pellet the DNA/gold at 1000 rpm
(~100xg) for 2 min. Remove supernatant.

Wash pellet with 1 ml 100% EtOH w/ pipette tip. Pellet
DNA/gold at 1000 rpm (~100xg) for 2 min. Remove
EtOH.

Add 36 ul 100% EtOH, completely resuspend gold with
low-speed vortexing.

Store at =20 C, we generally use 5 ul of this prep per
bombardment.

This DNA prep gives a DNA Loading Rate of 1.2 ng
DNA/ug gold (360 ng DNA per blast, 290 ug gold per
blast).

CMC targeting media includes 8% low viscosity car-
boxymethylcellulose, 2% medium viscosity carboxymeth-
ylcellulose, and 0.4% washed agar. CMC was made by
adding washed agar to water, autoclaving, pouring into
blender, adding carboxymethylcellulose, blending, pouring
into bottle, then re-autoclaving, then poured into plates or
stored.

EJW1 media is shown above in Table 10.

TABLE 19

BRM media

Ingredients and Notes Amount to add per liter (grams)

MS Salts no vitamins M524 2.15
myo-inositol 0.1
sucrose 30
pH 5.8 with KOH

Agar, Sigma A7921 8

Autoclave
Add after autoclaving

Cysteine (100 mg/ml) - make
stock fresh
Cefotaxime (100 mg/ml)

Use at 1.0 ml per Liter (100 mg/L)

Use at 2.0 ml per Liter (200 mg/L)

TAA (1 mg/ml) Use at 0.1 ml per Liter (0.1 mg/L)
MS Vitamins (1000X) Use at 1.0 ml per Liter
Selection as needed

It should also be possible to transform Cannabis meristem
explants with free DNA methods where the explants do not
require targeting (i.e. nanotechnology such as cell penetrat-
ing peptides, silica carbide fibers or others; as well as use of
lipid and/or cationic lipid compounds).

Transient transformation of storable Canrnabis meristem
explants excised from seed using automation: We have
demonstrated transient expression of GUS in meristem
explants of the Fiber Hemp variety using meristem explants
excised from seed using automation (described in comments
to application sent in July 2019) with H1-HS fractions
pooled. These explants had been stored at —20 C for x weeks
before rehydration in INO+60 mg/LL Cleary’s and inocula-
tion with Arl18r12v/DICOTBINARY-19. Presence of GUS
also indicates cells remained viable during this ~8 month
storage time. (FIG. 58).

Cannabis seeds can also be crushed to extract mature
embryos using a metal rolling pin on a glass plate, with an
adjustable gap made using shims (FIG. 59). Cannabis seed
of the Abacus variety was sanitized and imbibed overnight
at 23 C. Seed was then either crushed under the rolling pin,
with crushed material allowed to dry in a laminar flow hood
for 72 hours; or seed was dried first for 72 hours in laminar
flow hood and then crushed. Crushed material was stored at
-20 C for 2 months, then rehydrated in INO media with 60
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mg/L. Cleary’s fungicide. Explants were inoculated with
Arl8r12v/DICOTBINARY-19 and co-cultured as previ-
ously described. We noticed transient GUS expression in
meristem explants, again indicating cells were capable of
surviving storage as well as maintaining some competency
for Agrobacterium transformation (FIG. 60). This crushing
technology and roller technology can be applied to wet or
dry Cannabis seed, and can be used in conjunction with
other treatments to compromise seed coat (ex. seed placed in
paint shaker with a metal bead or beads).

Transient transformation of elite Abacus Cannabis variety
using Agrobacterium-mediated transformation of meristem
explants: We have also demonstrated transient expression of
GUS in meristem explants of the elite Abacus variety using
meristem explants inoculated with Arl8r12v/DICOTBI-
NARY-19 (derived from seed imbibed overnight at 23 C)
(FIG. 61).

Transmission of transgenes into T2 generation of Canna-
bis 3WS variety (from initial TO event WP421-1): The
previously described GUS positive, RFP (tdTomato) posi-
tive, and aadA positive T1 plant WP421-1@2 and cuttings
from this plant (WP421-1-08C; WP421-1-10C; WP421-1-
07C; WP421-1-02C) were used to examine transmission of
transgenes into the T2 generation. This T1 plant and its
cuttings were pollinated with pollen from a separate GUS
positive and RFP positive feminized WP421-1 T1 plant.
Feminization stresses the female plant out enough that it is
making male structures that have female genetic pollen,
Seed is feminized from the subsequent crosses (all female).
Three main substances can be used: Colloidal Silver Solu-
tion (~120 ppm); Silver Thiosulfate/Silver Nitrate (STS); or
GA3. These chemicals reduce ethylene production that
ordinarily helps ripening and the production of female
flowers. Temperature or other stresses can cause feminiza-
tion as well. This T1 plant was feminized by the following
procedure. 5 days before moving plants to short days (i.e., 12
hour light periods), all branches and leaves of the plants
were sprayed to saturation with ether the STS or Colloidal
Silver solution. The spraying was repeated every 5 days until
major male flower formation has begun. Usually male
flowers begin showing at about 16-20 days after initial
spraying and spraying finished after 25-30 days. Resulting
T2 seeds were harvested and germinated and imaged for
RFP expression. These crosses gave rise to the expected 3:1
segregation ratio (from both parents segregating 1:1), and
the 3:1 ratio should include 1 homozygote, 2 hemizygotes
and 1 null at T2.

TABLE 20

RFP segregation ratios in T2 Cannabis lines
derived from transformed meristem explants

Cannabis line Ratio

WP421-1@2 10/15 positive
WP421-1-08C 13/18 positive
WP421-1-10C 16/18 positive
WP421-1-07C 13/18 positive
WP421-1-02C 12/16 positive
Total 64/85 positives

Example 9

The reduction or elimination of THC will be accom-
plished by knocking out the THCA synthase gene using a
CRISPR/Cas9 gene editing approach. Cannabis has two
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genes that contribute to THC production, namely THCA
synthase (primary) and CBDA synthase (secondary). It is
postulated that in high CBD varieties of Cannabis, the
THCA synthase gene(s) are either inactive or highly sup-
pressed. Since CBDA synthase has about an 84% amino acid
similarity to THCA synthase, it is also possible that it also
plays a role in producing the low amounts of THC seen in
these varieties. The proposed CRISPR approach includes a
gRNAs designed to target both the THCA synthase as well
as the CBDA synthase resulting in plants with single gene
knockouts as well as knockouts for both genes. Plants
produced from this editing approach would be analyzed with
our UPLC to determine the content of 13 different cannabi-
noids including THCA, CBDA, and CBG. In general, high
CBD varieties of cannabis have a CBDA:THCA ratio of
20:1 to 27:1 and these compounds are tightly related to each
other (i.e. as CBDA goes up so does THCA). A potential
outcome of this editing approach may also be a plant that is
skewed with a higher ratio of CBDA:THCA, again reducing
the risk to the grower of cultivating plants producing THC
as well as producing more CBDA. Another possible out-
come of knocking out both THCA synthase and CBD
synthase would be the accumulation of the precursor com-
pound CBG. A plant high in CBG is also a highly valued
product due to the fact that the plant would normally make
very little CBG and thus is a cannabinoid in higher demand.

A big risk to farmers trying to maximize their CBD
amounts in their Cannabis plants, is pollination from male
plants in the population or form adjacent fields. Pollination
of female plants substantially reduces the amount of CBD
made by the plants due to the reduction of trichome pro-
ducing pistils and energy going toward making seed, which
is low in CBD. Huang et al. successfully expressed the Solo
Dancers and Barnase genes using a fusion gene, which
resulted in fully sterile male/female flowers in Arabidopsis
and tobacco without affecting growth or development. Since
Cannabis can be easily cloned from a “mother” plant as
demonstrated herein, a female sterile plant could be of high
value to the grower in eliminating the risk of pollination to
the crop.

Increasing trichome numbers: Cannabinoids are mainly
made and secreted in the trichomes of the cannabis plant,
and more specifically the trichomes associated with female
flowers (pistils) of the plant. Increasing the number of
trichomes will increase the total cannabinoid production in
the plant. Tian, et al. successfully overexpressed the
Bral'TP2, a lipid transfer protein from Brassica napus,
resulting in a 10-fold increase of trichomes in B. rnapus. The
transgenic lines also produce elevated levels of 43 different
secondary metabolites, which could also prove interesting to
the amount and type of cannabinoids made in a transgenic
cannabis plant with overexpression of this type of gene.
LTPs belong to a large multigene family with many complex
physiological functions. We have identified similar genes in
the cannabis genome and propose to overexpress both the B.
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napus Bral.TP2 as well as some homologues from cannabis.
These genes could be driven by either a constitutive or
flower/pistil specific promoter to drive these potential out-
comes. Transgenic plants would be visually screened for an
increase in trichomes as well as tested for cannabinoid
content using our UPLC.

High CGBA plants: The CsPT1 ((geranylpyrophosphate:
olivetolate geranyltransferase (GOT)) gene is involved in
the production of CBGA, the precursor to THCA and
CBDA. By overexpressing this gene, it may be possible to
increase the amount of CBGA in the plant resulting in the
increase of the downstream cannabinoids CBDA ad THCA.
This approach could also be used in conjunction with
knocking out the THCA synthase gene and ultimately mak-
ing a very high CBDA plant with little or no THCA.

Herbicide resistant plants: Like many other plants, can-
nabis has an EPSP Synthase gene. It is known that changes
to 1-3 amino acids in this gene tend to confer glyphosate
resistance to the plant. Since weed pressure in cannabis is
high due to the competition of weeds before its canopy is
established, this would be a good target. Currently there are
no federally registered pesticides for cannabis. A gene
editing is used to make the required amino acid substitu-
tions, and produce a glyphosate resistant cannabis plant.

Example 10

Transgenic TO Cannabis plant generation using particle-
mediated transformation of Cannabis meristem explants—
We tested 10 leaves of the twin particle gun event described
in Example 8, WP-001181-1b “Hernanda” for aadAla by
PCR and GUS by expression and all 10 leaves were positive.
(FIGS. 72-74). As described herein (Example 2), it is also
possible to transform plastids and/or proplastids of Carna-
bis meristem explants using plastid specific promoters driv-
ing aadA (and GOI) such as the large subunit promoter of
RUBISCO; or a suitable prokaryotic promoter. This would
give advantages of plastid transformation (maternal inheri-
tance with null pollen, whole operon engineering, greater
protein expression, etc.) in Cannabis and Cannabis breed-
ing.

Alternate seed conditioning without imbibition—We
were able to get radical emergence from Cannabis seed of
the Badger variety using seed sanitization followed by
incubation at 37° C. without imbibition. This enables new
forms of both hand and machine excision and storage (as
seed coat is split but at relatively low moisture compared
with imbibed seed). (FIG. 75)

Transient transformation and Stable expression of RFP
(tdTomato) in Badger variety using Agrobacterium-medi-
ated transformation of meristem explants—We have also
demonstrated transient expression of GUS in meristem
explants of the elite Badger variety using meristem explants
inoculated with Arl18r12v/DICOTBINARY-19 (derived
from seed imbibed overnight at 23° C. or 37° C.) under a
variety of co-culture conditions (FIGS. 76-78).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 61
<210> SEQ ID NO 1

<211> LENGTH: 1638

<212> TYPE: DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 1
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-continued
atgaattgct cagcattttc cttttggttt gtttgcaaaa taatattttt ctttctctca 60
ttccatatcc aaatttcaat agctaatcct cgagaaaact tccttaaatg cttctcaaaa 120
catattccca acaatgtagc aaatccaaaa ctcgtataca ctcaacacga ccaattgtat 180
atgtctatcc tgaattcgac aatacaaaat cttagattca tctctgatac aaccccaaaa 240
ccactcgtta ttgtcactcc ttcaaataac tcccatatcc aagcaactat tttatgetct 300
aagaaagttg gcttgcagat tcgaactcga agecggtggec atgatgetga gggtatgtcece 360
tacatatctc aagtcccatt tgttgtagta gacttgagaa acatgcattc gatcaaaata 420
gatgttcata gccaaactgc gtgggttgaa gccggagcta cccttggaga agtttattat 480
tggatcaatg agaagaatga gaatcttagt tttcctggtg ggtattgcec tactgttgge 540
gtaggtggac actttagtgg aggaggctat ggagcattga tgcgaaatta tggccttgeg 600
gctgataata ttattgatgc acacttagtc aatgttgatg gaaaagttct agatcgaaaa 660
tccatgggag aagatctgtt ttgggctata cgtggtggtg gaggagaaaa ctttggaatc 720
attgcagcat ggaaaatcaa actggttgat gtcccatcaa agtctactat attcagtgtt 780
aaaaagaaca tggagataca tgggcttgtc aagttattta acaaatggca aaatattgcet 840
tacaagtatg acaaagattt agtactcatg actcacttca taacaaagaa tattacagat 900
aatcatggga agaataagac tacagtacat ggttacttct cttcaatttt tcatggtgga 960
gtggatagtc tagtcgactt gatgaacaag agctttcectg agttgggtat taaaaaaact 1020
gattgcaaag aatttagctg gattgataca accatcttct acagtggtgt tgtaaatttt 1080
aacactgcta attttaaaaa ggaaattttg cttgatagat cagctgggaa gaagacggct 1140
ttctcaatta agttagacta tgttaagaaa ccaattccag aaactgcaat ggtcaaaatt 1200
ttggaaaaat tatatgaaga agatgtagga gctgggatgt atgtgttgta cccttacggt 1260
ggtataatgg aggagatttc agaatcagca attccattcc ctcatcgage tggaataatg 1320
tatgaacttt ggtacactgc ttcctgggag aagcaagaag ataatgaaaa gcatataaac 1380
tgggttcgaa gtgtttataa ttttacgact ccttatgtgt cccaaaatcc aagattggcg 1440
tatctcaatt atagggacct tgatttagga aaaactaatc atgcgagtcc taataattac 1500
acacaagcac gtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacta aagttgatcc caataatttt tttagaaacg aacaaagtat cccacctctt 1620
ccaccgcatc atcattaa 1638
<210> SEQ ID NO 2
<211> LENGTH: 1638
<212> TYPE: DNA
<213> ORGANISM: Cannabis sativa
<400> SEQUENCE: 2
atgaattgct cagcattttc cttttggttt gtttgcaaaa taatattttt ctttctctca 60
ttccatatcce aaatttcaat agctaatcct cgagaaaact tccttaaatg cttctcaaaa 120
catattccca acaatgtagc aaatccaaaa ctcgtataca ctcaacacga ccaattgtat 180
atgtctatcc tgaattcgac aatacaaaat cttagattca tctctgatac aaccccaaaa 240
ccactcgtta ttgtcactcc ttcaaataac tcccatatcc aagcaactat tttatgetct 300
aagaaagttg gcttgcagat tcgaactcga agcggtggec atgatgctga gggtatgtcec 360
tacatatctc aagtcccatt tgttgtagta gacttgagaa acatgcattc gatcaaaata 420
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gatgttcata gccaaactgc gtgggttgaa gccggagcta cccttggaga agtttattat 480
tggatcaatg agaagaatga gaatcttagt tttcctggtg ggtattgccce tactgttgge 540
gtaggtggac actttagtgg aggaggctat ggagcattga tgcgaaatta tggccttgeg 600
gctgataata ttattgatge acacttagtc aatgttgatg gaaaagttct agatcgaaaa 660
tccatgggag aagatctgtt ttgggctata cgtggtggtg gaggagaaaa ctttggaatc 720
attgcagcat ggaaaatcaa actggttgct gtcccatcaa agtctactat attcagtgtt 780
aaaaagaaca tggagataca tgggcttgtc aagttattta acaaatggca aaatattgct 840
tacaagtatg acaaagattt agtactcatg actcacttca taacaaagaa tattacagat 900
aatcatggga agaataagac tacagtacat ggttacttct cttcaatttt tcatggtgga 960
gtggatagtc tagtcgactt gatgaacaag agctttegtg agttgggtat taaaaaaact 1020
gattgcaaag aatttagctg gattgataca accatcttct acagtggtgt tgtaaatttt 1080
aacactgcta attttaaaaa ggaaattttg cttgatagat cagctgggaa gaagacggct 1140
ttctcaatta agttagacta tgttaagaaa ccaattccag aaactgcaat ggtcaaaatt 1200
ttggaaaaat tatatgaaga agatgtagga gctgggatgt atgtgttgta cccttacggt 1260
ggtataatgg aggagatttc agaatcagca attccattcc ctcatcgage tggaataatg 1320
tatgaacttt ggtacactgc ttcctgggag aagcaagaag ataatgaaaa gcatataaac 1380
tgggttcgaa gtgtttataa ttttacgact ccttatgtgt cccaaaatcc aagattggeg 1440
tatctcaatt atagggacct tgatttagga aaaactaatc atgcgagtcc taataattac 1500
acacaagcac dgtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacta aagttgatcc caataatttt tttagaaacg aacaaagtat cccacctctt 1620
mcaccgcatc atcattaa 1638
<210> SEQ ID NO 3
<211> LENGTH: 1635
<212> TYPE: DNA
<213> ORGANISM: Cannabis sativa
<400> SEQUENCE: 3
atgaattgct cagcattttc cttttggttt gtttgcaaaa taatattttt ctttctctca 60
ttccatatcce aaatttcaat agctaatcct cgagaaaact tccttaaatg cttctcaaaa 120
catattccca acaatgtagc aaatccaaaa ctcgtataca ctcaacacga ccaattgtat 180
atgtctatcc tgaattcgac aatacaaaat cttagattca tctctgatac aaccccaaaa 240
ccactcgtta ttgtcactcc ttcaaataac tcccatatcc aagcaactat tttatgetct 300
aagaaagttg gcttgcagat tcgaactcga agcggtggec atgatgctga gggtatgtcec 360
tacatatctc aagtcccatt tgttgtagta gacttgagaa acatgcattc gatcaaaata 420
gatgttcata gccaaactgce gtgggttgaa gccggagcta cccttggaga agtttattat 480
tggatcaatg agaagaatga gaatcttagt tttcctggtg ggtattgccc tactgttgge 540
gtaggtggac actttagtgg aggaggctat ggagcattga tgcgaaatta tggccttgeg 600
gctgataata ttattgatgc acacttagtc aatgttgatg gaaaagttct agatcgaaaa 660
tccatgggag aagatctgtt ttgggctata cgtggtggtg gaggagaaaa ctttggaatc 720
attgcagcat ggaaaatcaa actggttgct gtcccatcaa agtctactat attcagtgtt 780
aaaaagaaca tggagataca tgggcttgtc aagttattta acaaatggca aaatattgcet 840
tacaagtatg acaaagattt agtactcatg actcacttca taacaaagaa tattacagat 900
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aatcatggga agaataagac tacagtacat ggttacttct cttcaatttt tcatggtgga 960
gtggatagtc tagtcgactt gatgaacaag agctttcctg agttgggtat taaaaaaact 1020
gattgcaaag aatttagctg gattgataca accatcttct acagtggtgt tgtaaatttt 1080
aacactgcta attttaaaaa ggaaattttg cttgatagat cagctgggaa gaagacggct 1140
ttctcaatta agttagacta tgttaagaaa ccaattccag aaactgcaat ggtcaaaatt 1200
ttggaaaaat tatatgaaga agatgtagga gctgggatgt atgtgttgta cccttacggt 1260
ggtataatgg aggagatttc agaatcagca attccattcc ctcatcgagc tggaataatg 1320
tatgaacttt ggtacactgc ttcctgggag aagcaagaag ataatgaaaa gcatataaac 1380
tgggttcgaa gtgtttataa ttttacgact ccttatgtgt cccaaaatcc aagattggcg 1440
tatctcaatt atagggacct tgatttagga aaaactaatc atgcgagtcc taataattac 1500
acacaagcac gtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacta aagttgatcc caataatttt tttagaaacg aacaaagtat cccacctctt 1620
ccaccgcatce atcat 1635
<210> SEQ ID NO 4
<211> LENGTH: 1638
<212> TYPE: DNA
<213> ORGANISM: Cannabis sativa
<400> SEQUENCE: 4
atgaattgct cagcatttte cttttggttt gtttgcaaaa taatattttt ctttctctca 60
ttccatatcce aaatttcaat agctaatcct cgagaaaact tccttaaatg cttctcaaaa 120
catattccca acaatgtagc aaatccaaaa ctcgtataca ctcaacacga ccaattgtat 180
atgtctatcc tgaattcgac aatacaaaat cttagattca tctctgatac aaccccaaaa 240
ccactcgtta ttgtcactcc ttcaaataac tcccatatcc aagcaactat tttatgetct 300
aagaaagttg gcttgcagat tcgaactcga agcggtggec atgatgctga gggtatgtcc 360
tacatatctc aagtcccatt tgttgtagta gacttgagaa acatgcattc gatcaaaata 420
gatgttcata gccaaactgc gtgggttgaa gccggagcta cccttggaga agtttattat 480
tggatcaatg agaagaatga gaatcttagt tttcctggtg ggtattgccc tactgttgge 540
gtaggtggac actttagtgg aggaggctat ggagcattga tgcgaaatta tggecttgeg 600
gctgataata tcattgatgce acacttagtc aatgttgatg gaaaagttct agatcgaaaa 660
tccatgggag aagatctgtt ttgggctata cgtggtggtg gaggagaaaa ctttggaatc 720
attgcagcat ggaaaatcaa actggttgct gtcccatcaa agtctactat attcagtgtt 780
aaaaagaaca tggagataca tgggcttgtc aagttattta acaaatggca aaatattgct 840
tacaagtatg acaaagattt agtactcatg actcacttca taacaaagaa tattacagat 900
aatcatggga agaataagac tacagtacat ggttacttct cttcaatttt tcatggtgga 960
gtggatagtc tagtcgactt gatgaacaag agctttcgtg agttgggtat taaaaaaact 1020
gattgcaaag aattgagctg gattgataca accatcttct acagtggtgt tgtaaattac 1080
aacactgcta attttaaaaa ggaaattttg cttgatagat cagctgggaa gaagacggcet 1140
ttctcaatta agttagacta tgttaagaaa ccaattccag aaactgcaat ggtcaaaatt 1200
ttggaaaaat tatatgaaga agatgtagga gctgggatgt atgtgttgta cccttacggt 1260
ggtataatgg aggagatttc agaatcagca attccattcc ctcatcgage tggaataatg 1320
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tatgaacttt ggtacactgc ttcctgggag aagcaagaag ataatgaaaa gcatataaac 1380
tgggttcgaa gtgtttataa ttttacgact ccttatgtgt cccaaaatcc aagattggeg 1440
tatctcaatt atagggacct tgatttagga aaaactaatc atgcgagtcc taataattac 1500
acacaagcac gtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacta aagttgatcc caataatttt tttagaaacg aacaaagtat cccacctctt 1620
ccaccgcatc atcattaa 1638
<210> SEQ ID NO 5
<211> LENGTH: 1638
<212> TYPE: DNA
<213> ORGANISM: Cannabis sativa
<400> SEQUENCE: 5
atgaattgct cagcattctc cttttggttt gtttgcaaaa taatattttt ctttctctca 60
ttcaatatcc aaatttcaat agctaatcct caagaaaact tccttaaatg cttctcggaa 120
tatattccta acaatccagc aaatccaaaa ttcatataca ctcaacacga ccaattgtat 180
atgtctgtcce tgaattcgac aatacaaaat cttagattca cctctgatac aaccccaaaa 240
ccactcgtta ttgtcactcc ttcaaatgtc tcccatatcc aggccagtat tctctgetec 300
aagaaagttg gtttgcagat tcgaactcga agcggtggec atgatgcetga gggtttgtec 360
tacatatctc aagtcccatt tgctatagta gacttgagaa acatgcatac ggtcaaagta 420
gatattcata gccaaactgc gtgggttgaa gccggagcta cccttggaga agtttattat 480
tggatcaatg agatgaatga gaattttagt tttcctggtg ggtattgcec tactgttgge 540
gtaggtggac actttagtgg aggaggctat ggagcattga tgcgaaatta tggccttgeg 600
gctgataata tcattgatgc acacttagtc aatgttgatg gaaaagttct agatcgaaaa 660
tccatgggag aagatctatt ttgggctata cgtggtggag gaggagaaaa ctttggaatc 720
attgcagcat ggaaaatcaa acttgttgtt gtcccatcaa aggctactat attcagtgtt 780
aaaaagaaca tggagataca tgggcttgtc aagttattta acaaatggca aaatattgcet 840
tacaagtatg acaaagattt aatgctcacg actcacttca gaactaggaa tattacagat 900
aatcatggga agaataagac tacagtacat ggttacttct cttccatttt tcttggtgga 960
gtggatagtc tagttgactt gatgaacaag agctttcctg agttgggtat taaaaaaact 1020
gattgcaaag aattgagctg gattgataca accatcttct acagtggtgt tgtaaattac 1080
aacactgcta attttaaaaa ggaaattttg cttgatagat cagctgggaa gaagacggct 1140
ttctcaatta agttagacta tgttaagaaa ctaatacctg aaactgcaat ggtcaaaatt 1200
ttggaaaaat tatatgaaga agaggtagga gttgggatgt atgtgttgta cccttacggt 1260
ggtataatgg atgagatttc agaatcagca attccattcc ctcatcgage tggaataatg 1320
tatgaacttt ggtacactgc tacctgggag aagcaagaag ataacgaaaa gcatataaac 1380
tgggttcgaa gtgtttataa tttcacaact ccttatgtgt cccaaaatcc aagattggeg 1440
tatctcaatt atagggacct tgatttagga aaaactaatc ctgagagtcc taataattac 1500
acacaagcac gtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacca aagctgatcc caataatttt tttagaaacg aacaaagtat cccacctctt 1620
ccaccgegte atcattaa 1638

<210> SEQ ID NO 6
<211> LENGTH: 545
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<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Asn Cys Ser

1

Phe

Pro

Asn

65

Pro

Ile

Gly

Val

Gln

145

Trp

Pro

Leu

Leu

Asp

225

Ile

Ile

Phe

Leu

305

Val

Ile

Phe

Ile

Leu
385

Phe

Phe

Lys

50

Ser

Leu

Leu

His

Val

130

Thr

Ile

Thr

Met

Val

210

Leu

Ala

Phe

Asn

Met

290

Lys

Asp

Lys

Tyr

Leu
370

Asp

Leu

Leu

35

Leu

Thr

Val

Cys

Asp

115

Asp

Ala

Asn

Val

Arg

195

Asn

Phe
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Ser

Lys

275

Thr

Thr

Ser

Lys

Ser
355

Leu

Tyr

Ser

20

Lys

Val

Ile

Ile

Ser

100

Ala

Leu

Trp

Glu

Gly

180

Asn

Val

Trp

Trp

Val

260

Trp

His

Thr

Leu

Thr
340
Gly

Asp

Val

Cannabis sativa

o

Ala Phe

Phe His

Cys Phe

Tyr Thr

Gln Asn
70

Val Thr
85

Lys Lys

Glu Gly

Arg Asn

Val Glu
150

Lys Asn
165

Val Gly

Tyr Gly

Asp Gly

Ala Ile

230

Lys Ile
245

Lys Lys

Gln Asn

Phe Ile

Val His
310

Val Asp

325

Asp Cys

Val Val

Arg Ser

Lys Lys
390

Ser

Ile

Ser

Gln

55

Leu

Pro

Val

Met

Met

135

Ala

Glu

Gly

Leu

Lys

215

Arg

Lys

Asn

Ile

Thr

295

Gly

Leu

Lys

Asn

Ala

375

Pro

Phe

Gln

Lys

40

His

Arg

Ser

Gly

Ser

120

His

Gly

Asn

His

Ala

200

Val

Gly

Leu

Met

Ala

280

Lys

Tyr

Met

Glu

Phe
360

Gly

Ile

Trp

Ile

25

His

Asp

Phe

Asn

Leu

105

Tyr

Ser

Ala

Leu

Phe

185

Ala

Leu

Gly

Val

Glu

265

Tyr

Asn

Phe

Asn

Phe
345
Asn

Lys

Pro

Phe

10

Ser

Ile

Gln

Ile

Asn

90

Gln

Ile

Ile

Thr

Ser

170

Ser

Asp

Asp

Gly

Asp

250

Ile

Lys

Ile

Ser

Lys

330

Ser

Thr

Lys

Glu

Val

Ile

Pro

Leu

Ser

75

Ser

Ile

Ser

Lys

Leu

155

Phe

Gly

Asn

Arg

Gly

235

Val

His

Tyr

Thr

Ser

315

Ser

Trp

Ala

Thr

Thr
395

Cys

Ala

Asn

Tyr

60

Asp

His

Arg

Gln

Ile

140

Gly

Pro

Gly

Ile

Lys

220

Glu

Pro

Gly

Asp

Asp

300

Ile

Phe

Ile

Asn

Ala
380

Ala

Lys

Asn

Asn

45

Met

Thr

Ile

Thr

125

Asp

Glu

Gly

Gly

Ile

205

Ser

Asn

Ser

Leu

Lys

285

Asn

Phe

Pro

Asp

Phe

365

Phe

Met

Ile

Pro

30

Val

Ser

Thr

Gln

Arg

110

Pro

Val

Val

Gly

Tyr

190

Asp

Met

Phe

Lys

Val

270

Asp

His

His

Glu

Thr
350
Lys

Ser

Val

Ile

15

Arg

Ala

Ile

Pro

Ala

95

Ser

Phe

His

Tyr

Tyr

175

Gly

Ala

Gly

Gly

Ser

255

Lys

Leu

Gly

Gly

Leu

335

Thr

Lys

Ile

Lys

Phe

Glu

Asn

Leu

Lys

80

Thr

Gly

Val

Ser

Tyr

160

Cys

Ala

His

Glu

Ile

240

Thr

Leu

Val

Lys

Gly

320

Gly

Ile

Glu

Lys

Ile
400



US 11,999,958 B2
71

-continued

Leu Glu Lys Leu Tyr Glu Glu Asp Val Gly Ala Gly Met Tyr Val Leu
405 410 415

Tyr Pro Tyr Gly Gly Ile Met Glu Glu Ile Ser Glu Ser Ala Ile Pro
420 425 430

Phe Pro His Arg Ala Gly Ile Met Tyr Glu Leu Trp Tyr Thr Ala Ser
435 440 445

Trp Glu Lys Gln Glu Asp Asn Glu Lys His Ile Asn Trp Val Arg Ser
450 455 460

Val Tyr Asn Phe Thr Thr Pro Tyr Val Ser Gln Asn Pro Arg Leu Ala
465 470 475 480

Tyr Leu Asn Tyr Arg Asp Leu Asp Leu Gly Lys Thr Asn His Ala Ser
485 490 495

Pro Asn Asn Tyr Thr Gln Ala Arg Ile Trp Gly Glu Lys Tyr Phe Gly
500 505 510

Lys Asn Phe Asn Arg Leu Val Lys Val Lys Thr Lys Val Asp Pro Asn
515 520 525

Asn Phe Phe Arg Asn Glu Gln Ser Ile Pro Pro Leu Pro Pro His His
530 535 540

His
545

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 7

tgcagcatgg aaaatcaaac

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 8

cccttacggt ggtataatgg

<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 9

tagctattga aatttggata

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 10

tagagcataa aatagttgct
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-continued

80

<210> SEQ ID NO 11
<211> LENGTH: 1635

<212> TYPE

: DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 11

atgaagtgct
ttcaatatce
tatattccca
atgtctgtce
ccacttgtta
aagaaagttg
tacatatcte
gatgttcata
tgggttaatg
gcaggtggac
gctgataata
tctatggggg
attgtagcat
aagatcatgg
aagtatgaca
caagggaaga
gatagtctag
tgcagacaat
actgataatt
aagattaagt
gaaaaattat
ataatggatg
gagttatggt
attagaaata
ctcaattata
caagcacgta
aaaaccctygyg

cggcategte

caacattctc
aaacttccat
ataatgcaac
taaattcgac
tegtcactec
gcttgcagat
aagtcccatt
gccaaactge
agaaaaatga
actttggtgg
tcattgatgce
aagatctctt
ggaaaattag
agatacatga
aagatttatt
ataagacagc
tcgacttgat
tgagctggat
ttaacaagga
tagactacgt
atgaagaaga
agatttctga
acatatgtag
tttataactt
gagaccttga
tttggggtga
ttgatcccaa

attaa

<210> SEQ ID NO 12
<211> LENGTH: 544

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE: 12

Met Lys Cys Ser

1

Phe Phe Phe Ser

Asn Phe Leu Lys

5

20

cttttggttt
tgctaatcct
aaatctaaaa
aatacacaat
ttcacatgte
tcgaactcga
tgttatagta
atgggttgaa
gagtcttagt
aggaggctat
acacttagtc
ttgggcttta
actggttgcet
gcttgtcaag
actcatgact
aatacacact
gaacaagagt
tgatactatc
aattttgett
taagaaacca
tataggagct
atcagcaatt
ctgggagaag
catgactcct
tataggaata
gaagtatttt

taattttttt

Cannabis sativa

Thr Phe Ser Phe

Phe Asn Ile Gln

Cys Phe Ser Gln

gtttgcaaga taatattttt
cgagaaaact tccttaaatg
ctcgtataca ctcaaaacaa
cttagattca gctctgacac
tctecatatee aaggcactat
agtggtggte atgattctga
gacttgagaa acatgcegtte
gccggageta cecttggaga
ttggetgetg ggtattgece
ggaccattga tgagaagcta
aacgttcatg gaaaagtgct
cgtggtggtg gagcagaaag
gtcccaaagt ctactatgtt
ttagttaaca aatggcaaaa
cacttcataa ctaggaacat
tacttctctt cagttttcect
tttecctgagt tgggtattaa
atcttctata gtggtgttgt
gatagatceg ctgggcagaa
attccagaat ctgtatttgt
gggatgtatg cgttgtacce
ccattcccte atcgagetgy
caagaagata acgaaaagca
tatgtgtcce aaaatccaag
aatgatccca agaatccaaa
ggtaaaaatt ttgacaggct

agaaacgaac aaagcatccc

Trp Phe Val Cys Lys Ile
10

Thr Ser Ile Ala Asn Pro
25 30

Tyr Ile Pro Asn Asn Ala

ctttttctea
cttctegeaa
cccattgtat
aaccccaaaa
tctatgetec
gggcatgtce
aatcaaaata
agtttattat
tactgtttge
tggectegeyg
agatcgaaaa
cttcggaatce
tagtgttaaa
tattgcttac
tacagataat
tggtggagtg
aaaaacggat
aaattacgac
cggtgcettte
ccaaattttyg
ttacggtggt
aatcttgtat
tctaaactgg
attggcatat
taattacaca
agtaaaagtg

acctctteca

Ile Phe
15

Arg Glu

Thr Asn

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

1635
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-continued

82

Leu

Asn

65

Pro

Ile

Gly

Ile

Gln

145

Trp

Pro

Leu

Leu

Asp

225

Ile

Phe

Asn

Lys

305

Asp

Lys

Tyr

Leu

Asp

385

Glu

Pro

Pro

Glu

Lys

50

Ser

Leu

Leu

His

Val

130

Thr

Val

Thr

Met

Val

210

Leu

Val

Ser

Lys

Thr

290

Thr

Ser

Lys

Ser

Leu

370

Tyr

Lys

Tyr

His

Lys
450

35

Leu

Thr

Val

Cys

Asp

115

Asp

Ala

Asn

Val

Arg

195

Asn

Phe

Ala

Val

Trp

275

His

Ala

Leu

Thr

Gly

355

Asp

Val

Leu

Gly

Arg

435

Gln

Val

Ile

Ile

Ser

100

Ser

Leu

Trp

Glu

Cys

180

Ser

val

Trp

Trp

Lys

260

Gln

Phe

Ile

Val

Asp

340

Val

Arg

Lys

Tyr

Gly

420

Ala

Glu

Tyr

His

Val

85

Lys

Glu

Arg

Val

Lys

165

Ala

Tyr

His

Ala

Lys

245

Lys

Asn

Ile

His

Asp

325

Cys

Val

Ser

Lys

Glu
405
Ile

Gly

Asp

Thr

Asn

70

Thr

Lys

Gly

Asn

Glu

150

Asn

Gly

Gly

Gly

Leu

230

Ile

Ile

Ile

Thr

Thr

310

Leu

Arg

Asn

Ala

Pro

390

Glu

Met

Ile

Asn

Gln

55

Leu

Pro

Val

Met

Met

135

Ala

Glu

Gly

Leu

Lys

215

Arg

Arg

Met

Ala

Arg

295

Tyr

Met

Gln

Tyr

Gly

375

Ile

Asp

Asp

Leu

Glu
455

40

Asn

Arg

Ser

Gly

Ser

120

Arg

Gly

Ser

His

Ala

200

Val

Gly

Leu

Glu

Tyr

280

Asn

Phe

Asn

Leu

Asp

360

Gln

Pro

Ile

Glu

Tyr
440

Lys

Asn

Phe

His

Leu

105

Tyr

Ser

Ala

Leu

Phe

185

Ala

Leu

Gly

Val

Ile

265

Lys

Ile

Ser

Lys

Ser

345

Thr

Asn

Glu

Gly

Ile
425

Glu

His

Pro

Ser

Val

90

Gln

Ile

Ile

Thr

Ser

170

Gly

Asp

Asp

Gly

Ala

250

His

Tyr

Thr

Ser

Ser

330

Trp

Asp

Gly

Ser

Ala

410

Ser

Leu

Leu

Leu

Ser

75

Ser

Ile

Ser

Lys

Leu

155

Leu

Gly

Asn

Arg

Ala

235

Val

Glu

Asp

Asp

Val

315

Phe

Ile

Asn

Ala

Val

395

Gly

Glu

Trp

Asn

Tyr

60

Asp

His

Arg

Gln

Ile

140

Gly

Ala

Gly

Ile

Lys

220

Glu

Pro

Leu

Lys

Asn

300

Phe

Pro

Asp

Phe

Phe

380

Phe

Met

Ser

Tyr

Trp
460

45

Met

Thr

Ile

Thr

Val

125

Asp

Glu

Ala

Gly

Ile

205

Ser

Ser

Lys

Val

Asp

285

Gln

Leu

Glu

Thr

Asn

365

Lys

Val

Tyr

Ala

Ile
445

Ile

Ser

Thr

Gln

Arg

110

Pro

Val

Val

Gly

Tyr

190

Asp

Met

Phe

Ser

Lys

270

Leu

Gly

Gly

Leu

Ile

350

Lys

Ile

Gln

Ala

Ile
430

Cys

Arg

Val

Pro

Gly

95

Ser

Phe

His

Tyr

Tyr

175

Gly

Ala

Gly

Gly

Thr

255

Leu

Leu

Lys

Gly

Gly

335

Ile

Glu

Lys

Ile

Leu

415

Pro

Ser

Asn

Leu

Lys

80

Thr

Gly

Val

Ser

Tyr

160

Cys

Pro

His

Glu

Ile

240

Met

Val

Leu

Asn

Val

320

Ile

Phe

Ile

Leu

Leu

400

Tyr

Phe

Trp

Ile
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Tyr Asn Phe
465

Leu Asn Tyr

Asn Asn Tyr

Asn Phe Asp
515

Phe Phe Arg
530

<210> SEQ I
<211> LENGT
<212> TYPE:

Met Thr Pro Tyr Val
470

Arg Asp Leu Asp Ile

485

Thr Gln Ala Arg Ile

500

Arg Leu Val Lys Val

520

Asn Glu Gln Ser Ile

D NO 13
H: 1635
DNA

535

<213> ORGANISM: Cannabis sativa

<400> SEQUE!

atgaagtgct

ttcaatatcc

tatattccca

atgtctgtcee

ccacttgtta

aagaaagttg

tacatatctc

gatgttcata

tgggttaatyg

gcaggtggac

gctgataata

tctatggggyg

attgtagcat

aagatcatgg

aagtatgaca

caagggaaga

gatagtctag

tgcagacaat

actgataatt

aagattaagt

gaaaaattat

ataatggatg

gagttatggt

attagaaata

ctcaattata

caagcacgta

aaaaccctgg

cggcategte

NCE: 13

caacattctc

aaacttccat

ataatgcaac

taaattcgac

tcgtcactec

gettgcagat

aagtcccatt

gccaaactge

agaaaaatga

actttggtgg

tcattgatge

aagatctett

ggaaaattag

agatacatga

aagatttatt

ataagacage

tcgacttgat

tgagetggat

ttaacaagga

tagactacgt

atgaagaaga

agatttcaga

acatatgtag

tttataactt

gagaccttga

tttggggtga

ttgatcccaa

attaa

cttttggttt

tgctaatcct

aaatctaaaa

aatacacaat

ttcacatgtc

tcgaactcga

tgttatagta

atgggttgaa

gaatcttagt

aggaggctat

acacttagtce

ttgggcttta

actggttgcet

gcttgtecaayg

actcatgact

aatacacact

gaacaagagt

tgatactate

aattttgett

taagaaacca

tataggagct

atcagcaatt

ttgggagaag

catgactcct

tataggaata

gaagtatttt

taactttttt

Ser Gln Asn
475

Gly Ile Asn
490

Trp Gly Glu
505

Lys Thr Leu

Pro Pro Leu

gtttgcaaga
cgagaaaact
ctcgtataca
cttagattca
tctcatatee
agtggtggtce
gacttgagaa
gcecggageta
ttggeggetyg
ggaccattga
aacgttcatg
cgtggtggty
gtcccaaagt
ttagttaaca
cacttcataa
tacttctcett
tttcectgagt
atcttctata
gatagatccyg
attccagaat
gggatgtatg
ccattcccte
caagaagata
tatgtgtcca
aatgatccca
ggtaaaaatt

agaaacgaac

Pro Arg Leu

Asp Pro Lys

Lys Tyr Phe

510

Val Asp Pro
525

Pro Arg His
540

taatattttt
tccttaaatg
ctcaaaacaa
cctetgacac
aaggcactat
atgattctga
acatgcgtte
cecettggaga
ggtattgece
tgagaaacta
gaaaagtgct
gagcagaaag
ctactatgtt
aatggcaaaa
ctaggaacat
cagtttteet
tgggtattaa
gtggtgttgt
ctgggcagaa
ctgtatttgt
cgttgtacce
atcgagetgg
acgaaaagca
aaaatccaag
agaatccaaa
ttgacaggcet

aaagcatccc

Ala Tyr
480

Asn Pro
495

Gly Lys

Asn Asn

Arg His

ctttttctceca
cttetegeaa
ccecattgtat
aaccccaaaa
tctatgetee
gggcatgtee
aatcaaaata
agtttattat
tactgtttge
tggectegeyg
agatcgaaaa
ctteggaatce
tagtgttaaa
tattgcttac
tacagataat
tggtggagtyg
aaaaacggat
aaattacgac
cggtgettte
ccaaattttyg
ttacggtggt
aatcttgtat
tctaaactgg
attggcatat
taattacaca
agtaaaagtg

acctctteca

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

1635
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<210>
<211>
<212>
<213>

<400>

Met
1

Phe

Leu

Asn

65

Pro

Ile

Gly

Ile

Gln

145

Trp

Pro

Leu

Leu

Asp

225

Ile

Phe

Lys

305

Asp

Lys

Tyr

Leu

Lys

Phe

Phe

Lys

50

Ser

Leu

Leu

His

Val

130

Thr

Val

Thr

Met

Val

210

Leu

Val

Ser

Lys

Thr

290

Thr

Ser

Lys

Ser

Leu

Cys

Phe

Leu

35

Leu

Thr

Val

cys

Asp

115

Asp

Ala

Asn

Val

Arg

195

Asn

Phe

Ala

Val

Trp

275

His

Ala

Leu

Thr

Gly
355

Asp

ORGANISM:

SEQUENCE :

Ser

Ser

20

Lys

val

Ile

Ile

Ser

100

Ser

Leu

Trp

Glu

Cys

180

Asn

Val

Trp

Trp

Lys

260

Gln

Phe

Ile

Val

Asp
340

Val

Arg

SEQ ID NO 14
LENGTH:
TYPE: PRT

544

Cannabis sativa

14

Thr Phe

Phe Asn

Cys Phe

Tyr Thr

His Asn
70

Val Thr
85

Lys Lys

Glu Gly

Arg Asn

Val Glu
150

Lys Asn
165

Ala Gly

Tyr Gly

His Gly

Ala Leu

230

Lys Ile
245

Lys Ile

Asn Ile

Ile Thr

His Thr
310

Asp Leu
325
Cys Arg

Val Asn

Ser Ala

Ser

Ile

Ser

Gln

55

Leu

Pro

Val

Met

Met

135

Ala

Glu

Gly

Leu

Lys

215

Arg

Arg

Met

Ala

Arg

295

Tyr

Met

Gln

Tyr

Gly

Phe

Gln

Gln

40

Asn

Arg

Ser

Gly

Ser

120

Arg

Gly

Asn

His

Ala

200

Val

Gly

Leu

Glu

Tyr

280

Asn

Phe

Asn

Leu

Asp
360

Gln

Trp

Thr

25

Tyr

Asn

Phe

His

Leu

105

Tyr

Ser

Ala

Leu

Phe

185

Ala

Leu

Gly

Val

Ile

265

Ile

Ser

Lys

Ser
345

Thr

Asn

Phe

10

Ser

Ile

Pro

Thr

Val

Gln

Ile

Ile

Thr

Ser

170

Gly

Asp

Asp

Gly

Ala

250

His

Tyr

Thr

Ser

Ser
330
Trp

Asp

Gly

Val

Ile

Pro

Leu

Ser

75

Ser

Ile

Ser

Lys

Leu

155

Leu

Gly

Asn

Arg

Ala

235

Val

Glu

Asp

Asp

Val

315

Phe

Ile

Asn

Ala

Cys

Ala

Asn

Tyr

60

Asp

His

Arg

Gln

Ile

140

Gly

Ala

Gly

Ile

Lys

220

Glu

Pro

Leu

Lys

Asn

300

Phe

Pro

Asp

Phe

Phe

Lys

Asn

Asn

45

Met

Thr

Ile

Thr

Val

125

Asp

Glu

Ala

Gly

Ile

205

Ser

Ser

Lys

Val

Asp

285

Gln

Leu

Glu

Thr

Asn
365

Lys

Ile

Pro

30

Ala

Ser

Thr

Gln

Arg

110

Pro

Val

Val

Gly

Tyr

190

Asp

Met

Phe

Ser

Lys

270

Leu

Gly

Gly

Leu

Ile
350

Lys

Ile

Ile

15

Arg

Thr

Val

Pro

Gly

95

Ser

Phe

His

Tyr

Tyr

175

Gly

Ala

Gly

Gly

Thr

255

Leu

Leu

Lys

Gly

Gly

335

Ile

Glu

Lys

Phe

Glu

Asn

Leu

Lys

80

Thr

Gly

Val

Ser

Tyr

160

Cys

Pro

His

Glu

Ile

240

Met

Val

Leu

Asn

vVal

320

Ile

Phe

Ile

Leu
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-continued
370 375 380
Asp Tyr Val Lys Lys Pro Ile Pro Glu Ser Val Phe Val Gln Ile Leu
385 390 395 400
Glu Lys Leu Tyr Glu Glu Asp Ile Gly Ala Gly Met Tyr Ala Leu Tyr
405 410 415
Pro Tyr Gly Gly Ile Met Asp Glu Ile Ser Glu Ser Ala Ile Pro Phe
420 425 430
Pro His Arg Ala Gly Ile Leu Tyr Glu Leu Trp Tyr Ile Cys Ser Trp
435 440 445
Glu Lys Gln Glu Asp Asn Glu Lys His Leu Asn Trp Ile Arg Asn Ile
450 455 460
Tyr Asn Phe Met Thr Pro Tyr Val Ser Lys Asn Pro Arg Leu Ala Tyr
465 470 475 480
Leu Asn Tyr Arg Asp Leu Asp Ile Gly Ile Asn Asp Pro Lys Asn Pro
485 490 495
Asn Asn Tyr Thr Gln Ala Arg Ile Trp Gly Glu Lys Tyr Phe Gly Lys
500 505 510
Asn Phe Asp Arg Leu Val Lys Val Lys Thr Leu Val Asp Pro Asn Asn
515 520 525
Phe Phe Arg Asn Glu Gln Ser Ile Pro Pro Leu Pro Arg His Arg His
530 535 540
<210> SEQ ID NO 15
<211> LENGTH: 1635
<212> TYPE: DNA
<213> ORGANISM: Cannabis sativa
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (333)..(441)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 15
atgaagtact caacattctc cttttggttt gtttgcaaga taatattttt ctttttctca
ttcaatatcc aaacttccat tgctaatcct cgagaaaact tccttaaatg cttctcgcaa
tatattccca ataatgcaac aaatctaaaa ctcgtataca ctcaaaacaa cccattgtat
atgtctgtcc taaattcgac aatacacaat cttagattca gctctgacac aaccccaaaa
ccacttgtta tcgtcactce ttcacatgtce tctcatatcc aaggcactat tctatgetcce
aagaaagttg gcttgcagat tcgaactcga agnnnnnnnn nnnnnnnhnn hnnnnnnnnn
nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn
nnnnnnnnnn nnnnnnnnnn ntgggttgaa gccggagcta cccttggaga agtttattat
tgggttaatg agaaaaatga gagtcttagt ttggctgetg ggtattgccc tactgtttge
gcaggtggac actttggtgg aggaggctat ggaccattga tgagaagcta tggectegeg
gctgataata tcattgatgce acacttagtc aacgttcatg gaaaagtgct agatcgaaaa
tctatggggg aagatctctt ttgggettta cgtggtggtg gagcagaaag cttcggaatc
attgtagcat ggaaaattag actggttgct gtcccaaagt ctactatgtt tagtgttaaa
aagatcatgg agatacatga gcttgtcaag ttagttaaca aatggcaaaa tattgcttac
aagtatgaca aagatttatt actcatgact cacttcataa ctaggaacat tacagataat
caagggaaga ataagacagc aatacacact tacttctctt cagttttcct tggtggagtg
gatagtctag tcgacttgat gaacaagagt tttcctgagt tgggtattaa aaaaacggat
tgcagacaat tgagctggat tgatactatc atcttctata gtggtgttgt aaattacgac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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actgataatt ttaacaagga aattttgctt gatagatccg ctgggcagaa cggtgctttce 1140
aagattaagt tagactacgt taagaaacca attccagaat ctgtatttgt ccaaattttg 1200
gaaaaattat atgaagaaga tataggagct gggatgtatg cgttgtacce ttacggtggt 1260
ataatggatg agatttctga atcagcaatt ccattccctc atcgagectgg aatcttgtat 1320
gagttatggt acatatgtag ctgggagaag caagaagata acgaaaagca tctaaactgg 1380
attagaaata tttataactt catgactcct tatgtgtccc aaaatccaag attggcatat 1440
ctcaattata gagaccttga tataggaata aatgatccca agaatccaaa taattacaca 1500
caagcacgta tttggggtga gaagtatttt ggtaaaaatt ttgacaggct agtaaaagtg 1560
aaaaccctgg ttgatcccaa taattttttt agaaacgaac aaagcatccc acctcttcca 1620
cggcatcatc attaa 1635
<210> SEQ ID NO 16
<211> LENGTH: 544
<212> TYPE: PRT
<213> ORGANISM: Cannabis sativa
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (111)..(147)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<400> SEQUENCE: 16

Met Lys Tyr Ser

1

Phe

Leu

Asn

65

Pro

Ile

Xaa

Xaa

Xaa

145

Trp

Pro

Leu

Leu

Asp
225

Ile

Phe

Phe

Lys

50

Ser

Leu

Leu

Xaa

Xaa

130

Xaa

Val

Thr

Met

Val
210

Leu

Val

Phe

Leu

35

Leu

Thr

Val

Cys

Xaa

115

Xaa

Xaa

Asn

Val

Arg

195

Asn

Phe

Ala

Ser

20

Lys

Val

Ile

Ile

Ser

100

Xaa

Xaa

Trp

Glu

Cys

180

Ser

Val

Trp

Trp

Thr Phe Ser Phe

Phe Asn Ile Gln

Cys Phe Ser Gln

40

Tyr Thr Gln Asn
55

His Asn Leu Arg
70

Val Thr Pro Ser
85

Lys Lys Val Gly
Xaa Xaa Xaa Xaa
120

Xaa Xaa Xaa Xaa
135

Val Glu Ala Gly
150

Lys Asn Glu Ser
165

Ala Gly Gly His
Tyr Gly Leu Ala
200

His Gly Lys Val
215

Ala Leu Arg Gly
230

Lys Ile Arg Leu

Trp

Thr

25

Tyr

Asn

Phe

His

Leu

105

Xaa

Xaa

Ala

Leu

Phe

185

Ala

Leu

Gly

Val

Phe

10

Ser

Ile

Pro

Ser

Val

90

Gln

Xaa

Xaa

Thr

Ser

170

Gly

Asp

Asp

Gly

Ala

Val

Ile

Pro

Leu

Ser

75

Ser

Ile

Xaa

Xaa

Leu

155

Leu

Gly

Asn

Arg

Ala

235

Val

Cys Lys

Ala Asn

Asn Asn
45

Tyr Met
60

Asp Thr

His Ile

Arg Thr

Xaa Xaa
125

Xaa Xaa
140

Gly Glu

Ala Ala

Gly Gly

Ile Ile
205

Lys Ser
220

Glu Ser

Pro Lys

Ile

Pro

30

Ala

Ser

Thr

Gln

Arg

110

Xaa

Xaa

Val

Gly

Tyr

190

Asp

Met

Phe

Ser

Ile Phe
15

Arg Glu

Thr Asn

Val Leu

Pro Lys
80

Gly Thr
95

Xaa Xaa

Xaa Xaa

Xaa Xaa

Tyr Tyr
160

Tyr Cys
175

Gly Pro

Ala His

Gly Glu

Gly Ile

240

Thr Met
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92

Phe

Lys

305

Asp

Lys

Tyr

Leu

Asp

385

Glu

Pro

Pro

Glu

Tyr

465

Leu

Asn

Asn

Phe

Ser

Lys

Thr

290

Thr

Ser

Lys

Ser

Leu

370

Tyr

Lys

Tyr

His

Lys

450

Asn

Asn

Asn

Phe

Phe
530

Val

Trp

275

His

Ala

Leu

Thr

Gly

355

Asp

Val

Leu

Gly

Arg

435

Gln

Phe

Tyr

Asp
515

Arg

Lys

260

Gln

Phe

Ile

Val

Asp

340

Val

Arg

Lys

Tyr

Gly

420

Ala

Glu

Met

Arg

Thr

500

Arg

Asn

245

Lys

Asn

Ile

His

Asp

325

Cys

Val

Ser

Lys

Glu

405

Ile

Gly

Asp

Thr

Asp

485

Gln

Leu

Glu

<210> SEQ ID NO 17

<211> LENGTH:

1634

Ile

Ile

Thr

Thr

310

Leu

Arg

Asn

Ala

Pro

390

Glu

Met

Ile

Asn

Pro

470

Leu

Ala

Val

Gln

Met

Ala

Arg

295

Tyr

Met

Gln

Tyr

Gly

375

Ile

Asp

Asp

Leu

Glu

455

Tyr

Asp

Arg

Lys

Ser
535

Glu

Tyr

280

Asn

Phe

Asn

Leu

Asp

360

Gln

Pro

Ile

Glu

Tyr

440

Lys

Val

Ile

Ile

Val

520

Ile

Ile

265

Ile

Ser

Lys

Ser

345

Thr

Asn

Glu

Gly

Ile

425

Glu

His

Ser

Gly

Trp

505

Lys

Pro

250
His

Tyr

Thr

Ser

Ser

330

Trp

Asp

Gly

Ser

Ala

410

Ser

Leu

Leu

Gln

Ile

490

Gly

Thr

Pro

Glu

Asp

Asp

Val

315

Phe

Ile

Asn

Ala

Val

395

Gly

Glu

Trp

Asn

Asn

475

Asn

Glu

Leu

Leu

Leu Val
Lys Asp
285

Asn Gln
300

Phe Leu

Pro Glu

Asp Thr

Phe Asn
365

Phe Lys
380

Phe Val

Met Tyr

Ser Ala

Tyr Ile
445

Trp Ile
460

Pro Arg

Asp Pro

Lys Tyr

Val Asp

525

Pro Arg
540

Lys

270

Leu

Gly

Gly

Leu

Ile

350

Lys

Ile

Gln

Ala

Ile

430

Cys

Arg

Leu

Lys

Phe

510

Pro

His

255

Leu

Leu

Lys

Gly

Gly

335

Ile

Glu

Lys

Ile

Leu

415

Pro

Ser

Asn

Ala

Asn

495

Gly

Asn

His

Val

Leu

Asn

Val

320

Ile

Phe

Ile

Leu

Leu

400

Tyr

Phe

Trp

Ile

Tyr

480

Pro

Lys

Asn

His

<212> TYPE:

DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 17

atgaagtget

ttcaatatcc

tatattccca

ctgtccaaaa

ttgttategt

aattggtttyg

atctcaagtc

tcatagccaa

caacattccce

aaacttcaat

ccaatgtaac

ttcaacaata

cactccttcea

caaattcgaa

ccatttgtta

atcgcaaggg

cttttggttt

tgctaatcct

aaatctaaaa

cacaatctta

tatgtctete

ctegaagegg

tagtagactt

ttgaagccgg

gtttgcaaga

cgagaaaact

cttacaccca

gattcacctc

atatccaagg

tggtcatgat

gagaaacatg

agctaccctt

taatattttt

tccttaaatg

aaacaaccaa

taacacaacc

cactattcta

tctgaagaca

cattcaatca

ggagaagttt

ctttecteteca

cttctegecaa

ttgtatatge

ccaaaactac

tgtccaagaa

tgtectacat

acatagatgt

attattgggt

60

120

180

240

300

360

420

480
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taatgagaaa aatgagaatc ttagtttggc tgctgggtat tgccctactg ttagcgcagce 540
tggacacttt ggtggaggag gatatggacc attgatgcaa aattatggcc tcgcggctga 600
taatatcgtt gatgcacact tagtcaacgt tgatgcaaaa gtgctagatc gaaaatctat 660
gggggaagat ctcttttggg ctatacgtgg tggtggagga gaaagcttcg gaatcattgt 720
agcatggaaa attagactgg ttgctgtccc aacaaagtct actatgttta gtgttaaaaa 780
gatcatggag atacatgagc ttgtcaagtg agttaacaaa tggcaaaata ttgcttacaa 840
gtatgacaaa gatttattac tcatgactca cttcataact aggaatatta caaataatca 900
tgggaagaat aagacaacaa tacacactta cttctctteca gtttteccttg gtggagtgga 960
tagtctagtc gacttgatga ataagagttt tcctgagttg ggtattaaaa aaacagattg 1020
caaacaattg agctagattg atattatcat cttttatagc ggtgttgtaa attacggcac 1080
tgataatttt aataaggaaa ttttgcttga tagatcagct gggcagaacg gttctttaaa 1140
gattaagtta gactacgtta agaaaccaat tccagaatct gecgtttgtca aaattttgga 1200
aaaattatat gaagaagatg aaggagttgg gatgtatgcg ttgtaccctt acggtggtat 1260
aatggatgag atttcagaat cagcaattcc attccctcat tgagctggaa tcatgtatga 1320
attatggtac atatgtagct gggagaagca cgaagataac gaaaaagcat ctaaactgga 1380
ttcgaaatgt ttatagcttc attactcctt atgtgtecta aaatccaaga ttggcatatc 1440
tcaattatag agaccttgat actggaataa atgatcccaa gagtccaaat aattacacac 1500
aagaaagtat ttggggtgag aagtattttg gtaaaaattt tgacagggta gtaaaagtga 1560
aaaccctggt tgatcccaat aattttttta gaaatgaaca aagcatccca cctcettcecac 1620
ggcatcgtca ttaa 1634
<210> SEQ ID NO 18
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic- guide RNA
<400> SEQUENCE: 18
gctagatcga aaatctatgg 20
<210> SEQ ID NO 19
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic- guide RNA
<400> SEQUENCE: 19
aaagcatccc acctcttcca 20
<210> SEQ ID NO 20
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic- guide RNA
<400> SEQUENCE: 20
tttaggacag acatatacaa 20

<210> SEQ ID NO 21
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<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 21

gaaagcaccyg ttetgeccag 20

<210> SEQ ID NO 22

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 22

catttaagga agttttctcg 20

<210> SEQ ID NO 23

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 23

aaatgggact tgagatatgt 20

<210> SEQ ID NO 24

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 24

cccttggaga agtttattat 20

<210> SEQ ID NO 25

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 25

gtacccttac ggtggtataa 20

<210> SEQ ID NO 26

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 26

attccagctc gatgagggaa 20

<210> SEQ ID NO 27

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 27
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tacacacaag cacgtatttg 20
<210> SEQ ID NO 28
<211> LENGTH: 109
<212> TYPE: PRT
<213> ORGANISM: Brassica napus
<400> SEQUENCE: 28
Met Ala Thr Gly Ser Arg Val Leu Ile Gly Leu Ala Met Ile Leu Ile
1 5 10 15
Ile Ser Gly Glu Leu Leu Val Pro Gly Gln Gly Thr Cys Gln Gly Asp
20 25 30
Ile Glu Gly Leu Met Arg Glu Cys Ala Val Tyr Val Gln Arg Pro Gly
35 40 45
Pro Lys Val Asn Pro Ser Ala Ala Cys Cys Lys Val Val Lys Arg Ser
50 55 60
Asp Ile Pro Cys Ala Cys Gly Arg Ile Thr Pro Ser Val Gln Lys Met
65 70 75 80
Ile Asp Met Asn Lys Val Val Leu Val Thr Ser Phe Cys Gly Arg Pro
85 90 95
Leu Ala His Gly Thr Lys Cys Gly Ser Tyr Ile Val Pro
100 105
<210> SEQ ID NO 29
<211> LENGTH: 330
<212> TYPE: DNA
<213> ORGANISM: Brassica napus
<400> SEQUENCE: 29
atggcgacag dgttctcgtgt tctgatceggt ctagcaatga tcctcataat ctcaggagaa 60
ctgctagttc cagggcaagg aacgtgccaa ggagacatag agggtctgat gagagaatgt 120
gcggtectacg tccagecgtcee aggcccaaag gtaaacccat ccgcagegtg ttgcaaagtce 180
gtcaagagat cagacatccc ctgcgcatgt ggccgtatca caccctcggt tcaaaaaatg 240
atagacatga ataaggttgt tcttgtcact tccttttgtg ggaggcctct cgctcatggt 300
accaagtgtg gaagctacat tgtgccatga 330

<210> SEQ ID NO 30
<211> LENGTH: 395

<212> TYPE:

PRT

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 30

Met Gly Leu Ser Ser Va

1

5

Thr Leu Leu Asn Pro Hi

Tyr Arg His

35

Ser Lys His

50

20

1 Cys Thr

s Asn Asn

Pro Lys Thr Pro Ile

40

Cys Ser Thr Lys Ser

Glu Ser Leu Ser Ile Al

65

70

Gln Thr Glu Pro Pro Gl

Leu Asn Phe

85

Gly Lys Al

55

a Lys Asn

u Ser Asp

a Cys Trp

Phe Ser Phe
10

Asn Pro Lys
25

Lys Tyr Ser

Phe His Leu

Ser Ile Arg
75

Asn His Ser
90

Lys Leu Gln

Gln Thr Asn

Thr Ser Leu
30

Tyr Asn Asn
45

Gln Asn Lys
60
Ala Ala Thr

Val Ala Thr

Arg Pro Tyr

Tyr His
15

Leu Cys

Phe Pro

Cys Ser

Thr Asn
80

Lys Ile
95

Thr Ile
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100

Ile Ala Phe
115

His Asn Thr

130

Phe Leu Val

145

Gln Ile Tyr

Leu Ala Ser

Ile Val Ala

195

Pro Leu Tyr

210

Tyr Ser Val

225

100

Thr Ser Cys Ala Cys

120

Asn Leu Ile Ser Trp

135

Ala Val Leu Cys Ile
150

Asp Leu His Ile Asp

165

Gly Glu Ile Ser Val

180

Leu Phe Gly Leu Ile

200

Ile Phe Gly Tyr Cys

215

Pro Pro Phe Arg Trp
230

Leu Leu Asn Phe Leu Ala His Ile

Ala Ser Arg

245

Ala Ala Leu Gly Leu

260

Thr Phe Leu Leu Ala Phe Met Lys

275

Ile Lys Asp

290

Thr Leu Ala

305

Gly Ile Val

280

Ala Ser Asp Val Glu

295

Ser Lys Tyr Gly Ser
310

Leu Leu Ser Tyr Val

325

Trp Pro Gln Ala Phe Asn Ser Asn

Leu Ala Phe
355

Tyr Asp Pro

370

Tyr Tyr Ala

385

340

Trp Leu Ile Leu Gln

360

Glu Ala Gly Arg Arg

375

Glu Tyr Leu Val Tyr
390

<210> SEQ ID NO 31
<211> LENGTH: 1188

<212> TYPE:

DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 31

atgggactet

cctcacaata

aaatactctt

aacaaatgct

caaactgage

aaggcatgtt

ggattgtttyg

aaggcattct

catcagttty

ataatcccaa

acaataattt

cagaatcatt

ctccagaate

ggaaacttca

ggaaagagtt

tttttttggt

taccttttca

aacctcatta

tccctcectaaa

atcaatcgca

tgataatcat

aagaccatat

gttgcataac

ggctgtatta

105

Gly Leu Phe

Ser Leu Met

Ala Ser Phe

155

Arg Ile Asn
170

Asn Thr Ala
185

Ile Thr Ile

Phe Gly Ile

Lys Gln Asn
235

Ile Thr Asn
250

Pro Phe Glu
265

Ser Met Gly

Gly Asp Thr

Arg Asn Leu
315

Ala Ala Ile
330

Val Met Leu
345

Thr Arg Asp

Phe Tyr Glu

Val Phe Ile
395

tttcaaacta
ttatgttatc
cattgcteca
aaaaattcca
tcagtagcaa
acaatcatag
acaaatttaa

tgcattgett

110

Gly Lys Glu
125

Phe Lys Ala
140

Thr Thr Thr

Lys Pro Asp

Trp Ile Met
190

Lys Met Lys
205

Phe Gly Gly
220

Pro Ser Thr

Phe Thr Phe

Leu Arg Pro
270

Ser Ala Leu
285

Lys Phe Gly
300

Thr Leu Phe

Leu Ala Gly

Leu Ser His
350

Phe Ala Leu
365

Phe Met Trp
380

attaccatac
gacaccccaa
ccaagagttt
ttagggcagce
ctaaaatttt
catttacttce
taagttggtc

cttttacaac

Leu Leu

Phe Phe

Ile Asn
160

Leu Pro
175

Ser Ile

Gly Gly

Ile Val

Ala Phe
240

Tyr Tyr
255

Ser Phe

Ala Leu

Ile Ser

Cys Ser
320

Ile Ile
335

Ala Ile

Thr Asn

Lys Leu

tttattaaat

aacaccaatt

tcatctacaa

tactacaaat

aaactttggy

atgegettgt

tctgatgtte

taccatcaat

60

120

180

240

300

360

420

480
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cagatttacg atcttcacat tgacagaata aacaagcctg atctaccact agcttcaggg 540
gaaatatcag taaacacagc ttggattatg agcataattg tggcactgtt tggattgata 600
ataactataa aaatgaaggg tggaccactc tatatatttg gctactgttt tggtattttt 660
ggtgggattg tctattctgt tccaccattt agatggaagc aaaatccttc cactgcattt 720
cttctcaatt tcctggccca tattattaca aatttcacat tttattatgc cagcagagca 780
gctcttggece taccatttga gttgaggcct tcettttactt tcecctgctage atttatgaaa 840
tcaatgggtt cagctttggc tttaatcaaa gatgcttcag acgttgaagg cgacactaaa 900
tttggcatat caaccttggc aagtaaatat ggttccagaa acttgacatt attttgttcect 960
ggaattgtte tcctatccta tgtggctget atacttgctg ggattatctg gecccagget 1020
ttcaacagta acgtaatgtt actttctcat gcaatcttag cattttggtt aatcctccag 1080
actcgagatt ttgcgttaac aaattacgac ccggaagcag gcagaagatt ttacgagttc 1140
atgtggaagce tttattatgce tgaatattta gtatatgttt tcatataa 1188

<210> SEQ ID NO 32
<211> LENGTH: 370

<212> TYPE:

PRT

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 32

Met Gly Ser Thr Gly Ile Glu Thr

1

Asp Glu Glu Ala Asn Leu Phe Ala

Leu Pro Met

35

Ile Ala Lys

50

20

Val Leu Lys Ala Ala

Ala Gly Pro Gly Ala

55

Gln Gln Leu Pro Thr Gln Asn Pro

65

Met Leu Arg

70

Leu Leu Ala Ser Tyr

85

Glu Arg Glu Thr Ala Glu Glu Glu

100

Gln Met Thr
10

Met Gln Leu
25

Leu Glu Leu

Phe Leu Ser

Asp Ala Pro

75

Asn Val Val
90

Gly Lys Val
105

Pro Thr Gln Ile Ser

Ala Ser Ala

30

15

Ser Val

Asp Leu Leu Glu Ile

Pro Ser Asp

60

Ile Ala

Val Met Leu Asp Arg

Thr Tyr Ser

80

Leu Arg
95

Glu Arg Leu Tyr Gly
110

Leu

Ile

Trp

145

Lys

Phe

Ile

Ser
225

Ile

Ala

Ala

130

Tyr

Ala

Asn

Lys

Val
210

Lys

Glu

Pro

115

Pro

His

Tyr

Lys

Lys

195

Asp

Tyr

Asp

Val

Leu

Leu

Gly

Ile

180

Ile

Val

Pro

Ala

Ser Lys

Cys Leu

Lys Asp
150

Met Thr
165

Phe Asn

Leu Glu

Gly Gly

Thr Ile

230

Pro Pro

Tyr

Met

135

Ala

Ala

Arg

Thr

Gly
215

Lys

Leu

Leu

120

Asn

Val

Phe

Gly

Tyr

200

Thr

Gly

Thr

Thr

Gln

Leu

Glu

Met

185

Lys

Gly

Ile

Gly

Lys

Asp

Asp

Tyr

170

Ser

Gly

Ala

Asn

Val

Asn

Lys

Gly

155

His

Asp

Phe

Val

Phe

235

Glu

Glu Asp
125

Val Leu
140

Gly Ile

Gly Thr

His Ser

Glu Gly
205

Val Asn
220

Asp Leu

His Val

Gly

Met

Pro

Asp

Thr

190

Leu

Met

Pro

Gly

Val

Glu

Phe

Gln

175

Ile

Asn

Ile

His

Gly

Ser

Ser

Asn

160

Arg

Thr

Ser

Val

Val
240

Asp
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-continued

104

Met Phe Val

Cys His Asp
275

His Ala Ala

290

Leu Pro Val

305

Ile Asp Val

245

Ser Val Pro Lys Gly

260

Trp Ser Asp Glu His

280

Leu Pro Glu His Gly

295

Ala Pro Asp Ser Ser
310

Ile Met Leu Ala His

325

Glu Lys Glu Phe Glu Ala Leu Ala

Lys Val His
355

Thr Ile
370

340

Cys Asn Ala Phe Asn

<210> SEQ ID NO 33
<211> LENGTH: 1113

<212> TYPE:

DNA

360

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 33

atgggttcaa

aacctectteg

ttagagctecg

tcegacatag

atgctgagac

gcggaagagyg

acgaagaatg

cttatggaga

aaggcatatg

tttaatagag

aagggttteyg

aacatgatcg

atecgaagatg

gtaccaaaag

tgcttgaaat

geggagtgea

attgatgtga

gaggcattgg

acccatatca

caggaataga

ccatgcaatt

acctcttgga

ctcaacagcet

tgttggctag

aagggaaggt

aagatggagt

gttggtatca

gaatgacage

gaatgtccga

agggtcttaa

tctctaagta

cacctccatt

gagatgcaat

tcttgaagaa

ttettecggt

tcatgttgge

ctaagggagc

tggaatttct

<210> SEQ ID NO 34
<211> LENGTH: 400

<212> TYPE:

PRT

gacccaaatg
agccagtgcece
gatcatagce
tcecgactecag
ctacaacgtg
ggagaggett
ctecattget
cttaaaagat
atttgaatat
ccactegact
ctegattgtt
ccetactatt
gaccggtgta
tttcatgaag
ctgecacgcet
ggcaccggac
ccataaccct
tggctttaaa

caagaccatt

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 34

250

Asp Ala Ile
265

Cys Leu Lys

Lys Val Ile

Leu Ala Thr

315

Asn Pro Gly
330

Lys Gly Ala
345

Thr His Ile

accccaacce
tcagtcttac
aaggccggte
aacccagacg
gtgacgtact
tatgggttgg
cetetttgte
gcagtacttyg
catggaaccg
attaccatga
gatgttggtg
aagggtatta
gagcatgttg
tggatttgee
gcactgeceyg
tcgagecttg
ggtggcaaag
ggcttcaaag

taa

Phe Met Lys
270

Phe Leu Lys
285

Val Ala Glu
300

Lys Ser Thr

Gly Lys Glu

Gly Phe Lys

350

Met Glu Phe
365

aaatatccga
ccatggttet
caggcgegtt
cceeggtgat
cgetgegtga
cteceggtgag
tcatgaacca
atggaggaat
atcaaaggtt
aaaaaatcct
gtggtactgg
acttcgattt
gaggagacat
atgattggag
aacacggaaa
ccacaaagag
agagaacaga

tccattgcaa

255

Trp Ile

Asn Cys

Cys Ile

Val His

320

Arg Thr
335

Gly Phe

Leu Lys

cgaagaagec
caaagcagcet
tctetecaccet
gctggacegg
gegtgagacyg
taaatatctg
ggataaggtt
acctttcaac
caataaaatc
cgaaacttac
agetgttgtt
gecteatgte
gtttgtaagt
cgatgaacac
agtgatcgtg
tacggtccac
gaaagagttt

tgctttcaat

60

120

180

240

300

360

420

480

540

600

660

720

840

900

960

1020

1080

1113
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105

-continued

106

Phe

Asn

65

Ser

Ser

Arg

Ala

Phe

145

Thr

Lys

Trp

Ile

Phe

225

Pro

Val

Trp

Ile

Lys

305

Ala

Ala

Leu

Leu

Phe
385

Val

Lys

Glu

Ser

50

Lys

Ile

Glu

Pro

Lys

130

Lys

Ser

Pro

Leu

Thr

210

Phe

Phe

Gly

Ser

Pro

290

Phe

Tyr

Ala

Ser

Glu
370

Leu

Phe

Leu

Ile

Ser

Phe

Lys

Phe

Tyr

115

Glu

Ile

Gly

Asn

Leu

195

Asn

Gly

Thr

Val

Pro

275

Ile

Gly

Ile

Ala

His
355

Lys

Trp

Ser

Val

20

Asn

Arg

Thr

Ala

Asn

100

Ala

Leu

Leu

Ile

Leu

180

Thr

Ser

Phe

Ala

Tyr

260

Ala

Ser

Ile

Cys

Ile

340

Ala

Ser

Ile

Ser

Pro

Asn

Leu

Lys

His

85

Val

Ala

Val

Ser

Asn

165

Pro

Ile

Gly

Leu

Cys

245

Tyr

Phe

Ile

Ile

His

325

Ile

Phe

Asn

Ile

<210> SEQ ID NO 35

<211> LENGTH:

1203

Val

Arg

Phe

Tyr

Ser

70

Gly

Met

Lys

Gly

Phe

150

Gln

Val

Val

Pro

Tyr

230

Phe

Ala

Cys

Ala

Thr

310

Gly

Trp

Met

Tyr

Phe
390

Cys Ser Phe Pro Ser Ser Leu Gly Thr
10 15

Ser Asn Phe Lys Ala Ser Ser Ser His
25 30

Ile Asn Asn Lys Pro Ile Lys Phe Ser
40 45

Cys Ser Ala Lys Pro Ile Val His Arg
55 60

Phe Ser Leu Ser His Leu Gln Arg Lys
75

Glu Ile Glu Ala Asp Gly Ser Asn Gly
90 95

Lys Ser Gly Asn Ala Ile Trp Arg Phe
105 110

Gly Val Leu Phe Asn Ser Ala Ala Met
120 125

Asn Leu Asn Leu Phe Ser Trp Pro Leu
135 140

Thr Leu Val Ile Leu Cys Ile Phe Val
155

Ile Tyr Asp Leu Asp Ile Asp Arg Leu
170 175

Ala Ser Gly Glu Ile Ser Val Glu Leu
185 190

Cys Thr Ile Ser Gly Leu Thr Leu Thr
200 205

Phe Phe Pro Phe Leu Tyr Ser Ala Ser
215 220

Ser Ala Pro Pro Phe Arg Trp Lys Lys
235

Cys Asn Val Met Leu Tyr Val Gly Thr
250 255

Cys Lys Ala Ser Leu Gly Leu Pro Ala
265 270

Leu Leu Phe Trp Phe Ile Ser Leu Leu
280 285

Lys Asp Leu Ser Asp Ile Glu Gly Asp
295 300

Phe Ser Thr Lys Phe Gly Ala Lys Pro
315

Leu Met Leu Leu Asn Tyr Val Ser Val
330 335

Pro Gln Phe Phe Asn Ser Ser Val Ile
345 350

Ala Ile Trp Val Leu Tyr Gln Ala Trp
360 365

Ala Thr Glu Thr Cys Gln Lys Tyr Tyr
375 380

Ser Leu Glu His Ala Phe Tyr Leu Phe
395

Asn

Tyr

Tyr

Glu

Ser

80

Thr

Val

Phe

Met

Ser

160

Asn

Ala

Ile

Ile

Asn

240

Ser

Asn

Ser

Arg

Ile

320

Met

Leu

Ile

Ile

Met
400
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-continued
<212> TYPE: DNA
<213> ORGANISM: Cannabis sativa
<400> SEQUENCE: 35
atggtgttct catcagtttg tagttttcca tcctcecttg gaactaattt taaattagtt 60
cctcgtagta attttaaggc atcatcttct cattatcatg aaataaataa ttttattaat 120
aataaaccaa ttaaattctc atatttttct tcaagactat attgctctgc caaaccaatt 180
gtacacagag aaaacaaatt cacaaaatca ttttcactca gccacctcca aaggaaaagc 240
tccataaagg cacatggtga aattgaagct gatgggagta atggcacatc tgaatttaat 300
gtaatgaaaa gtggaaacgc aatttggaga tttgtaaggc catatgcagc caagggagta 360
ttgtttaact ctgctgctat gtttgcaaaa gagttggtgg ggaacctaaa tctatttagt 420
tggcctttga tgtttaagat actctctttt acattggtta ttttatgcat ttttgtaagt 480
acaagtggca tcaatcaaat ttatgatctc gacatcgaca ggttaaacaa acctaatttg 540
ccagtagcat caggagaaat ttcagttgaa ttggcatggt tgttgactat agtttgtaca 600
ataagtggcce tcacattaac aattataacg aactcaggge cattcttccce ttttcetctac 660
tctgctagta tcttttttgg ctttectectat tctgctecte cattcagatg gaagaagaat 720
ccttttacag catgtttctg taatgttatg ttgtatgttg gcacaagcgt tggtgtctat 780
tatgcttgta aggctagtct cgggcttcca gccaactgga gecctgettt ttgtttgete 840
ttttggttta tttcattgtt gagtatacce atctccattg caaaagatct ttcagacata 900
gaaggtgacc gcaagtttgg aatcataacc ttctcaacta aatttggagc aaaacccata 960

gcatatattt gtcatggact catgcttcectg aattacgtga gtgttatgge tgcagctatt 1020
atttggccac agtttttcaa cagtagcgta atattgcttt ctcatgcatt catggcaatt 1080
tgggtattat atcaggcttg gatattggag aaatcaaatt acgccacgga gacgtgccaa 1140
aaatactata tattcctttg gataattttt tctcttgaac atgccttcta tttgttcatg 1200
tag 1203
<210> SEQ ID NO 36

<211> LENGTH: 523

<212> TYPE: PRT

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 36

Met Ala Gln Val Ser Lys Ile Cys Ser Asn Gly Ala Gln Thr Ile Leu
1 5 10 15

Thr Leu Pro Asn Ile Ser Lys Ser His Thr Pro Arg Ser Leu Asn Ser
20 25 30

Val Ser Leu Arg Ser Pro Phe Leu Gly Ser Ser Asn Ser Leu Ser Leu
35 40 45

Lys Ile Gly Thr Glu Phe Gly Gly Cys Ser Thr Val Gly Lys Ala Met
50 55 60

Ala Gly Pro Val Met Ala Ser Ala Val Thr Ala Glu Lys Pro Ser Lys
65 70 75 80

Val Pro Glu Ile Val Leu Gln Pro Ile Lys Asp Ile Ser Gly Thr Val
85 90 95

Lys Leu Pro Gly Ser Lys Ser Leu Ser Asn Arg Ile Leu Leu Leu Ala
100 105 110

Ala Leu Ser Glu Gly Thr Thr Val Val Asp Asn Leu Leu Asp Ser Asp
115 120 125
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110

Asp

Glu

145

Gln

Gly

Ala

Glu

Asp

225

Gly

Ser

Gly

Val

His

305

Lys

Tyr

Gly

Leu

Val

385

Ile

Val

Ser

Leu

Ile
465
Asp

Pro

Tyr

Ile

130

Ala

Phe

Asn

Gly

Arg

210

Val

Lys

Ser

Asp

Asp

290

Ser

Ser

Phe

Cys

Glu

370

Thr

Asp

Val

Trp

Arg

450

Thr

His

Val

Phe

His

Asp

Pro

Ala

Gly

195

Pro

Asp

Gly

Gln

Val

275

Met

Asp

Pro

Leu

Gly

355

Lys

Gly

Val

Ala

Arg

435

Lys

Pro

Arg

Thr

Glu
515

Tyr

Lys

Ala

Gly

180

Asn

Ile

Cys

Gly

Tyr

260

Glu

Thr

Ser

Gly

Ala

340

Thr

Met

Pro

Asn

Leu

420

Val

Leu

Pro

Met

Ile
500

Val

Met

Glu

Gly

165

Thr

Ala

Gly

Phe

Leu

245

Leu

Ile

Leu

Trp

Asn

325

Gly

Ser

Gly

Pro

Met

405

Phe

Lys

Gly

Glu

Ala
485

Lys

Leu

<210> SEQ ID NO 37

<211> LENGTH:

<212> TYPE: PRT

523

Leu

Ser

150

Lys

Ala

Ser

Asp

His

230

Pro

Thr

Glu

Lys

Asp

310

Ala

Ala

Ser

Ala

Arg

390

Asn

Ala

Glu

Ala

Lys

470

Met

Asp

Glu

Gly

135

Lys

Glu

Met

Tyr

Leu

215

Gly

Gly

Ala

Ile

Leu

295

Arg

Tyr

Ala

Leu

Lys

375

Asp

Lys

Asp

Thr

Thr

455

Leu

Ala

Pro

Arg

Ala

Arg

Ser

Arg

Val

200

Val

Thr

Gly

Leu

Ile

280

Met

Phe

Val

Val

Gln

360

Val

Ser

Met

Gly

Glu

440

Val

Asn

Phe

Gly

Phe
520

Leu

Ala

Val

Pro

185

Leu

Thr

Asp

Lys

Leu

265

Asp

Ala

Leu

Glu

Thr

345

Gly

Ser

Val

Pro

Pro

425

Arg

Glu

Ile

Ser

Cys
505

Thr

Glu

Ile

Asp

170

Leu

Asp

Gly

Cys

Val

250

Met

Lys

Arg

val

Gly

330

Gly

Asp

Trp

Lys

Asp

410

Thr

Met

Glu

Thr

Leu
490

Thr

Lys

Thr

Val

155

Glu

Thr

Gly

Leu

Pro

235

Lys

Ala

Leu

Phe

Lys

315

Asp

Gly

Val

Thr

Ser

395

Val

Ala

Ile

Gly

Ala

475

Ala

Arg

His

Leu Gly Leu Arg

140

Glu Gly

Val Gln

Ala Ala

Val Pro
205

Lys Gln
220

Pro Val

Leu Ser

Ala Pro

Ile Ser
285

Gly Val
300

Gly Gly

Ala Ser

Thr Val

Lys Phe

365

Glu Asn
380

Lys His

Ala Met

Ile Arg

Ala Ile

445
Pro Asp
460
Ile Asp

Ala Cys

Lys Thr

Cys

Leu

Val

190

Arg

Leu

Arg

Gly

Leu

270

Val

Thr

Gln

Ser

Thr

350

Ala

Ser

Leu

Thr

Asp

430

Cys

Tyr

Thr

Ser

Phe
510

Ala

Phe

175

Thr

Met

Gly

Val

Ser

255

Ala

Pro

Val

Lys

Ala

335

Val

Glu

Val

Lys

Leu

415

Val

Thr

Cys

Tyr

Asp

495

Pro

Val

Gly

160

Leu

vVal

Arg

Ala

Leu

240

Ile

Leu

Tyr

Glu

Tyr

320

Ser

Glu

Val

Thr

Ala

400

Ala

Ala

Glu

val

Asp

480

vVal

Asp
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-continued

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- engineered protein
<400> SEQUENCE: 37

Met Ala Gln Val Ser Lys Ile Cys Ser Asn Gly Ala Gln Thr Ile Leu
1 5 10 15

Thr Leu Pro Asn Ile Ser Lys Ser His Thr Pro Arg Ser Leu Asn Ser
20 25 30

Val Ser Leu Arg Ser Pro Phe Leu Gly Ser Ser Asn Ser Leu Ser Leu
35 40 45

Lys Ile Gly Thr Glu Phe Gly Gly Cys Ser Thr Val Gly Lys Ala Met
50 55 60

Ala Gly Pro Val Met Ala Ser Ala Val Thr Ala Glu Lys Pro Ser Lys
65 70 75 80

Val Pro Glu Ile Val Leu Gln Pro Ile Lys Asp Ile Ser Gly Thr Val
85 90 95

Lys Leu Pro Gly Ser Lys Ser Leu Ser Asn Arg Ile Leu Leu Leu Ala
100 105 110

Ala Leu Ser Glu Gly Thr Thr Val Val Asp Asn Leu Leu Asp Ser Asp
115 120 125

Asp Ile His Tyr Met Leu Gly Ala Leu Glu Thr Leu Gly Leu Arg Val
130 135 140

Glu Ala Asp Lys Glu Ser Lys Arg Ala Ile Val Glu Gly Cys Ala Gly
145 150 155 160

Gln Phe Pro Ala Gly Lys Glu Ser Val Asp Glu Val Gln Leu Phe Leu
165 170 175

Gly Asn Ala Gly Ile Ala Met Arg Ser Leu Thr Ala Ala Val Thr Val
180 185 190

Ala Gly Gly Asn Ala Ser Tyr Val Leu Asp Gly Val Pro Arg Met Arg
195 200 205

Glu Arg Pro Ile Gly Asp Leu Val Thr Gly Leu Lys Gln Leu Gly Ala
210 215 220

Asp Val Asp Cys Phe His Gly Thr Asp Cys Pro Pro Val Arg Val Leu
225 230 235 240

Gly Lys Gly Gly Leu Pro Gly Gly Lys Val Lys Leu Ser Gly Ser Ile
245 250 255

Ser Ser Gln Tyr Leu Thr Ala Leu Leu Met Ala Ala Pro Leu Ala Leu
260 265 270

Gly Asp Val Glu Ile Glu Ile Ile Asp Lys Leu Ile Ser Val Pro Tyr
275 280 285

Val Asp Met Thr Leu Lys Leu Met Ala Arg Phe Gly Val Thr Val Glu
290 295 300

His Ser Asp Ser Trp Asp Arg Phe Leu Val Lys Gly Gly Gln Lys Tyr
305 310 315 320

Lys Ser Pro Gly Asn Ala Tyr Val Glu Gly Asp Ala Ser Ser Ala Ser
325 330 335

Tyr Phe Leu Ala Gly Ala Ala Val Thr Gly Gly Thr Val Thr Val Glu
340 345 350

Gly Cys Gly Thr Ser Ser Leu Gln Gly Asp Val Lys Phe Ala Glu Val
355 360 365

Leu Glu Lys Met Gly Ala Lys Val Ser Trp Thr Glu Asn Ser Val Thr
370 375 380

Val Thr Gly Pro Pro Arg Asp Ser Val Lys Ser Lys His Leu Lys Ala
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-continued

385 390 395 400
Ile Asp Val Asn Met Asn Lys Met Pro Asp Val Ala Met Thr Leu Ala

405 410 415
Val Val Ala Leu Phe Ala Asp Gly Pro Thr Ala Ile Arg Asp Val Ala

420 425 430
Ser Trp Arg Val Lys Glu Thr Glu Arg Met Ile Ala Ile Cys Thr Glu
435 440 445
Leu Arg Lys Leu Gly Ala Thr Val Glu Glu Gly Leu Asp Tyr Cys Val
450 455 460

Ile Thr Pro Pro Glu Lys Leu Asn Ile Thr Ala Ile Asp Thr Tyr Asp
465 470 475 480
Asp His Arg Met Ala Met Ala Phe Ser Leu Ala Ala Cys Ser Asp Val

485 490 495
Pro Val Thr Ile Lys Asp Pro Gly Cys Thr Arg Lys Thr Phe Pro Asp

500 505 510
Tyr Phe Glu Val Leu Glu Arg Phe Thr Lys His
515 520

<210> SEQ ID NO 38
<211> LENGTH: 1572
<212> TYPE: DNA
<213> ORGANISM: Cannabis sativa
<400> SEQUENCE: 38
atggcccaag tgagcaaaat ctgtagcaat ggagctcaaa ctatccttac tctcccaaat 60
atatctaagt ctcatacacc aagatcccta aattcagttt cgttgagatc accgtttttg 120
ggttcatcta actctttgag tttgaagatt ggaactgaat ttgggggttg ttctacggtt 180
ggtaaagcta tggctggtcc agtcatggct tcagctgtca cagcggagaa gccttcaaag 240
gtaccggaga ttgtgttgca gcccattaaa gatatctctg gcactgtcaa gttgecgggt 300
tccaagtcac tatcgaatcg gattctactc ctggctgcecte tttcectgaggg gacaactgtt 360
gtggacaact tgttagatag tgatgacatt cactacatgc ttggtgcctt ggaaaccctt 420
ggtcttegtyg ttgaagcaga caaggaaagc aaacgagcaa ttgtggaagg ttgtgegggt 480
cagtttcctg caggtaaaga atctgttgac gaagttcaac ttttccttgg aaatgctgga 540
acagcaatgc gtccactcac agctgeggtg actgttgetg gtggaaatgce tagctacgta 600
cttgatggtg ttcctcgaat gagagaaaga ccaattggag atttggtgac tggtcttaag 660
cagcttggtg cagatgttga ttgttttcat ggtacggatt gtccccctgt tcegtgtgett 720
ggaaaaggag gccttectgg gggcaaggtyg aaactttctg gatcaattag cagtcaatat 780
ttgacagcct tgcttatgge agctcecttg getcttggag atgttgaaat cgagataatt 840
gataaattga tctcggttcc ctatgttgat atgactttga agttgatggc acgttttggg 900
gttactgttg aacacagtga tagctgggat cgatttttag ttaaaggagg tcaaaagtac 960
aaatctcctg gaaacgctta tgttgaaggt gatgcttcaa gtgctagtta cttectaget 1020
ggtgctgcag tcactggtgg tacagtcacc gtagaaggtt gtgggactag tagtttacag 1080
ggagacgtaa aatttgctga agttcttgag aaaatgggtg ctaaagttag ctggacagag 1140
aacagtgtca cggtcactgg accaccacga gattctgtaa aaagtaaaca cttgaaagcc 1200
attgatgtca acatgaacaa aatgcctgat gttgccatga ctcttgetgt agttgctcett 1260
tttgctgatg gccccactge tataagagat gtggcaagtt ggagagtcaa ggagacagag 1320
agaatgattg ccatctgcac tgaactcaga aagcttggag caacagttga ggaaggaccc 1380
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116

gattactgcg tgatcactcc accagagaaa ctaaatatca cagcaataga cacatacgac

gaccacagga tggctatgge gttetctett gecagettgtt cagatgtgec agttaccatt

aaggatcctg gttgcacccg aaaaactttc ccagattact ttgaagtcct tgagagattt

acaaagcact

ga

<210> SEQ ID NO 39
<211> LENGTH: 1572

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 39

atggcccaag
atatctaagt
ggttcatcta
ggtaaagcta
gtaccggaga
tccaagtcac
gtggacaact
ggtcttegty
cagtttectg
atagcaatge
cttgatggty
cagcettggty
ggaaaaggag
ttgacagcct
gataaattga
gttactgttg
aaatctectyg
ggtgctgecay
ggagacgtaa
aacagtgtca
attgatgtca
tttgctgatg
agaatgattg
gattactgcy
gaccacagga
aaggatcctyg

acaaagcact

tgagcaaaat
ctcatacacce
actctttgag
tggetggtee
ttgtgttgca
tatcgaatcg
tgttagatag
ttgaagcaga
caggtaaaga
gttcactcac
ttectegaat
cagatgttga
gecttectgy
tgcttatgge
tcteggttee
aacacagtga
gaaacgctta
tcactggtygyg
aatttgctga
cggteactygg
acatgaacaa
gecccactge
ccatctgeac
tgatcactce
tggctatgge

gttgcaccceg

ga

<210> SEQ ID NO 40
<211> LENGTH: 4196

<212> TYPE:

DNA

ctgtagcaat
aagatcccta
tttgaagatt
agtcatggcet
gcccattaaa
gattctacte
tgatgacatt
caaggaaagc
atctgttgac
agctgeggtg
gagagaaaga
ttgttttcat
gggcaaggtyg
agctececettg
ctatgttgat
tagctgggat
tgttgaaggt
tacagtcace
agttcttgag
accaccacga
aatgcctgat
tataagagat
tgaactcaga
accagagaaa
gttetetett

aaaaactttc

<213> ORGANISM: Cannabis sativa

ggagctcaaa
aattcagttt
ggaactgaat
tcagetgtea
gatatctcetyg
ctggetgete
cactacatgce
aaacgagcaa
gaagttcaac
actgttgcetg
ccaattggag
ggtacggatt
aaactttcetg
gctettggag
atgactttga
cgatttttag
gatgcttcaa
gtagaaggtt
aaaatgggtg
gattctgtaa
gttgccatga
gtggcaagtt
aagcttggag
ctaaatatca
gcagettgtt

ccagattact

ctatccttac
cgttgagate
ttgggggtty
cageggagaa
gcactgtcaa
tttetgaggyg
ttggtgeett
ttgtggaagg
tttteettgy
gtggaaatgc
atttggtgac
gtceeectgt
gatcaattag
atgttgaaat
agttgatgge
ttaaaggagg
gtgctagtta
gtgggactag
ctaaagttag
aaagtaaaca
ctettgetgt
ggagagtcaa
caacagttga
cagcaataga
cagatgtgece

ttgaagtcct

tcteccaaat
acegtttttyg
ttctacggtt
gectteaaag
gttgeegggt
gacaactgtt
ggaaaccctt
ttgtgegggt
aaatgctgga
tagctacgta
tggtettaag
tegtgtgett
cagtcaatat
cgagataatt
acgttttggyg
tcaaaagtac
cttectaget
tagtttacag
ctggacagag
cttgaaagece
agttgetett
dgagacagag
ggaaggactt
cacatacgac
agttaccatt

tgagagattt

1440

1500

1560

1572

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

1572
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<400> SEQUENCE: 40

ggttggtaag ccctectace ctectttgaaa attgaaagag agtcaatgtce gacctacagce 60
agcagcatcc attaacgtta ccattgccac caaaaatcca acctttattt gtatagagag 120
aatcagagaa ggtttgggtt tcagagagag agagaagaag aacaaaaaaa tggcccaagt 180
gagcaaaatc tgtagcaatg gagctcaaac tatccttact ctcccaaata tatctaagtce 240
tcatacacca agatccctaa attcagtttce gttgagatca ccegtttttgg gttcatctaa 300
ctctttgagt ttgaagattg gaactgaatt tgggggttgt tctacggttg gtaaagctat 360
ggctggtcca gtcatggett cagectgtcac agecggagaag ccttcaaagg taccggagat 420
tgtgttgcag cccattaaag atatctectgg cactgtcaag ttgccgggtt ccaagtcact 480
atcgaatcgg attctactce tggetgetcet ttcectgaggta tatttcattt tttttaaaac 540
gtcaaacatg tatttttgtc gaggaagttt tctgtatata caaagataag agagtaaaaa 600
tatggaacat caataccaaa atgaaccaaa actaggctaa gctatcaaat catgtcatgg 660
tatgccatac tctactttcce tatctcaage tccacagcta taaaatacta tatcgtaatt 720
attttgtcaa ctgctttcat attccttgta atttccctca ttcccactaa aactagttcce 780
aatggattgt gtggctggaa actgtagtta gttacattag ctagatctga accatgatca 840
gcatcgactg cccaactggt aaaccatgta attgcatgga attcttcectt tgttatccac 900
aaatttgaaa agtatttttg aggtatacaa agattgtgct ttttatgagc aattttcttt 960

tagttttatg ttaagagttt gtagcgatgg gatgtttttt ttctagaaaa tggacagtaa 1020
agcttagcat ttttacttta ttggtgtaaa tgaatagtgt tcattgaagc tgaactcatg 1080
cccttaattg ggaggaaaat tgagagaaat ggagtaaagt aatatgatat tttggttaaa 1140
ttcgtaagaa tatgatggaa ataaaaaatg caactcaact gggttactga agttatattt 1200
ctggtctcag ttgtgctttt acaactttag tctagagctce cacgectgegg agagattcgg 1260
agtccttaca gtttattttg ataatgattt atgagaattt cataactcta cgcttttgtt 1320
acattatata tgaggtgttt cgttggtgca ttgtctcacc tgaactccct aaattttaga 1380
atgtgggatt tagaatgaag ttatactatt agtgtttgag tcatctagaa tttgtagctg 1440
ctcattctcc atatactctt tctctattte ctccccatat tttggcgcta ctacttatct 1500
ttacagttca tgttattttc atgtacttga gttttttgcc ctataaaata ttttgagcgg 1560
tgggaagtaa ctgttttttt tgttataatt atccagggga caactgttgt ggacaacttg 1620
ttagatagtg atgacattca ctacatgctt ggtgccttgg aaacccttgg tcttegtgtt 1680
gaagcagaca aggaaagcaa acgagcaatt gtggaaggtt gtgcgggtca gtttcctgeca 1740
ggtaaagaat ctgttgacga agttcaactt ttccttggaa atgctggaac agcaatgcegt 1800
ccactcacag ctgcggtgac tgttgctggt ggaaatgcta ggtttgtcectt cattgcaatt 1860
gcttttgaat ataaagtact tctaatgcag tgaatttatg ctcttgtttt tcttactgge 1920
cgagtagctce ttacatttta ggtaaagaaa gtcacttttg ctaacaacat caccatttat 1980
acttccctet ttactttgat gtggttatge tagaaattac atgttggaaa tgaactagca 2040
catatcataa attattttgt atgctgttat tacattttct cagtaacctc ttaacttcta 2100
tatctcagct acgtacttga tggtgttcct cgaatgagag aaagaccaat tggagatttg 2160
gtgactggte ttaagcagct tggtgcagat gttgattgtt ttcatggtac ggattgtccce 2220
cctgttegtg tgcttggaaa aggaggectt cctgggggca aggtgaggcet tgcattgett 2280

cttcttattc tttttggcca taaaacatca ttgtaatagt ggttttatgt tatgaaatcc 2340
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attgactggt ttatttttag gttgttgttt tgcttttaaa taaaaacaat attgtcaaat 2400
gatgcataag tagtgattac atctacatca tttaatttat tatcttaaat gatgacaaac 2460
ttcatcattt tgactcagaa ttatgtaata ttaccctttg caggtgaaac tttctggatc 2520
aattagcagt caatatttga cagccttgct tatggcagect cccttggcectce ttggagatgt 2580
tgaaatcgag ataattgata aattgatctc ggttccctat gttgatatga ctttgaagtt 2640
gatggcacgt tttggggtta ctgttgaaca cagtgatagc tgggatcgat ttttagttaa 2700
aggaggtcaa aagtacaagt aggtttcttc tgaatatagt tgatagtatt gttacattac 2760
atctggttat gtcaaagagt aataaattga aaaataaaaa tctgtcagat ctcctggaaa 2820
cgcttatgtt gaaggtgatg cttcaagtgc tagttacttc ctagctggtg ctgcagtcac 2880
tggtggtaca gtcaccgtag aaggttgtgg gactagtagt ttacaggtat tttgcttaga 2940
ccttgaaatc tcttattctt gtacttgtgt ttacatagaa tctaagatta agtgtattta 3000
catacattaa ctggtgttta ataaagggag acgtaaaatt tgctgaagtt cttgagaaaa 3060
tgggtgctaa agttagctgg acagagaaca gtgtcacggt cactggacca ccacgagatt 3120
ctgtaaaaag taaacacttg aaagccattg atgtcaacat gaacaaaatg cctgatgttg 3180
ccatgactct tgctgtagtt gectcectttttg ctgatggccce cactgctata agagatggta 3240
tgtttttcct taaatttgtg agatggtaaa atggggcagt cggtttgggt tggggtagat 3300
tatcggttct cgtctgccat aataaaaaat aatctgctca tttgcaataa atttcacaga 3360
cacaaaaatg aaaaccaata aaatattatt ttgtttagag gattaaatac tcatttcttg 3420
cctttectaa tteccagtgg caagttggag agtcaaggag acagagagaa tgattgcecat 3480
ctgcactgaa ctcagaaagg ttagttttta tgctgtttta tgtacttgtt atgtcatgeg 3540
ccttggaatg taatggctga tagctatctg ttcttatggg aacaaacatt tcagcttgga 3600
gcaacagttg aggaaggacc cgattactgc gtgatcactc caccagagaa actaaatatc 3660
acagcaatag acacatacga cgaccacagg atggctatgg cgttctctet tgcagettgt 3720
tcagatgtgce cagttaccat taaggatcct ggttgcaccc gaaaaacttt cccagattac 3780
tttgaagtcc ttgagagatt tacaaagcac tgaatgagta tttattaact ggatagagaa 3840
caatagcatc ggctactgtc attacaacta aagcagttgg gaggcaggca atccttttca 3900
attatcatgt gtttgatttt ggtcgactgt attgcaagtt gagcttctca ttattattaa 3960
gactgtaatc gtagttattt gttgtaactt ctgcaaaccc ttcatgttat tttttcaccc 4020
ttctaataag ccagtggggc aaattctata tctgctatat gagcttgagt gtagagagaa 4080
cttttgtcaa tgtataggtt tctagcagaa gcaccatccc taatatgctt tattataaga 4140
gttgctgtga tcgtgtagtg ttattttatt gaaagtaacc gacgcatctc atatta 4196
<210> SEQ ID NO 41
<211> LENGTH: 46
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic- prime editing guide RNA
<400> SEQUENCE: 41
tgaagacttt gcacaacttt tccttggaaa tgcgtttaag tcttet 46

<210> SEQ ID NO 42
<211> LENGTH: 46

<212> TYPE:

DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic- prime editing guide RNA

<400> SEQUENCE: 42

agaagactta aacgcatttc caaggaaaag ttgtgcaaag tcttca

<210> SEQ ID NO 43

<211> LENGTH: 64

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 43

acctgctata gtgctgagtyg aacgcattge tattccagea tttccaagga aacatatage
aggt

<210> SEQ ID NO 44

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- prime editing guide RNA
<400> SEQUENCE: 44

tgaagacttt gcacttggag caacagttga ggagtttaag tcttct

<210> SEQ ID NO 45

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Synthetic- prime editing guide RNA
<400> SEQUENCE: 45

agaagactta aactcctcaa ctgttgctcc aagtgcaaag tcttca

<210> SEQ ID NO 46

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 46

acctgctata gtgccacgca gtaatcaagt ccttcctcaa ctgttgaaca tatagcaggt
<210> SEQ ID NO 47

<211> LENGTH: 349

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 47

ggtctcaaat ggcgacaggt tctegtgtte tgateggtet agcaatgatc ctcataatcet
caggagaact gctagttcca gggcaaggaa cgtgccaagg agacatagag ggtctgatga
gagaatgtgc ggtctacgtc cagegtccag gcccaaaggt aaacccatcc gecagegtgtt
gcaaagtcegt caagagatca gacatcccect gcgeatgtgg cegtatcaca cecteggtte

aaaaaatgat agacatgaat aaggttgttc ttgtcacttc cttttgtggg aggcctcteg

ctcatggtac caagtgtgga agctacattg tgccatgage ttagagacc

46

60

64

46

46

60

60

120

180

240

300

349
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<210> SEQ ID NO 48
<211> LENGTH: 348

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 48

ggtctcaaat
caggagaact
gagaatgtge
gcaaagtegt
aaaaaatgat

cteatggtac

ggcgacaggt
gctagttcca
ggtctacgte
caagagatca
agacatgaat

caagtgtgga

<210> SEQ ID NO 49
<211> LENGTH: 1207

<212> TYPE:

DNA

tetegtgtte
gggcaaggaa
cagcgtccag
gacatccect
aaggttgttc

agctacattg

tgatcggtet
cgtgecaagy
gcccaaaggt
gegeatgtygy
ttgtcactte

tgecaagtte

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 49

ggtctcaaat
tattaaatcc
caccaattaa
atctacaaaa
ctacaaatca
actttgggaa
gegettgtgy
tgatgttcaa
ccatcaatca
cttcagggga
gattgataat
gtatttttgyg
ctgcatttet
gcagagcage
ttatgaaatc
acactaaatt
tttgttcetgg
cccaggettt
tcctecagac
acgagttcat

agagacc

gggactctca
tcacaataat
atactcttac
caaatgctca
aactgagect
ggcatgttyy
attgtttggy
ggcattettt
gatttacgat
aatatcagta
aactataaaa
tgggattgte
tctcaatttce
tcttggecta
aatgggttca
tggcatatca
aattgttcte
caacagtaac
tcgagatttt

gtggaagett

<210> SEQ ID NO 50
<211> LENGTH: 1206

<212> TYPE:

DNA

tcagtttgta
aatcccaaaa
aataattttce
gaatcattat
ccagaatcty
aaacttcaaa
aaagagttgt
tttttggtyg
cttcacatty
aacacagctt
atgaagggtg
tattctgtte
ctggcccata
ccatttgagt
getttggett
accttggcaa
ctatcctatyg
gtaatgttac
gcgttaacaa

tattatgetg

ccttttcatt
cctcattatt
cctctaaaca
caatcgcaaa
ataatcattc
gaccatatac
tgcataacac
ctgtattatg
acagaataaa
ggattatgag
gaccactcta
caccatttag
ttattacaaa
tgaggcectte
taatcaaaga
gtaaatatgg
tggctgcetat
ttteteatge
attacgacce

aatatttagt

agcaatgatc
agacatagag
aaacccatcc
ccgtatcaca
cttttgtggg

gagagace

tcaaactaat
atgttatcga
ttgctecace
aaattccatt
agtagcaact
aatcatagca
aaatttaata
cattgcttet
caagcctgat
cataattgtg
tatatttgge
atggaagcaa
tttcacattt
ttttacttte
tgcttcagac
ttccagaaac
acttgctyggy
aatcttagca
ggaagcaggce

atatgtttte

ctcataatct
ggtctgatga
gcagegtgtt
cceteggtte

aggcctcteg

taccatactt
caccccaaaa
aagagttttc
agggcagcta
aaaattttaa
tttacttcat
agttggtcac
tttacaacta
ctaccactag
gcactgtttyg
tactgttttyg
aatcctteca
tattatgcca
ctgctageat
gttgaaggeg
ttgacattat
attatctgge
ttttggttaa
agaagatttt

atataagctt

60

120

180

240

300

348

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1207
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 50

ggtctcaaat gggactctca tcagtttgta ccttttcatt tcaaactaat taccatactt 60
tattaaatcc tcacaataat aatcccaaaa cctcattatt atgttatcga caccccaaaa 120
caccaattaa atactcttac aataattttc cctctaaaca ttgctccacc aagagtttte 180
atctacaaaa caaatgctca gaatcattat caatcgcaaa aaattccatt agggcagcta 240
ctacaaatca aactgagcct ccagaatctg ataatcattc agtagcaact aaaattttaa 300
actttgggaa ggcatgttgg aaacttcaaa gaccatatac aatcatagca tttacttcat 360
gcgettgtgg attgtttggg aaagagttgt tgcataacac aaatttaata agttggtcac 420
tgatgttcaa ggcattcttt tttttggtgg ctgtattatg cattgcttct tttacaacta 480
ccatcaatca gatttacgat cttcacattg acagaataaa caagcctgat ctaccactag 540
cttcagggga aatatcagta aacacagctt ggattatgag cataattgtg gcactgtttg 600
gattgataat aactataaaa atgaagggtg gaccactcta tatatttggc tactgttttg 660
gtatttttgg tgggattgtc tattctgttc caccatttag atggaagcaa aatccttcca 720
ctgcatttct tcectcaattte ctggcccata ttattacaaa tttcacattt tattatgcca 780
gcagagcage tcttggecta ccatttgagt tgaggcctte ttttactttce ctgctagcat 840
ttatgaaatc aatgggttca gectttggcett taatcaaaga tgcttcagac gttgaaggcg 900
acactaaatt tggcatatca accttggcaa gtaaatatgg ttccagaaac ttgacattat 960

tttgttctgg aattgttctc ctatcctatg tggctgctat acttgectggg attatctgge 1020
cccaggcttt caacagtaac gtaatgttac tttctcatge aatcttagca ttttggttaa 1080
tcctecagac tcgagatttt gegttaacaa attacgaccce ggaagcaggce agaagatttt 1140
acgagttcat gtggaagctt tattatgctg aatatttagt atatgttttc ataagttcga 1200
gagacc 1206
<210> SEQ ID NO 51

<211> LENGTH: 1132

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 51

ggtctcaaat gggttcaaca ggaatagaaa cccaaatgac cccaacccaa atatccgacg 60
aagaagccaa cctcttegee atgcaattag ccagtgecte agtcttacce atggttcetca 120
aagcagcttt agagctegac ctettggaga tcatagccaa ggecggtcca ggegegttte 180
tctcacctte cgacatagcet caacagettce cgactcagaa cccagacgece cceggtgatge 240
tggaccggat gctgagactyg ttggctaget acaacgtggt gacgtacteg ctgegtgage 300

gtgaaacggce ggaagaggaa gggaaggtgg agaggcttta tgggttgget ccggtgagta 360

aatatctgac gaagaatgaa gatggagtct ccattgetec tetttgtcte atgaaccagg 420
ataaggttct tatggagagt tggtatcact taaaagatgc agtacttgat ggaggaatac 480
ctttcaacaa ggcatatgga atgacagcat ttgaatatca tggaaccgat caaaggttca 540
ataaaatctt taatagagga atgtccgacc actcgactat taccatgaaa aaaatcctceg 600

aaacttacaa gggtttcgag ggtcttaact cgattgttga tgttggtggt ggtactggag 660
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ctgttgttaa
ctcatgtcat
ttgtaagtgt
atgaacactg
tgatcgtgge
cggtccacat
aagagtttga

ctttcaatac

catgatcgtt
cgaagatgca
accaaaagga
cttgaaatte
ggagtgcatt
tgatgtgate
ggcattgget

ccatatcatg

<210> SEQ ID NO 52
<211> LENGTH: 1131

<212> TYPE:

DNA

tctaagtacc
cctecattga
gatgcaattt
ttgaagaact
ctteeggtgg
atgttggece
aagggagetyg

gaatttctca

ctactattaa
ccggtgtaga
tcatgaagtg
gccacgetge
caccggacte
ataaccctgg
gctttaaagyg

agaccattta

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 52

ggtctcaaat
aagaagccaa
aagcagcettt
tctcacctte
tggaccggat
gtgaaacgge
aatatctgac
ataaggttct
ctttcaacaa
ataaaatctt
aaacttacaa
ctgttgttaa
ctcatgtcat
ttgtaagtgt
atgaacactg
tgategtgge
cggtccacat
aagagtttga

ctttcaatac

gggttcaaca
cctettegee
agagctcgac
cgacatagct
gctgagactyg
dgaagaggaa
gaagaatgaa
tatggagagt
ggcatatgga
taatagagga
gggtttegag
catgatcgtt
cgaagatgca
accaaaagga
cttgaaatte
ggagtgecatt
tgatgtgate
ggcattgget

ccatatcatg

<210> SEQ ID NO 53
<211> LENGTH: 1222

<212> TYPE:

DNA

ggaatagaaa
atgcaattag
ctettggaga
caacagctte
ttggctaget
gggaaggtgg
gatggagtcet
tggtatcact
atgacagcat
atgtccgace
ggtcttaact
tctaagtacce
cctecattga
gatgcaattt
ttgaagaact
ctteeggtgg
atgttggece
aagggagetg

gaatttctca

cccaaatgac
ccagtgecte
tcatagccaa
cgactcagaa
acaacgtggt
agaggcttta
ccattgctee
taaaagatgc
ttgaatatca
actcgactat
cgattgttga
ctactattaa
ccggtgtaga
tcatgaagtg
gccacgetge
caccggacte
ataaccctgg
gctttaaagyg

agaccattag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 53

gggtattaac ttcgatttge
gcatgttgga ggagacatgt
gatttgccat gattggageg
actgcccgaa cacggaaaag
gagccttgee acaaagagta
tggcaaagag agaacagaga
cttcaaagtc cattgcaatg

agcttagaga cc

cccaacccaa atatccgacg
agtcttacce atggttcetca
ggceggteca ggegegttte
ccecagacgee ceggtgatge
gacgtactcg ctgegtgage
tgggttgget ceggtgagta
tectttgtcte atgaaccagg
agtacttgat ggaggaatac
tggaaccgat caaaggttca
taccatgaaa aaaatccteg
tgttggtggt ggtactggag
gggtattaac ttcgatttge
gcatgttgga ggagacatgt
gatttgccat gattggageg
actgcccgaa cacggaaaag
gagcettgee acaaagagta
tggcaaagag agaacagaga
cttcaaagtce cattgcaatg

ttegagagac ¢

ggtctcaaat ggtgttctca tcagtttgta gttttccate ctcccttgga actaatttta

aattagttcc tcgtagtaat tttaaggcat catcttctca ttatcatgaa ataaataatt

720

780

840

900

960

1020

1080

1132

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1131

60

120
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ttattaataa taaaccaatt aaattctcat atttttcttc aagactatat tgctctgcca 180
aaccaattgt acacagagaa aacaaattca caaaatcatt ttcactcagc cacctccaaa 240
ggaaaagctc cataaaggca catggtgaaa ttgaagctga tgggagtaat ggcacatctg 300
aatttaatgt aatgaaaagt ggaaacgcaa tttggagatt tgtaaggcca tatgcagcca 360
agggagtatt gtttaactct gctgctatgt ttgcaaaaga gttggtgggg aacctaaatc 420
tatttagttg gcctttgatg tttaagatac tctcttttac attggttatt ttatgcattt 480
ttgtaagtac aagtggcatc aatcaaattt atgatctcga catcgacagg ttaaacaaac 540
ctaatttgcce agtagcatca ggagaaattt cagttgaatt ggcatggttg ttgactatag 600
tttgtacaat aagtggcctc acattaacaa ttataacgaa ctcagggcca ttcttecctt 660
ttctctacte tgctagtate ttttttggcet ttectcetatte tgctectcecca ttcagatgga 720
agaagaatcc ttttacagca tgtttctgta atgttatgtt gtatgttggc acaagecgttg 780
gtgtctatta tgcttgtaag gctagtctcyg ggcttccage caactggagc cctgettttt 840
gtttgctctt ttggtttatt tcattgttga gtatacccat ctccattgca aaagatcttt 900
cagacataga aggtgaccgc aagtttggaa tcataacctt ctcaactaaa tttggagcaa 960
aacccatagce atatatttgt catggactca tgcttctgaa ttacgtgagt gttatggcectg 1020
cagctattat ttggccacag tttttcaaca gtagcgtaat attgctttect catgcattca 1080
tggcaatttg ggtattatat caggcttgga tattggagaa atcaaattac gccacggaaa 1140
cgtgccaaaa atactatata ttcctttgga taattttttc tcttgaacat gecttctatt 1200
tgttcatgta ggcttagaga cc 1222
<210> SEQ ID NO 54
<211> LENGTH: 1221
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic- engineered gene
<400> SEQUENCE: 54
ggtctcaaat ggtgttctca tcagtttgta gttttccatc ctcccttgga actaatttta 60
aattagttcc tcgtagtaat tttaaggcat catcttctca ttatcatgaa ataaataatt 120
ttattaataa taaaccaatt aaattctcat atttttcttc aagactatat tgctctgcca 180
aaccaattgt acacagagaa aacaaattca caaaatcatt ttcactcagc cacctccaaa 240
ggaaaagctc cataaaggca catggtgaaa ttgaagctga tgggagtaat ggcacatctg 300
aatttaatgt aatgaaaagt ggaaacgcaa tttggagatt tgtaaggcca tatgcagcca 360
agggagtatt gtttaactct gctgctatgt ttgcaaaaga gttggtgggg aacctaaatc 420
tatttagttg gcctttgatg tttaagatac tctcttttac attggttatt ttatgcattt 480
ttgtaagtac aagtggcatc aatcaaattt atgatctcga catcgacagg ttaaacaaac 540
ctaatttgcc agtagcatca ggagaaattt cagttgaatt ggcatggttg ttgactatag 600
tttgtacaat aagtggcctc acattaacaa ttataacgaa ctcagggcca ttcttccctt 660
ttctctacte tgctagtatc ttttttggcet ttctctattce tgctcecctcecca ttcagatgga 720
agaagaatcc ttttacagca tgtttctgta atgttatgtt gtatgttggc acaagecgttg 780
gtgtctatta tgcttgtaag gctagtctcyg ggcttccage caactggagc cctgettttt 840
gtttgctctt ttggtttatt tcattgttga gtatacccat ctccattgca aaagatcttt 900
cagacataga aggtgaccgc aagtttggaa tcataacctt ctcaactaaa tttggagcaa 960
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aacccatagc atatatttgt catggactca tgcttctgaa ttacgtgagt gttatggctg 1020
cagctattat ttggccacag tttttcaaca gtagcgtaat attgctttct catgcattca 1080
tggcaatttg ggtattatat caggcttgga tattggagaa atcaaattac gccacggaaa 1140
cgtgccaaaa atactatata ttcctttgga taattttttc tcttgaacat geccttcetatt 1200

tgttcatgag ttcgagagac ¢ 1221

<210> SEQ ID NO 55

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 55
ttgacgaagt tcaacttttc cttggaaatg ctggaacagc aatgcgtcca ctcacagcetg 60

c 61

<210> SEQ ID NO 56

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- engineered gene
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: N represents any nucleotide

<400> SEQUENCE: 56

caacttttcc ttggaaatgc ntgagtgaac gcattgctat tccagcattt ccaagga 57

<210> SEQ ID NO 57

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 57

cttggagcaa cagttgagga aggacccgat tactgegtga tcactccacc agagaa 56

<210> SEQ ID NO 58

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- engineered gene
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: N represents any nucleotide

<400> SEQUENCE: 58

cttggagcaa cagttgagga ncacgcagta atcaagtcct tectcaactg ttg 53
<210> SEQ ID NO 59

<211> LENGTH: 1638

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: In silico- consensus sequence

<400> SEQUENCE: 59

atgaattgct cagcattttc cttttggttt gtttgcaaaa taatattttt ctttctctca 60

ttccatatcce aaatttcaat agctaatcct cgagaaaact tccttaaatg cttctcaaaa 120



133

US 11,999,958 B2

134

-continued
catattccca acaatgtagc aaatccaaaa ctcgtataca ctcaacacga ccaattgtat 180
atgtctatcc tgaattcgac aatacaaaat cttagattca tctctgatac aaccccaaaa 240
ccactcgtta ttgtcactcc ttcaaataac tcccatatcc aagcaactat tttatgetct 300
aagaaagttg gcttgcagat tcgaactcga agecggtggec atgatgectga gggtatgtcece 360
tacatatctc aagtcccatt tgttgtagta gacttgagaa acatgcattc gatcaaaata 420
gatgttcata gccaaactgc gtgggttgaa gccggagcta cccttggaga agtttattat 480
tggatcaatg agaagaatga gaatcttagt tttcctggtg ggtattgccc tactgttgge 540
gtaggtggac actttagtgg aggaggctat ggagcattga tgcgaaatta tggccttgeg 600
gctgataata ttattgatgc acacttagtc aatgttgatg gaaaagttct agatcgaaaa 660
tccatgggag aagatctgtt ttgggctata cgtggtggtg gaggagaaaa ctttggaatc 720
attgcagcat ggaaaatcaa actggttgct gtcccatcaa agtctactat attcagtgtt 780
aaaaagaaca tggagataca tgggcttgtc aagttattta acaaatggca aaatattgct 840
tacaagtatg acaaagattt agtactcatg actcacttca taacaaagaa tattacagat 900
aatcatggga agaataagac tacagtacat ggttacttct cttcaatttt tcatggtgga 960
gtggatagtc tagtcgactt gatgaacaag agctttcctg agttgggtat taaaaaaact 1020
gattgcaaag aatttagctg gattgataca accatcttct acagtggtgt tgtaaatttt 1080
aacactgcta attttaaaaa ggaaattttg cttgatagat cagctgggaa gaagacggct 1140
ttctcaatta agttagacta tgttaagaaa ccaattccag aaactgcaat ggtcaaaatt 1200
ttggaaaaat tatatgaaga agatgtagga gctgggatgt atgtgttgta cccttacggt 1260
ggtataatgg aggagatttc agaatcagca attccattcc ctcatcgage tggaataatg 1320
tatgaacttt ggtacactgc ttcctgggag aagcaagaag ataatgaaaa gcatataaac 1380
tgggttcgaa gtgtttataa ttttacgact ccttatgtgt cccaaaatcc aagattggeg 1440
tatctcaatt atagggacct tgatttagga aaaactaatc atgcgagtcc taataattac 1500
acacaagcac dgtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacta aagttgatcc caataatttt tttagaaacg aacaaagtat cccacctctt 1620
ccaccgcatc atcattaa 1638
<210> SEQ ID NO 60
<211> LENGTH: 1737
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 60
atgaaggaga tcgcgatgag gaattcaaag cgcaagectg agccgacgec gttcgcceggg 60
aagaagctcc ggtcgacgeg attacgecgg aagagagcac agatctctece cgttettgtt 120
caatcacctc tctggagcaa acaaatcgga gtctctgetg cttetgtcga ttcctgetec 180
gatttgctag ctgatgacaa cgtttcctgt ggttcgagca gagtcgagaa gagctcgaat 240
ccgaagaaga ctctaattga agaggtagaa gtttctaaac ctggttataa tgtgaaggag 300
acgattggtg attcgaaatt tcgaaggatt acgaggtctt actctaaget acacaaggag 360
aaggagggag atgagatcga agtaagcgaa tcgtcttgtg ttgattcgaa ttctggtget 420
ggattaagga gattgaatgt gaagggaaat aaaattaacg acaacgatga gatctctttc 480
tcacgatccg atgtgacctt cgceggacat gtctccaaca gccggagttt gaatttcgaa 540
tcggagaata aggagagcga cgtegtttcet gtcatatctg gagttgagta ctgttccaag 600
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ttcgggageg ttaccggagg agctgataac gaagaaattg aaatctccaa gccgagcagce 660
ttcgtggaag ctgattccte tcttggatcg gccaaggaat tgaagccgga gcttgagata 720
gtcggatgeg tctcectgatct cgettgetcet gagaaattct cggaagaggt ttcggattet 780
ctcgatgatg agtcatctga gcaacgttca gagatatatt cacagtattc cgacttcgat 840
tactcggatt acactccgtc catcttcectte gactctggea gegaattctc tgagaaatct 900
tcctetgatt ctectattte acattctege tctetgtacce tccagttcaa ggaacagttce 960
tgtagatcca cgattcccaa cgattttgga tcttcecttgeg aggaagaaat tcactctgaa 1020
ttgctaaggt ttgatgatga ggaggtggaa gagagctatc taaggctgag ggaaagagaa 1080
agaagtcatg catatatgcg ggactgtgct aaggcatact gctccaggat ggacaatact 1140
ggtctcatce ctegtctacg ctccatcatg gttcaatgga ttgtaaagca atgttctgac 1200
atggggcttce agcaagagac attgtttcta ggagttggtce tgttggatcg attcctgage 1260
aaaggatcat tcaaaagcga aaggactcta atactagtcg ggattgcgag tcttactctg 1320
gccaccagaa ttgaagaaaa tcaaccttac aacagcatcc ggaaaaggaa cttcaccatt 1380
cagaacctaa gatatagccg gcatgaagtg gtggcaatgg agtggctggt tcaagaagtc 1440
ctcaacttca aatgcttcac acccacaatc ttcaacttct tgtggttcta cttaaaagcet 1500
gctcgagcca atccagaagt tgaaaggaaa gccaaatcct tggcectgttac ctcactatcce 1560
gaccaaactc aactctgttt ttggccctca actgtagcag ctgcactcgt ggttctegec 1620
tgcatcgaac acaacaaaat ctctgcatac caacgagtca taaaggtcca tgttagaaca 1680
acagataacg agttgcctga atgcgttaag agtctggact ggttgcttgg gcagtaa 1737
<210> SEQ ID NO 61
<211> LENGTH: 832
<212> TYPE: DNA
<213 > ORGANISM: Bacillus amyloliquefaciens
<400> SEQUENCE: 61
ctggaaaacg tcacattgct tccgcatatc gggtcagcaa cggctaaaat ccgcttgaat 60
atgttcacac aagccgctca aaacatgatt gacgccgtat acggaagaac gccgaaaaac 120
cttactaagg aatttcaata agaagaaaaa tccecggttgg ttcagccggg gtttattttt 180
cgctagataa aaagtactat ttttaaattc tttctattcc tttctttegt tgctgataca 240
atgaaaagga atcagcttca catgatgaaa atgggaggta ttgctttgaa aaaacgatta 300
tcgtggattt ccgtttgttt actggtgett gtctcecegegg cggggatget gttttcaaca 360
gctgccaaaa cggaaacatc ttctcacaag gcacacacag aagcacaggt tatcaacacg 420
tttgacgggg ttgcggatta tcttcagaca tatcataagce tacctgataa ttacattaca 480
aaatcagaag cacaagccct cggetgggtg gcatcaaaag ggaaccttge agacgtcget 540
ccggggaaaa gcatcggegg agacatctte tcaaacaggg aaggcaaact cccgggcaaa 600
agcggacgaa catggcgtga agcggatatt aactatacat caggcttcag aaattcagac 660
cggattcttt actcaagcga ctggctgatt tacaaaacaa cggaccatta tcagaccttt 720
acaaaaatca gataacgaaa aaaacggctt ccctgeggag gecgtttttt tcagetttac 780
ataaagtgtg taataaattt ttcttcaaac tctgatcggt caatttcact tt 832
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We claim:

1. A method of transforming a Cannabis plant, the method
comprising:

growing a sanitized and imbibed Cannabis seed on a

non-selective culture medium suitable for supporting
the growth and survival of the Cannabis seed;

harvesting an internode, leaf, or petiole tissue to form a

Cannabis explant;

inoculating the Cannabis explant with a heterologous

nucleic acid;

co-culturing the Cannabis explant in a co-culture medium

for between about 1 day and about 6 days,

culturing the Cannabis explant on a selection medium

comprising meta-topolin to select for transformed Can-
nabis explants.

2. The method of claim 1, wherein the Cannabis explant
is inoculated using a method selected from the group con-
sisting of particle bombardment, high velocity microprojec-
tion, microinjection, electroporation, direct DNA uptake,
cell-penetrating peptides, silica carbide fibers, nanoparticles,
and bacterially-mediated transformation.

3. The method of claim 1, wherein Agrobacterium spp. is
used to inoculate the Cannabis explant.

4. The method of claim 1, additionally comprising the step
of force treating the Canrnabis explant prior to or following
inoculation.
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5. The method of claim 4, wherein the force treatment is
selected from the group consisting of sonication, vortexing,
centrifugation, heat-shock, increased pressure, vacuum infil-
tration, and addition of chemicals.

6. The method of claim 1, wherein the heterologous
nucleic acid modulates the expression or activity of an
endogenous Cannrabis gene selected from the group con-
sisting of tetrahydrocannabinolic acid synthase (THCA syn-
thase), cannabidiolic acid synthase (CBDA synthase),
O-methyltransferase (CsOMT21), lipid transfer protein 2
(LTP2), prenyltransferase 3 (CsPT3), and prenyltransferase
1 (CsPT1).

7. The method of claim 1, wherein the Cannabis seed is
a Cannabis sativa seed.

8. The method of claim 1, wherein the heterologous
nucleic acid encodes a polypeptide at least 90% identical to
SEQ ID NO:28.

9. The method of claim 1, wherein the heterologous
nucleic acid encodes a guide RNA that targets Cannabis
sativa THCA synthase gene, Cannabis sativa CBDA syn-
thase gene, or Cannabis sativa EPSP synthase gene.

10. The method of claim 1, wherein the tissue harvested
is from an internode, leaf, or petiole tissue, and wherein the
selection medium further comprises gibberellic acid (GA3).

11. The method of claim 1, wherein culturing is performed
under a light/dark photoperiod.

* * * * *





