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FIG. 2
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Female plant 1 day post-
treatment

Flower Not trested

FIG. 5

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

Flower Dipped with 18¢12v /
Bicot Binary 22 in 5% sucrose
and 0.05% Sitwet 477
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FIG. 7
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FIG. 8

Cannubils seed and mevistenm axplants
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FIG. 13

Spectinomycin sensitive {deaching) phenotype visible I ncculated Connghis mgristem exglants
on 150 mp/l spectinomycin BS

»  POC of use of aadA / spectinomycin resistance as 2 selectable marker in Cannabis

« fmaged 128p0H2018
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FIG. 15
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FIG. 17
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FIG. 18
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FIG. 20




Brightfield

RFP

Non-inoculated Cannabis
variety 3WS

FIG. 21

Cannabis variety 3WS
inoculated with Ar18rl2v /
Dicot Binary19 (Hemp 5/30-3)

Cannabis variety 3WS
inoculated with Ar18r12v / Soy
Test 2 (Hemp 6/6-1)
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FIG. 22
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#8, 3 hours 30 minutes

FIG. 24
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FIG. 26
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FIG. 27
Wp421-1 leaf 8 WpR421-1 leaf €

WP421-1 leaf A

Wild-type Cannabis
tissue culture plant
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FIG. 28
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FIG. 29
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FIG. 30
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FIG. 31
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FIG. 34

Ln 1= Low molecular weight fadder
tn 2 = blank

Ln 3 = 50:50 reagent negative control
Lt 4 = Cannabis 3WS negative cantrol
in 5= blank

in 6 = TO Cannabis WP421-1 leaf 1

tn 7= T0 Cannahis WP421-1 leaf 2

Ln 8 = T0 Caninabis WP421-1 leaf 3

in 9= 70 Cannabis WP421-1 leaf 4

tn 10 = TO Cannabis WP421-1 feaf 5
tn 11 = T0 Cannabis WP421-1leaf &
tn 13 = T0 Cannabis WP421-1teaf 8
tn 14 = T0Cannabis WP421-1 leaf &
Ln 15 = 70 Cannabis WP421-1 feaf 10
Ln 16 = blank

Ln 17 = 2 ngplasmid DNA

tn 18 = Low molecular weight ladder
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FIG. 35
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FIG. 38
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FIG. 39
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FIG. 40
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FIG. 42
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FIG. 43
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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. 50
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FIG. 52




Patent Application Publication = Mar. 11, 2021 Sheet 54 of 83  US 2021/0071186 A1

FIG. 53




FIG. 54
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b 1 = Low molecular weight ladder

bt 2 = blank

in 3 = 5050 reagent negative conirol
in 4 = Cannabisleaf negative control

in 5= blank

bn &= 70 Cannabis WPOD1181-1 leaf d
tn 7 = 70 Cannabis WPOOL1181-1 leaf 2
in 8 = TO Cannabis WPO01181-1 leafd
bt 9 = TO Cannabis WPRO01181-1 leaf 4
by 10 = TO Cannabis WPR0011BR1-1 leaf s
i 11 = T Cannabls WP001181-1 leaf &
in 12 = T0 Cannabis WPO01181-1 leaf 7
in 13 = T0 Cannabis WPO01181-1 leaf ]
in 14 = T0 Cannabis WPO01181-1 leat 2
in 15 = T0 Cannabis WPO01181-1 leaf 10
bn 16 = blank

tn 17 = 2 ng plasmid DNA

Lri 18 = blank

in 19 = Low molecular weightladder
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FIG. 55
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FIG. 56
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FIG. 58
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FIG. 59
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FIG. 60
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FIG. 61
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FIG. 62
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FIG. 63
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THCA synthase (active)

THCA synthase {Genbank KT876047.5)
THCA synthase {echbr Purple Kush)
THCA synthase {Genbank MG996415.1 )
THCA synthase {inactive)

Consensus

THCA synthase (Genbank KT876047.1) (160}
THCA synthase {ccbr Pumie Kush) (160)

THCA synthase (Genbank MGE396415.1 ) (160

THCA synthase (inactive) (160) : &

Consensus (160} ACTCARCAC CORTCCTEAATTC ; ¥ A0 TUTCTGATACAALCCCH CAC LAY Y ATCCABL TETTATGCTCT RAGARRG T GG WGATTC

{320} 0 : £ 430 & 430 ¥

THCA synthase (active) {320

THCA synthase (Genbenk KTB76047.1) (320) ¢

THEA synthase {ccbs Purple Kushy (320

THEA synthase {Genbank MG996415.1 ) (320)

THCA synthase {inactive) (320}

Consensus {320) ¥

(480)

THCA synthase (active) (480)

THCA synthiase (Genbank KT876047.15 (480

THCA synthase (cchr Purple Kust) (480) ¢
THCA synthase (Genbank MGE96415.1 Y (480)

THCA synthase (pactive) (480)

Consensus (480) 7

(546}

THCA synthase (activey (6407 3

THCA synthase (Genbank KTE76047.1) (640)

THCA synthase (cchr Purple Kush) (640) &

THCA synthase (Genbank MGY96415.1 ) {H40)

THCA synthase (ractive} (640) :

Consensus {640) (€

ARAAG

)

THCA synthase (active) {800

THCA synthase {Genbank KT876047.1}) (8003
THCA synthase (cchr Puiple Kush) {800) 3
THCA synthase (Genbank MGI96415.1 ) (800
THCA synthase (inactive) (8007 ; %2
Consensus (R00) ATTE CAT TR . S A CACTOAT TCATARTARAGR
(960) 540 3, p RS i 107 ; 1040
THCA synthase {active} (960)
THCA synthase (Genbank KT876047.1) {960
THECA synthase (ccbr Purple Kushy (960)
THCA synthase {Genbank MGS96415.1 ) {960
THCA synthase (nactive) (960)
Conserisus (360)
(1120} ¢
THCA synthase (active){1120)
THCA synthase (Genbank KT876047.1) 1120}
THCA synthase {ccbr Purple Kush)(1120)

THCA synthase {inactive)(1120)
Consensug(1120}

(12813

THCA synthase (active)(1281)

THCA synthase (Genbank KTB76047.1)(1281)
THCA. synthase (ccbr Pusple Kush)(1281)
THCA synthase (Genbank MG996415.1 }(1281)
THECA synthase (inactive)(12B1) L
Consensus(1281) AGARTC : " 3 ¥ i i ble SABCCAL H TTATANTOTY
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FIG. 64 CONTINUED

(1440}

THCA syrthase (active) 1440)

THCA synthase (Genbank KT876047.11(1440)
THCA synthase {ccbr Purple Kush)X1440) &
THCA synthase {Genbank MG936415.1 X 1440) &
THCA synthiase (inactve (1440} 3

Consensug 1440) G

(15953 1%

THCA synthase (active X 1595)

THCA synthase (Genbank KT876047,1X1535)
THCA synthase (ccbr Purple Kush}{1595)
THCA synthase (Genbank MG396415.1 X1595)
THCA synthase {nactive (1555}

Consensux L595) G4

A2y
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CBDA synthase (active)

CBDA synthase (Genbank XM_030624886.1)
CBDA Synthage {ccbr Finola)

CBDA Synthase (Genbank KJ469374.1)
CBDA synthase (mactive)

Consensus

CTBDA synthase (active)

CBDA synthase {Genbank . XM_U30624886.1)
CBRA Synthase {ccbr Fnola}

CBDA Synthase (Geabank KJ269374.1)
CHBDA synthase (inactive}

Consensus

CBDA synthase (active)

CBDA synttiase (Genbank XM_030624886.1)
CBDA Synthase {ccbr Finola)

CBDA Synthase {Genbank K3469374.1)
CBDA synthase (inactive)

Consensus

CBOA synthase (active)

CBDA synthase (Genhank XM_030624886.1)
CBDA Synthase (ccbr Finol)

CBDA Synthase (Genbank 3469374.1}
CBDA synthase (inactive)

Consensus

CBDA synthase (active)

CHDA synthase {Genbenk XM _030624886.1)
CRBDA Synthase {cebr Finok)

CBDA Synthase (Genbank KJ469374.1)
CRDA synthase (inactive)

Consensus

CBDA synthase {active)

CBDA synthase (Genbank XM_03G8624686.1)
CBDA Synthase {ccbr Finola)

CBDA Synthase {Genbank K1469374.1)
CBDA synthase (inactive}

Cansensus

CBDA synthase {active)

CBDA synthase (Genbank XM_030624886.1}
CROA Synthase {ccbr finoR)

CBDA Synthase (Genbank K1469374.1)
CBDA synthase (inactive)

Consensys

(1)

(1)
(1)
(1)
(1)
€3}

(1) APGARG \AC T PTG 7 ; PTCA] AL AT U ANTAATUCARCARR

(159) 1
{159}
(159)
(1505
(159)
(155)

(159} CACTOARBACAACCCATIET ‘ 5 SBCARINCATARTC ACACAARCCOIAAARCCAL

(319)

(319)

(319)

(319)

(319) R s s
(314} R R # ’b .~'J§"5$: O R 3 AL 'ﬁ'-.vfl'l'»
(319) ATTC CATGATTCTGAGEY: CCTAC CAAGTUCCAY > ¢

{479)
(479}
(479)
(479)
(479)

(641)
(636) C
(641) GRARAG SRITGARBATOT,

(800) ©
(797}
(797)
(7373
(797}
(795)
(800} i+ GOARAKTRT I TACAN RO

{961)
(958)
(958)
(958)
(958)
(956}

(861} G¥ h GPOGACTS CAAG FOCTGAL Y LA GC, X GO AVTACTE X BPAGTEOTETIG TTACGACACTGARAATITTAATAAGE,
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FIG. 65 CONTINUED

(1222 !

CBDA synthase (active) 1119} &

CBDA synthase (Genbank XM_030624686.1)(1119) &
CBOA Synthase (ccbr FinoR)(1119) H

CBDA Synthase (Genbank KI469374.1)(1119) &
CBOA synthase (inactive (3117} A

Consensus( 1122} COCTEEECAGAAS ' ARG ‘ GACTACG] G CAGRATCTGTATTTGTCCA

CBDA Synthase (ccbr Finol}(1278) ¥

CBDA Synthase {Genbank KI469374.1(1278) §
CEOA synthase (inactive {1276} A

Consensug( 1281}

(1341)

CBDA syathase (active (1437}

CBOA synthase (Genbank XM_030624886.1)(1437)
CBDA Synthase {ccbr Fnon}{1437)

CBDA Synthase {Genbank KI469374.1)(1437)
CBDA synthase (inactive (1436}

(1591)

CBDA synthase (active)(1587)

CBOA synthase (Genbank XM_030624886.1)(1587)
CBDA Synthase (cchr Finala)(1587)

CBOA Synthase (Genbank KI469374.1)(1587)
CBDA synthase {inactive)(1586)

Consensus(1591)
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FIG. 66

Bral TP2 Original sequence: Type 115 recognition sequences: Bsal
ATOGGLGACAGGTTCTCGTGTTCTGATCGOTCTAGCAATGATCCTCATAATCTCAGGAGAACTGCTAGTTCCAGGGLAAGGA
ALGTGCCAAGGARACATAGAGGLTUTGATGAGAGAATGTGLGGTCTACGTLCAGUGTCCAGGLLCAAAGL TAAALCCATC
COLAGCGTGTTGLAAAGTUGTCAAGAGATCAGACATUCCCTGUGLATG TGO LLGTATCACALCCTCGGTICAAABAATGAT
AGACATGAATAAGGTIGTTCTTIGTCACTTICCTTTIGTGGGAGGLUTOTCGCTCATOL TACCAAGTGTGGAAGCTACATIGIG
CCATGA

BralTP2 CDS1 STOP Part for synthesis: Type HS recognition sequences:
= motif |

XXXX
erated by Bsal digestion during Golden Gate Level 1 assembly of T:ans&:npnanai Uinit,
GLGACAGGTTCTCGTOTTICTGATCGGTCTAGCAATGATCCTCATAATCTCAGGAGAACTGCTAGTTCCAGG
GUAAGGAACGTGUCAAGGAGACATAGAGGGTUTGATGAGAGAATOTGLGGTCTALG TLLAGUGTCCAGGUCCAAAGGTA
AACCCATCOGUAGCGTGTIGCAAAGTLGTCAAGAGATCAGACATCCCOTGLGUATGTGGLUGTATCACACCCTCGGTTCAAA
AAATGATAGACATGAATAAGGTIGTTCITGTCACTICCTT TTGTGLGAGGLUTCTCGUTCATGLTACCAAGTGTGGAAGLTA
CATTGTGUCARCIIGL T TA

- replaces STOP

BralTP2 CDS1 ns Part for synthesis: Type HS recognition sequences
motif liberated by Bsal digestion during Golden Gate Level 1 assembly of Transcriptional Unit; ;|
roduces a Serine-Serine linker}

A, GUGACAGGTTCTCGTOTICTGATCGELTCTAGCAATGATCCTCATAATCTCAGGAGAACTGCTAGTICCAGG
GCAAGGAACGTGCCAAGGAGACATAGAGGGTCTGATGAGAGAATOTGLGGTCTACGTLCAGUGTCCAGLUCCAAAGGTA
BACCCATCCGLAGCGIGTTGCAAAGTOGTCAAGAGATCAGACATCCCCTGLGLATGTGGUCOTATCALACCOTCGGTICAAA
ﬁﬁsATGAT&GﬂiATGAAT&&GbﬁGTTCTTGTCACWCCT?WGTbGGM‘ GLUTCTCGCTCATGLTACCAAGTGTGGAAGCTA
CATTGTGCCA, ;
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{aPTY Dogingd sequence, - Ty HE recngration seguenoes 855
ATGGEACTCT AT AGTTIE TACUTTT AT T I ALACTAATTACCATA

TR TN ALALCCIAARAALCAAT RRAATACTUT I RCAR IR ATYTICLCTITASALAT ;
ATGUTCARARTCAT A TCAATCRCAAASARTICATTAB S GUARCTAIT ALA LA TUAARITRAGICTLCAGARTUTRATASTUATYCAGEA
FCAMITARAATITY : FCTTGTGRATIEY
TIEGGEALAGARTIGTTECATAAIALASATTTAA T ALGYY RIS TYCAACECATTOITTTT T TEO TR GUTR AT TA TRCATYGLY
TV T TACARCTACTATCAATOAGATTTACGA T TOALATT AL AR T AL ELOTRATIIACCACT AR TCAGRRGAARTATCSS

TASACACAGUYTRRATTATRAGCATAAYTTOTRGCALTRETTTGOATTGAT AATAALT AT AMAAA TOANG GO THRALCACTUTATATAYT:

AT T TR TA T T T TG TRGaAT TR ICTATHITG T T CACTATTTAGAT R EA AT ASARTUOY POUANTGRCATTICTHITCAATTTIC
TAGUAT T A AR AR TR T T AG T TGO T A AT AR GATRUTT L AR ACET YR AAGELGA A TAAATTTGRISTATIARLLYY
A A AR AT S T A GAAA T T G A A T AT T T T T G AT T T T AT IO T AT R TR TQCTATACT PRCTRGRATTAYCY
A GECT T T AR AT AACE AR TS T AT T CATGUAR T TAGCAT YT TER T TARY LV OIRBACTIRASATITTGLETTARLA
AATTRCGACLGEAA GRSl ACAAGAT T TALGAETTCATE TSR AAGIY T TATTATGOYGARTATTTAGTATRTGTTTINNTATAR

CEPTL COST STON Part For synthesin: Tyos BS rscogaition sequances. 1A %
Hares ot shgastion shuring Godclen Sate Loved 3 assnrdiy of Transcriptionsd Unit
TYATDGADATCUCAAARCACTAATTASATACTOTTACAS TARTTTTICCICTAR ST TOUTDCACTAAGARTTTTTATINAC
ASAETASATGOTAGRATCATTATCAA TUCUA LA ALAT TN AT TAGE U T AUTACA A TUASACTRAGCOYCUARARTITRATAL
TEGATTETTTGRUARASAGTTR T TOLATARACARATTTSATARGYY CATGTTCRSERATTOTIYTITT TGO TGOUIRTATTA
TRCATHSTTIITITACAACTACLATCAATCAGATTTALGATCT TALATIGAC FLETCARGEG
ASKTATCACTASACACAGCITRAATTATRAGCATASTYETEGIACTOTTTGRATTGATAATAL 4 TREANCACTLY
A R A T T G AT T T TR G T GGG AT T e T A NI TS TTOCACUATT TAGATESASS U AARTOCT YA IPECATTIIN
S YT TGO TARCATT T AT R AR A T ARTE SR TYCAGUTT TS T AR TCAR ARATROTIAGALGT TRAMGGRY
ATCARICTTRGI AR AR TA TRETHICAGARACTTRACA T AT T TR T T TR AS TTRT T &
BRETTRANAAATTALGACCIGEARGTAGEUACAM AT TYTRCGAGTTCATR TS RSB

AN o= montt

i RIS oo = ot fiverated
by Beal digasion Suting Gotder Bure Level 1 ssemily of Transoritional Usity B8 reploves S0P furt proshions 3 SerineSuring

AT T ARSI AR ALCATACTT VAT YAARTCLUT CACARTRAT AR TCRCRAAALY
3 TRAALCICARSACACTAATIARATACTCTTAL AR TARTT TV AA ALAT TRCT I AT AR GAGTTTTITATINAC
ASAAUASATOCTCAGARTOATTATIAA TUGCASRAAATTL AT IAGAOUABITACTALAAA T A ACTRAGCCT O AR AR T TR TAS Y
TEBATTETTTOCOARARAGTIRTTRIN ¢
ASATATOAETASSLALABLT TG TR T GACCAT AR T TRTERCATTO T TRAA T TR T AAT RS TATASARS T CARCUETEEATIALTCY
AT R GG ATV I T B TR AT TG IOV AT IS VAR CATTTAGAT GRARGUARAR TUITIICACIBIATYICYIC
AT T GO AT T AT TR AT TYCRCA T TAT TAT RN CAGUAGARLABIICTTSRICTACUATTTRAGYY CEYCTTYIA
SEATIATCYOGLUCCAGEUTTTUAALARTARUGTAY
BLGTTAALAASTTADGALTIGGARGCAGEIN

X
SUTCGARATITY
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ROMTE LD Origlnal seque
ATRRETTLSACAGRART:

o 5 recopnition sequences, Sia B ;
CRAATEACCICARTOLAAR TATCOGALGAAGAAGILAAITOI YOI ATGUAATTAGCIAG TG
R X FOCABSCBUGTTHIVCIALCY
TLLRACATAGUITARCAREYY FCAGAALTCAGALGUILCRR TR ATRITCRACLGEAT LY GABACTETYRRUTAGCTACASMGT

STSACSIACTOOCTAUGTEAGTRTE o eSO ESAAEAGRAAGERAAERTCAASARGUTITATSCETIGSU GG TRASTARATS
TUMRRCERARAATOARGATRRAGTCTROATTRUTGIICTTIN Y OAARAAICAGRAT AAGETICTTATR RAGARTTGETATIALTIASA
ACATACARTRCTTCATCRAGT AR YA T T AMCASSE AT AT CRAS T CACARCATTTCAR TATCATGAAALURATUASAGRTTIARTA
ASATUTTTAATAGAGGAATRTLCBACTALTERACTAT TATCATGASASS AR TDCTIGRAACTIACAR GOETY T RAGRETCTTARIILGA
TTGTTGRATETTRG TR TEETAITRGARCTRTTETIAAIATGS TAAGT ALY AT AT TASGOSTATTARACTICaaTTIENI
TEICATCEAASATGUAMIUHIAT IR ACCBR TR TAGABLAT G TR RAREAGAIATOTTTRTAAB TETALCASAAGEAGATGLAATITIAY
TEGTRGORGAGTCIATTUYYCLGO TG LA EEATTIGAEIOTTEICACASARACTAGRTCLATATTGATETRATIATETTGGLINATA
TTTCAATACLCATATCATRGARTY TCTCASARACLIATYYAS

syrtationg b eliminate ierost Tyne

CsORATE UDXE STOP Past for syntheslsr Typs H5 recoprition sequentes. Bggl
Hperated by gl digestion uring Golden Gate Lovel L assermbliy of Transcriptionat Uit ¥

LS PSR ation Ml

SHTTUARAERARTR ASETHACCLCAACCTASRATATCIG Al CAARASEITASTITCITORIATGCAAYIAG
ILAGTUTTACDON TS THITOAAASCASOYTTAGASTYCSACOYT TRE A GATCATAGLOAA OIS TICAGGIRIS T
CALUTICORRCRTAGTTLAACARCTTCLGALTLAGAACLIAGALGLICCORTRATRUTGRACLOCATRIT GABACTETTRGITRGLY
ACAMETREEEANETACTIRUTRIGTABLETY: GLGGAAGAREAAGRRAMBL TERAGAREDTY SR TTGGUIEGTES
STAARTATIIGALGAAGAATEAAGATEEAGTCTLCA TR SO TYTRTCTCATRASTUAGBATAABRTIOTT AT SRAGAGTIBETATL
TYOAATAASATLTITARTACAGGSATE TLCEACLAITCRACTATT ALAT QAR SAASATLUTOCAASTT TALARGGET TYIRAGGETITTA
ACTUGATTRITRATGIIGE TGO TEETACTREAGUIETTC T TAMLATRAY ?M&?f@:cti?’ﬁ%ﬁ?ﬁﬂ&%&@&'iﬁ?m;‘;C??CQM‘W
ELCTTATGTCATCRAAGATRCACTTOCATTRACCERTETAGAGIATGTTGRARSACRIETRY T TR TAAE TR TANCARSAGRAGATGLAL
TYITCATOASETCEATTICUCATEATTRRASCGATEARTACTELT THAAATICITERAR S L TRCDALGUTGLALTRUITRAALALEGAR
AAGTRATORTREUGGASTROATTOYT LGS TG RATTLGAGULTIBI AR GATTALGE TULACATTOATETEATATETTG

2 B

SLCCATAMIUTRGTREIAMAGACAGRALARAGAABARTITRAGRIATTERCT SAGGGARCTGRLTTTARAG LT TOAAAETLOATY

COCATATCATRRARTTICTCAABACTATTIANCTTA

G, 208 = movt Hoerstad
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CARATATOORALRAAEASMBUCASIITCITIRG {EATIAG
GACCTITTREABATCAT ARG GG TOIARRISIaTTIC

TR IOEACATAGCTEAACARITTOIG AGAIACTLOORTOATECTGRATIGRATRITCARACTRTTRAITAGRLY
GTAAATATCTOACO AR CARTEAAGAT R ARTCTCLATTRUILUIITITE T ATCAACCAG GAT AAGRTTCTTATGRAGAGTIREEAIL

ACTIAAAREATRUAGTACTYCATRRAGEAATALCTTICAACARERIATATREALTBACARCATITC AR TATCATRRALIUGRTCARAGE

TICAATAMAAT ITTAATAGASGASTETICRACTAITCRACTATTACCAT GRS ALAA ST IO TIGASACTTATAAGGRT TICBAREETITTA
ACTCCATTETTGATETTORTEETREIALT GRASCIGTTRTTARTATRS FATTACULTACTATTRAGGATATTAACTIORATYY

GULTIATGRTLATIRAAGATELACCTULATIGALLGRT GTAARCATRT TORAGRABATAIGTT TR T AAGTRTALLAAS AGRATATRCAK
TITICAYGRAGTREAT TTGUIATEATTR GAGLGATGSMACACTRITTRAASTTOTT R ARG AATTRIDALGOTEIAITGROICERA{AlGG8A
ARGTRATORTRELEEAGTRAT IO TR G TaalallSSACTIRASTITTOUCACA RS CAGTANGE TLOA AT TRATR TRATIATEITG

GUECATAALCOTERTORIAAMGARAGARAGARASAGSTT Y TRACELATT GRIT RAGERAGTIGROTT TABAGRUITICAARGTILATY
BUARTGCTTTCARTALCOATATCATGGARTTICTOARGALCATIERET THG AL :

O
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FIG. 69

Lo es C0S Cyiginal sogquance: Type B ravogrition mouenaey ;
A T A A T T G A T T T T AT T O T QAR TR T T TASAT TAGTICOTC S TAGTAATTITAAGRUATCATCTICTRAY
A A AT AR A AT T A T T e T AR T A A A AT Y AR T TN CA T AT O YA GACTATATIGUICTROCAAMICARTYGVACAD
AEAGASARTASAT TCACASAATCRTTTTCACTCAGLCALLTCLAAADCARAAGITUCATASAGCUALATER TR AAATTEAAGLTGATSE
BAGTAAT R CANATI T GART T TALT S TAATEAARAR TR EASALBIAATTTGRAGAT T IR TAACRICATATQCAGLIAR GG RAGTATYTEY
RS T T GO A TR T T PG AR AR GG TT B T R G AA T T AT AT T AGT TGSV T RATGT T TAARATAITCTIITTTALATTG
AT AT T A Gl ATTIT ST S S TACARS OO ATCASTIRAATTIATOATCIC S ACATISATAGETTARACARSLITAATTTROAGTAR
AT AN AGS AT T A T TS AR T T A E A TR TICTT G AL AT AR T TGYAIRATAAGY GEICTIACATTAMTAATYATARTGASITAG
AT T T T T T T A T T T AR T AT T T T TGO T T O TR T TR GO A T TOAG A TR RAARAARAATICTTITACARS
SATGTIATGIIRTATETTOB U AN AAGCETY TROTTETAASRCTASTITCOSITTCUASLCAAITRGAST
SETECASBAGATUITTCAGRCRTACASSETEALIGIAS

S 3 & AT ATATTIGTLATRGALTCATRIT VLT CARTTACH TRAGYRTY
ATEACTGLABITATIAYITEY FAGCETARTATYRCTYTCTCATCUATTC AT SUAATT VOB TATTATATIARSC
TIEGATATTERACARATCAALTTANGICACE AR AAA T AT A T A AT T T T S B A TART YT T YT TRASIATRICTICY
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: FETGD
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i LRS- ELNES TTTTRETTATTTLATTOTTRAGTATACCUATCTTOAT IR AAGATCTTTOAGACATAGAAEDTEA
CLBCaAGTTTORAST AT TOTTUTLS ATTAARTTTRRAGCAAASTCLA T ARCATATATTIGTCAY GRALTCATRIT TCTSASYYALGTS
ARTETTATRRIIGCAGUTATTATYRGGICACARTYTYICAN TEATA
TOAGRCTTGCATATTRGAGAAATCARLTTACRICATY T AR T ATTAT ATATTOCTYTRGATASITYTTIINCTYGARCAY

CYPY EDST ne Park for synthesis: Type 5 recognition sequances. 85 X SXAR = oo Hheratas
by gl digestion during Golden Gete avel § assembily of Tressedptionsl Unit § « mumtions to elivdoste seresd Type U8
: nGOTHATINNsE YECOgNItEE IO % repiong STOF fond produces & Socine-Seriom tinknr}

; : T TR GB AAC TR T T TARA T T A TTCCTORTAGTARTTTTAABECATIAT
CATGARRTAAATARTTTTATTA COMKTTARSTT
CTBATHEGABT AN TEGCACAT T GAATTTARTGTAATERAMAS G TRGARACECAATTTRBAGATTTETAMBRCOATATRLABICANDEE
GTATTGTTTAACTU TGO TRl TA TG TTTH AR A AGT TGO TR EGRAMCCTASATCTATTTARTTGGECTTTGA
AT AT AT T AT GO T T T TG T ARG ARG TO B LA T AR TCAARTT TATEATU TR ATCRACAGG T TARACARALTTARTY
G TAGATCAG G AR AR T T TLAGT TR A TTO R A TS TTGTTGALTATAGTTT R TACAATASGTERCTCACATTAACARTTATARCEA
AT ARG O T R T T TR T T ACTO T GO TAG TR T T YT TGO T T T T T AT TCTGTCLTCIA TICAGAT GG AAGARGRATICTTY
TG T T T T A TG T AT T TR T T T S AT A GO T T S T T AT A TG CTTGTAS GG CT AG T TR BT FOCABCLARS
TG T T TR TS T T T TG TT TA T T AT T T GAGTATACCCATO TULATTO LA AR GATO TTTLAGACATAGAAGETGA
OGO TG G AR TCA TR TCTEA AT AR T TR G AR CC LA T AR CATATAT TTOTCATGOALTCATRI T TCTRARTTACHTSR
AT TTATG AL TR A TAT T AT TG GO LA AT T TCAACARTAG LR T AR TATTGL T TTLTCATR LA TTCATRGCAATTIGRETATTATA
TCABGCTTGGATA SCGTCACEEARRCETENCARA AT AL TATATATTCCTTTRGATARTTTTTTLTCTTGAACAT

TTSGAGARATCAAS




FIG. 70
Reference CsEPSPS sequence:
LDCLIB705599: TTGACGAAGT LAMAGCAATGUGTL CACTCACAGCTGL (SEQID NO:55)

LOCI15705595: TTGALCGAAGT

uonedqng uonedrddy judjeq

RT + PES

€8 JO €1 199YS 170T ‘I1 18N

CsEPSPS-gRNAI as ofi
TGAAGACTTTGE

GTTTAAGTCTTCT {Forward)  (SEQID NO:41)

AGAAGACT TAAAC TGCAAAGTETTCA (Reverse} (SEQID NO:42)

CsEPSPS-Extl Part for synthesis: (PBS+RT flanked by BspMi sites):
ACCTGCTATAGTGLTGAGTGAALGUATTQUTATTCCAQUATTTCCAAGGAAACATATAGCAGGT (SEQID NO:43)

IV 98T1L00/T20T SN
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Reference CsEPSPS sequence:

AT

LOC11570559%:
LOC115705585:

GATTACTGCOTGATCACTCCACCAGAGAA (SEQID NO:57)
 CATTACTGCGTGATCACTCCACCAGAGAAL (SEQID NO:57)

uonedqng uonedrddy judjeq

*__d@-ubteunucie{}ticie mutation: CsEPSPS 9-10CCHeTT {mgtati{m from
scaffold- CACGCAGTAATCAAGTCCTICCTCAACTGTTG (SEQID NO:58)

.f.
v
oy
[ %]
€8 JO pL 199YS 1T0T ‘I1 "B

CsEPSPS-gRNAZ as ol

TGAAGACTTTGCA GTTTAAGTCTTCT {(Forward} (SEQID NO:44)

AGAAGACTTAAAC GCAAAGTCTTCA {Reverse] (SEQID NO:45)

CsEPSPS-Ext? Part for synthesis: (PBS+RT flanked by BspMl sites):
ACCTGCTATAGTGCCACGCAGTAATCAAGTCCTTCCTCAACTGTTGAACATATAGCAGGT  (SEQID NO:46)

IV 98T1L00/T20T SN
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FIG. 72




FIG. 73

mn 1= Lo monlecularwelghtiadder
im 2 = blank

im 3 = 5500 rezgent negative contral
i 4 = Cannabisieaf negative control
n % =hiank

v & TR annabis WRIGTIBI-1h
n 7 =TRCannahiz WRIBIIEL-L
o8 = T Cannabls WPODIIEL- 1
im 8 =ToCannabis WHREDIEEL-1h za:—:aiii
w1 = ToCannahis WREDLIRE-1h leaf &
w1E = THCannabix WPIDLIEL-Ih fesf &
n 12 =THCannabin WPODLIR-ihieat 7
713 =TO{annabiz WPIDL1BI-1h lesf B
714 =TOCannabis WPI0L18L-1kleaf D

w15 = blamk

17 = Z g plasrmid DMA

w18 = Blank

0 19 = bnw modecularweight ladder

n 1% =T Cannabis WRSOEIB -1 leaf 1O

uonedqng uonedrddy judjeq

€8 JO 9/ 199YS 170T ‘I1 “1eA

IV 98T1L00/T20T SN
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METHODS OF GENE EDITING AND
TRANSFORMING CANNABIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/875,311, filed Jul. 17, 2019, U.S. Pro-
visional 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

[0002] Not Applicable.
SEQUENCE LISTING
[0003] A Sequence Listing accompanies this application

and is submitted as an ASCII text file of the sequence listing
named “960296_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

[0004] 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

[0005] In a first aspect, provided herein is a method of
preparing an explant, the method comprising the steps of,
rehydrating a dry Canrnabis seed in a hydration medium, and
excising meristematic tissue from the rehydrated Cannabis
seed to form an explant. In some embodiments, the hydra-
tion medium comprises one or more priming agents. In some
embodiments, the seed is a Cannabis sativa seed.

[0006] In some embodiments, the explant preparation
method additionally comprises the step of surface sterilizing
the Cannabis seed prior to rehydration. In some embodi-
ments, the seed is surface sterilized using bleach.

[0007] 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 trans-
formation supplements. In some embodiments, the transfor-
mation supplement is selected from the group consisting of
a small molecule, a nucleic acid, a polypeptide, a protein, an
antibody, a transcription factor, a biological macromolecule,
a nanoparticle, and a liposome.

[0008] 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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[0009] In a second aspect, provided herein is a Cannabis
explant generated by the explant preparation methods
described herein.

[0010] In a third aspect, provided herein is a dried Can-
nabis explant generated by the methods described herein.
[0011] In a forth aspect, provided herein is a method of
transforming Cannabis 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 Cannrabis explant in a pretreatment
medium, inoculating the Canrnabis 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.

[0012] In some embodiments, the method of transforming
Cannabis 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.

[0013] In some embodiments, the Cannabis transforma-
tion method additionally comprises the step of surface
sterilizing the Cannabis seed prior to rehydration.

[0014] 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

[0015] In some embodiments, the Cannrabis seed is a
Cannabis sativa seed. In some embodiments, the Cannabis
seed is a seed from a Canrnabis plant with less than 0.3
percent THC based on dry weight.

[0016] In a fifth aspect, provided herein is a transformed
Cannabis explant produced by the methods described
herein.

[0017] In a sixth aspect, provided herein is a Cannabis
plant grown from the Cannrabis explant generated by the
methods described herein.

[0018] 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.

[0019] In an eighth aspect, provided herein is a method of
transforming a Cannabis plant, the method comprising
growing a sanitized and imbibed Canrabis seed on a non-
selective culture medium suitable for supporting the growth
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and survival of the Cannabis seed until a Cannrabis 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
days, and culturing the Cannabis explant on a selection
medium to select for transformed Cannrabis 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.

[0020] In some embodiments, the method 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 addi-
tion of chemicals.

[0021] 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.

[0022] In some embodiments, the Cannrabis seed is a
Cannabis sativa seed.

BRIEF DESCRIPTION OF DRAWINGS

[0023] 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.
[0024] FIG. 1 shows stable RFP expression in Cannabis
plantlet from meristem transformation experiments outlined
in Example 1.

[0025] FIG. 2 shows a non-transgenic Canrnabis plant
derived from meristem explant in tissue culture.

[0026] FIG. 3 shows transient GUS expression in Canna-
bis meristem explants varieties Honey Gold 3WS and Fiber
Hemp inoculated with Ar18r12v/DICOTBINARY-19.
[0027] FIG. 4 shows the plasmid map of the DICOTBI-
NARY-22 vector.

[0028] FIG. 5 shows flower phenotypes post inoculum
application (1 day).

[0029] FIG. 6 shows GUS transient expression in Canna-
bis leaves, petioles, internodes, and nodes inoculated with
Ar18r12v/DICOTBINARY-19.

[0030] FIG. 7 shows mature Canrnabis seed and embryo.
[0031] FIG. 8 shows Canrnabis seeds and meristem
explants.

[0032] FIG. 9 shows Cannabis meristem explants on B5

medium and after 4 days in co-culture after inoculation with
Arl18r12v/DICOTBINARY-19.
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[0033] FIG. 10 shows transient GUS expression in Can-
nabis meristem explants transformed with Arl8r12v/DI-
COTBINARY-19.

[0034] FIG. 11 shows transient GUS expression in Can-
nabis meristem explants transformed with Arl8r12v/DI-
COTBINARY-19 and de-stained in 70% EtOH.

[0035] FIG. 12 shows a non-inoculated Cannabis seed
sanitized in 20% Clorox on B5 medium (left) and a non-
inoculated meristem explant on BS medium (right).

[0036] FIG. 13 shows spectinomycin sensitive (bleaching)
phenotype visible in inoculated Cannabis meristem explants
on 150 mg/L. spectinomycin BS5.

[0037] FIG. 14 shows sanitized Cannabis seeds and
axenic plantlets on B5 medium after about 6 weeks.
[0038] 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.

[0039] 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.

[0040] FIG. 17 shows Cannabis seeds imbibed at 37° C.
[0041] FIG. 18 shows embryonic parts produced by
mechanical excision.

[0042] FIG. 19 shows the plasmid map of control binary
construct SOYTEST-2.

[0043] FIG. 20 shows positive GUS transients in Canna-
bis meristem explants (3WS variety) using SOYTEST-2 in
both the Arl8r12v (left) and GV3101 (right) strains of
Agrobacterium, demonstrating transfection of Cannabis
meristems using disarmed strains of both Agrobacterium
rhizogenes (Arl8rl12v) and Agrobacterium tumefaciens
(GV3101).

[0044] FIG. 21 additional stable RFP expressing Cannabis
(Plant WP421-1) from experiments in the Honey Gold 3WS
variety. The plantlet in the center is rooting on 50 mg/LL
streptomycin hemp node media (after being on 50 mg/L.
spectinomycin hemp node media for approximately 1
month).

[0045] FIG. 22 shows the plasmid map of the DICOT-
BOMB-13 vector.

[0046] FIG. 23 shows GUS transient expression in Can-
nabis meristem explants bombarded with DICOTBOMB-
13.

[0047] FIG. 24 shows pollen germination results.

[0048] FIG. 25 shows pollen germination results.
TO=initial germination after 1 hr treatment; T1=germination
after 4 hr treatment; T2=germination after overnight treat-
ment (22 h).

[0049] 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).

[0050] FIG. 27 shows stable RFP and GUS expression in
leaves of TO Cannabis plant WP421-1 derived from meri-
stem transformation.

[0051] FIG. 28 shows stable GUS expression of leaves of
TO Cannabis plant WP421-1 derived from meristem trans-
formation.

[0052] FIG. 29 shows Cannabis VAEs after 5 weeks (left)
compared to freshly excised Cannabis meristem explants

(right).
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[0053] FIG. 30 shows machine excised Cannrabis meri-
stem explants imaged after approximately two weeks on
non-selective B5 medium.

[0054] FIG. 31 shows transgenic TO plant WP421-1 after
7 weeks in the greenhouse.

[0055] 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.
[0056] 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 fragments and the resulting amplicon is highlighted in
blue.

[0057] FIG. 34 shows the results of PCR amplification of
a 156 bp fragment of the aadAla expression cassette. All 10
leaf samples were positive.

[0058] FIG. 35 shows bleached Cannabis meristem
explants after 1 month on 100 mg/I. spectinomycin node
medium. RFP negative Cannabis meristem explants that
were previously greening on 10-50 mg/I. spectinomycin
were transferred to hemp node medium containing 100 mg/LL

spectinomycin.

[0059] FIG. 36 shows GUS expression in vascular tissue
(petiole sections) of Cannabis TO event WP421-1 (“Can-
dice”).

[0060] FIG. 37 shows pollination of WP421-1 by 3WS
wild-type plant.

[0061] FIG. 38 shows flower of WP421-1 pollinated by

3WS wild-type plant.

[0062] FIG. 39 shows cuttings of WP421-1.

[0063] FIG. 40 shows T1 seedlings of WP421-1 and RFP
expression in T1 seedling WP421-1@2 “Carly.”

[0064] FIG. 41 shows germline confirmation of Cannabis
meristem transformation through RFP, GUS expression, and
aadAla PCR.

[0065] FIG. 42 shows T1 Cannrabis plants WP421-1@1
and WP421-1@?2 after 2 months in greenhouse.

[0066] FIG. 43 shows T1 seed of WP421-1.

[0067] FIG. 44 shows stable RFP expression (tdTomato)
in T1 seedlings of WP421-1 (germinated on germination
paper).

[0068] FIG. 45 shows stable RFP expression (tdTomato)
in T1 seedlings of WP421-1 (germinated in flats).

[0069] FIG. 46 shows stable RFP expression (tdTomato)
in T1 seedlings of WP421-1 (germinated in flats).

[0070] FIG. 47 shows stable GUS expression in T1 seed-
lings of WP421-1 (germinated in flats).

[0071] FIG. 48 shows GUS expression 7-8 weeks post-
inoculation in chimeric Cannabis shoots (3WS variety)
regenerated on 75 mg/L. spectinomycin.

[0072] FIG. 49 shows TO Carnabis plant WP421-2
(Honey Gold 3WS+DICOTBINARY-19).

[0073] FIG. 50 shows Cannrabis meristem explants tar-
geted on carboxymethylcellulose media for particle bom-
bardment.

[0074] FIG. 51 shows phenotype and stable GUS expres-
sion in transgenic 3WS Cannabis derived from particle-
mediated transformation of meristem explants (imaged
approximately 2 months post-blast).

[0075] FIG. 52 shows phenotype and stable GUS expres-
sion in TO transgenic 3WS Cannabis plant WP-001181-1a
(“Fernanda”) derived from particle-mediated transformation
of meristem explants.
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[0076] FIG. 53 shows phenotype of TO transgenic 3WS
Cannabis plant WP-001181-1a “Fernanda” derived from
particle-mediated transformation of meristem explants after
approximately 3 weeks in greenhouse.

[0077] FIG. 54 shows Cannabis WP001181-1a particle
gun TO event aadAla PCR.

[0078] FIG. 55 shows Cannabis WP001181-1a particle
gun TO event GUS expression.

[0079] FIG. 56 shows GUS expression in vascular tissue
in petiole sections (and corresponding leaf) of Cannabis TO
particle gun event WP001181-1a.

[0080] FIG. 57 shows phenotype and stable GUS expres-
sion in TO transgenic 3WS Cannabis plant WP-001181-1b
(“Hernanda) derived from particle-mediated transforma-
tion of meristem explants.

[0081] FIG. 58 shows GUS transient expression in auto-
mated-excised Cannabis meristem explants of Fiber Hemp
variety post co-culture.

[0082] 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).

[0083] FIG. 60 shows transient GUS expression in Can-
nabis (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.
[0084] FIG. 61 shows GUS transient expression in Can-
nabis meristem explants of variety 3WS and Abacus post
co-culture.

[0085] FIG. 62 shows RFP (tdTomato) segregation in the
T2 generation of transtormed Cannabis (derived from TO
event WP421-1).

[0086] FIG. 63 shows a schematic of the gene networks
underlying cannabinoid and terpenoid accumulation in Can-
nabis. Zager et al., Plant Physiology, 2019, 180(4):1877-
1897.

[0087] 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.
[0088] 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.

[0089] 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.
[0090] 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.
[0091] 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.
[0092] 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.
[0093] FIG. 70 shows an embodiment of the CsEPSPS
prime editing mutation strategy as described herein.
[0094] FIG. 71 shows an embodiment of the CsEPSPS
prime editing mutation strategy as described herein.
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[0095] 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.

[0096] FIG. 73 shows Cannabis WP001181-1b particle
gun TO event aadAla PCR.

[0097] FIG. 74 shows Cannabis WP001181-1b particle
gun TO event GUS expression.

[0098] FIG. 75 shows a Cannabis seed (Badger variety)
surface sanitized followed by incubation at 37° C. without
imbibition (note radical emergence in seed on left).

[0099] FIG. 76 shows the phenotype of Canrnabis meri-
stem explants of Badger variety after 3-day co-culture.

[0100] FIG. 77 shows transient GUS expression in Can-
nabis meristem explants of Badger variety after 3-day
co-culture.

[0101] FIG. 78 shows stable RFP (tdTomato) expression
in Cannabis meristem explants (variety Badger).

[0102] FIG. 79 shows a process diagram timeline for
Cannabis sativa Agrobacterium-mediated transformation of
embodiments described herein. Stage 1 shows Cannabis
seeds. Stage 2 shows appearance of Carnabis 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 tran-
sient GUS activity in Honey Gold 3WS Cannabis explants
after co-culture with Agrobacterium. Stage 4 shows appear-
ance of Cannabis meristem explants after 4 day co-culture.
Stage 5 shows phenotypes of Carnrabis meristem explants
after ~3 weeks on 50 mg/LL spectinomycin; note incomplete
bleaching. 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.

[0103] FIG. 80 shows a process diagram timeline for
Cannabis sativa Particle-mediated transformation. Stage 1
shows Cannabis seeds. Stage 2 shows appearance of Can-
nabis 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 Cannrabis embryo target on CMC targeting
media. Stage 4 shows PDS-1000 Helium gun. Stage 5 shows
transient GUS activity in Honey Gold 3WS Cannabis
explants 1-day post-bombardment. Stage 6 shows pheno-
types of Cannabis meristem explants 2 months post-bom-
bardment. 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

[0104] All publications, patents, and patent applications
mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publica-
tion, patent, and patent application was specifically and
individually indicated to be incorporated by reference.

DETAILED DESCRIPTION OF THE
INVENTION

[0105] The present disclosure describes methods for
preparation and transformation of meristem explants from
Cannabis. The meristem explant preparation methods
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described herein allow for pretreatment of the tissues for
higher explant transformation and longer explant storage
following excision.

[0106] Unless defined otherwise, all technical and scien-
tific 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.
[0107] The indefinite articles “a” and “an,” as used herein
in the specification and in the claims, unless clearly indi-
cated to the contrary, should be understood to mean “at least
one.”

[0108] The phrase “and/or,” as used herein in the speci-
fication 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 disjunc-
tively present 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 unre-
lated to those elements specifically identified. Thus, as a
non-limiting example, a reference to “A and/or B”, when
used in conjunction with open-ended language such as
“comprising” can refer, in one embodiment, to A only
(optionally including 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.

[0109] 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 interpreted 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.

[0110] As used herein, the terms “approximately” or
“about” in reference to a number are generally taken to
include numbers 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 pos-
sible value). Where ranges are stated, the endpoints are
included within the range unless otherwise stated or other-
wise evident from the context.

[0111] Provided herein are methods for preparing an
explant suitable for transformation from a Cannabis 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 efficiency with a broader capacity to custom-
ize the transformation process via pretreatment of the meri-
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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.

[0112] As used herein, “embryo” refers to part of a seed,
consisting 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.

[0113] As used herein, “meristem” or “meristematic tis-
sue” refers to the portion of a seed that consists of undif-
ferentiated 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.
[0114] As used herein, “explant” refers to the target mate-
rial for transformation.

[0115] 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.

[0116] 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
sufficiently 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.

[0117] 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.

[0118] 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.

[0119] 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 Cannrabis 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 Cannabis
sativa L. plant with less than 0.3 percent tetrahydrocannabi-
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nol (THC) based on the dry weight. In some embodiments,
the Cannabis sativa cultivar is selected from the group
consisting of Flektra x Chardonnay, Honey Gold 3WS (also
referred to in the art at 3W1), Abacus, and Fiber Hemp.
[0120] 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.
[0121] The dry seed, which in some embodiments has
undergone surface sterilization, is imbibed under conditions
that support 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.

[0122] 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.
[0123] In some embodiments of the invention, the hydra-
tion 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 molecule 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.
[0124] Following hydration of the seed, meristematic tis-
sue is excised to form an explant. Excision of the meri-
stematic tissue may be performed by any means known in
the art in which the seed coat and cotyledons are removed
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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 stor-
age 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.

[0125] 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 com-
posed of, but are not limited to, ceramics, metals, and
synthetic polymers. Induced pressure, injected gasses,
vacuum and turbulence are also suitable methods.

[0126] 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 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.,
uptol,2,3,4,56,7,8, 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.

[0127] During desiccation of the explant, one or more
transformation supplements may be added. As used herein,
“transformation supplement” refers to any molecule or sub-
stance added to the explant during desiccation, which pro-
motes survival and storage of the prepared explant or that
promotes or increases the transformation efficiency of the
prepared explant. Transformation supplements for use dur-
ing desiccation of the explant of the present invention may
include small molecules, biological molecules such as
nucleic acids, polypeptides, proteins, antibodies, transcrip-
tion factors, and macromolecules or complexes thereof,
nanoparticles, liposomes, Agrobacterium, Rhizobium, and
cell-penetrating peptides. In some embodiments, the trans-
formation supplement is a plant growth factor, cell pro-
tectant agent including, or other agent including, but not
limited to, thidiazuron (TDZ), 6-benzylaminopurine (BAP),
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polyethylene glycol (PEG), alginates and alginate com-
plexes, starches, celluloses, synthetic polymers, gums,
waxes, proline, betaine, polyvinylpyrrolidone (PVP), poly-
vinylpolypyrrolidone (PVPP), salicylic acid, calcium
sources, silicone sources, colchicine, 2,4-dichlorophenoxy-
acetic acid (2,4-D), Paczol™, gibberellic acid (GA3), gib-
berellin (GA) pathway inhibitors, indole-3-acetic acid
(IAA), indole-3-butyric acid (IBA), 1-naphthalaneacetic
acid (NAA), forchlorfenuron (CPPU), spectinomycin, strep-
tomycin, glyphosate, glufosinate, bialophos, hygromycin,
amikacin, tobramycin, imazapyr, lyophilized agrobacterium,
lyophilized rhizobium, and potassium hydroxide (KOH). In
some embodiments, 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 mechani-
cally wounded prior to drying and storage. This can be
achieved with exposure to ultrasound energy (e.g., sonica-
tion), liquid nitrogen, centrifugation, pressure, and chemical
(ex. KOH, PEG, acids, bases), enzymes, abrasives, water
jets, lasers, needles, or blades.

[0128] 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. 1o 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 germplasms 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.

[0129] 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 bom-
bardment, high velocity microprojection, microinjection,
electroporation, direct DNA uptake, silica carbide fibers,
cell-penetrating peptides, nanoparticles, viral vectors, and
bacterially-mediated transformation. Bacteria known to
mediate plant cell transformation include a number of spe-
cies of the Rhizobiaceae, including, but not limited to,
Agrobacterium spp., Sinorhizobium spp., Mesorhizobium
spp., Rhizobium spp., Ochrobacterium spp., and Bradyrhizo-
bium spp. In some embodiments, the explant is transformed
using Agrobacterium spp. In some embodiments, the explant
is transformed using Agrobacterium strain Arl8r12v. In
some embodiments, the explant is transformed using particle
bombardment using gold microcarriers. Suitable viral vec-
tors 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.



US 2021/0071186 Al

Esser, J. A., Petersen, M. W., and Gilbertson, L. A. (2011)
Transgenic Research 20(4), 773-7860), and Plant Transfor-
mation Technologies (Edited by C. Neal Stewart, Alisher
Touraev, Vitaly Citovsky and Tzvi Tzfira ©2011 Blackwell
Publishing Ltd. ISBN: 978-0-813-82195-5.)

[0130] Prior to inoculation, dried explants to be trans-
formed 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.

[0131] 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).

[0132] In some embodiments, the explant transformation
is supplemented with force treatments. Force treatments
may include, but are not limited to, sonication, vortexing,
centrifugation, 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),
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 Agro-
bacterium tumefaciens,” Plant Cell, Tissue, and Organ Cul-
ture, 2006, 87(3):233-243).

[0133] 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.

[0134] Following transformation, the explants or trans-
formed tissue is regenerated using a suitable regeneration
medium that supports the growth and survival of at least the
positively transformed explants or transformed tissues. Suit-
able regeneration medium are known and described in the
art. For example, the regeneration medium may be B5
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medium, WPM based medium, MS salts based medium,
5xMS salts based medium, or similar medium with or
without supplementation. The regeneration medium may
additionally comprise 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,
spectinomycin, streptomycin, and imazapyr.

[0135] 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.

[0136] In some embodiments, the heterologous nucleic
acid of interest modulates the expression or function of the
endogenous Cannabis tetrahydrocannabinolic acid synthase
(THCA synthase) gene. A heterologous nucleic acid is
introduced into the Cannabis 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).
[0137] 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.

[0138] Cannabis sativa cultivar Skunk #1 tetrahydrocan-
nabinolic acid synthase (THCA1) gene ¢cDNA (SEQ ID
NO:1), Genbank: KJ469378.1

ATGAATTGCTCAGCATTTTCCTTTTGGTTTGTTTGCAAAATAATATT
TTTCTTTCTCTCATTCCATATCCAAATTTCAATAGCTAATCCTCGAG
AAAACTTCCTTAAATGCTTCTCAAAACATATTCCCAACAATGTAGCA

AATCCAAAACTCGTATACACTCAACACGACCAATTGTATATGTCTAT
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-continued

CCTGAATTCGACAATACAAAATCTTAGATTCATCTCTGATACAACCC
CAAAACCACTCGTTATTGTCACTCCTTCAAATAACTCCCATATCCAA
GCAACTATTTTATGCTCTAAGAAAGTTGGCTTGCAGATTCGAACTCG
AAGCGGTGGCCATGATGCTGAGGGTATGTCCTACATATCTCAAGTCC
CATTTGTTGTAGTAGACTTGAGAAACATGCATTCGATCAAAATAGAT
GTTCATAGCCAAACTGCGTGGGTTGAAGCCGGAGCTACCCTTGGAGA
AGTTTATTATTGGATCAATGAGAAGAATGAGAATCTTAGTTTTCCTG
GTGGGTATTGCCCTACTGTTGGCGTAGGTGGACACTTTAGTGGAGGA
GGCTATGGAGCATTGATGCGAAATTATGGCCTTGCGGCTGATAATAT
TATTGATGCACACTTAGTCAATGTTGATGGAAAAGTTCTAGATCGAA
AATCCATGGGAGAAGATCTGTTTTGGGCTATACGTGGTGGTGGAGGA
GAAAACTTTGGAATCATTGCAGCATGGAAAATCAAACTGGTTGATGT
CCCATCAAAGTCTACTATATTCAGTGT TAAAAAGAACATGGAGATAC
ATGGGCTTGTCAAGTTATTTAACAAATGGCAAAATATTGCTTACAAG
TATGACAAAGATTTAGTACTCATGACTCACTTCATAACAAAGAATAT
TACAGATAATCATGGGAAGAATAAGACTACAGTACATGGTTACTTCT
CTTCAATTTTTCATGGTGGAGTGGATAGTCTAGTCGACTTGATGAAC
AAGAGCTTTCCTGAGTTGGGTATTAAAAAAACTGATTGCAAAGAATT
TAGCTGGATTGATACAACCATCTTCTACAGTGGTGTTGTAAATTTTA
ACACTGCTAATTTTAAAAAGGAAATTTTGCTTGATAGATCAGCTGGG
AAGAAGACGGCTTTCTCAATTAAGTTAGACTATGTTAAGAAACCAAT
TCCAGAAACTGCAATGGTCAAAATTTTGGAAAAATTATATGAAGAAG
ATGTAGGAGCTGGGATGTATGTGTTGTACCCTTACGGTGGTATAATG
GAGGAGATTTCAGAATCAGCAATTCCATTCCCTCATCGAGCTGGAAT
AATGTATGAACTTTGGTACACTGCTTCCTGGGAGAAGCAAGAAGATA
ATGAAAAGCATATAAACTGGGTTCGAAGTGTTTATAATTTTACGACT
CCTTATGTGTCCCAAAATCCAAGATTGGCGTATCTCAATTATAGGGA
CCTTGATTTAGGAAAAACTAATCATGCGAGTCCTAATAATTACACAC
AAGCACGTATTTGGGGTGAAAAGTATTTTGGTAAAAATTTTAACAGG
TTAGTTAAGGTGAAAACTAAAGTTGATCCCAATAATTTTTTTAGAAA

CGAACAAAGTATCCCACCTCTTCCACCGCATCATCATTAA
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cctgaattcgacaatacaaaatcttagattcatctctgatacaacce
caaaaccactcgttattgtcactccttcaaataactcccatatccaa
gcaactattttatgctctaagaaagttggcttgcagattcgaacteg
aagcggtggccatgatgcetgagggtatgtcectacatatctcaagtcec
catttgttgtagtagacttgagaaacatgcattcgatcaaaatagat
gttcatagccaaactgcgtgggttgaagccggagctacccttggaga
agtttattattggatcaatgagaagaatgagaatcttagttttcctyg
gtgggtattgccctactgttggegtaggtggacactttagtggagga
ggctatggagcattgatgcegaaattatggecttgeggetgataatat
tattgatgcacacttagtcaatgttgatggaaaagttctagatcgaa
aatccatgggagaagatctgttttgggctatacgtggtggtggagga
gaaaactttggaatcattgcagcatggaaaatcaaactggttgetgt
cccatcaaagtctactatattcagtgttaaaaagaacatggagatac
atgggcttgtcaagttatttaacaaatggcaaaatattgcttacaag
tatgacaaagatttagtactcatgactcacttcataacaaagaatat
tacagataatcatgggaagaataagactacagtacatggttacttct
cttcaatttttcatggtggagtggatagtctagtcgacttgatgaac
aagagctttcgtgagttgggtattaaaaaaactgattgcaaagaatt
tagctggattgatacaaccatcttctacagtggtgttgtaaatttta
acactgctaattttaaaaaggaaattttgcttgatagatcagectggg
aagaagacggctttctcaattaagttagactatgttaagaaaccaat
tccagaaactgcaatggtcaaaattttggaaaaattatatgaagaag
atgtaggagctgggatgtatgtgttgtacccttacggtggtataatg
gaggagatttcagaatcagcaattccattccectcatcgagetggaat
aatgtatgaactttggtacactgcttcctgggagaagcaagaagata
atgaaaagcatataaactgggttcgaagtgtttataattttacgact
ccttatgtgtcccaaaatccaagattggcegtatctcaattataggga
ccttgatttaggaaaaactaatcatgcgagtcctaataattacacac
aagcacgtatttggggtgaaaagtattttggtaaaaattttaacagg
ttagttaaggtgaaaactaaagttgatcccaataatttttttagaaa

cgaacaaagtatcccacctettmeacegeatcatcattaa

[0140] Cannabis sativa clone ABC67 THCA synthase
gene (SEQ ID NO:3), GenBank: KT876047.1, SNPs relative
to SEQ ID NO: shown in bold underline.

[0139] Cannabis sativa isolate 60D2 tetrahydrocannab-
inolic acid synthase (THCA) gene (SEQ ID NO:2), Gen-
Bank: MG996415.1, single nucleotide polymorph (SNP)
relative to SEQ ID NO:1 shown in bold underline.

atgaattgctcagcattttecttttggtttgtttgcaaaataatatt

atgaattgctcagcattttecttttggtttgtttgcaaaataatatt

tttetttetetcattecatatecaaatttcaatagetaatectegag

aaaacttccttaaatgettcetcaaaacatattcccaacaatgtagea

aatccaaaactcgtatacactcaacacgaccaattgtatatgtetat

tttetttetetecattecatatecaaatttcaatagetaatectegag

aaaacttccttaaatgettctcaaaacatattceccaacaatgtagea

aatccaaaactcgtatacactcaacacgaccaattgtatatgtetat

cctgaattcgacaatacaaaatcttagattecatetetgatacaaccee
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-continued
caaaaccactcgttattgtcactccttcaaataactcccatatccaa
gcaactattttatgctctaagaaagttggcttgcagattcecgaacteg
aagcggtggccatgatgcetgagggtatgtcectacatatctcaagtec
catttgttgtagtagacttgagaaacatgcattcgatcaaaatagat
gttcatagccaaactgcgtgggttgaagcecggagctacccttggaga
agtttattattggatcaatgagaagaatgagaatcttagttttcctyg
gtgggtattgccctactgttggegtaggtggacactttagtggagga
ggctatggagcattgatgcegaaattatggeccttgeggetgataatat
tattgatgcacacttagtcaatgttgatggaaaagttctagatcgaa
aatccatgggagaagatctgttttgggectatacgtggtggtggagga
gaaaactttggaatcattgcagcatggaaaatcaaactggttgetgt
cccatcaaagtctactatattcagtgttaaaaagaacatggagatac
atgggcttgtcaagttatttaacaaatggcaaaatattgecttacaag
tatgacaaagatttagtactcatgactcacttcataacaaagaatat
tacagataatcatgggaagaataagactacagtacatggttacttct
cttcaatttttcatggtggagtggatagtctagtcgacttgatgaac
aagagctttcetgagttgggtattaaaaaaactgattgcaaagaatt
tagctggattgatacaaccatcttctacagtggtgttgtaaatttta
acactgctaattttaaaaaggaaattttgcttgatagatcagctggg
aagaagacggctttctcaattaagttagactatgttaagaaaccaat
tccagaaactgcaatggtcaaaattttggaaaaattatatgaagaag
atgtaggagctgggatgtatgtgttgtacccttacggtggtataatg
gaggagatttcagaatcagcaattccattccectcatcgagetggaat
aatgtatgaactttggtacactgcttcctgggagaagcaagaagata
atgaaaagcatataaactgggttcgaagtgtttataattttacgact
ccttatgtgtcccaaaatccaagattggegtatctcaattataggga
ccttgatttaggaaaaactaatcatgcgagtcctaataattacacac
aagcacgtatttggggtgaaaagtattttggtaaaaattttaacagg
ttagttaaggtgaaaactaaagttgatcccaataatttttttagaaa

cgaacaaagtatcccacctettecaccgeatcatceat

[0141] THCA synthase Cannabis sativa Purple Kush
(SEQ ID NO:4), SNPs relative to SEQ ID NO:1 shown in

bold underline.

ATGAATTGCTCAGCATTTTCCTTTTGGTTTGTTTGCAAAATAATAT

TTTTCTTTCTCTCATTCCATATCCAAATTTCAATAGCTAATCCTCG

AGAAAACTTCCTTAAATGCTTCTCAAAACATATTCCCAACAATGTA

GCAAATCCAAAACTCGTATACACTCAACACGACCAATTGTATATGT

CTATCCTGAATTCGACAATACAAAATCTTAGATTCATCTCTGATAC
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AACCCCAAAACCACTCGTTATTGTCACTCCTTCARATAACTCCCAT

ATCCAAGCAACTATTTTATGCTCTAAGAAAGTTGGCTTGCAGATTC
GAACTCGAAGCGGTGGCCATGATGCTGAGGGTATGTCCTACATATC
TCAAGTCCCATTTGTTGTAGTAGACTTGAGAAACATGCATTCGATC
AAAATAGATGTTCATAGCCAAACTGCGTGGGT TGAAGCCGGAGCTA
CCCTTGGAGAAGTTTATTATTGGAT CAATGAGAAGAATGAGAATCT
TAGTTTTCCTGGTGGGTATTGCCCTACTGTTGGCGTAGGTGGACAC
TTTAGTGGAGGAGGCTATGGAGCATTGATGCGAAATTATGGCCTTG
CGGCTGATAATATCATTGATGCACACTTAGTCAATGTTGATGGAAA
AGTTCTAGATCGAAAATCCATGGGAGAAGATCTGTTTTGGGCTATA
CGTGGTGGTGGAGGAGAAAACTTTGGAATCATTGCAGCATGGAAAL
TCAAACTGGTTGCTGTCCCATCAAAGTCTACTATATTCAGTGTTAA
ARAGAACATGGAGATACATGGGCTTGTCAAGTTATTTAACAAATGG
CAAAATATTGCTTACAAGTATGACAAAGATTTAGTACTCATGACTC
ACTTCATAACAAAGAATATTACAGATAATCATGGGAAGAATAAGAC
TACAGTACATGGTTACTTCTCTTCAATTTTTCATGGTGGAGTGGAT
AGTCTAGTCGACTTGATGAACAAGAGCTTTCGTGAGTTGGGTATTA
AAAAAACTGATTGCAAAGAATTGAGCTGGATTGATACAACCATCTT
CTACAGTGGTGTTGTAAATTACAACACTGCTAATTT TAAAARAGGAA
ATTTTGCTTGATAGATCAGCTGGGAAGAAGACGGCTTTCTCAATTA
AGTTAGACTATGTTAAGAAACCAATTCCAGAAACTGCAATGGTCAA
AATTTTGGAAAAATTATATGAAGAAGATGTAGGAGCTGGGATGTAT
GTGTTGTACCCTTACGGTGGTATAATGGAGGAGATTTCAGAATCAG
CAATTCCATTCCCTCATCGAGCTGGAATAATGTATGAACTTTGGTA
CACTGCTTCCTGGGAGAAGCAAGAAGATAATGAAAAGCATATAAAC
TGGGTTCGAAGTGTTTATAATTTTACGACTCCTTATGTGTCCCAAA
ATCCAAGATTGGCGTATCTCAATTATAGGGACCTTGATTTAGGAAA
AACTAATCATGCGAGTCCTAATAATTACACACAAGCACGTATTTGG
GGTGAAAAGTATTTTGGTAAAAATTTTAACAGGTTAGT TAAGGTGA
AAACTAAAGTTGATCCCAATAATTTTTTTAGAAACGAACAAAGTAT

CCCACCTCTTCCACCGCATCATCATTAA

[0142] Inactive THCA synthase gene (SEQ ID NO:5),
SNPs relative to SEQ ID NO:1 shown in bold underline.

ATGAATTGCTCAGCATTCTCCTTTTGGTTTGTTTGCAAAATAATATT
TTTCTTTCTCTCATTCAATATCCAAATTTCAATAGCTAATCCTCAAG
AAAACTTCCTTAAATGCTTCTCGGAATATATTCCTAACAATCCAGCA
AATCCAAAATTCATATACACTCAACACGACCAATTGTATATGTCTGT
CCTGAATTCGACAATACAAAATCTTAGATTCACCTCTGATACAACCC

CAAAACCACTCGTTATTGTCACTCCTTCAAATGTCTCCCATATCCAG
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GCCAGTATTCTCTGCTCCAAGAAAGTTGGTTTGCAGATTCGAACTCG
AAGCGGTGGCCATGATGCTGAGGGTTTGTCCTACATATCTCAAGTCC
CATTTGCTATAGTAGAC TTGAGAAACATGCATACGETCAAAGTAGAT
ATTCATAGCCAAACTGCGTGGGT TGAAGCCGGAGCTACCCTTGGAGA
AGTTTATTATTGGATCAATGAGATGAATGAGAATTTTAGTTTTCCTG
GTGGGTATTGCCCTACTGT TGGCGTAGGTGGACACT TTAGTGGAGGA
GGCTATGGAGCATTGATGCGAAATTATGGCCTTGCGGCTGATAATAT
CATTGATGCACACTTAGTCAATGTTGATGGAAAAGT TCTAGATCGAA
AATCCATGGGAGAAGATCTATTTTGEGCTATACGTGGTGGAGGAGGA
GAAAACTTTGGAATCATTGCAGCATGGAAAATCAAACTTGTTGTTGT
CCCATCAAAGGCTACTATATTCAGTGT TAAAAAGAACATGGAGATAC
ATGGGCTTGTCAAGTTATTTAACAAATGGCAAAATATTGCTTACAAG
TATGACAAAGATTTAATGCTCACGACTCACTTCAGAACTAGGAATAT
TACAGATAATCATGGGAAGAATAAGACTACAGTACATGGTTACTTCT
CTTCCATTTTTCTTGGTGGAGTGGATAGTCTAGTTGACT TGATGAAC
AAGAGCTTTCCTGAGTTGGGTATTAAAAAAACTGAT TGCARAGAATT
GAGCTGGATTGATACAACCATCTTCTACAGTGGTGT TGTAAATTACA
ACACTGCTAATTTTAAAAAGGAAATTTTGCTTGATAGATCAGCTGGE
AAGAAGACGGCTTTCTCAATTAAGTTAGACTATGTTAAGAAACTAAT
ACCTGAAACTGCAATGGTCAAAATTTTGGAAAAATTATATGAAGAAG
AGGTAGGAGTTGGGATGTATGTGTTGTACCCTTACGGTGGTATAATG
GATGAGATTTCAGAATCAGCAATTCCATTCCCTCATCGAGCTGGAAT
AATGTATGAACTTTGGTACACTGCTACCTGGGAGAAGCAAGAAGATA
ACGAAAAGCATATAAACTGGGTTCGAAGTGTTTATAAT TTCACAACT
CCTTATGTGTCCCAAAATCCAAGAT TGGCGTATCTCAATTATAGGGA
CCTTGATTTAGGAAAAACTAATCCTGAGAGTCCTAATAATTACACAC
AAGCACGTATTTGGGGTGAAAAGTATTTTGGTAAAAAT TTTAACAGE
TTAGTTAAGGTGAAAACCAAAGCTGATCCCAATAATTTTTTTAGAAA

CGAACAAAGTATCCCACCTCTTCCACCGCGTCATCATTAA

[0143]
NO:6)

THCA synthase polypeptide sequence (SEQ ID

MNCSAFSFWFVCKIIFFFLSHITQISIANPRENFLKCFSKHIPNNVA
NPKLVYTQHDQLYMSILNSTIQNLRFISDTTPKPLVIVTPSNNSHIQ
ATILCSKKVGLQIRTRSGGHDAEGMSYISQVPFVVVDLRNMHSIKID
VHSQTAWVEAGATLGEVYYVVINEKNENLSFPGGYCPTVGVGGHFSG
GGYGALMRNYGLAADNI IDAHLVNVDGKVLDRKSMGEDLFWAIRGGG
GENFGIIAAWKIKLVDVPSKSTIFSVKKNMEIHGLVKLEFNKWQNIAY

KYDKDLVLMTHFITKNI TDNHGKNKTTVHGYFSSIFHGGVDSLVDLM

10
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NKSFPELGIKKTDCKEFSWIDTTIFYSGVVNENTANFKKEI LLDRSA

GKKTAFSIKLDYVKKPIPETAMVKILEKLYEEDVGAGMYVLYPYGGI
MEEISESAIPFPHRAGIMYELWYTASWEKQEDNEKHINVVVRSVYNF
TTPYVSQONPRLAYLNYRDLDLGKTNHASPNNY TQAR IWGEKYFGKNF

NRLVKVKTKVDPNNFFRNEQSIPPLPPHHH

[0144] 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 Canna-
bis cell, the gunide 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.
[0145] In some embodiments, the nuclease is a Cas nucle-
ase. Suitable Cas nucleases are known and described in the
art including, but not limited to, a Cas9 nuclease.

[0146] Insomeembodiments, 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.

[0147] In some embodiments, the heterologous nucleic
acid of interest modulates the expression or function of the
endogenous Cannabis cannabidiolic-acid synthase (CBDA
synthase) gene. A heterologous nucleic acid is introduced
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into the Cannabis explant to knockout or silence the CBDA
synthase gene. Carnabis plants grown from the transformed
Cannabis explant are characterized by a tetrahydrocannabi-
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).

[0148] Provided below are four cDNA or reverse comple-
ment sequences (SEQ ID NOs:11, 13, 15, and 17) of CBDA
genes from various Cannabis sativa strains. Single nucleo-
tide 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.

[0149] Cannabis sativa cultivar Carmen cannabidiolic
acid synthase (CBDA1) gene (SEQ ID NO:11), GenBank:
KJ469374.1

atgaagtgctcaacattctecttttggtttgtttgecaagataatatt
tttetttttetcattcaatatcecaaacttecattgetaatectegag
aaaacttccttaaatgettetegecaatatatteccaataatgcaaca
aatctaaaactcgtatacactcaaaacaacccattgtatatgtetgt
cctaaattcgacaatacacaatcttagattcagetetgacacaacce
caaaaccacttgttatecgtcactecttcacatgtetetecatatecaa
ggcactattctatgctccaagaaagttggettgcagattegaacteg
aagtggtggtcatgattctgagggcatgtectacatatctcaagtece
catttgttatagtagacttgagaaacatgegttcaatcaaaatagat
gttcatagccaaactgcatgggttgaageceggagcetacecttggaga
agtttattattgggttaatgagaaaaatgagagtcttagtttggetg
ctgggtattgecctactgtttgegecaggtggacactttggtggagga
ggctatggaccattgatgagaagctatggectegeggetgataatat
cattgatgcacacttagtcaacgttcatggaaaagtgetagategaa
aatctatgggggaagatctettttgggetttacgtggtggtggagea
gaaagcttcggaatcattgtagcatggaaaattagactggttgetgt
cccaaagtctactatgtttagtgttaaaaagatcatggagatacatg
agcttgtcaagttagttaacaaatggcaaaatattgettacaagtat
gacaaagatttattactcatgactcacttcataactaggaacattac
agataatcaagggaagaataagacagcaatacacacttacttcetett
cagttttecttggtggagtggatagtctagtegacttgatgaacaag
agttttcctgagttgggtattaaaaaaacggattgecagacaattgag
ctggattgatactatcatcttctatagtggtgttgtaaattacgaca
ctgataattttaacaaggaaattttgcttgatagatcegetgggeag

aacggtgctttcaagattaagttagactacgttaagaaaccaattee
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agaatctgtatttgtccaaattttggaaaaattatatgaagaagata

taggagctgggatgtatgegttgtacecttacggtggtataatggat
gagatttctgaatcagcaattccattceectcategagetggaatett
gtatgagttatggtacatatgtagctgggagaagcaagaagataacg
aaaagcatctaaactggattagaaatatttataacttcatgactect
tatgtgtcccaaaatccaagattggecatatctcaattatagagaccet
tgatataggaataaatgatcccaagaatccaaataattacacacaag
cacgtatttggggtgagaagtattttggtaaaaattttgacaggeta
gtaaaagtgaaaaccctggttgatcccaataatttttttagaaacga

acaaagcatcccacctettecacggeategteattaa

[0150] Cannabis sativa CBDA synthase (SEQ ID NO:12)

MKCSTFSFWFVCKIIFFFFSFNIQTSIANPRENFLKCFSQYIPNNAT
NLKLVYTQNNPLYMSVLNSTIHNLRFSSDTTPKPLVIVTPSHVSHIQ
GTILCSKKVGLQIRTRSGGHDSEGMSYISQVPFVIVDLRNMRSIKID
VHSQTAWVEAGATLGEVYYWVNEKNESLSLAAGY CPTVCAGGHFGGG
GYGPLMRSYGLAADNIIDAHLVNVHGKVLDRKSMGEDLFWALRGGGA
ESFGIIVAWKIRLVAVPKSTMFSVKKIMEIHELVKLVNKWQNIAYKY
DKDLLLMTHFITRNITDNQGKNKTAIHTYFSSVFLGGVDSLVDLMNK
SFPELGIKKTDCRQLSWIDTIIFYSGVVNYDTDNFNKEILLDRSAGQ
NGAFKIKLDYVKKPIPESVFVQILEKLYEEDIGAGMYALYPYGGIMD
EISESAIPFPHRAGILYELWYICSWEKQEDNEKHLNVVIRNIYNEFMT
PYVSQNPRLAYLNYRDLDIGINDPKNPNNY TQARIWGEKYFGKNFDR

LVKVKTLVDPNNFFRNEQSIPPLPREIRH

[0151] 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.

ATGAAGTGCTCAACATTCTCCTTTTGGTTTGTTTGCAAGATAATATT
TTTCTTTTTCTCATTCAATATCCAAACTTCCATTGCTAATCCTCGAG
AAAACTTCCTTAAATGCTTCTCGCAATATATTCCCAATAATGCAACA
AATCTAAAACTCGTATACACTCAAAACAACCCATTGTATATGTCTGT
CCTAAATTCGACAATACACAATCTTAGATTCACCTCTGACACAACCC
CAAAACCACTTGTTATCGTCACTCCTTCACATGTCTCTCATATCCAA
GGCACTATTCTATGCTCCAAGAAAGTTGGCTTGCAGATTCGAACTCG
AAGTGGTGGTCATGATTCTGAGGGCATGTCCTACATATCTCAAGTCC
CATTTGTTATAGTAGACTTGAGAAACATGCGTTCAATCAAAATAGAT
GTTCATAGCCAAACTGCATGGGTTGAAGCCGGAGCTACCCTTGGAGA
AGTTTATTATTGGGTTAATGAGAAAAATGAGAATCTTAGTTTGGCGG

CTGGGTATTGCCCTACTGTTTGCGCAGGTGGACACTTTGGTGGAGGA
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_continued SEQ ID NOs:11 and 13 shown in bold underline, SNPs

relative to SEQ ID NO:13 shown in bold italics.
GGCTATGGACCATTGATGAGARACTATGGCCTCGCGGCTGATAATAT

CATTGATGCACACTTAGTCAACGTTCATGGAAAAGTGCTAGATCGAA
ATGAAGTACTCAACATTCTCCTTTTGGTTTGTTTGCAAGATAATATT

AATCTATGGGGGAAGATCTCTTTTGGGCTTTACGTGGTGGTGGAGCA
TTTCTTTTTCTCATTCAATATCCAAACTTCCATTGCTAATCCTCGAG

GAAAGCTTCGGAATCATTGTAGCATGGAAAATTAGACTGGTTGCTGT
AAAACTTCCTTAAATGCTTCTCGCAATATATTCCCAATAATGCAACA

CCCAAAGTCTACTATGTTTAGTGTTAAAAAGATCATGGAGATACATG
AATCTAAAACTCGTATACACTCAAAACAACCCATTGTATATGTCTGT

AGCTTGTCAAGTTAGTTAACAAATGGCAAAATATTGCTTACAAGTAT
CCTAAATTCGACAATACACAATCTTAGATTCASCTCTGACACAACC

GACAAAGATTTATTACTCATGACTCACTTCATAACTAGGAACATTAC
CCAAAACCACTTGTTATCGTCACTCCTTCACATGTCTCTCATATCCA

AGATAATCAAGGGAAGAATAAGACAGCAATACACACTTACTTCTCTT
AGGCACTATTCTATGCTCCAAGAAAGTTGGCTTGCAGATTCGAACTC

CAGTTTTCCTTGGTGGAGTGGATAGTCTAGTCGACTTGATGAACAAG
GAAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

AGTTTTCCTGAGTTGGGTATTAAAAAAACGGATTGCAGACAATTGAG
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

CTGGATTGATACTATCATCTTCTATAGTGGTGTTGTAAATTACGACA
NNNNNNNNNNNNNNNNNNNTGGGTTGAAGCCGGAGCTACCCTTGGAG

CTGATAATTTTAACAAGGAAATTTTGCTTGATAGATCCGCTGGGCAG
AAGTTTATTATTGGGTTAATGAGAAAAATGAGAS TCTTAGT TTGGCT

AACGGTGCTTTCAAGATTAAGTTAGACTACGTTAAGAAACCAATTCC
GCTGGGTATTGCCCTACTGTTTGCGCAGGTGGACACTTTGGTGGAGG

AGAATCTGTATTTGTCCAAATTTTGGAAAAATTATATGAAGAAGATA
AGGCTATGGACCATTGATGAGAAS CTATGGCCTCGCGGCTGATAATA

TAGGAGCTGGGATGTATGCGTTGTACCCTTACGGTGGTATAATGGAT
TCATTGATGCACACTTAGTCAACGTTCATGGAAAAGTGCTAGATCGAA

GAGATTTCAGAATCAGCAATTCCATTCCCTCATCGAGCTGGAATCTT
AATCTATGGGGGAAGATCTCTTTTGGGCTTTACGTGGTGGTGGAGCAG

GTATGAGTTATGGTACATATGTAGT TGGGAGAAGCAAGAAGATAACG
AAAGCTTCGGAATCATTGTAGCATGGAAAATTAGACTGGTTGCTGTCC

AAAAGCATCTAAACTGGATTAGAAATATTTATAACTTCATGACTCCT
CAAAGTCTACTATGTTTAGTGTTAAAAAGATCATGGAGATACATGAGC

TATGTGTCCAAAAATCCAAGATTGGCATATCTCAATTATAGAGACCT
TTGTCAAGTTAGT TAACAAATGGCAAAATATTGCTTACAAGTATGACA

TGATATAGGAATAAATGATCCCAAGAATCCAAATAATTACACACAAG
AAGATTTATTACTCATGACTCACTTCATAACTAGGAACATTACAGATA

CACGTATTTGGGGTGAGAAGTATTTTGGTAAAAATTTTGACAGGCTA
ATCAAGGGAAGAATAAGACAGCAATACACACTTACTTCTCTTCAGTTT

GTAAAAGTGAAAACCCTGGTTGATCCCAATAACTTTTTTAGAAACGA
TCCTTGGTGGAGTGGATAGTCTAGTCGACTTGATGAACAAGAGTTTTC

ACAAAGCATCCCACCTCTTCCACGGCATCGTCATTAA
CTGAGTTGGGTATTAAAAAAACGGATTGCAGACAATTGAGCTGGATTG

[0152] CBDA synthase protein sequence corresponding to
SEQ ID NO:13 (SEQ ID NO:14), mutations relative to SEQ
ID NO:12 shown in bold underline. TTAACAAGGAAATTTTGCTTGATAGATCCGCTGGGCAGAACGGTGCTT

ATACTATCATCTTCTATAGTGGTGTTGTAAATTACGACACTGATAATT

TCAAGATTAAGTTAGACTACGTTAAGAAACCAATTCCAGAATCTGTAT

MKCSTFSFWFVCKIIFFFFSFNIQTSIANPRENFLKCFSQYIPNNATN
TTGTCCAAATTTTGGAAAAATTATATGAAGAAGATATAGGAGCTGGGA

LKLVYTQONNPLYMSVLNSTIHNLRFTSDTTPKPLVIVTPSHVSHIQGT
- TGTATGCGTTGTACCCTTACGGTGGTATAATGGATGAGATTTCT

ILCSKKVGLQIRTRSGGEIDSEGMSYISQVPFVIVDLRNMRSIKIDVH
GAATCAGCAATTCCATTCCCTCATCGAGCTGGAATCTTGTATGAGTTA

SQTAWVEAGATLGEVYYVVVNEKNENLSLAAGYCPTVCAGGEIFGGGG
- TGGTACATATGTAGCTGGGAGAAGCAAGAAGATAACGAAAAGCATCTA

YGPLMRNYGLAADNIIDAHLVNVHGKVLDRKSMGEDLFWALRGGGAES
- AACTGGATTAGAAATATTTATAACTTCATGACTCCTTATGTGTCCCAA

FGIIVAWKIRLVAVPKSTMFSVKKIMEIHELVKLVNKWQNIAYKYDKD
AATCCAAGATTGGCATATCTCAATTATAGAGACCTTGATATAGGAATA

LLLMTHFITRNITDNQGKNKTAIHTYFSSVFLGGVDSLVDLMNKSFPE
AATGATCCCAAGAATCCAAATAATTACACACAAGCACGTATTTGGGGT

LGIKKTDCRQLSWIDTIIFYSGVVNYDTDNFNKEILLDRSAGONGAFK
GAGAAGTATTTTGGTAAAAATTTTGACAGGCTAGTAAAAGTGAAAACC

IKLDYVKKPIPESVFVQILEKLYEEDIGAGMYALYPYGGIMDEISESA
CTGGTTGATCCCAATAAT TTTTT TAGAAACGAACAAAGCATCCCACCT

IPFPHRAGILYELWYICSWEKQEDNEKHLNVVIRNIYNFMTPYVSKNP
- CTTCCACGGCATCATCATTAA

RLAYLNYRDLDIGINDPKNPNNYTQAR IWGEKYFGKNFDRLVKVKTLY

[0154] CBDA synthase protein sequence corresponding to
SEQ ID NO:15 (SEQ ID NO:16), mutations relative to both
[0153] Cannabis sativa Finola CBDA synthase gene SEQ ID NOs:12 and 14 shown in bold underline, mutations
reverse complement (SEQ ID NO:15), SNPs relative to both relative to SEQ ID NO:14 shown in bold italics.

DPNNFFRNEQSIPPLPREIRH
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MKYSTFSFWFVCKIIFFFFSFNIQTSIANPRENFLKCFSQYIPNNATN

LKLVYTQONNPLYMSVLNSTIHNLRFSSDTTPKPLVIVTPSHVSHIQGT

ILCSKKVGLOIRTRXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXWVEAGATLGEVYYVVVNEKNES LSLAAGYCPTVCAGGHFGGGGY

GPLMRS YGLAADNI IDAHLVNVHGKVLDRKSMGEDLFWALRGGGAESF
GIIVAWKIRLVAVPKSTMFSVKKIMEIHELVKLVNKWONIAYKYDKDL
LLMTHFITRNITDNQGKNKTATHTYFSSVFLGGVDSLVDLMNKSFPEL
GIKKTDCRQLSWIDTIIFYSGVVNYDTDNFNKEILLDRSAGONGAFKI
KLDYVKKPIPESVFVQILEKLYEEDIGAGMYALYPYGGIMDEISESAI
PFPHRAGILYELWYICSWEKQEDNEKHLNVVIRNIYNFMTPYVSQNPR
LAYLNYRDLDIGINDPKNPNNYTQARIWGEKYFGKNFDRLVKVKTLVD

PNNFFRNEQSIPPLPRHHH

[0155] Inactive CBDA synthase (SEQ ID NO:17)

ATGAAGTGCTCAACATTCCCCTTTTGGTTTGTTTGCAAGATAATATTT
TTCTTTCTCTCATTCAATATCCAAACTTCAATTGCTAATCCTCGAGAA
AACTTCCTTAAATGCTTCTCGCAATATATTCCCACCAATGTAACAAAT
CTAAAACTTACACCCAAAACAACCAATTGTATATGCCTGTCCAAAATT
CAACAATACACAATCTTAGATTCACCTCTAACACAACCCCAAAACTAC
TTGTTATCGTCACTCCTTCATATGTCTCTCATATCCAAGGCACTATTC
TATGTCCAAGAAAATTGGTTTGCAAATTCGAACTCGAAGCGGTGGTCA
TGATTCTGAAGACATGTCCTACATATCTCAAGTCCCATTTGTTATAGT
AGACTTGAGAAACATGCATTCAATCAACATAGATGTTCATAGCCAAAT
CGCAAGGGTTGAAGCCGGAGCTACCCTTGGAGAAGTTTATTATTGGGT
TAATGAGAAAAATGAGAATCTTAGTTTGGCTGCTGGGTATTGCCCTAC
TGTTAGCGCAGCTGGACACTTTGGTGGAGGAGGATATGGACCATTGAT
GCAAAATTATGGCCTCGCGGCTGATAATATCGTTGATGCACACTTAGT
CAACGTTGATGCAAAAGTGCTAGATCGAAAATCTATGGGGGAAGATCT
CTTTTGGGCTATACGTGGTGGTGGAGGAGAAAGCTTCGGAATCATTGT
AGCATGGAAAATTAGACTGGTTGCTGTCCCAACAAAGTCTACTATGTT
TAGTGTTAAAAAGATCATGGAGATACATGAGCTTGTCAAGTGAGTTAA
CAAATGGCAAAATATTGCTTACAAGTATGACAAAGATTTATTACTCAT
GACTCACTTCATAACTAGGAATATTACAAATAATCATGGGAAGAATAA
GACAACAATACACACTTACTTCTCTTCAGTTTTCCTTGGTGGAGTGGA
TAGTCTAGTCGACTTGATGAATAAGAGTTTTCCTGAGTTGGGTATTAA
AAAAACAGATTGCAAACAATTGAGCTAGATTGATATTATCATCTTTTA
TAGCGGTGTTGTAAATTACGGCACTGATAATTTTAATAAGGAAATTTT
GCTTGATAGATCAGCTGGGCAGAACGGTTCTTTAAAGATTAAGTTAGA

CTACGTTAAGAAACCAATTCCAGAATCTGCGTTTGTCAAAATTTTGGA
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ARAATTATATGAAGAAGATGAAGGAGTTGGGATGTATGCGTTGTACCC

TTACGGTGGTATAATGGATGAGATTTCAGAATCAGCAATTCCATTCCC
TCATTGAGCTGGAATCATGTATGAATTATGGTACATATGTAGCTGGGA
GAAGCACGAAGATAACGAAAAAGCATCTAAACTGGATTCGAAATGTTT
ATAGCTTCATTACTCCTTATGTGTCCTAAAATCCAAGATTGGCATATC
TCAATTATAGAGACCTTGATACTGGAATAAATGATCCCAAGAGTCCAA
ATAATTACACACAAGAAAGTATTTGGGGTGAGAAGTATTTTGGTAAAR
ATTTTGACAGGGTAGTAAAAGTGAAAACCCTGGTTGATCCCAATAATT
TTTTTAGAAATGAACAAAGCATCCCACCTCTTCCACGGCATCGTCATT

AR

[0156] 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
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 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
oligonucleotide 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.

[0157] Insomeembodiments, the guide RNA targeting the
CBDA gene is selected from SEQ ID NO:18 (GCTA-
GATCGAAAATCTATGG, 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.

[0158] 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
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sequence of the THCA synthase and CBDA synthase
enzymes are approximately 84% identical and both contrib-
ute to THC production in Cannabis. Plants produced by
knocking out both the THCA synthase and CBDA synthase
genes have significantly increased production of cannab-
igerolic acid (CBG), which is the substrate for both THCA
synthase and CBDA synthase, relative to a Carnabis 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 mediated 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 embodiments, the guide RNAs targeting both
THCA synthase and CBDA synthase are selected from SEQ
ID NO:22 (CATTTAAGGAAGTTTTCTCG, reverse gRNA
gRR88), SEQ ID NO:23 (AAATGGGACTTGAGATATGT,
reverse gRNA gRR259), SEQ ID NO:24 (CCCTTG-
GAGAAGTTTATTAT, forward gRNA gRF481), SEQ ID
NO:25 (GTACCCTTACGGTGGTATAA, forward gRNA
gRF1265), SEQ ID NO:26 (ATTCCAGCTCGATGAGG-
GAA, reverse gRNA gRR1291), SEQ ID NO:27 (TA-
CACACAAGCACGTATTTG, 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 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.

[0159] 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 I 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)).
[0160] SDS gene from Arabidopsis (SEQ ID NO:60)

ATGAAGGAGATCGCGATGAGGAATTCAAAGCGCAAGCCTGAGCCGACG
CCGTTCGCCGGGAAGAAGCTCCGGTCGACGCGATTACGCCGGAAGAGA
GCACAGATCTCTCCCGTTCTTGTTCAATCACCTCTCTGGAGCAAACAA
ATCGGAGTCTCTGCTGCTTCTGTCGATTCCTGCTCCGATTTGCTAGCT
GATGACAACGTTTCCTGTGGTTCGAGCAGAGT CGAGAAGAGCTCGAAT
CCGAAGAAGACTCTAATTGAAGAGGTAGAAGTTTCTAAACCTGGTTAT
AATGTGAAGGAGACGATTGGTGATTCGAAATTTCGAAGGATTACGAGG
TCTTACTCTAAGCTACACAAGGAGAAGGAGGGAGATGAGATCGAAGTA

AGCGAATCGTCTTGTGTTGATTCGAATTCTGGTGCTGGAT TAAGGAGA
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TTGAATGTGAAGGGAAATAAAATTAACGACAACGATGAGATCTCTTTC
TCACGATCCGATGTGACCTTCGCCGGACATGTCTCCAACAGCCGGAGT
TTGAATTTCGAATCGGAGAATAAGGAGAGCGACGTCGTTTCTGTCATA
TCTGGAGTTGAGTACTGTTCCAAGTTCGGGAGCGTTACCGGAGGAGCT
GATAACGAAGAAATTGAAATCTCCAAGCCGAGCAGCTTCGTGGAAGCT
GATTCCTCTCTTGGATCGGCCAAGGAATTGAAGCCGGAGCTTGAGATA
GTCGGATGCGTCTCTGATCTCGCTTGCTCTGAGAAATTCTCGGAAGAG
GTTTCGGATTCTCTCGATGATGAGTCATCTGAGCAACGTTCAGAGATA
TATTCACAGTATTCCGACTTCGATTACTCGGATTACACTCCGTCCATC
TTCTTCGACTCTGGCAGCGAATTCTCTGAGAAATCTTCCTCTGATTCT
CCTATTTCACATTCTCGCTCTCTGTACCTCCAGTTCAAGGAACAGTTC
TGTAGATCCACGATTCCCAACGATTTTGGATCTTCTTGCGAGGAAGAA
ATTCACTCTGAATTGCTAAGGTTTGATGATGAGGAGGTGGAAGAGAGC
TATCTAAGGCTGAGGGAAAGAGAAAGAAGT CATGCATATATGCGGGAC
TGTGCTAAGGCATACTGCTCCAGGATGGACAATACTGGTCTCATCCCT
CGTCTACGCTCCATCATGGTTCAATGGATTGTAAAGCAATGTTCTGAC
ATGGGGCTTCAGCAAGAGACATTGTTTCTAGGAGTTGGTCTGTTGGAT
CGATTCCTGAGCAAAGGATCATTCAAAAGCGAAAGGACTCTAATACTA
GTCGGGATTGCGAGTCTTACTCTGGCCACCAGAATTGAAGAAAATCAA
CCTTACAACAGCATCCGGAAAAGGAACTTCACCATTCAGAACCTAAGA
TATAGCCGGCATGAAGTGGTGGCAATGGAGTGGCTGGTTCAAGAAGTC
CTCAACTTCAAATGCTTCACACCCACAATCTTCAACTTCTTGTGGTTC
TACTTAAAAGCTGCTCGAGCCAATCCAGAAGTTGAAAGGAAAGCCAAR
TCCTTGGCTGTTACCTCACTATCCGACCAAACTCAACTCTGTTTTTGG
CCCTCAACTGTAGCAGCTGCACTCGTGGTTCTCGCCTGCATCGAACAC
AACAAAATCTCTGCATACCAACGAGTCATAAAGGTCCATGTTAGAACA
ACAGATAACGAGTTGCCTGAATGCGTTAAGAGTCTGGACTGGTTGCTT

GGGCAGTAA

[0161] BARNASE gene (SEQ ID NO:61)

CTGGAAAACGTCACATTGCTTCCGCATATCGGGTCAGCAACGGCTAA
AATCCGCTTGAATATGTTCACACAAGCCGCTCAAAACATGATTGACG
CCGTATACGGAAGAACGCCGAAAAACCTTACTAAGGAATTTCAATAA
GAAGAAAAATCCCGGTTGGTTCAGCCGGGGTTTATTTTTCGCTAGAT
AAAAAGTACTATTTTTAAATTCTTTCTATTCCTTTCTTTCGTTGCTG
ATACAATGAAAAGGAATCAGCTTCACATGATGAAAATGGGAGGTATT
GCTTTGAAAAAACGATTATCGTGGATTTCCGTTTGTTTACTGGTGCT
TGTCTCCGCGGCGGGGATGCTGTTTTCAACAGCTGCCAAAACGGAAR

CATCTTCTCACAAGGCACACACAGAAGCACAGGTTATCAACACGTTT
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GACGGGGTTGCGGATTATCTTCAGACATATCATAAGCTACCTGATAA
TTACATTACAAAATCAGAAGCACAAGCCCTCGGCTGGGTGGCATCAA
AAGGGAACCTTGCAGACGTCGCTCCGGGGAAAAGCATCGGCGGAGALC
ATCTTCTCAAACAGGGAAGGCAAACTCCCGGGCAAAAGCGGACGAAL
ATGGCGTGAAGCGGATATTAACTATACATCAGGCTTCAGAAATTCAG
ACCGGATTCTTTACTCAAGCGACTGGCTGATTTACAAAACAACGGAC
CATTATCAGACCTTTACAAAAATCAGATAACGAAAAAAACGGCTTCC
CTGCGGAGGCCGTTTTTTTCAGCTTTACATAAAGTGTGTAATARATT

TTTCTTCAAACTCTGATCGGTCAATTTCACTTT

[0162] In some embodiments, provided herein is a Can-
nabis 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 cell is transformed with a heterologous polynucle-
otide encoding a polypeptide at least 80%, 85%, 90%, 95%,
98%, 99%, or 99.9% identical to SEQ ID NO:28. In some
embodiments, a Cannabis cell is transformed with a heter-
ologous polynucleotide encoding the polypeptide of SEQ ID
NO:28. In some embodiments, the heterologous polynucle-
otide 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).

[0163] Bral.TP2 protein sequence (SEQ ID NO:28)

MATGSRVLIGLANi1LIISGELLVPGQGTCQGDIEGLMRECAVYVQR
PGPKVNPSAACCKVVKRSDIPCACGRITPSVQKMIDMNKVVLVTSFEFC

GRPLAHGTKCGSYIVP

[0164] Bral.TP2 gene sequence GenBank: KM062522.1
(SEQ ID NO:29)

ATGGCGACAGGTTCTCGTGTTCTGATCGGTCTAGCAATGATCCTCAT
AATCTCAGGAGAACTGCTAGTTCCAGGGCAAGGAACGTGCCAAGGAG
ACATAGAGGGTCTGATGAGAGAATGTGCGGTCTACGTCCAGCGTCCA
GGCCCAAAGGTAAACCCATCCGCAGCGTGTTGCAAAGTCGTCAAGAG

ATCAGACATCCCCTGCGCATGTGGCCGTATCACACCCTCGGTTCAAA
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AAATGATAGACATGAATAAGGTTGTTCTTGTCACTTCCTTTTGTGGG
AGGCCTCTCGCTCATGGTACCAAGTGTGGAAGCTACATTGTGCCATG
A

[0165] In some embodiments, the heterologous nucleic
acid of interest modulates the expression or function of the
endogenous Cannabis LTP2 gene. A heterologous nucleic
acid is introduced into the Cannabis explant to upregulate,
overexpress, or provide multiple copies of the LPT2 gene.
Cannabis 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.

[0166] In some embodiments, the heterologous nucleic
acid of interest modulates the expression or function of the
endogenous 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 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:30. In some
embodiments, a Cannabis cell is transformed with a heter-
ologous nucleic acid encoding the polypeptide SEQ ID
NO:30. In some embodiments, a Carnabis cell is trans-
formed with a 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 Cannrabis 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.

[0167] CsPT1 protein sequence (SEQ ID NO:30)

MGLSSVCTFSFQTNYHTLLNPHNNNPKTSLLCYREIPKTPIKYSYNN
FPSKHCSTKSFEILQONKCSESLSIAKNSIRAATTNQIEPPESDNHSV
ATKILNFGKACWKLOQRPYTIIAFTSCACGLFGKELLHNTNLISWSLM
FKAFFFLVAVLCIASFTTTINQIYDLHIDRINKPDLPLASGEISVNT
AWIMSIIVALFGLIITIKMKGGPLYIFGYCFGIFGGIVYSVPPFRWK
ONPSTAFLLNFLAIIIITNFTFYYASRAALGLPFELRPSFTFLLAFM
KSMGSALALIKDASDVEGDTKFGISTLASKYGSRNLTLFCSGIVLLS
YVAAILAGIIWPQAFNSNVMLLSHAILAFWLILQTRDFALTNYDPEA
GRRFYEFMVVKLYYAEYLVYVFI

[0168] CsPT1 ¢DNA sequence (SEQ ID NO:31)

atgggactctcatcagtttgtaccttttcatttcaaactaattaccata

ctttattaaatcctcacaataataatcccaaaacctcattattatgtta



US 2021/0071186 Al

-continued
tcgacaccccaaaacaccaattaaatactcttacaataattttcectet
aaacattgctccaccaagagttttcatctacaaaacaaatgctcagaat
cattatcaatcgcaaaaaattccattagggcagctactacaaatcaaac
tgagcctccagaatctgataatcattcagtagcaactaaaattttaaac
tttgggaaggcatgttggaaacttcaaagaccatatacaatcatagcat
ttacttcatgcgcttgtggattgtttgggaaagagttgttgcataacac
aaatttaataagttggtctctgatgttcaaggcattecttttttttggtyg
gctgtattatgcattgcttcettttacaactaccatcaatcagatttacg
atcttcacattgacagaataaacaagcctgatctaccactagettcagg
ggaaatatcagtaaacacagcttggattatgagcataattgtggcactyg
tttggattgataataactataaaaatgaagggtggaccactctatatat
ttggctactgttttggtatttttggtgggattgtctattetgttecace
atttagatggaagcaaaatccttccactgcatttettetcaatttectyg
gcccatattattacaaatttcacattttattatgccagcagagcagete
ttggcctaccatttgagttgaggecttatttactttectgetageattt
atgaaatcaatgggttcagctttggctttaatcaaagatgcttcagacy
ttgaaggcgacactaaatttggcatatcaaccttggcaagtaaatatgg
ttccagaaacttgacattattttgttctggaattgttctectatectat
gtggctgctatacttgectgggattatctggecccaggetttcaacagta
acgtaatgttactttctcatgcaatcttagecattttggttaatccteca
gactcgagattttgegttaacaaattacgaccceggaagcaggcagaaga
ttttacgagttcatgtggaagctttattatgectgaatatttagtatatg

ttttcatataa

[0169] In some embodiments, the heterologous nucleic
acid of interest modulates the expression or function of the
endogenous  Canrnabis  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
embodiments, a Cannabis cell is transformed with a heter-
ologous nucleic acid encoding a polypeptide at least 80%,
85%, 90%, 95%, 98%, 99%, or 99.9% identical to SEQ 1D
NO:32. In some embodiments, a Carnabis cell is trans-
formed with a heterologous nucleic acid encoding the poly-
peptide SEQ ID NO:32. In some embodiments, a Cannabis
cell is transformed with a heterologous nucleic acid com-
prising 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 construct or vector as described herein.
One embodiment for cloning CsOMT21 into a vector suit-
able for transformation using the methods described herein
is demonstrated in FIG. 68. Cannrabis plants grown from the
transformed Cannabis explant are characterized by a phe-
notype with increased chrysoeriol production and increased
cannflavin A and cannflavin B production. The sequence and
activity of the CsOMT21 gene is known and described in the
art. See, for example, Rea et al. Phytochemistry 2019:
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“Biosynthesis of cannflavins A and B from Cannabis sativa
L>”

[0170] CsOMT21 (PK24150) (SEQ ID NO:32)

MGSTGIETQMTPTQISDEEANLFAMQLASASVLPMVLKAALELDLLEI
TAKAGPGAFLSPSDIAQQLPTQNPDAPVMLDRMLRLLASYNVVTYSLR
ERETAEEEGKVERLYGLAPVSKYLTKNEDGVS IAPLCLMNQDKVLMES
WYEILKDAVLDGGIPFNKAYGMTAFEYHGTDQRFNKIFNRGMSDHSTI
TMKKILETYKGFEGLNSIVDVGGGTGAVVNMIVSKYPTIKGINFDLPH
VIEDAPPLTGVEHVGGDMFVSVPKGDAIFMKWICHDWSDEHCLKFLKN
CHAALPEHGKVIVAECILPVAPDSSLATKS TVHIDVIMLAHNPGGKER

TEKEFEALAKGAGFKGFKVHCNAFNTHIMEFLKTI

[0171] Cannabis sativa PK24150.1_1.CasaPuKu, Gen-
Bank: JP459899.1 (SEQ ID NO:33)

ATGGGTTCAACAGGAATAGAGACCCAAATGACCCCAACCCAAATATCC
GACGAAGAAGCCAACCTCTTCGCCATGCAATTAGCCAGTGCCTCAGTC
TTACCCATGGTTCTCAAAGCAGCTTTAGAGCTCGACCTCTTGGAGATC
ATAGCCAAGGCCGGTCCAGGCGCGTTTCTCTCACCTTCCGACATAGCT
CAACAGCTTCCGACTCAGAACCCAGACGCCCCGGTGATGCTGGACCGG
ATGCTGAGACTGTTGGCTAGCTACAACGTGGTGACGTACTCGCTGCGT
GAGCGTGAGACGGCGGAAGAGGAAGGGAAGGTGGAGAGGCTTTATGGG
TTGGCTCCGGTGAGTAAATATCTGACGAAGAATGAAGATGGAGTCTCC
ATTGCTCCTCTTTGTCTCATGAACCAGGATAAGGTTCTTATGGAGAGT
TGGTATCACTTAAAAGATGCAGTACT TGATGGAGGAATACCTTTCAAC
AAGGCATATGGAATGACAGCATTTGAATATCATGGAACCGATCAAAGG
TTCAATAAAATCTTTAATAGAGGAATGTCCGACCACTCGACTATTACC
ATGAAAAAAATCCTCGAAACTTACAAGGGTTTCGAGGGTCTTAACTCG
ATTGTTGATGTTGGTGGTGGTACTGGAGCTGTTGTTAACATGATCGTC
TCTAAGTACCCTACTATTAAGGGTATTAACTTCGATTTGCCTCATGTC
ATCGAAGATGCACCTCCATTGACCGGTGTAGAGCATGTTGGAGGAGAC
ATGTTTGTAAGTGTACCAAAAGGAGATGCAATTTTCATGAAGTGGATT
TGCCATGATTGGAGCGATGAACACTGCTTGAAATTCTTGAAGAACTGC
CACGCTGCACTGCCCGAACACGGAAAAGTGATCGTGGCGGAGTGCATT
CTTCCGGTGGCACCGGACTCGAGCCTTGCCACAAAGAGTACGGTCCAC
ATTGATGTGATCATGTTGGCCCATAACCCTGGTGGCAAAGAGAGAACA
GAGAAAGAGTTTGAGGCATTGGCTAAGGGAGCTGGCTTTAAAGGCTTC
AAAGTCCATTGCAATGCTTTCAATACCCATATCATGGAATTTCTCAAG

ACCATTTAA

[0172] In some embodiments, the heterologous nucleic
acid of interest modulates the expression or function of the
endogenous Cannabis sativa prenyltransferace 3 (CsPT3)
gene. A heterologous nucleic acid is introduced into the
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Cannabis explant to upregulate, overexpress, or provide
multiple copies of the CsPT3 gene. In some embodiments,
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:34. In some
embodiments, a Cannabis cell is transformed with a heter-
ologous nucleic acid encoding the polypeptide SEQ ID
NO:34. In some embodiments, a Carnabis cell is trans-
formed 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 Cannrabis explant
are characterized by a phenotype with increased cannab-
igerol (CBG) production and increased cannabidiol (CBD)
production.

[0173] CsPT3 (PK17697) (SEQ ID NO:34)

MVFSSVCSFPSSLGTNFKLVPRSNFKASSSHYHEINNF INNKPIKFSY
FSSRLYCSAKPIVHRENKFTKSFSLSEILQRKSSIKAHGEIEADGSNG
TSEFNVMKSGNAIWRFVRPYAAKGVLFNSAAMFAKELVGNLNLFSWPL
MFKILSFTLVILCIFVSTSGINQIYDLDIDRLNKPNLPVASGEISVEL
AWLLTIVCTISGLTLTIITNSGPFFPFLYSASIFFGFLYSAPPFRWKK
NPFTACFCNVMLYVGTSVGVYYACKASLGLPANWSPAFCLLFWFISLL
SIPISIAKDLSDIEGDRKFGIITFSTKFGAKPIAYICHGLMLLNYVSV
MAAATIWPQFFNSSVILLSHAFMAIWVLYQAWILEKSNYATETCQKYY

IFLWIIFSLEHAFYLFM

[0174] Cannabis sativa PK17697.1_1.CasaPuKu, Gen-
Bank: JP460361.1, (SEQ ID NO:35)

atggtgttctcatcagtttgtagttttecatecteccttggaactaat
tttaaattagttcctegtagtaattttaaggcatcatcttetcattat
catgaaataaataattttattaataataaaccaattaaattctcatat
ttttcttcaagactatattgetetgecaaaccaattgtacacagagaa
aacaaattcacaaaatcattttcactcagccacctccaaaggaaaage
tccataaaggcacatggtgaaattgaagetgatgggagtaatggcaca
tctgaatttaatgtaatgaaaagtggaaacgcaatttggagatttgta
aggccatatgcagccaagggagtattgtttaactetgetgetatgttt
gcaaaagagttggtggggaacctaaatctatttagttggcattgatgt
ttaagatactctcttttacattggttattttatgcatttttgtaagta
caagtggcatcaatcaaatttatgatctegacatcgacaggttaaaca
aacctaatttgccagtagecatcaggagaaatttcagttgaattggeat
ggttgttgactatagtttgtacaataagtggcctcacattaacaatta
taacgaactcagggccattetteccttttetetactetgetagtatet

tttttggetttetetattetgetectecattcagatggaagaagaate
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cttttacagcatgtttctgtaatgttatgttgtatgttggcacaageg
ttggtgtctattatgcttgtaaggctagtctegggettecagecaact
ggagccctgetttttgtttgetettttggtttattteattgttgagta
tacccatctccattgcaaaagatctttcagacatagaaggtgaccgca
agtttggaatcataaccttctcaactaaatttggagcaaaacccatag
catatatttgtcatggactcatgcttctgaattacgtgagtgttatgg
ctgcagctattatttggccacagtttttcaacagtagegtaatattge
tttctcatgcattcatggcaatttgggtattatatcaggcttggatat
tggagaaatcaaattacgccacggagacgtgccaaaaatactatatat
tectttggataattttttetettgaacatgecttetatttgtteatgt
ag

[0175] In some embodiments, the heterologous nucleic
acid of interest produces a glyphosate resistant Cannabis
plant following transformation. To create a glyphosate resis-
tant Cannabis plant, a Cannabis cell is transformed as
described herein with a heterologous nucleic suitable for
mutating the Cannabis sativa gene encoding 3-phosphoshi-
kimate 1-carboxyvinyltransferase 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 competitive 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 gly-
phosate, the EPSP synthase enzyme is non-functional or
severely inhibited resulting in plant death. However, it is
possible to mutate the EPSP synthase enzyme such at it does
not bind glyphosate but still catalyzes the synthesis of
5-enol-pyruvylshikimate-3-phosphate.

[0176] 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 transcriptase 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 embodi-
ments, 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 Cannabis 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.

[0177] 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 tgaagactt
tgcaCAACTTTTCCTTGGAAATGCgtttaagtettet (forward,
SEQ D NO:41) and AGAAGACTT
AAACGCATTTCCAAGGAAAAGTTG
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TGCAAAGTCTTCA (reverse, SEQ ID NO:42) and the
sequence ACCTGCTATA
GTGCTGAGTGAACGCATTGCTATTCCAGCATTTCCA
AGGAAACATAT AGCAGGT (SEQ ID NO:43) encoding
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 tgaagactttgcaCTTGGAGCAACAGTTGAGGA
gtttaagtettet (forward, SEQ ID NO: 44) and AGAAGACTT
AAACTCCTCAACTGTTGCTCCAAG
TGCAAAGTCTTCA (reverse, SEQ ID NO:45) and the
sequence ACCTGCTATA
GTGCCACGCAGTAATCAAGTCCTTCCTCAACTGTTG
AACATATAGCA GGT (SEQ ID NO:46) encoding the two
C—T mutations at positions 3620 and 3621. See, FIG. 71.
[0178] Cannabis EPSP synthase (SEQ ID NO:36)

MAQVSKICSNGAQTILTLPNISKSHTPRSLNSVSLRSPFLGSSNSLSL
KIGTEFGGCSTVGKAMAGPVMASAVTAEKPSKVPEIVLQPIKDISGTV
KLPGSKSLSNRILLLAALSEGTTVVDNLLDSDDIHYMLGALETLGLRV
EADKESKRAIVEGCAGQFPAGKESVDEVQLFLGNAGTAMRPLTAAVTV
AGGNASYVLDGVPRMRERPIGDLVTGLKQLGADVDCFHGTDCPPVRVL
GKGGLPGGKVKLSGSISSQYLTALLMAAPLALGDVEIEIIDKLISVPY
VDMTLKLMARFGVTVEHSDSWDRFLVKGGQKYKSPGNAYVEGDASSAS
YFLAGAAVTGGTVTVEGCGTSSLQGDVKFAEVLEKMGAKVSWTENSVT
VTGPPRDSVKSKHLKAIDVNMNKMPDVAMT LAVVALFADGPTAIRDVA
SWRVKETERMIAICIELRKLGATVEEGPDYCVITPPEKLNITAIDTYD

DEIRMAMAFSLAACSDVPVTIKDPGCTRKTFPDYFEVLERFTKH

[0179] Glyphosate resistant Cannabis EPSP synthase
(SEQ ID NO:37), mutations relative to SEQ ID NO:36
shown in bold underline including T1811, P185S, P460L

MAQVSKICSNGAQTILTLPNISKSHTPRSLNSVSLRSPFLGSSNSLSL
KIGTEFGGCSTVGKAMAGPVMASAVTAEKPSKVPEIVLQPIKDISGTV
KLPGSKSLSNRILLLAALSEGTTVVDNLLDSDDIHYMLGALETLGLRV
EADKESKRAIVEGCAGQFPAGKESVDEVQLFLGNAGIAMRSLTAAVTV
AGGNASYVLDGVPRMRERPIGDLVTGLKQLGADVDCFHGTDCPPVRVL
GKGGLPGGKVKLSGSISSQYLTALLMAAPLALGDVEIEIIDKLISVPY
VDMTLKLMARFGVTVEHSDSWDRFLVKGGQKYKSPGNAYVEGDASSAS
YFLAGAAVTGGTVTVEGCGTSSLQGDVKFAEVLEKMGAKVSWIENSVT
VTGPPRDSVKSKHLKAIDVNMNKMPDVAMT LAVVALFADGPTAIRDVA
SWRVKETERMIAICTELRKLGATVEEGLDYCVITPPEKLNITAIDTYD

DEIRMAMAFSLAACSDVPVTIKDPGCTRKTFPDYFEVLERFTKH

[0180] Cannabis EPSP synthase cDNA (SEQ ID NO:38)

ATGGCCCAAGTGAGCAAAATCTGTAGCAATGGAGCTCAAACTATCCTTA

CTCTCCCAAATATATCTAAGTCTCATACACCAAGATCCCTAAATTCAGT

18
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TTCGTTGAGATCACCGTTTTTGGGTTCATCTAACTC TTTGAGTTTGAAG
ATTGCAACTGAAT TTGGGGGT TGTTC TACGGTTGGTARAAGCTATGGCTG
GTCCAGTCATGGCTTCAGCTGTCACAGCGGAGAAGCCTTCARAGGTACC
GGAGATTGTGTTGCAGCCCATTAAAGATATCTCTGGCACTGTCAAGT TG
CCGGGTTCCAAGT CACTATCGAATCGGATTCTACTCCTGGCTGCTCTTT
CTGAGGGGACAACTGTTGTGGACAACTTGTTAGATAGTGATGACATTCA
CTACATGCTTGGTGCCTTGGARACCCTTGGTCTTCGTGTTGAAGCAGAC
AAGGAAAGCARACGAGCAATTGTGGAAGGT TGTGCGGGTCAGTTTCCTG
CAGGTAAAGAATCTGTTGACGAAGTTCAACTTTTCCTTGGARATGCTGG
AACAGCAATGCGTCCACTCACAGCTGCGGTGACTGTTGC TGGTGGAAAT
GCTAGCTACGTACTTGATGGTGTTCCTCGAATGAGAGAAAGACCAATTG
GAGATTTGGTGACTGGTCTTAAGCAGCT TGGTGCAGATGTTGATTGTTT
TCATGGTACGGATTGTCCCCCTGTTCGTGTGC TTGGARAAGGAGGCCTT
CCTGGGGGCAAGGTGARACTTTCTGGAT CAAT TAGCAGTCAATATTTGA
CAGCCTTGCTTATGGCAGCTCCCTTGGCTCTTGGAGATGTTGARATCGA
GATAATTGATAAATTGATCTCGGTTCCCTATGTTGATATGACT TTGAAG
TTGATGGCACGTTTTGGGGTTACTGT TGAACACAGTGATAGCTGGGATC
GATTTTTAGTTAAAGGAGGTCAAAAGTACAAATCTCCTGGARACGCTTA
TGTTGAAGGTGATGCTTCAAGTGCTAGT TACT TCCTAGCTGGTGCTGCA
GTCACTGGTGGTACAGT CACCGTAGAAGGTTGTGGGACTAGTAGT TTAC
AGGGAGACGTAAAATTTGCTGAAGTTCTTGAGAAAATGGGTGCTARAGT
TAGCTGGACAGAGAACAGTGTCACGGTCACTGGACCACCACGAGATTCT
GTAAAAAGTAAACACTTGAAAGCCATTGATGT CAACATGAACAARATGC
CTGATGTTGCCATGACTCTTGCTGTAGT TGCTCTTT TTGCTGATGGCCC
CACTGCTATAAGAGATGTGGCAAGTTGGAGAGTCAAGGAGACAGAGAGA
ATGATTGCCATCTGCACTGAACTCAGAAAGCTTGGAGCAACAGTTGAGE
ARGGACCCGATTACTGCGTGATCACTCCACCAGAGARACTAAATATCAC
AGCAATAGACACATACGACGACCACAGGATGGCTATGGCGTTCTCTCTT
GCAGCTTGTTCAGATGTGCCAGTTACCATTAAGGAT CCTGGTTGCACCC
GAAAAACTTTCCCAGATTACTTTGAAGT CCTTGAGAGAT TTACAAAGCA
cTGA
[0181] 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
CTCTCCCAAATATATCTAAGTCTCATACACCAAGATCCCTAAATTCAGT
TTCGTTGAGATCACCGTTTTTGGGTTCATCTAACTCTTTGAGTTTGAAG

ATTGGAACTGAATTTGGGGGTTGTTCTACGGT TGGTAAAGCTATGGCTG
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GTCCAGTCATGGCTTCAGCTGTCACAGCGGAGAAGCCTTCAAAGGTACC
GGAGATTGTGTTGCAGCCCATTAAAGATATCTCTGGCACTGTCAAGTTG
CCGGGTTCCAAGTCACTATCGAATCGGATTCTACTCCTGGCTGCTCTTT
CTGAGGGGACAACTGTTGTGGACAACTTGTTAGATAGTGATGACATTCA
CTACATGCTTGGTGCCTTGGAAACCCTTGGTCTTCGTGTTGAAGCAGAC
AAGGAAAGCAAACGAGCAATTGTGGAAGGTTGTGCGGGTCAGTTTCCTG
CAGGTAAAGAATCTGTTGACGAAGTTCAACTTTTCCTTGGAAATGCTGG
AATAGCAATGCGTTCACTCACAGCTGCGGTGACTGTTGCTGGTGGAAAT
GCTAGCTACGTACTTGATGGTGTTCCTCGAATGAGAGAAAGACCAATTG
GAGATTTGGTGACTGGTCTTAAGCAGCTTGGTGCAGATGTTGATTGTTT
TCATGGTACGGATTGTCCCCCTGTTCGTGTGCTTGGAAAAGGAGGCCTT
CCTGGGGGCAAGGTGAAACTTTCTGGATCAATTAGCAGTCAATATTTGA
CAGCCTTGCTTATGGCAGCTCCCTTGGCTCTTGGAGATGTTGAAATCGA
GATAATTGATAAATTGATCTCGGTTCCCTATGTTGATATGACTTTGAAG
TTGATGGCACGTTTTGGGGTTACTGTTGAACACAGTGATAGCTGGGATC

GATTTTTAGTTAAAGGAGGTCAAAAGTACAAATCTCCTGGAAACGCTTA
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TGTTGAAGGTGATGCTTCAAGTGCTAGT TACT TCCTAGCTGGTGCTGCA

GTCACTGGTGGTACAGTCACCGTAGAAGGTTGTGGGACTAGTAGTTTAC
AGGGAGACGTAAAATTTGCTGAAGTTCTTGAGAAAATGGGTGCTAAAGT
TAGCTGGACAGAGAACAGTGTCACGGTCACTGGACCACCACGAGATTCT
GTAAAAAGTAAACACTTGAAAGCCATTGATGT CAACATGAACAAAATGC
CTGATGTTGCCATGACTCTTGCTGTAGTTGCTCTTTTTGCTGATGGCCC
CACTGCTATAAGAGATGTGGCAAGTTGGAGAGTCAAGGAGACAGAGAGA
ATGATTGCCATCTGCACTGAACTCAGAAAGCTTGGAGCAACAGTTGAGG
AAGGACTTGATTACTGCGTGATCACTCCACCAGAGAAACTAAATATCAC
AGCAATAGACACATACGACGACCACAGGATGGCTATGGCGTTCTCTCTT
GCAGCTTGTTCAGATGTGCCAGTTACCATTAAGGATCCTGGTTGCACCC
GAAAAACTTTCCCAGATTACTTTGAAGTCCTTGAGAGATTTACAAAGCA
CTGA

[0182] Cannabis EPSP synthase gene, Cannabis sativa
chromosome 2, cs10, whole genome shotgun sequence,
Cannabis sativa 3-phosphoshikimate 1-carboxyvinyltrans-
ferase 2 (LOC115705599), (SEQ ID NO:40), possible gly-
phosate resistant mutation target loci indicated in bold
underline italics including positions 1790, 1801, 3620, and
3621.

GGTTGGTAAGCCCTCCTACCCTCTTTGAAAAT TGAAAGAGAGTCAATGT CGACCTACAGCAG

CAGCATCCATTAACGTTACCATTGCCACCAAAAATCCAACCTTTATT TGTATAGAGAGAATC

AGAGAAGGTTTGGGTTT CAGAGAGAGAGAGAAGAAGAACAAAAAAATGGCCCAAGTGAGCAA

AATCTGTAGCAATGGAGCTCAAACTATCCTTACTCTCCCAAATATATCTAAGTCTCATACA

CCAAGATCCCTAAATTCAGTTTCGTTGAGATCACCGTTTTTGGGTTCATCTAACTCTTTGAG

TTTGAAGATTGGAACTGAATTTGGGGGTTGTTCTACGGTTGGTAAAGCTATGGCTGGTCCAG

TCATGGCTTCAGCTGTCACAGCGGAGAAGCCTTCAAAGGTACCGGAGATTGTGTTGCAGCCC

ATTAAAGATATCTCTGGCACTGTCAAGTTGCCGGGTTCCAAGTCACTATCGAATCGGATTCT

ACTCCTGGCTGCTCTTTCTGAGGTATATTTCATTTTTTTTAAAACGTCAAACATGTATTTTT

GTCGAGGAAGTTTTCTGTATATACAAAGATAAGAGAGTAAAAATATGGAACATCAATACCAA

AATGAACCAAAACTAGGCTAAGCTATCAAATCATGTCATGGTATGCCATACTCTACTTTCCT

ATCTCAAGCTCCACAGCTATAAAATACTATATCGTAATTATTTTGTCAACTGCTTTCATATT

CCTTGTAATTTCCCTCATTCCCACTAAAACTAGTTCCAATGGATTGTGTGGCTGGAAACTGT

AGTTAGTTACATTAGCTAGATCTGAACCATGATCAGCATCGACTGCCCAACTGGTAAACCAT

GTAATTGCATGGAATTCTTCCTTTGTTATCCACAAATTTGAAAAGTATTTTTGAGGTATACA

AAGATTGTGCTTTTTATGAGCAATTTTCTTTTAGTTTTATGTTAAGAGT TTGTAGCGATGGG

ATGTTTTTTTTCTAGAAAATGGACAGTAAAGCTTAGCATTTTTACTTTATTGGTGTAAATGA

ATAGTGTTCATTGAAGCTGAACTCATGCCCTTAATTGGGAGGAAAAT TGAGAGAAATGGAGT

AAAGTAATATGATATTTTGGT TAAATTCGTAAGAATATGATGGAAATAAAAAATGCAACTCA

ACTGGGTTACTGAAGTTATATTTCTGGTCTCAGTTGTGCTTTTACAACTTTAGT CTAGAGCT

CCACGCTGCGGAGAGATTCGGAGTCCTTACAGTTTATTTTGATAATGATTTATGAGAATTTC
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ATAACTCTACGCTTTTGTTACATTATATATGAGGTGTTTCGTTGGTGCATTGTCTCACCTGA
ACTCCCTAAATTTTAGAATGTGGGATT TAGAATGAAGT TATACTATTAGTGTTTGAGT CATC
TAGAATTTGTAGCTGCTCATTCTCCATATACTCTTTCTCTATTTCCTCCCCATATTTTGGCG
CTACTACTTATCTTTACAGTTCATGTTATTTTCATGTACTTGAGTTTTTTGCCCTATAAAAT
ATTTTGAGCGGTGGGAAGTAACTGTTTTTTTTGT TATAATTATCCAGGGGACAACTGTTGTG
GACAACTTGTTAGATAGTGATGACATTCACTACATGCTTGGTGCCTTGGAAACCCTTGGTCT
TCGTGTTGAAGCAGACAAGGAAAGCAAACGAGCAATTGTGGAAGGTTGTGCGGGTCAGTTTC
CTGCAGGTAAAGAATCTGTTGACGAAGTTCAACTTTTCCTTGGAAATGCTGGAACAGCAATG
CGTCCACTCACAGCTGCGGTGACTGTTGCTGGTGGAAATGCTAGGTTTGTCTTCATTGCAAT
TGCTTTTGAATATAAAGTACTTCTAATGCAGTGAATTTATGCTCTTGTTTTTCTTACTGGCC
GAGTAGCTCTTACATTTTAGGTAAAGAAAGTCACTTTTGCTAACAACATCACCATTTATACT
TCCCTCTTTACTTTGATGTGGTTATGCTAGAAATTACATGTTGGAAATGAACTAGCACATAT
CATAAATTATTTTGTATGCTGTTATTACATTTTCTCAGTAACCTCTTAACTTCTATATCTCA
GCTACGTACTTGATGGTGTTCCTCGAATGAGAGAAAGACCAATTGGAGATTTGGTGACTGGT
CTTAAGCAGCTTGGTGCAGATGTTGATTGTTTTCATGGTACGGATTGTCCCCCTGTTCGTGT
GCTTGGAAAAGGAGGCCTTCCTGGGGGCAAGGTGAGGCTTGCATTGCTTCTTCTTATTCTTT
TTGGCCATAAAACATCATTGTAATAGTGGTTTTATGTTATGAAATCCATTGACTGGTTTATT
TTTAGGTTGTTGTTTTGCTTTTAAATAAAAACAATATTGTCAAATGATGCATAAGTAGTGAT
TACATCTACATCATTTAATTTATTATCTTAAATGATGACAAACTTCATCATTTTGACTCAGA
ATTATGTAATATTACCCTTTGCAGGTGAAACTTTCTGGATCAATTAGCAGTCAATATTTGAC
AGCCTTGCTTATGGCAGCTCCCTTGGCTCTTGGAGATGTTGAAATCGAGATAATTGATAAAT
TGATCTCGGTTCCCTATGTTGATATGACTT TGAAGT TGATGGCACGTTTTGGGGTTACTGTT
GAACACAGTGATAGCTGGGATCGATTTTTAGT TAAAGGAGGTCAAAAGTACAAGTAGGTTTC
TTCTGAATATAGTTGATAGTATTGTTACATTACATCTGGT TATGTCAAAGAGTAATAAATTG
AAAAATAAAAATCTGTCAGATCTCCTGGAAACGCTTATGT TGAAGGTGATGCTTCAAGTGCT
AGTTACTTCCTAGCTGGTGCTGCAGTCACTGGTGGTACAGTCACCGTAGAAGGTTGTGGGAC
TAGTAGTTTACAGGTATTTTGCTTAGACCTTGAAATCTCTTATTCTTGTACTTGTGTTTACA
TAGAATCTAAGATTAAGTGTATTTACATACATTAACTGGTGTTTAATAAAGGGAGACGTARAA
ATTTGCTGAAGTTCTTGAGAAAATGGGTGCTAAAGTTAGCTGGACAGAGAACAGTGTCACGG
TCACTGGACCACCACGAGATTCTGTAAAAAGTAAACACTTGAAAGCCATTGATGTCAACATG
AACAAAATGCCTGATGTTGCCATGACTCTTGCTGTAGTTGCTCTTTTTGCTGATGGCCCCAC
TGCTATAAGAGATGGTATGTTTTTCCTTAAATTTGTGAGATGGTAAAATGGGGCAGTCGGTT
TGGGTTGGGGTAGATTATCGGTTCTCGTCTGCCATAATAAAAAATAATCTGCTCATTTGCAA
TAAATTTCACAGACACAAAAATGAAAACCAATAAAATATTATTTTGT TTAGAGGATTAAATA
CTCATTTCTTGCCTTTCCTAATTCCCAGTGGCAAGT TGGAGAGTCAAGGAGACAGAGAGAAT
GATTGCCATCTGCACTGAACTCAGAAAGGTTAGTTTTTATGCTGTTTTATGTACTTGTTATG
TCATGCGCCTTGGAATGTAATGGCTGATAGCTATCTGTTCTTATGGGAACAAACATTTCAGC
TTGGAGCAACAGTTGAGGAAGGACCCGATTACTGCGTGATCACTCCACCAGAGAAACTAAAT

ATCACAGCAATAGACACATACGACGACCACAGGATGGCTATGGCGTTCTCTCTTGCAGCTTG
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TTCAGATGTGCCAGTTACCATTAAGGATCCTGGTTGCACCCGAAAAACTTTCCCAGATTACT

TTGAAGTCCTTGAGAGATTTACAAAGCACTGAATGAGTATTTATTAACTGGATAGAGAACAA

TAGCATCGGCTACTGTCATTACAACTAAAGCAGTTGGGAGGCAGGCAATCCTTTTCAATTAT

CATGTGTTTGATTTTGGTCGACTGTATTGCAAGTTGAGCTTCTCATTATTATTAAGACTGTA

ATCGTAGTTATTTGTTGTAACTTCTGCAAACCCTTCATGTTATTTTTTCACCCTTCTAATAA

GCCAGTGGGGCAAATTCTATATCTGCTATATGAGCT TGAGTGTAGAGAGAACTTTTGTCAAT

GTATAGGTTTCTAGCAGAAGCACCATCCCTAATATGCTTTATTATAAGAGTTGCTGTGATCG

TGTAGTGTTATTTTATTGAAAGTAACCGACGCATCTCATATTA

29 <

[0183] poly-
nucleotide sequence,” “nucleic acid” and “nucleic acid
sequence” refer to a nucleotide, oligonucleotide, polynucle-
otide (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.

[0184] 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.
Recombinant polynucleotides are polynucleotides formed
by laboratory 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 recombinant polynucleotides created using, for
example, recombinant DNA methodologies.

[0185] 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.
[0186] 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.
[0187] As used herein, the terms “heterologous promoter,”
“promoter,” “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 polynucleotides, or within introns in the
polynucleotides. Typically, a promoter is a DNA regulatory
region capable of binding RNA polymerase in a cell and
initiating transcription of a downstream (3' direction) coding
sequence. The 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

As used herein, the terms “polynucleotide,
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bases or elements necessary to initiate transcription at levels
detectable above background. Within the promoter sequence
is a transcription initiation site (conveniently defined by
mapping with nuclease S1), as well as protein binding
domains (consensus sequences) responsible for the binding
of RNA polymerase.

[0188] Insome embodiments, the heterologous polynucle-
otides of interest are operably connected to the promoter. As
used herein, a polynucleotide is “operably connected” or
“operably linked” when it is placed into a functional rela-
tionship 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
embodiments, 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.

[0189] Heterologous promoters useful in the practice of
the present invention include, but are not limited to, consti-
tutive, inducible, temporally-regulated, developmentally
regulated, chemically regulated, tissue-preferred and tissue-
specific promoters. The heterologous promoter may be a
plant, animal, bacterial, fungal, or synthetic promoter. Suit-
able promoters for expression in plants include, without
limitation, 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.

[0190] Vectors including any of the constructs or poly-
nucleotides described herein are provided. The term “vec-
tor” is intended to refer to a polynucleotide capable of
transporting another polynucleotide to which it has been
linked. In some embodiments, the vector may be a “plas-
mid,” which refers to a circular double-stranded DNA loop
into which additional DNA segments may be ligated. Cer-
tain 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 mam-
malian vectors). Other vectors can be integrated into the
genome of a host cell upon introduction into the host cell,
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and thereby are replicated along with the host genome, such
as some viral vectors or transposons. Plant mini-chromo-
somes are also included as vectors. Any suitable vector
design known in the art may be used with the explants of the
present invention.

[0191] 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., RFP) 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, N.J., 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.

[0192] In some aspects, provided herein are methods for
transforming Cannabis using floral dip transformation.
Female Cannabis flowers are exposed to Agrobacterium
cultures suitable for flower dip transformation. In some
embodiments, Cannabis flowers are submerged in an Agro-
bacterium 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 Arl8rl2v, 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 [-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.

[0193] In some embodiments of the floral dip transforma-
tions, DNA is delivered directly to the Cannabis ovules. In
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some embodiments, DNA is complexed with cell penetrat-
ing peptides prior to administration to Cannabis ovules.
[0194] In some aspects, provided herein are methods for
transforming Cannabis nodes, internodes, leafs, petioles,
hypocotyls, 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 transformation are formed. Resulting explants are inocu-
lated 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.

[0195] 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.

[0196] 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.

[0197] In some aspects, provided herein are methods for
transforming Cannabis pollen or anther cultures. Cannabis
pollen 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 #80 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.

[0198] Pollen may be transformed using particle bombard-
ment, high velocity microprojection, microinjection, elec-
troporation, direct DNA uptake, cell-penetrating peptides,
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silica carbide fibers, nanoparticles, and bacterially-mediated
transformation. 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.

[0199] In some aspects, provided herein are methods for

transforming Cannabis callus tissue or embryogenic suspen-
sion cells. In general, Cannabis leaf tissue is cultured on
plant medium containing hormones suitable to induce
embryogenic calli formation. Embryogenic calli are then
transformed using any of the suitable transformation meth-
ods 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.

[0200]
of one or more preferred embodiments, and it should be

The present invention has been described in terms

appreciated that many equivalents, alternatives, variations,
and modifications, aside from those expressly stated, are
possible and within the scope of the invention.

Example 1
[0201] The embodiment described here demonstrates
Cannabis meristem explant transformation.
[0202] Seeds of variety Elektra x Chardonnay were sur-

face sanitized with 20% Clorox for 5 minutes, rinsed, and sat
for ~2 hrs before overnight imbibition with WCIC Bean
Germination Media (BGM).

TABLE 1

WCIC Bean Germination Media (BGM)

Amount
to add
per liter
Ingredients and Notes (grams)
Phytotechnology Laboratories WPM L449 241
Sucrose 20
pH to 5.8 with 1N KOH and autoclave
Add the following prior to use:
Captan fungicide (50WP) 0.06
Bravo fungicide (Daconil) (82DP) 0.03
Cefotaxime (100 mg/ml) 1.25 ml

[0203]
excised from seed and incubated for approximately 2 hrs in
20% PEG4000 with 60 mg/I. Captan and 30 mg/I. Bravo
fungicides. Explants were then rinsed and inoculated with

The next day, meristem explants were aseptically

Agrobacterium strain Arl8r12v harboring the binary plas-
mid DICOTBINARY-19. During inoculation, explants were
exposed to 20 seconds of sonication at ~45 kHz. Explants
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were co-cultured in either 1.75 ml or 2.0 ml WCIC INO
media with 100 uM acetosyringone, 50 mg/LL 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 B5 Phytotechnology 1.284
Laboratories G398
Glucose 30
MES 2.8

pH to 5.4 with IN KOH and

autoclave

[0204] After 4 days of co-culture, transient GUS expres-
sion was evaluated in explants. Explants were then trans-
ferred to either 10 mg/L. spectinomycin or 150 mg/I, spec-
tinomycin WCIC Gamborg B5 medium (Table 3) for
selection. Explants on 10 mg/l. spectinomycin B5 were
transferred to 150 mg/L spectinomycin B5 approximately 1
week later, and then explants from all treatments were
transferred to 50 mg/lL spectinomycin BS 1 month later.
Additional transfers have been made with explants remain-
ing green on spectinomycin. A summary of this experiment
is given in Table 4.

TABLE 3

WCIC Gamborg B5 Medium

Amount to add per liter

Ingredients and Notes (grams)
Phytotechnology Laboratories 241
BS salts G398

Sucrose 20
Cleary’s 3336 (S50WP) 0.06
Ca Gluconate 1.29
pH to 5.8 with 1IN 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)

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)

Selective Agent as needed
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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 BS5; 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
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 BS
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 BS; 28 C. 16/8 BS; 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 BS5; 28 C. 16/8 BS; 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. B5; 28 C. 16/8 explant (primary  transferred to non-
INO + 50 ppm nystatin + 16/8 photoperiod; leaves) selective BRM;
10 ppm TBZ + lipoic photoperiods transferred to B5  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 photoperiods
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 BS; 28 C. 16/8 BS; 28 C. 16/8 transferred to 10
nystatin + 10 ppm TBZ + photoperiod; photoperiod; ppm spec BS
lipoic acid + 1 ppm
TDZ; 23 C. 16/8
photoperiod
[0205] Stable RFP (tdTomato) was imaged several [0207] The non-inoculated control meristem explant was

explants 3 weeks after inoculation, but was confined pri-
marily 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.

[0206] 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.

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.

[0208] Additional experiments with additional varieties of
Cannabis inoculated with Arl8r12v/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 Cannabis meristem explants.

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  Arl8rl2v DICOT- 35 10 ppm spec
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/9-1 BINARY- 100% BS3;
3WS PEGA4000 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  Arl8rl2v DICOT- 25 10 ppm spec
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/9-2 BINARY- 100% BS3;
3WS PEGA4000 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  Arl8rl2v DICOT- 21 10 ppm spec
Hemp rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/9-3 BINARY- 100% BS5;
PEGA4000 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  Arl8rl2v DICOT- 12 10 ppm spec
Hemp rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/9-4 BINARY- 100% BS5;
PEGA4000 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  Arl8rl2v DICOT- 59 10 ppm spec
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/16-1 BINARY- 100% BS3;
3WS PEGA4000 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  Arl8rl2v DICOT- 19 10 ppm spec
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/16-2 BINARY- 100% BS3;
3WS PEGA4000 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  Arl8rl2v 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  Arl8rl2v DICOT- 36 10 ppm sec
Gold rinsed; imbibed for ~20 h in BGM; explants placed in 20% 5/30-2 BINARY- hemp node
3WS PEGA4000 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 PEGA4000 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  Arl812v  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% PEGA4000 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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TABLE 5-continued

Description and summary of follow-up experiments with Cannabis meristem explants.

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  Arl812v  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% PEGA4000 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  Arl812v  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% PEGA4000 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  Arl812v  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% PEGA4000 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  Arl812v  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% PEGA4000 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  Arl812v  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% PEGA4000 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  Arl812v  SOYTEST-2 10 50 ppm sec

Gold rinsed; imbibed for ~20 h in BGM at 37 C.; explants placed in  6/20-1C B5; 28 C.

3WS 20% PEGA4000 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  Arl812v  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% PEGA4000 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  Arl812v  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% PEGA4000 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  Arl812v  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% PEGA4000 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  Arl812v  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% PEGA4000 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 Cannabis meristem explants.

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  Arl812v  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% PEGA4000 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% PEGA4000 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% PEGA4000 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  Arl812v  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% PEGA4000 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  Arl812v  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% PEGA4000 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

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 (S50WP) 0.06
Ca Gluconate 1.29
pH to 5.8 with 1 N 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
(PhytoTech M519)

443

Sucrose 30
Cleary’s 3336 0.06
pH to 5.7 with 1 N KOH
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
[0209] We did obtain strong GUS transients using both

Cannabis varieties Honey Gold 3WS and the Fiber Hemp
(in addition to the transients shown for Elektra x Chardon-
nay in initial disclosure). See FIG. 3.

[0210] Additionally, Cannrabis 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.

[0211] It is also possible to mechanically excise the Can-
nabis meristem explants from the seen. 10 g Cannabis seed
from the Fiber variety were surface sterilized with 20%
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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 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.

[0212] 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
performed 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
[0213] Further experimentation will be carried out using

gap setting 6 for grinding hemp varieties. Following embry-
onic 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.

[0214] 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 nec-

essary.

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 1 N 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) 1 ml
Selection as needed
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[0215] Additional control binary constructs have also been
testing including SOYTEST-2. SOYTEST-2 has a different
promoter driving tdTomato to test impacts on RFP visual-
ization (DICOTBINARY-19 uses the Glycirne max Ubiquitin
3 XL promoter driving tdTomato, where SOYTEST-2 uses
Pinus radiata Super Ubiquitin promoter driving tdTomato).
See FIG. 19.

[0216] We have obtained positive GUS transients in Can-
nabis meristem explants (3WS variety) using SOYTEST-2
in both the Ar18r12v and GV3101 strains of Agrobacterium
(see FIG. 20), demonstrating transfection of Cannabis meri-
stems using disarmed strains of both Agrobacterium rhizo-

genes (Arl8rl2v) and Agrobacterium  tumefaciens
(GV3101).
[0217] We have obtained additional stable RFP expressing

Cannabis 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).

[0218] 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.

[0219] Additional data in FIGS. 32-34 confirms the chi-
merism 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:

[0220] 1.3 minutes at 94 C for initial denaturation
[0221] 2. 30 seconds at 94 C for denaturation

[0222] 3. 30 seconds at 55 C for annealing

[0223] 4. 1 minute at 72 C for primer extension

[0224] 5. Cycle steps 2-4 34 more times (35 total cycles)
[0225] 6. 10 minutes at 72 C for final primer extension
[0226] 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

[0227] We have also blasted DNA into Carnabis 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/l1 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
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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
min and supernatant removed 36 ul 100% EtOH was added

Mar. 11, 2021

Example 2

[0229] The embodiments described herein demonstrate
Cannabis floral dip experiments.

[0230] We used strain Arl8rl2v based on positive GUS
transients 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 [.-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 [.-77 “blank™). Experiment is
summarized in Table 11.

TABLE 11

Description and summary of experiments with Cannabis floral dip

Experiment
1D

Comments

AS

Co-Culture Duration
(Days)

Observations and
Comments

Hrmp 4/17-1

Hemp 4/17-2

Agro washed once with none

sterile water; spun 10
min, resuspended in 5%
sucrose; Silwet L-77
added to 0.05%

Agro washed once with 100 uM AS

sterile water; spun 10
min, resuspended in 5%
sucrose; Silwet L-77
added to 0.05%

Agro applied directly to
flowers; 1d dark in high
humidity LEDA; then
moved to GH7 with 3
males

Agro applied directly to
flowers; 1d dark in high
humidity LEDA; then
moved to GH7 with 3
males

5 female plants; 3
hermaphrodites
(red/white twist tie
below flower for
inoculated, white for
blank)

5 female plants; 3
hermaphrodites
(green twist tie
below flower for
inoculated, white for

blank)

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).

[0228] Cannabis meristem explants were excised from
seed and precultured on EJW1 media overnight at 28 C 16/8
photoperiod, 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 Cannabis meristem
explants bombarded with DICOTBOMB-13 is shown in
FIG. 23.

TABLE 10

Preculture Medium EJTW1

Ingredients and Notes Amount to add per liter (grams)

MS salts no vitamins 43
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) 25
TDZ (1 mg/ml stock) 1 ml

[0231] We noted no obvious ill effects of the inoculum
application 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

[0232] The embodiments described herein demonstrate
Cannabis node, internode, leaf, and petiole transformation
experiments.

[0233] We inoculated node, internode, leaf, and petiole
explants of Cannabis variety Elektra x Chardonnay. We used
aseptically 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/[. 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.

[0234] After co-culture, nodal explants were transferred to
100 mg/L. spectinomycin hemp node media (Table 7) supple-
mented with 500 mg/L activated charcoal. Leaf, petiole, and
internode explants were transferred to 100 mg/LL 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
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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 443
(PhytoTech M519)

Sucrose 20
Cleary’s 3336 0.06
pH to 5.7 with 1 N KOH

Gelrite (or Phytagel), then autoclave 2
Meta-topolin (mT) (1 mg/ml) 1 ml
Napthylacetic acid (NAA) (1 mg/ml) 1 ml
GA3 (FS) Sigma Prod G7645 0.2 ml
(1 mg/ml)

Carbenicillin (200 mg/ml) 1.25 ml
Cefotaxime (100 mg/ml) 2 ml
Selection as needed
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pollen from male plants can be stored. Canrabis 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:
[0237] 1. 25% glycerol (w/v) PGM, inverted several
times to mix and stored at -20 C.
[0238] 2. 25% glycerol (w/v) PGM, inverted several
times to mix and stored at 4 C

[0239] 3. Untreated, fresh pollen, stored at 4 C
[0240] 4. Untreated pollen, stored at =20 C
[0241] 5. Pollen placed in 1.5 mLl microfuge tube,

placed in sweater box with MgNO3 solution. Moved to
-20C on 5/3 at 11 am.

[0242] 6. 25% w/g glycerol PGM, 1 hour incubation at
RT, followed by storage at —-80 C

[0243] 7. One hour untreated at room temperature in 50
ml tube.

TABLE 13

Description and summary of experiments with Cannabis nodes, leaves, petioles, and internodes.

#
embryos # explants
Experiment to to second
D 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.
20s 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 B5 3/22/19; harvested in INO; inoculated and sonicated 28 C. media; 28 C.
20s 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 B5 3/22/19; harvested in INO; inoculated and sonicated internode media; hemp node
20s 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 20s 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 [0244] The same day pollen was harvested, pollen from
. . . tubes #6,7 were placed onto solid PGM after one hour of
[0235] 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/L. Captan and 30 mg/LL Bravo fungicides, rinsed,
and plated on Hemp Node media without activated charcoal
(Table 7).

Example 5

[0236] This embodiment describes the transformation of
Cannabis pollen, in particular the advantages provided when

incubation 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.

[0245] 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
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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.

TABLE 14
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Example 6

[0246] Cannabis value added explants (VAEs) were gen-
erated 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.

Pollen Germination Medium - Salts IT Solution (PGM2 Salts)
Pollen Germination Medium Salts II Solution (PGM2 Salts)

Volume:
Stock (100X) 10 mL Original
Reagent CAS g/10 mL Units

100 mL stock
grams added

Boric Acid (H3BO3) 0043-35-3  0.05 0.005% 0.5

CaCI2*2H20 10035-04-8  1.47 10mM 14.7
Potassium Phosphate, 7778-77-0  0.00680 0.05 mM 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 Explants were then rehydrated in 20% PEG4000 with 60
mg/[. Captan and 30 mg/[. Bravo fungicides, rinsed, and
X I;)C{ﬂ\;[ (111’0“21 Ge,rmgm“‘l’\z %edmm) plated on Hemp Node media without activated charcoal.
0llen rermination CAIULITL . .
FIG. 29 shows dried Carnabis VAEs after 5 weeks plated on
Volume 1L non-selective medium. FIG. 30 shows machine excised
) Cannabis meristem explants on non-selective medium for 2
amount units
weeks.
PGM Salts 10 mL . . .
Sucrose 100 g [0247] Cannabz; VAE§ may als.o be primed with WCIC
PEG 4000 600 g INO or other medium prior to drying. Examples of priming
ddH20 Fillto 1 L and drying conditions are outlined below. These examples

Heat to 70 C. for 10 minutes on stir plate.
Filter sterilize.

are for soybean transformations but are applicable to Can-
nabis VAE priming and drying and the same or similar

Store at 4 C. . i
conditions may be used with Cannabis explants.
TABLE 18
TABLE 16
Priming and Drying of Explants (Soybean genotype W28, strain
Solid Pollen Germination Medium GV3101)
Solid Pollen Germination Medium
TO
Volume 1L Shoots  plants
Co- Ex- har- to
amount units VAE Batch/Priming culture plants vested GH TF
2X PGM 500 mL Fresh explants giving rise 1 ppm 75 6 3 4.0%
0.6% Noble Agar 500 mL to S92 series TDZ
Fresh explants giving rise  no TDZ 71 3 3 4.2%
to S92 series
S92A (std dry) lppm 75 8 4 5.3%
TABLE 17 o bz
S92B (3 hr prime in INO, 1ppm 50 10 10 20.0%
25% glycerol PGM then dry) L TDZ o
25% alycerol PGM S?ZC (3 hr prime in INO 1 ppm 75 9 6 8.0%
with 1 ppm TDZ
Volume 1L TDZ, then dryl) .
S92D (3 hr prime in INO 1 ppm 50 0 0 0.0%
amount units with 10 ppm TDZ
TDZ, then dry)
2X PGM 500 mL S92E (3 hr prime in INO 1ppm 63 0 0 0.0%
50% (w/ly) glycerol 500 mL with 50 ppm TDZ

TDZ, then dry)
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TABLE 18-continued

Priming and Drying of Explants (Soybean genotype W28, strain

GV3101)
TO
Shoots  plants

Co- Ex- har- to
VAE Batch/Priming culture plants vested GH TF
S92E (3 hr prime in INO 1 ppm 50 0 0 0.0%
with 100 ppm TDZ
TDZ, then dry)

Example 7

[0248] This example demonstrates additional embodi-

ments of the transformation methods and transgenic Can-
nabis plants described herein.

[0249] T1 data/POC of germline transformation of Can-
nabis using meristem explants: A leaf sample of Cannabis
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 germ-
line status for the transgene.

[0250] WP421-1 was moved to short days in GHI15
approximately 9 weeks after plant handoff to greenhouse. 10
cuttings 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.

[0251] 2.5 weeks after pollination with male 3WS plant,
immature 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)

[0252] 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)

[0253] Of the 48 T1 WP421-1 seed planted in flats, 44
germinated 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)

[0254] Additional Cannabis transformation experiments
using meristem explants: Additional experiments with Can-
nabis meristem explants inoculated with Ar18r12v/DICOT-
BINARY-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
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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).

[0255] We have regenerated a transgenic Cannabis plant-
let 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
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).

[0256] Explants were rested on EJW1 overnight, then
transferred to 100 mg/L. spectinomycin hemp node media
without activated charcoal for 1 month. Explants were then
transferred to 50 mg/l. streptomycin hemp regeneration
media with 1 mg/[. 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, demon-
strating POC of particle-mediated transformation of Can-
nabis meristem explants (FIG. 51).

Example 8

[0257] Transgenic TO Cannrabis Plant Generation Using
Particle-Mediated Transformation of Cannabis Meristem
Explants

[0258] The regenerating transgenic Cannabis plantlet
from particle-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 Canrnabis meristem explants prepared from seed ger-
minated at 37 C overnight of variety 3WS. Meristem
explants were precultured on EJW1 overnight and blasted on
carboxymethylcellulose 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 pre-
viously described). Explants were then transferred to 50
mg/L, streptomycin hemp regeneration media with 1 mg/LL
meta-topolin  (mT) for 6 weeks (media previously
described). We then attempted to root this explant by trans-
ferring 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 (V2 MS salts with 0.1 mg/L
1AA); (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).

[0259] After the WP-001181a event had been in the green-
house 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).

[0260] Previous examples described taking petiole sec-
tions of the Cannabis TO event WP421-1 to examine GUS
expression in vascular tissue, which appeared to be an early
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indicator of germline status in the Cannrabis WP421-1 TO
event, and found GUS expression to be present in vascular
tissue of WP001181-1a 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 -1a 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).
[0261] DNA complexed with gold “bead prep” was made
by these steps:
[0262] Sonicate 50 mg/1 ml EtOH gold suspension for
3 min 45-55 kHz to resuspend gold.
[0263] Transfer 42 ul to a new tube. Pellet by centrifu-
gation at 2500 rpm for 10 seconds, remove EtOH.
[0264] Add 500 ul sterile water, sonicate 3 min 45-55
kHz. Pellet by centrifugation at 2500 rpm for 10
seconds, remove water.
[0265] Add 25 ul sterile water (wash sides of tube with
pipette tip). Sonicate 3 min 45-55 kHz.

[0266] Add 2.6 ug DNA

[0267] Add cold sterile water to bring volume up to 245
ul.

[0268] Add 250 ul cold 2.5 M CaCl2.

[0269] Add 50 ul 0.1 M spermidine

[0270] 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.

[0271] Once coating is done, pellet the DNA/gold at
1000 rpm (~100xg) for 2 min. Remove supernatant.
[0272] Wash pellet with 1 ml 100% EtOH w/ pipette tip.
Pellet DNA/gold at 1000 rpm (~100xg) for 2 min.

Remove EtOH.

[0273] Add 36 ul 100% EtOH, completely resuspend
gold with low-speed vortexing.

[0274] Store at =20 C, we generally use 5 ul of this prep
per bombardment.

[0275] 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).

[0276] CMC targeting media includes 8% low viscosity
carboxymethylcellulose, 2% medium viscosity carboxym-
ethylcellulose, 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.

[0277] EJWI1 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
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TABLE 19-continued

BRM media

Ingredients and Notes Amount to add per liter (grams)

sucrose 30
pH 5.8 with KOH

Agar, Sigma A7921 8
Autoclave

Add after autoclaving

Cysteine (100 mg/ml) - make Use at 1.0 ml per Liter (100 mg/L)
stock fresh

Cefotaxime (100 mg/ml) Use at 2.0 ml per Liter (200 mg/L)

IAA (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

[0278] 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 penetrating peptides, silica carbide fibers or others; as
well as use of lipid and/or cationic lipid compounds).
[0279] 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-HS5 fractions
pooled. These explants had been stored at —20 C for x weeks
before rehydration in INO+60 mg/L. Cleary’s and inocula-
tion with Ar18r12v/DICOTBINARY-19. Presence of GUS
also indicates cells remained viable during this ~8 month
storage time. (FIG. 58).

[0280] 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). Can-
nabis 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 mg/l. Cleary’s fungicide. Explants were
inoculated with Ar18r12v/DICOTBINARY-19 and co-cul-
tured as previously 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).
[0281] Transient transformation of elite Abacus Canrnabis
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 Ar18r12v/
DICOTBINARY-19 (derived from seed imbibed overnight
at 23 C) (FIG. 61).

[0282] Transmission of transgenes into T2 generation of
Cannabis 3WS variety (from initial TO event WP421-1):
The previously described GUS positive, RFP (tdTomato)
positive, 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 trans-
mission of transgenes into the T2 generation. This T1 plant
and its cuttings were pollinated with pollen from a separate



US 2021/0071186 Al

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
meristemn 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
[0283] The reduction or elimination of THC will be

accomplished by knocking out the THCA synthase gene
using a CRISPR/Cas9 gene editing approach. Cannabis has
two 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-
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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.
[0284] 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. successtfully 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.

[0285] 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. rapus. 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.
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.

[0286] High CGBA plants: The CsPT1 ((geranylpyro-
phosphate:olivetolate geranyltransterase (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.
[0287] Herbicide resistant plants: Like many other plants,
cannabis 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
substitutions, and produce a glyphosate resistant cannabis
plant.

Example 10

[0288] Transgenic TO Cannrabis 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
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were positive. (FIGS. 72-74). As described herein (Example
2), it is also possible to transform plastids and/or proplastids
of Cannabis meristem explants using plastid specific pro-
moters driving aadA (and GOI) such as the large subunit
promoter of RUBISCO; or a suitable prokaryotic promoter.
This would give advantages of plastid transformation (ma-
ternal inheritance with null pollen, whole operon engineer-
ing, greater protein expression, etc.) in Cannabis and Can-
nabis breeding.

[0289] Alternate seed conditioning without imbibition—
We were able to get radical emergence from Cannabis seed
of the Badger variety using seed sanitization followed by
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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)

[0290] Transient transformation and Stable expression of
RFP (tdTomato) in Badger variety using Agrobacterium-
mediated 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 Arl8r12v/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

atgaattgct cagcattttce cttttggttt gtttgcaaaa taatattttt ctttctctca 60
ttccatatecc aaatttcaat agctaatcct cgagaaaact tccttaaatg cttctcaaaa 120
catattccca acaatgtagce aaatccaaaa ctegtataca ctcaacacga ccaattgtat 180
atgtctatecce tgaattcgac aatacaaaat cttagattca tctctgatac aaccccaaaa 240
ccactegtta ttgtcactece ttcaaataac tcccatatcce aagcaactat tttatgetcet 300
aagaaagttyg gecttgcagat tcgaactega ageggtggec atgatgetga gggtatgtee 360
tacatatctc aagtcccatt tgttgtagta gacttgagaa acatgcattc gatcaaaata 420
gatgttcata gccaaactgc gtgggttgaa gccggagcta cecttggaga agtttattat 480
tggatcaatyg agaagaatga gaatcttagt tttcetggtg ggtattgece tactgttgge 540
gtaggtggac actttagtgg aggaggctat ggagcattga tgcgaaatta tggecttgeg 600
gctgataata ttattgatge acacttagtce aatgttgatg gaaaagttct agatcgaaaa 660
tccatgggag aagatctgtt ttgggctata cgtggtggtg gaggagaaaa ctttggaate 720
attgcagcat ggaaaatcaa actggttgat gtcccatcaa agtctactat attcagtgtt 780
aaaaagaaca tggagataca tgggcttgtce aagttattta acaaatggca aaatattgcet 840
tacaagtatg acaaagattt agtactcatg actcacttca taacaaagaa tattacagat 900
aatcatggga agaataagac tacagtacat ggttacttct cttcaatttt tcatggtgga 960

gtggatagtc tagtcgactt gatgaacaag agctttectg 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
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acacaagcac gtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacta aagttgatcc caataatttt tttagaaacyg aacaaagtat cccacctcett 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
ttccatatce aaatttcaat agctaatect cgagaaaact tecttaaatg cttctcaaaa 120
catattccca acaatgtage aaatccaaaa ctegtataca ctcaacacga ccaattgtat 180
atgtctatce tgaattcgac aatacaaaat cttagattca tctetgatac aaccccaaaa 240
ccactcegtta ttgtcactee ttcaaataac tceccatatec aagcaactat tttatgetcet 300
aagaaagttyg gcttgcagat tcgaactecga ageggtggec atgatgetga gggtatgtcece 360
tacatatctc aagtcccatt tgttgtagta gacttgagaa acatgcattce gatcaaaata 420
gatgttcata gccaaactgc gtgggttgaa gccggagcta cccttggaga agtttattat 480
tggatcaatg agaagaatga gaatcttagt tttecetggtg ggtattgece tactgttgge 540
gtaggtggac actttagtgg aggaggctat ggagcattga tgcgaaatta tggecttgeg 600
getgataata ttattgatgce acacttagtc aatgttgatg gaaaagttct agatcgaaaa 660
tccatgggag aagatctgtt ttgggctata cgtggtggtg gaggagaaaa ctttggaatce 720
attgcagcat ggaaaatcaa actggttgct gtecccatcaa agtctactat attcagtgtt 780
aaaaagaaca tggagataca tgggcttgte aagttattta acaaatggca aaatattgcet 840
tacaagtatg acaaagattt agtactcatg actcacttca taacaaagaa tattacagat 900
aatcatggga agaataagac tacagtacat ggttacttet cttcaatttt tcatggtgga 960

gtggatagtc tagtcgactt gatgaacaag agctttcgtg agttgggtat taaaaaaact 1020
gattgcaaag aatttagctg gattgataca accatcttcet 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 aagattggceg 1440
tatctcaatt atagggacct tgatttagga aaaactaatc atgcgagtcc taataattac 1500
acacaagcac gtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacta aagttgatcc caataatttt tttagaaacyg aacaaagtat cccacctcett 1620
mcaccgcatce atcattaa 1638
<210> SEQ ID NO 3

<211> LENGTH: 1635

<212> TYPE: DNA
<213> ORGANISM: Cannabis sativa
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<400> SEQUENCE: 3

atgaattgcet cagcatttte cttttggttt gtttgcaaaa taatattttt ctttetctca 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 agcggtggec atgatgetga gggtatgtcce 360
tacatatctc aagtcccatt tgttgtagta gacttgagaa acatgcattc gatcaaaata 420
gatgttcata gccaaactgc gtgggttgaa gccggagcta cccttggaga agtttattat 480
tggatcaatg agaagaatga gaatcttagt tttcctggtg ggtattgccce 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 accatcttcet 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 aagattggceg 1440
tatctcaatt atagggacct tgatttagga aaaactaatc atgcgagtcc taataattac 1500
acacaagcac gtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacta aagttgatcc caataatttt tttagaaacyg aacaaagtat cccacctcett 1620
ccaccgcatc atcat 1635
<210> SEQ ID NO 4

<211> LENGTH: 1638

<212> TYPE: DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 4

atgaattgct cagcattttc cttttggttt gtttgcaaaa taatattttt ctttctctca 60
ttccatatce aaatttcaat agctaatect cgagaaaact tecttaaatg cttctcaaaa 120
catattccca acaatgtage aaatccaaaa ctegtataca ctcaacacga ccaattgtat 180
atgtctatce tgaattcgac aatacaaaat cttagattca tctetgatac aaccccaaaa 240

ccactcegtta ttgtcactee ttcaaataac tceccatatec aagcaactat tttatgetcet 300
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aagaaagttg gcttgcagat tcgaactcga agcggtggec atgatgetga gggtatgtcce 360
tacatatctc aagtcccatt tgttgtagta gacttgagaa acatgcattc gatcaaaata 420
gatgttcata gccaaactgc gtgggttgaa gccggagcta cccttggaga agtttattat 480
tggatcaatg agaagaatga gaatcttagt tttcctggtg ggtattgccce tactgttgge 540
gtaggtggac actttagtgg aggaggctat ggagcattga tgcgaaatta tggccttgeg 600
gctgataata tcattgatgc 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 accatcttcet acagtggtgt tgtaaattac 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 aagattggceg 1440
tatctcaatt atagggacct tgatttagga aaaactaatc atgcgagtcc taataattac 1500
acacaagcac gtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacta aagttgatcc caataatttt tttagaaacyg aacaaagtat cccacctcett 1620
ccaccgcatc atcattaa 1638
<210> SEQ ID NO 5

<211> LENGTH: 1638

<212> TYPE: DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 5

atgaattgct cagcattcte cttttggttt gtttgcaaaa taatattttt ctttctctca 60
ttcaatatcc aaatttcaat agctaatcct caagaaaact tecttaaatg cttctceggaa 120
tatattccta acaatccage aaatccaaaa ttcatataca ctcaacacga ccaattgtat 180
atgtctgtce tgaattcgac aatacaaaat cttagattca cctetgatac aaccccaaaa 240
ccactcegtta ttgtcactee ttcaaatgte tcccatatec aggecagtat tctetgetcece 300
aagaaagttyg gtttgcagat tcgaactcga ageggtggec atgatgetga gggtttgtece 360
tacatatctc aagtcccatt tgctatagta gacttgagaa acatgcatac ggtcaaagta 420
gatattcata gccaaactgc gtgggttgaa gccggagcta cccttggaga agtttattat 480
tggatcaatg agatgaatga gaattttagt tttecetggtg ggtattgece tactgttgge 540
gtaggtggac actttagtgg aggaggctat ggagcattga tgcgaaatta tggecttgeg 600

gctgataata tcattgatge acacttagtce aatgttgatg gaaaagttct agatcgaaaa 660
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tccatgggag aagatctatt ttgggctata cgtggtggag gaggagaaaa ctttggaatc 720
attgcagcat ggaaaatcaa acttgttgtt gtcccatcaa aggctactat attcagtgtt 780
aaaaagaaca tggagataca tgggcttgtc aagttattta acaaatggca aaatattgct 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 accatcttcet 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 ctcatcgagc tggaataatg 1320
tatgaacttt ggtacactgc tacctgggag aagcaagaag ataacgaaaa gcatataaac 1380
tgggttcgaa gtgtttataa tttcacaact ccttatgtgt cccaaaatcc aagattggceg 1440
tatctcaatt atagggacct tgatttagga aaaactaatc ctgagagtcc taataattac 1500
acacaagcac gtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacca aagctgatcce caataatttt tttagaaacg aacaaagtat cccacctcett 1620
ccaccgegte atcattaa 1638
<210> SEQ ID NO 6

<211> LENGTH: 545

<212> TYPE: PRT

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 6

Met Asn Cys Ser Ala Phe Ser Phe Trp Phe Val Cys Lys Ile Ile Phe
1 5 10 15

Phe Phe Leu Ser Phe His Ile Gln Ile Ser Ile Ala Asn Pro Arg Glu
20 25 30

Asn Phe Leu Lys Cys Phe Ser Lys His Ile Pro Asn Asn Val Ala Asn
35 40 45

Pro Lys Leu Val Tyr Thr Gln His Asp Gln Leu Tyr Met Ser Ile Leu
50 55 60

Asn Ser Thr Ile Gln Asn Leu Arg Phe Ile Ser Asp Thr Thr Pro Lys
65 70 75 80

Pro Leu Val Ile Val Thr Pro Ser Asn Asn Ser His Ile Gln Ala Thr
85 90 95

Ile Leu Cys Ser Lys Lys Val Gly Leu Gln Ile Arg Thr Arg Ser Gly
100 105 110

Gly His Asp Ala Glu Gly Met Ser Tyr Ile Ser Gln Val Pro Phe Val
115 120 125

Val Val Asp Leu Arg Asn Met His Ser Ile Lys Ile Asp Val His Ser
130 135 140

Gln Thr Ala Trp Val Glu Ala Gly Ala Thr Leu Gly Glu Val Tyr Tyr
145 150 155 160

Trp Ile Asn Glu Lys Asn Glu Asn Leu Ser Phe Pro Gly Gly Tyr Cys
165 170 175

Pro Thr Val Gly Val Gly Gly His Phe Ser Gly Gly Gly Tyr Gly Ala
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180 185 190

Leu Met Arg Asn Tyr Gly Leu Ala Ala Asp Asn Ile Ile Asp Ala His
195 200 205

Leu Val Asn Val Asp Gly Lys Val Leu Asp Arg Lys Ser Met Gly Glu
210 215 220

Asp Leu Phe Trp Ala Ile Arg Gly Gly Gly Gly Glu Asn Phe Gly Ile
225 230 235 240

Ile Ala Ala Trp Lys Ile Lys Leu Val Asp Val Pro Ser Lys Ser Thr
245 250 255

Ile Phe Ser Val Lys Lys Asn Met Glu Ile His Gly Leu Val Lys Leu
260 265 270

Phe Asn Lys Trp Gln Asn Ile Ala Tyr Lys Tyr Asp Lys Asp Leu Val
275 280 285

Leu Met Thr His Phe Ile Thr Lys Asn Ile Thr Asp Asn His Gly Lys
290 295 300

Asn Lys Thr Thr Val His Gly Tyr Phe Ser Ser Ile Phe His Gly Gly
305 310 315 320

Val Asp Ser Leu Val Asp Leu Met Asn Lys Ser Phe Pro Glu Leu Gly
325 330 335

Ile Lys Lys Thr Asp Cys Lys Glu Phe Ser Trp Ile Asp Thr Thr Ile
340 345 350

Phe Tyr Ser Gly Val Val Asn Phe Asn Thr Ala Asn Phe Lys Lys Glu
355 360 365

Ile Leu Leu Asp Arg Ser Ala Gly Lys Lys Thr Ala Phe Ser Ile Lys
370 375 380

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

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
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic- guide RNA
<400> SEQUENCE: 7
tgcagcatgg aaaatcaaac 20
<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
ccettacggt ggtataatgg 20
<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 20
<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 20
<210> SEQ ID NO 11
<211> LENGTH: 1635
<212> TYPE: DNA
<213> ORGANISM: Cannabis sativa
<400> SEQUENCE: 11
atgaagtgct caacattctc cttttggttt gtttgcaaga taatattttt ctttttctca 60
ttcaatatce aaacttccat tgctaatcct cgagaaaact tcecttaaatg cttctcgcaa 120
tatattccca ataatgcaac aaatctaaaa ctcgtataca ctcaaaacaa cccattgtat 180
atgtctgtcee taaattcgac aatacacaat cttagattca gctctgacac aaccccaaaa 240
ccacttgtta tcgtcactcce ttcacatgte tcetcatatec aaggcactat tctatgetce 300
aagaaagttg gcttgcagat tcgaactcga agtggtggte atgattctga gggcatgtce 360
tacatatctce aagtcccatt tgttatagta gacttgagaa acatgcgttc aatcaaaata 420
gatgttcata gccaaactge atgggttgaa gccggagceta cecttggaga agtttattat 480
tgggttaatyg agaaaaatga gagtcttagt ttggctgetyg ggtattgece tactgtttge 540
gcaggtggac actttggtgg aggaggctat ggaccattga tgagaagcta tggectcgeg 600
gctgataata tcattgatge acacttagtc aacgttcatg gaaaagtgct agatcgaaaa 660
tctatggggg aagatctett ttgggettta cgtggtggtyg gagcagaaag cttceggaatce 720
attgtagcat ggaaaattag actggttgct gtcccaaagt ctactatgtt tagtgttaaa 780
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aagatcatgg agatacatga gcttgtcaag ttagttaaca aatggcaaaa tattgcttac 840
aagtatgaca aagatttatt actcatgact cacttcataa ctaggaacat tacagataat 900
caagggaaga ataagacagc aatacacact tacttctctt cagttttcct tggtggagtg 960

gatagtctag tcgacttgat gaacaagagt tttcctgagt tgggtattaa aaaaacggat 1020
tgcagacaat tgagctggat tgatactatc atcttctata gtggtgttgt aaattacgac 1080
actgataatt ttaacaagga aattttgctt gatagatccg ctgggcagaa cggtgcttte 1140
aagattaagt tagactacgt taagaaacca attccagaat ctgtatttgt ccaaattttg 1200
gaaaaattat atgaagaaga tataggagct gggatgtatg cgttgtaccc ttacggtggt 1260
ataatggatg agatttctga atcagcaatt ccattccctc atcgagctgg 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 acctcttceca 1620
cggcatcgtce attaa 1635
<210> SEQ ID NO 12

<211> LENGTH: 544

<212> TYPE: PRT

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 12

Met Lys Cys Ser Thr Phe Ser Phe Trp Phe Val Cys Lys Ile Ile Phe
1 5 10 15

Phe Phe Phe Ser Phe Asn Ile Gln Thr Ser Ile Ala Asn Pro Arg Glu
20 25 30

Asn Phe Leu Lys Cys Phe Ser Gln Tyr Ile Pro Asn Asn Ala Thr Asn
35 40 45

Leu Lys Leu Val Tyr Thr Gln Asn Asn Pro Leu Tyr Met Ser Val Leu
50 55 60

Asn Ser Thr Ile His Asn Leu Arg Phe Ser Ser Asp Thr Thr Pro Lys
65 70 75 80

Pro Leu Val Ile Val Thr Pro Ser His Val Ser His Ile Gln Gly Thr
85 90 95

Ile Leu Cys Ser Lys Lys Val Gly Leu Gln Ile Arg Thr Arg Ser Gly
100 105 110

Gly His Asp Ser Glu Gly Met Ser Tyr Ile Ser Gln Val Pro Phe Val
115 120 125

Ile Val Asp Leu Arg Asn Met Arg Ser Ile Lys Ile Asp Val His Ser
130 135 140

Gln Thr Ala Trp Val Glu Ala Gly Ala Thr Leu Gly Glu Val Tyr Tyr
145 150 155 160

Trp Val Asn Glu Lys Asn Glu Ser Leu Ser Leu Ala Ala Gly Tyr Cys
165 170 175

Pro Thr Val Cys Ala Gly Gly His Phe Gly Gly Gly Gly Tyr Gly Pro
180 185 190

Leu Met Arg Ser Tyr Gly Leu Ala Ala Asp Asn Ile Ile Asp Ala His
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195 200 205

Leu Val Asn Val His Gly Lys Val Leu Asp Arg Lys Ser Met Gly Glu
210 215 220

Asp Leu Phe Trp Ala Leu Arg Gly Gly Gly Ala Glu Ser Phe Gly Ile
225 230 235 240

Ile Val Ala Trp Lys Ile Arg Leu Val Ala Val Pro Lys Ser Thr Met
245 250 255

Phe Ser Val Lys Lys Ile Met Glu Ile His Glu Leu Val Lys Leu Val
260 265 270

Asn Lys Trp Gln Asn Ile Ala Tyr Lys Tyr Asp Lys Asp Leu Leu Leu
275 280 285

Met Thr His Phe Ile Thr Arg Asn Ile Thr Asp Asn Gln Gly Lys Asn
290 295 300

Lys Thr Ala Ile His Thr Tyr Phe Ser Ser Val Phe Leu Gly Gly Val
305 310 315 320

Asp Ser Leu Val Asp Leu Met Asn Lys Ser Phe Pro Glu Leu Gly Ile
325 330 335

Lys Lys Thr Asp Cys Arg Gln Leu Ser Trp Ile Asp Thr Ile Ile Phe
340 345 350

Tyr Ser Gly Val Val Asn Tyr Asp Thr Asp Asn Phe Asn Lys Glu Ile
355 360 365

Leu Leu Asp Arg Ser Ala Gly Gln Asn Gly Ala Phe Lys Ile Lys Leu
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 Gln 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 13

<211> LENGTH: 1635

<212> TYPE: DNA

<213> ORGANISM: Cannabis sativa
<400> SEQUENCE: 13

atgaagtgct caacattcte cttttggttt gtttgcaaga taatattttt ctttttctca 60

ttcaatatcc aaacttccat tgctaatect cgagaaaact tecttaaatg cttctcegcaa 120
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tatattccca ataatgcaac aaatctaaaa ctcgtataca ctcaaaacaa cccattgtat 180
atgtctgtcc taaattcgac aatacacaat cttagattca cctctgacac aaccccaaaa 240
ccacttgtta tcgtcactce ttcacatgtc tctcatatcc aaggcactat tctatgetcce 300
aagaaagttg gcttgcagat tcgaactcga agtggtggtc atgattctga gggcatgtcce 360
tacatatctc aagtcccatt tgttatagta gacttgagaa acatgcgttc aatcaaaata 420
gatgttcata gccaaactgc atgggttgaa gccggagcta cccttggaga agtttattat 480
tgggttaatg agaaaaatga gaatcttagt ttggcggctg ggtattgcce tactgtttgce 540
gcaggtggac actttggtgg aggaggctat ggaccattga tgagaaacta tggcctcgeg 600
gctgataata tcattgatgc acacttagtc aacgttcatg gaaaagtgct agatcgaaaa 660
tctatggggg aagatctctt ttgggecttta cgtggtggtg gagcagaaag ctteggaatc 720
attgtagcat ggaaaattag actggttgct gtcccaaagt ctactatgtt tagtgttaaa 780
aagatcatgg agatacatga gcttgtcaag ttagttaaca aatggcaaaa tattgcttac 840
aagtatgaca aagatttatt actcatgact cacttcataa ctaggaacat tacagataat 900
caagggaaga ataagacagc aatacacact tacttctctt cagttttcct tggtggagtg 960

gatagtctag tcgacttgat gaacaagagt tttcctgagt tgggtattaa aaaaacggat 1020
tgcagacaat tgagctggat tgatactatc atcttctata gtggtgttgt aaattacgac 1080
actgataatt ttaacaagga aattttgctt gatagatccg ctgggcagaa cggtgcttte 1140
aagattaagt tagactacgt taagaaacca attccagaat ctgtatttgt ccaaattttg 1200
gaaaaattat atgaagaaga tataggagct gggatgtatg cgttgtaccc ttacggtggt 1260
ataatggatg agatttcaga atcagcaatt ccattccctc atcgagctgg aatcttgtat 1320
gagttatggt acatatgtag ttgggagaag caagaagata acgaaaagca tctaaactgg 1380
attagaaata tttataactt catgactcct tatgtgtcca aaaatccaag attggcatat 1440
ctcaattata gagaccttga tataggaata aatgatccca agaatccaaa taattacaca 1500
caagcacgta tttggggtga gaagtatttt ggtaaaaatt ttgacaggct agtaaaagtg 1560
aaaaccctgg ttgatcccaa taactttttt agaaacgaac aaagcatccce acctcttceca 1620
cggcatcgtce attaa 1635
<210> SEQ ID NO 14

<211> LENGTH: 544

<212> TYPE: PRT

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 14

Met Lys Cys Ser Thr Phe Ser Phe Trp Phe Val Cys Lys Ile Ile Phe
1 5 10 15

Phe Phe Phe Ser Phe Asn Ile Gln Thr Ser Ile Ala Asn Pro Arg Glu
20 25 30

Asn Phe Leu Lys Cys Phe Ser Gln Tyr Ile Pro Asn Asn Ala Thr Asn
35 40 45

Leu Lys Leu Val Tyr Thr Gln Asn Asn Pro Leu Tyr Met Ser Val Leu
50 55 60

Asn Ser Thr Ile His Asn Leu Arg Phe Thr Ser Asp Thr Thr Pro Lys
65 70 75 80
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Pro Leu Val Ile Val Thr Pro Ser His Val Ser His Ile Gln Gly Thr
85 90 95

Ile Leu Cys Ser Lys Lys Val Gly Leu Gln Ile Arg Thr Arg Ser Gly
100 105 110

Gly His Asp Ser Glu Gly Met Ser Tyr Ile Ser Gln Val Pro Phe Val
115 120 125

Ile Val Asp Leu Arg Asn Met Arg Ser Ile Lys Ile Asp Val His Ser
130 135 140

Gln Thr Ala Trp Val Glu Ala Gly Ala Thr Leu Gly Glu Val Tyr Tyr
145 150 155 160

Trp Val Asn Glu Lys Asn Glu Asn Leu Ser Leu Ala Ala Gly Tyr Cys
165 170 175

Pro Thr Val Cys Ala Gly Gly His Phe Gly Gly Gly Gly Tyr Gly Pro
180 185 190

Leu Met Arg Asn Tyr Gly Leu Ala Ala Asp Asn Ile Ile Asp Ala His
195 200 205

Leu Val Asn Val His Gly Lys Val Leu Asp Arg Lys Ser Met Gly Glu
210 215 220

Asp Leu Phe Trp Ala Leu Arg Gly Gly Gly Ala Glu Ser Phe Gly Ile
225 230 235 240

Ile Val Ala Trp Lys Ile Arg Leu Val Ala Val Pro Lys Ser Thr Met
245 250 255

Phe Ser Val Lys Lys Ile Met Glu Ile His Glu Leu Val Lys Leu Val
260 265 270

Asn Lys Trp Gln Asn Ile Ala Tyr Lys Tyr Asp Lys Asp Leu Leu Leu
275 280 285

Met Thr His Phe Ile Thr Arg Asn Ile Thr Asp Asn Gln Gly Lys Asn
290 295 300

Lys Thr Ala Ile His Thr Tyr Phe Ser Ser Val Phe Leu Gly Gly Val
305 310 315 320

Asp Ser Leu Val Asp Leu Met Asn Lys Ser Phe Pro Glu Leu Gly Ile
325 330 335

Lys Lys Thr Asp Cys Arg Gln Leu Ser Trp Ile Asp Thr Ile Ile Phe
340 345 350

Tyr Ser Gly Val Val Asn Tyr Asp Thr Asp Asn Phe Asn Lys Glu Ile
355 360 365

Leu Leu Asp Arg Ser Ala Gly Gln Asn Gly Ala Phe Lys Ile Lys Leu
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
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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 caacattctce cttttggttt gtttgcaaga taatattttt ctttttctea
ttcaatatce aaacttccat tgctaatect cgagaaaact tcecttaaatyg cttetcgcaa
tatattccca ataatgcaac aaatctaaaa ctegtataca ctcaaaacaa cccattgtat
atgtctgtee taaattcgac aatacacaat cttagattca gcetctgacac aaccccaaaa

ccacttgtta tcgtcactee ttcacatgte tctcatatec aaggcactat tctatgetcece

aagaaagttyg gcttgecagat tcgaactega agnnnnnnnn nnnnnnnnnn Annnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn hnnnnnnnnn ntgggttgaa gecggagcta cccttggaga agtttattat

tgggttaatg agaaaaatga gagtcttagt ttggetgetg ggtattgece tactgtttge

gcaggtggac actttggtgg aggaggctat ggaccattga tgagaagcta tggectegeg

getgataata tcattgatgc acacttagtc aacgttcatg gaaaagtget agatcgaaaa

tctatggggyg aagatctett ttgggettta cgtggtggtg gagcagaaag ctteggaatce

attgtagcat ggaaaattag actggttgct gtcccaaagt ctactatgtt tagtgttaaa

aagatcatgg agatacatga gcttgtcaag ttagttaaca aatggcaaaa tattgcttac

aagtatgaca aagatttatt actcatgact cacttcataa ctaggaacat tacagataat

caagggaaga ataagacagc aatacacact tacttctett cagttttect tggtggagtg

gatagtctag tcgacttgat gaacaagagt tttcctgagt tgggtattaa aaaaacggat

tgcagacaat tgagctggat tgatactatc atcttctata gtggtgttgt aaattacgac

actgataatt ttaacaagga aattttgett gatagatceg ctgggcagaa cggtgettte

aagattaagt tagactacgt taagaaacca attccagaat ctgtatttgt ccaaattttg

gaaaaattat atgaagaaga tataggagct gggatgtatg cgttgtaccce ttacggtggt

ataatggatg agatttctga atcagcaatt ccattcecte atcgagetgg aatcttgtat

gagttatggt acatatgtag ctgggagaag caagaagata acgaaaagca tctaaactgg

attagaaata tttataactt catgactecct tatgtgtcecc aaaatccaag attggcatat

ctcaattata gagaccttga tataggaata aatgatccca agaatccaaa taattacaca

caagcacgta tttggggtga gaagtatttt ggtaaaaatt ttgacaggct agtaaaagtg

aaaaccctgg ttgatcccaa taattttttt agaaacgaac aaagcatcce acctcttceca

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
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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 Thr Phe Ser Phe Trp Phe Val Cys Lys Ile Ile Phe
1 5 10 15

Phe Phe Phe Ser Phe Asn Ile Gln Thr Ser Ile Ala Asn Pro Arg Glu
20 25 30

Asn Phe Leu Lys Cys Phe Ser Gln Tyr Ile Pro Asn Asn Ala Thr Asn
35 40 45

Leu Lys Leu Val Tyr Thr Gln Asn Asn Pro Leu Tyr Met Ser Val Leu
50 55 60

Asn Ser Thr Ile His Asn Leu Arg Phe Ser Ser Asp Thr Thr Pro Lys
65 70 75 80

Pro Leu Val Ile Val Thr Pro Ser His Val Ser His Ile Gln Gly Thr
85 90 95

Ile Leu Cys Ser Lys Lys Val Gly Leu Gln Ile Arg Thr Arg Xaa Xaa
100 105 110

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
115 120 125

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
130 135 140

Xaa Xaa Xaa Trp Val Glu Ala Gly Ala Thr Leu Gly Glu Val Tyr Tyr
145 150 155 160

Trp Val Asn Glu Lys Asn Glu Ser Leu Ser Leu Ala Ala Gly Tyr Cys
165 170 175

Pro Thr Val Cys Ala Gly Gly His Phe Gly Gly Gly Gly Tyr Gly Pro
180 185 190

Leu Met Arg Ser Tyr Gly Leu Ala Ala Asp Asn Ile Ile Asp Ala His
195 200 205

Leu Val Asn Val His Gly Lys Val Leu Asp Arg Lys Ser Met Gly Glu
210 215 220

Asp Leu Phe Trp Ala Leu Arg Gly Gly Gly Ala Glu Ser Phe Gly Ile
225 230 235 240

Ile Val Ala Trp Lys Ile Arg Leu Val Ala Val Pro Lys Ser Thr Met
245 250 255

Phe Ser Val Lys Lys Ile Met Glu Ile His Glu Leu Val Lys Leu Val
260 265 270

Asn Lys Trp Gln Asn Ile Ala Tyr Lys Tyr Asp Lys Asp Leu Leu Leu
275 280 285

Met Thr His Phe Ile Thr Arg Asn Ile Thr Asp Asn Gln Gly Lys Asn
290 295 300

Lys Thr Ala Ile His Thr Tyr Phe Ser Ser Val Phe Leu Gly Gly Val
305 310 315 320

Asp Ser Leu Val Asp Leu Met Asn Lys Ser Phe Pro Glu Leu Gly Ile
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325 330 335

Lys Lys Thr Asp Cys Arg Gln Leu Ser Trp Ile Asp Thr Ile Ile Phe
340 345 350

Tyr Ser Gly Val Val Asn Tyr Asp Thr Asp Asn Phe Asn Lys Glu Ile
355 360 365

Leu Leu Asp Arg Ser Ala Gly Gln Asn Gly Ala Phe Lys Ile Lys Leu
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 Gln 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 His His
530 535 540

<210> SEQ ID NO 17

<211> LENGTH: 1634

<212> TYPE: DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 17

atgaagtgct caacattcce cttttggttt gtttgcaaga taatattttt ctttctctca 60
ttcaatatcc aaacttcaat tgctaatect cgagaaaact tecttaaatg cttctcegcaa 120
tatattccca ccaatgtaac aaatctaaaa cttacaccca aaacaaccaa ttgtatatge 180
ctgtccaaaa ttcaacaata cacaatctta gattcaccte taacacaacc ccaaaactac 240
ttgttatcegt cactccttea tatgtctete atatccaagg cactattcta tgtccaagaa 300
aattggtttyg caaattcgaa ctcgaagegg tggtcatgat tetgaagaca tgtcctacat 360
atctcaagte ccatttgtta tagtagactt gagaaacatg cattcaatca acatagatgt 420
tcatagccaa atcgcaaggg ttgaageegg agetaccctt ggagaagttt attattgggt 480
taatgagaaa aatgagaatc ttagtttgge tgetgggtat tgcectactg ttagegcage 540
tggacacttt ggtggaggag gatatggacc attgatgcaa aattatggce tcgeggcetga 600
taatatcgtt gatgcacact tagtcaacgt tgatgcaaaa gtgctagatc gaaaatctat 660
gggggaagat ctcttttggg ctatacgtgyg tggtggagga gaaagctteg gaatcattgt 720
agcatggaaa attagactgg ttgctgtece aacaaagtet actatgttta gtgttaaaaa 780

gatcatggag atacatgagc ttgtcaagtyg agttaacaaa tggcaaaata ttgcttacaa 840
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gtatgacaaa gatttattac tcatgactca cttcataact aggaatatta caaataatca 900
tgggaagaat aagacaacaa tacacactta cttctcttca 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 gcgtttgtca 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 atgtgtcecta aaatccaaga ttggcatatce 1440
tcaattatag agaccttgat actggaataa atgatcccaa gagtccaaat aattacacac 1500
aagaaagtat ttggggtgag aagtattttg gtaaaaattt tgacagggta gtaaaagtga 1560
aaaccctggt tgatcccaat aattttttta gaaatgaaca aagcatccca cctcttcecac 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

aaagcatccce acctcttceca 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

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- guide RNA

<400> SEQUENCE: 21

gaaagcaccg ttctgcccag 20
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<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

ccettggaga 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

tacacacaag cacgtatttg 20

<210> SEQ ID NO 28
<211> LENGTH: 109
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<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 gttctegtgt tctgateggt ctagcaatga tectcataat ctcaggagaa 60
ctgctagtte cagggcaagg aacgtgccaa ggagacatag agggtctgat gagagaatgt 120
geggtcetacyg tccagegtee aggcccaaag gtaaacccat cegcagegtg ttgcaaagtce 180
gtcaagagat cagacatccce ctgegecatgt ggccgtatca cacccteggt tcaaaaaatg 240
atagacatga ataaggttgt tcttgtcact tecttttgtg ggaggcctet 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 Val Cys Thr Phe Ser Phe Gln Thr Asn Tyr His
1 5 10 15

Thr Leu Leu Asn Pro His Asn Asn Asn Pro Lys Thr Ser Leu Leu Cys
20 25 30

Tyr Arg His Pro Lys Thr Pro Ile Lys Tyr Ser Tyr Asn Asn Phe Pro
35 40 45

Ser Lys His Cys Ser Thr Lys Ser Phe His Leu Gln Asn Lys Cys Ser
50 55 60

Glu Ser Leu Ser Ile Ala Lys Asn Ser Ile Arg Ala Ala Thr Thr Asn
65 70 75 80

Gln Thr Glu Pro Pro Glu Ser Asp Asn His Ser Val Ala Thr Lys Ile
85 90 95

Leu Asn Phe Gly Lys Ala Cys Trp Lys Leu Gln Arg Pro Tyr Thr Ile
100 105 110

Ile Ala Phe Thr Ser Cys Ala Cys Gly Leu Phe Gly Lys Glu Leu Leu
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115 120 125

His Asn Thr Asn Leu Ile Ser Trp Ser Leu Met Phe Lys Ala Phe Phe
130 135 140

Phe Leu Val Ala Val Leu Cys Ile Ala Ser Phe Thr Thr Thr Ile Asn
145 150 155 160

Gln Ile Tyr Asp Leu His Ile Asp Arg Ile Asn Lys Pro Asp Leu Pro
165 170 175

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

Ile Val Ala Leu Phe Gly Leu Ile Ile Thr Ile Lys Met Lys Gly Gly
195 200 205

Pro Leu Tyr Ile Phe Gly Tyr Cys Phe Gly Ile Phe Gly Gly Ile Val
210 215 220

Tyr Ser Val Pro Pro Phe Arg Trp Lys Gln Asn Pro Ser Thr Ala Phe
225 230 235 240

Leu Leu Asn Phe Leu Ala His Ile Ile Thr Asn Phe Thr Phe Tyr Tyr
245 250 255

Ala Ser Arg Ala Ala Leu Gly Leu Pro Phe Glu Leu Arg Pro Ser Phe
260 265 270

Thr Phe Leu Leu Ala Phe Met Lys Ser Met Gly Ser Ala Leu Ala Leu
275 280 285

Ile Lys Asp Ala Ser Asp Val Glu Gly Asp Thr Lys Phe Gly Ile Ser
290 295 300

Thr Leu Ala Ser Lys Tyr Gly Ser Arg Asn Leu Thr Leu Phe Cys Ser
305 310 315 320

Gly Ile Val Leu Leu Ser Tyr Val Ala Ala Ile Leu Ala Gly Ile Ile
325 330 335

Trp Pro Gln Ala Phe Asn Ser Asn Val Met Leu Leu Ser His Ala Ile
340 345 350

Leu Ala Phe Trp Leu Ile Leu Gln Thr Arg Asp Phe Ala Leu Thr Asn
355 360 365

Tyr Asp Pro Glu Ala Gly Arg Arg Phe Tyr Glu Phe Met Trp Lys Leu
370 375 380

Tyr Tyr Ala Glu Tyr Leu Val Tyr Val Phe Ile
385 390 395

<210> SEQ ID NO 31

<211> LENGTH: 1188

<212> TYPE: DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 31

atgggactct catcagtttg taccttttca tttcaaacta attaccatac tttattaaat 60
cctcacaata ataatcccaa aacctcatta ttatgttate gacaccccaa aacaccaatt 120
aaatactctt acaataattt tcecctctaaa cattgctcca ccaagagttt tcatctacaa 180
aacaaatgct cagaatcatt atcaatcgca aaaaattcca ttagggcage tactacaaat 240
caaactgagce ctccagaatce tgataatcat tcagtagcaa ctaaaatttt aaactttggg 300
aaggcatgtt ggaaacttca aagaccatat acaatcatag catttactte atgcgettgt 360
ggattgtttyg ggaaagagtt gttgcataac acaaatttaa taagttggtc tctgatgtte 420

aaggcattct tttttttggt ggctgtatta tgcattgcett cttttacaac taccatcaat 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
ggtgggattyg tctattctgt tccaccattt agatggaagc aaaatccttc cactgcattt 720
cttctcaatt tcctggecca tattattaca aatttcacat tttattatge cagcagagca 780
gctettggee taccatttga gttgaggect tettttactt tectgctage atttatgaaa 840
tcaatgggtt cagctttggce tttaatcaaa gatgcttcag acgttgaagyg cgacactaaa 900
tttggcatat caaccttggc aagtaaatat ggttccagaa acttgacatt attttgttct 960

ggaattgttc tcecctatccta tgtggctget atacttgctg ggattatctg gccccagget 1020
ttcaacagta acgtaatgtt actttctcat gcaatcttag cattttggtt aatcctccag 1080
actcgagatt ttgcgttaac aaattacgac ccggaagcag gcagaagatt ttacgagttce 1140
atgtggaagc tttattatgc 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 Gln Met Thr Pro Thr Gln Ile Ser
1 5 10 15

Asp Glu Glu Ala Asn Leu Phe Ala Met Gln Leu Ala Ser Ala Ser Val
20 25 30

Leu Pro Met Val Leu Lys Ala Ala Leu Glu Leu Asp Leu Leu Glu Ile
35 40 45

Ile Ala Lys Ala Gly Pro Gly Ala Phe Leu Ser Pro Ser Asp Ile Ala
50 55 60

Gln Gln Leu Pro Thr Gln Asn Pro Asp Ala Pro Val Met Leu Asp Arg
65 70 75 80

Met Leu Arg Leu Leu Ala Ser Tyr Asn Val Val Thr Tyr Ser Leu Arg
85 90 95

Glu Arg Glu Thr Ala Glu Glu Glu Gly Lys Val Glu Arg Leu Tyr Gly
100 105 110

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

Ile Ala Pro Leu Cys Leu Met Asn Gln Asp Lys Val Leu Met Glu Ser
130 135 140

Trp Tyr His Leu Lys Asp Ala Val Leu Asp Gly Gly Ile Pro Phe Asn
145 150 155 160

Lys Ala Tyr Gly Met Thr Ala Phe Glu Tyr His Gly Thr Asp Gln Arg
165 170 175

Phe Asn Lys Ile Phe Asn Arg Gly Met Ser Asp His Ser Thr Ile Thr
180 185 190

Met Lys Lys Ile Leu Glu Thr Tyr Lys Gly Phe Glu Gly Leu Asn Ser
195 200 205

Ile Val Asp Val Gly Gly Gly Thr Gly Ala Val Val Asn Met Ile Val
210 215 220

Ser Lys Tyr Pro Thr Ile Lys Gly Ile Asn Phe Asp Leu Pro His Val
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225 230 235 240

Ile Glu Asp Ala Pro Pro Leu Thr Gly Val Glu His Val Gly Gly Asp
245 250 255

Met Phe Val Ser Val Pro Lys Gly Asp Ala Ile Phe Met Lys Trp Ile
260 265 270

Cys His Asp Trp Ser Asp Glu His Cys Leu Lys Phe Leu Lys Asn Cys
275 280 285

His Ala Ala Leu Pro Glu His Gly Lys Val Ile Val Ala Glu Cys Ile
290 295 300

Leu Pro Val Ala Pro Asp Ser Ser Leu Ala Thr Lys Ser Thr Val His
305 310 315 320

Ile Asp Val Ile Met Leu Ala His Asn Pro Gly Gly Lys Glu Arg Thr
325 330 335

Glu Lys Glu Phe Glu Ala Leu Ala Lys Gly Ala Gly Phe Lys Gly Phe
340 345 350

Lys Val His Cys Asn Ala Phe Asn Thr His Ile Met Glu Phe Leu Lys
355 360 365

Thr Ile
370

<210> SEQ ID NO 33

<211> LENGTH: 1113

<212> TYPE: DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 33

atgggttcaa caggaataga gacccaaatg accccaaccce aaatatcega cgaagaagec 60
aacctetteg ccatgecaatt ageccagtgece tcagtcttac ccatggttet caaagcagcet 120
ttagagctcg acctettgga gatcatagee aaggecggte caggegegtt tcetctcacct 180
tccgacatag ctcaacaget tecgactcag aacccagacg ceceggtgat getggacegg 240
atgctgagac tgttggctag ctacaacgtg gtgacgtact cgetgegtga gegtgagacg 300

gecggaagagg aagggaaggt ggagaggctt tatgggttgg ctecggtgag taaatatctg 360

acgaagaatg aagatggagt ctccattget cctetttgte tcatgaacca ggataaggtt 420
cttatggaga gttggtatca cttaaaagat gcagtacttyg atggaggaat acctttcaac 480
aaggcatatg gaatgacagc atttgaatat catggaaccyg atcaaaggtt caataaaatc 540
tttaatagag gaatgtccga ccactcgact attaccatga aaaaaatcct cgaaacttac 600
aagggtttcg agggtcttaa ctcgattgtt gatgttggtg gtggtactgg agctgttgtt 660
aacatgatcg tctctaagta ccctactatt aagggtatta acttcgattt gcctcatgte 720
atcgaagatg cacctccatt gaccggtgta gagcatgttyg gaggagacat gtttgtaagt 780
gtaccaaaag gagatgcaat tttcatgaag tggatttgcc atgattggag cgatgaacac 840
tgcttgaaat tcttgaagaa ctgccacget gecactgcceeyg aacacggaaa agtgatcgtg 900
gecggagtgea ttetteeggt ggcaccggac tcgagecttyg ccacaaagag tacggtccac 960

attgatgtga tcatgttggc ccataaccct ggtggcaaag agagaacaga gaaagagttt 1020

gaggcattgg ctaagggagc tggctttaaa ggcttcaaag tccattgcaa tgctttcaat 1080

acccatatca tggaatttct caagaccatt taa 1113
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<210> SEQ ID NO 34

<211> LENGTH: 400

<212> TYPE: PRT

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 34

Met Val Phe Ser Ser Val Cys Ser Phe Pro Ser Ser Leu Gly Thr Asn
1 5 10 15

Phe Lys Leu Val Pro Arg Ser Asn Phe Lys Ala Ser Ser Ser His Tyr
His Glu Ile Asn Asn Phe Ile Asn Asn Lys Pro Ile Lys Phe Ser Tyr
35 40 45

Phe Ser Ser Arg Leu Tyr Cys Ser Ala Lys Pro Ile Val His Arg Glu
50 55 60

Asn Lys Phe Thr Lys Ser Phe Ser Leu Ser His Leu Gln Arg Lys Ser
65 70 75 80

Ser Ile Lys Ala His Gly Glu Ile Glu Ala Asp Gly Ser Asn Gly Thr
85 90 95

Ser Glu Phe Asn Val Met Lys Ser Gly Asn Ala Ile Trp Arg Phe Val
100 105 110

Arg Pro Tyr Ala Ala Lys Gly Val Leu Phe Asn Ser Ala Ala Met Phe
115 120 125

Ala Lys Glu Leu Val Gly Asn Leu Asn Leu Phe Ser Trp Pro Leu Met
130 135 140

Phe Lys Ile Leu Ser Phe Thr Leu Val Ile Leu Cys Ile Phe Val Ser
145 150 155 160

Thr Ser Gly Ile Asn Gln Ile Tyr Asp Leu Asp Ile Asp Arg Leu Asn
165 170 175

Lys Pro Asn Leu Pro Val Ala Ser Gly Glu Ile Ser Val Glu Leu Ala
180 185 190

Trp Leu Leu Thr Ile Val Cys Thr Ile Ser Gly Leu Thr Leu Thr Ile
195 200 205

Ile Thr Asn Ser Gly Pro Phe Phe Pro Phe Leu Tyr Ser Ala Ser Ile
210 215 220

Phe Phe Gly Phe Leu Tyr Ser Ala Pro Pro Phe Arg Trp Lys Lys Asn
225 230 235 240

Pro Phe Thr Ala Cys Phe Cys Asn Val Met Leu Tyr Val Gly Thr Ser
245 250 255

Val Gly Val Tyr Tyr Ala Cys Lys Ala Ser Leu Gly Leu Pro Ala Asn
260 265 270

Trp Ser Pro Ala Phe Cys Leu Leu Phe Trp Phe Ile Ser Leu Leu Ser
275 280 285

Ile Pro Ile Ser Ile Ala Lys Asp Leu Ser Asp Ile Glu Gly Asp Arg
290 295 300

Lys Phe Gly Ile Ile Thr Phe Ser Thr Lys Phe Gly Ala Lys Pro Ile
305 310 315 320

Ala Tyr Ile Cys His Gly Leu Met Leu Leu Asn Tyr Val Ser Val Met
325 330 335

Ala Ala Ala Ile Ile Trp Pro Gln Phe Phe Asn Ser Ser Val Ile Leu
340 345 350

Leu Ser His Ala Phe Met Ala Ile Trp Val Leu Tyr Gln Ala Trp Ile
355 360 365
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Leu Glu Lys Ser Asn Tyr Ala Thr Glu Thr Cys Gln Lys Tyr Tyr Ile

370

375

380

Phe Leu Trp Ile Ile Phe Ser Leu Glu His Ala Phe Tyr Leu Phe Met

385

<210> SEQ ID NO

35

<211> LENGTH: 1203

<212> TYPE: DNA

390

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE:

35

atggtgttct catcagtttg tagttttcca

cctegtagta attttaagge atcatcttet

aataaaccaa ttaaattctc atatttttct

gtacacagag aaaacaaatt cacaaaatca

tccataaagg cacatggtga aattgaagcet

gtaatgaaaa gtggaaacgc aatttggaga

ttgtttaact ctgctgectat gtttgcaaaa

tggcctttga tgtttaagat actctetttt

acaagtggca tcaatcaaat ttatgatctce

ccagtagcat caggagaaat ttcagttgaa

ataagtggce tcacattaac aattataacg

tctgetagta tottttttgg ctttetctat

ccttttacag catgtttetg taatgttatg

tatgcttgta aggctagtct cgggettceca

ttttggttta tttcattgtt gagtataccc

gaaggtgacc gcaagtttgg aatcataacc

gcatatattt gtcatggact catgcttetg

atttggccac agtttttcaa cagtagegta

tgggtattat atcaggcttg gatattggag

aaatactata tattcctttg gataattttt

tag

<210> SEQ ID NO

36

<211> LENGTH: 523

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Ala Gln Val
1

Thr Leu Pro Asn
20

Val Ser Leu Arg
35

Lys Ile Gly Thr
50

Cannabis sativa

36

Ser

Ile

Ser

Glu

Lys Ile Cys

Ser Lys Ser

Pro Phe Leu
40

Phe Gly Gly
55

395

tccteectty
cattatcatg
tcaagactat
ttttcactca
gatgggagta
tttgtaagge
gagttggtgg
acattggtta
gacatcgaca
ttggcatggt
aactcaggge
tctgctecte
ttgtatgttg
gccaactgga
atctccattg
ttctcaacta
aattacgtga
atattgettt
aaatcaaatt

tctettgaac

Ser Asn Gly
10

His Thr Pro
25

Gly Ser Ser

Cys Ser Thr

gaactaattt

aaataaataa

attgctctge

gccaccteca

atggcacatc

catatgcage

ggaacctaaa

ttttatgeat

ggttaaacaa

tgttgactat

cattcttecce

cattcagatg

gcacaagegt

gecetgettt

caaaagatct

aatttggagce

gtgttatgge

ctcatgecatt

acgccacgga

atgccttceta

Ala

Arg

Asn

Val
60

Gln

Ser

Ser

45

Gly

Thr

Leu

30

Leu

Lys

400

taaattagtt

ttttattaat

caaaccaatt

aaggaaaagc

tgaatttaat

caagggagta

tctatttagt

ttttgtaagt

acctaatttyg

agtttgtaca

ttttctctac

gaagaagaat

tggtgtctat

ttgtttgete

ttcagacata

aaaacccata

tgcagctatt

catggcaatt

gacgtgccaa

tttgttcatg

Ile Leu

15

Asn Ser

Ser Leu

Ala Met

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1203
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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 Thr Ala Met Arg Pro 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
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 Pro Asp Tyr Cys Val
450 455 460

Ile Thr Pro Pro Glu Lys Leu Asn Ile Thr Ala Ile Asp Thr Tyr Asp
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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 37

<211> LENGTH: 523

<212> TYPE: PRT

<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
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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
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 tctceccaaat 60
atatctaagt ctcatacacc aagatcccta aattcagttt cgttgagatc accgtttttg 120
ggttcatcta actctttgag tttgaagatt ggaactgaat ttgggggttg ttctacggtt 180
ggtaaagcta tggctggtcee agtcatgget tcagetgtca cagcggagaa gecttcaaag 240
gtaccggaga ttgtgttgca gcccattaaa gatatctctg geactgtcaa gttgccgggt 300
tccaagtcac tatcgaatcg gattctacte ctggetgete tttetgaggyg gacaactgtt 360
gtggacaact tgttagatag tgatgacatt cactacatgc ttggtgcctt ggaaaccctt 420
ggtettegty ttgaagcaga caaggaaagc aaacgagcaa ttgtggaagg ttgtgcgggt 480
cagtttcctyg caggtaaaga atctgttgac gaagttcaac tttteccttgg aaatgctgga 540
acagcaatgc gtccactcac agctgeggtg actgttgetyg gtggaaatge tagctacgta 600
cttgatggtg ttcctecgaat gagagaaaga ccaattggag atttggtgac tggtcttaag 660

cagcttggtg cagatgttga ttgttttcat ggtacggatt gtcccecctgt tegtgtgett 720
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ggaaaaggag gccttectgg gggcaaggtg aaactttctg gatcaattag cagtcaatat 780
ttgacagcct tgcttatgge agctcecttg getcettggag atgttgaaat cgagataatt 840
gataaattga tctcggttce ctatgttgat atgactttga agttgatggc acgttttggg 900
gttactgttyg aacacagtga tagctgggat cgatttttag ttaaaggagg tcaaaagtac 960

aaatctcecctg 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 ctcttgctgt agttgctcett 1260
tttgctgatg gccccactge tataagagat gtggcaagtt ggagagtcaa ggagacagag 1320
agaatgattg ccatctgcac tgaactcaga aagcttggag caacagttga ggaaggaccc 1380
gattactgcg tgatcactcce accagagaaa ctaaatatca cagcaataga cacatacgac 1440
gaccacagga tggctatggc gttcectctett gcagettgtt cagatgtgcecc agttaccatt 1500
aaggatcctg gttgcacccg aaaaactttc ccagattact ttgaagtcct tgagagattt 1560
acaaagcact ga 1572
<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 tgagcaaaat ctgtagcaat ggagctcaaa ctatccttac tctceccaaat 60
atatctaagt ctcatacacc aagatcccta aattcagttt cgttgagatc accgtttttg 120
ggttcatcta actctttgag tttgaagatt ggaactgaat ttgggggttg ttctacggtt 180
ggtaaagcta tggctggtcee agtcatgget tcagetgtca cagcggagaa gecttcaaag 240
gtaccggaga ttgtgttgca gcccattaaa gatatctctg geactgtcaa gttgccgggt 300
tccaagtcac tatcgaatcg gattctacte ctggetgete tttetgaggyg gacaactgtt 360
gtggacaact tgttagatag tgatgacatt cactacatgc ttggtgcctt ggaaaccctt 420
ggtettegty ttgaagcaga caaggaaagc aaacgagcaa ttgtggaagg ttgtgcgggt 480
cagtttcctyg caggtaaaga atctgttgac gaagttcaac tttteccttgg aaatgctgga 540
atagcaatgc gttcactcac agctgeggtg actgttgetyg gtggaaatge tagctacgta 600
cttgatggtg ttcctecgaat gagagaaaga ccaattggag atttggtgac tggtcttaag 660
cagcttggtg cagatgttga ttgttttcat ggtacggatt gtcccecctgt tegtgtgett 720
ggaaaaggag gccttectgg gggcaaggtg aaactttctg gatcaattag cagtcaatat 780
ttgacagcct tgcttatgge agctcecttg getcettggag atgttgaaat cgagataatt 840
gataaattga tctcggttce ctatgttgat atgactttga agttgatggc acgttttggg 900
gttactgttyg aacacagtga tagctgggat cgatttttag ttaaaggagg tcaaaagtac 960

aaatctcecctg gaaacgctta tgttgaaggt gatgcttcaa gtgctagtta cttectaget 1020

ggtgctgcag tcactggtgg tacagtcacc gtagaaggtt gtgggactag tagtttacag 1080
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ggagacgtaa aatttgctga agttcttgag aaaatgggtg ctaaagttag ctggacagag 1140
aacagtgtca cggtcactgg accaccacga gattctgtaa aaagtaaaca cttgaaagcc 1200
attgatgtca acatgaacaa aatgcctgat gttgccatga ctcttgctgt agttgctcett 1260
tttgctgatg gccccactge tataagagat gtggcaagtt ggagagtcaa ggagacagag 1320
agaatgattg ccatctgcac tgaactcaga aagcttggag caacagttga ggaaggactt 1380
gattactgcg tgatcactcce accagagaaa ctaaatatca cagcaataga cacatacgac 1440
gaccacagga tggctatggc gttcectctett gcagettgtt cagatgtgcecc agttaccatt 1500
aaggatcctg gttgcacccg aaaaactttc ccagattact ttgaagtcct tgagagattt 1560
acaaagcact ga 1572
<210> SEQ ID NO 40

<211> LENGTH: 4196

<212> TYPE: DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 40

ggttggtaag ccctectace ctctttgaaa attgaaagag agtcaatgtc gacctacage 60
agcagcatce attaacgtta ccattgecac caaaaatcca acctttattt gtatagagag 120
aatcagagaa ggtttgggtt tcagagagag agagaagaag aacaaaaaaa tggcccaagt 180
gagcaaaatc tgtagcaatg gagctcaaac tatccttact ctcccaaata tatctaagtce 240
tcatacacca agatccctaa attcagtttce gttgagatca cegtttttgg gttcatctaa 300
ctctttgagt ttgaagattg gaactgaatt tgggggttgt tctacggttg gtaaagctat 360
ggctggteca gtcatggett cagetgtcac agcggagaag ccttcaaagg taccggagat 420
tgtgttgcag cccattaaag atatctctgg cactgtcaag ttgccgggtt ccaagtcact 480
atcgaatcgg attctactcecc tggctgctcet ttectgaggta tatttcattt tttttaaaac 540
gtcaaacatyg 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 aactagttcece 780
aatggattgt gtggctggaa actgtagtta gttacattag ctagatctga accatgatca 840
gcatcgactyg cccaactggt aaaccatgta attgcatgga attcttectt tgttatccac 900
aaatttgaaa agtatttttg aggtatacaa agattgtgct ttttatgagc aattttcttt 960

tagttttatg ttaagagttt gtagcgatgg gatgtttttt ttctagaaaa tggacagtaa 1020

agcttagcat ttttacttta ttggtgtaaa tgaatagtgt tcattgaagc tgaactcatg 1080

ccettaattg ggaggaaaat tgagagaaat ggagtaaagt aatatgatat tttggttaaa 1140

ttcgtaagaa tatgatggaa ataaaaaatg caactcaact gggttactga agttatattt 1200

ctggtctcag ttgtgctttt acaactttag tctagagctc cacgctgcgg agagattcgg 1260

agtccttaca gtttattttg ataatgattt atgagaattt cataactcta cgecttttgtt 1320

acattatata tgaggtgttt cgttggtgca ttgtctcacc tgaactccct aaattttaga 1380

atgtgggatt tagaatgaag ttatactatt agtgtttgag tcatctagaa tttgtagctg 1440

ctcattctce atatactcectt tetctattte ctecccatat tttggcgcta ctacttatct 1500
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ttacagttca tgttattttc atgtacttga gttttttgcc ctataaaata ttttgagecgg 1560
tgggaagtaa ctgttttttt tgttataatt atccagggga caactgttgt ggacaacttg 1620
ttagatagtg atgacattca ctacatgctt ggtgccttgg aaacccttgg tettegtgtt 1680
gaagcagaca aggaaagcaa acgagcaatt gtggaaggtt gtgcgggtca gtttcctgcea 1740
ggtaaagaat ctgttgacga agttcaactt ttccttggaa atgctggaac agcaatgcgt 1800
ccactcacag ctgcggtgac tgttgctggt ggaaatgcta ggtttgtctt cattgcaatt 1860
gcttttgaat ataaagtact tctaatgcag tgaatttatg ctecttgtttt tcttactgge 1920
cgagtagctc ttacatttta ggtaaagaaa gtcacttttg ctaacaacat caccatttat 1980
acttceccectet ttactttgat gtggttatge tagaaattac atgttggaaa tgaactagca 2040
catatcataa attattttgt atgctgttat tacattttct cagtaacctc ttaacttcta 2100
tatctcagct acgtacttga tggtgttcct cgaatgagag aaagaccaat tggagatttg 2160
gtgactggtc ttaagcagct tggtgcagat gttgattgtt ttcatggtac ggattgtccce 2220
cctgttegtg tgcttggaaa aggaggcctt cctgggggca aggtgaggcet tgcattgett 2280
cttcttatte tttttggcca taaaacatca ttgtaatagt ggttttatgt tatgaaatcc 2340
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 cccttggcte 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 tcttattett 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 getcectttttg ctgatggccce cactgctata agagatggta 3240
tgtttttect taaatttgtg agatggtaaa atggggcagt cggtttgggt tggggtagat 3300
tatcggttct cgtctgccat aataaaaaat aatctgctca tttgcaataa atttcacaga 3360
cacaaaaatg aaaaccaata aaatattatt ttgtttagag gattaaatac tcatttcttg 3420
cctttectaa ttcecccagtgg caagttggag agtcaaggag acagagagaa tgattgccat 3480
ctgcactgaa ctcagaaagg ttagttttta tgctgtttta tgtacttgtt atgtcatgceg 3540
ccttggaatg taatggctga tagctatctg ttcttatggg aacaaacatt tcagcttgga 3600
gcaacagttg aggaaggacc cgattactgc gtgatcactc caccagagaa actaaatatc 3660
acagcaatag acacatacga cgaccacagg atggctatgg cgttctctcet tgcagcettgt 3720

tcagatgtgc cagttaccat taaggatcct ggttgcaccc gaaaaacttt cccagattac 3780
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tttgaagtce ttgagagatt tacaaagcac tgaatgagta tttattaact ggatagagaa
caatagcatc ggctactgte attacaacta aagcagttgg gaggcaggca atccttttca
attatcatgt gtttgatttt ggtcgactgt attgcaagtt gagettctca ttattattaa
gactgtaatc gtagttattt gttgtaactt ctgcaaaccce ttcatgttat tttttcaccc
ttctaataag ccagtgggge aaattctata tctgetatat gagettgagt gtagagagaa
cttttgtcaa tgtataggtt tctagcagaa gcaccatcece taatatgett tattataaga

gttgctgtga tcgtgtagtg ttattttatt gaaagtaacc gacgcatctce atatta

<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 tgegtttaag tcettet

<210> SEQ ID NO 42

<211> LENGTH: 46

<212> TYPE: DNA

<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 gtgctgagtg aacgcattge tattccagea ttteccaagga 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 tcttet

<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 ctgttgetece aagtgcaaag tcttca

3840

3900

3960

4020

4080

4140

4196

46

46

60

64

46

46
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<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 ccttectcaa 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 tgatceggtet agcaatgatc ctcataatcet
caggagaact gctagttcca gggcaaggaa cgtgecaagg agacatagag ggtctgatga
gagaatgtgce ggtctacgtc cagegtccag gcccaaaggt aaacccatcce geagegtgtt
gcaaagtcgt caagagatca gacatcccct gegcatgtgg ccgtatcaca cccteggtte
aaaaaatgat agacatgaat aaggttgtte ttgtcactte cttttgtggg aggcctcteg
ctcatggtac caagtgtgga agctacattg tgecatgage ttagagacce

<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 ggcgacaggt tctegtgtte tgatceggtet agcaatgatc ctcataatcet
caggagaact gctagttcca gggcaaggaa cgtgecaagg agacatagag ggtctgatga
gagaatgtgce ggtctacgtc cagegtccag gcccaaaggt aaacccatcce geagegtgtt
gcaaagtcgt caagagatca gacatcccct gegcatgtgg ccgtatcaca cccteggtte
aaaaaatgat agacatgaat aaggttgtte ttgtcactte cttttgtggg aggcctcteg
ctcatggtac caagtgtgga agctacattg tgccaagttc gagagacce

<210> SEQ ID NO 49

<211> LENGTH: 1207

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 49

ggtctcaaat gggactctca tcagtttgta ccttttcatt tcaaactaat taccatactt
tattaaatcc tcacaataat aatcccaaaa cctcattatt atgttatega caccccaaaa
caccaattaa atactcttac aataatttte cctctaaaca ttgctccace aagagtttte

atctacaaaa caaatgctca gaatcattat caatcgcaaa aaattccatt agggcagcta

ctacaaatca aactgagect ccagaatctg ataatcattce agtagcaact aaaattttaa

60

60

120

180

240

300

349

60

120

180

240

300

348

60

120

180

240

300
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actttgggaa ggcatgttgg aaacttcaaa gaccatatac aatcatagca tttacttcat 360
gegettgtgyg attgtttggg aaagagttgt tgcataacac aaatttaata agttggtcac 420
tgatgttcaa ggcattcttt tttttggtgg ctgtattatg cattgcttcect tttacaacta 480
ccatcaatca gatttacgat cttcacattg acagaataaa caagcctgat ctaccactag 540
cttcagggga aatatcagta aacacagcett ggattatgag cataattgtg gcactgtttg 600
gattgataat aactataaaa atgaagggtg gaccactcta tatatttggc tactgttttg 660
gtatttttgg tgggattgtc tattctgttc caccatttag atggaagcaa aatccttceca 720
ctgcatttct tctcaatttce ctggcccata ttattacaaa tttcacattt tattatgcecca 780
gcagagcage tcttggccta ccatttgagt tgaggectte ttttactttce ctgctageat 840
ttatgaaatc aatgggttca getttggett taatcaaaga tgcttcagac gttgaaggceg 900
acactaaatt tggcatatca accttggcaa gtaaatatgg ttccagaaac ttgacattat 960

tttgttetgg aattgttecte ctatcctatg tggctgctat acttgectggg attatctggce 1020
cccaggcettt caacagtaac gtaatgttac tttcectcatge aatcttagca ttttggttaa 1080
tcetecagac tcgagatttt gegttaacaa attacgaccce ggaagcaggce agaagatttt 1140
acgagttcat gtggaagctt tattatgctg aatatttagt atatgttttc atataagcett 1200
agagacc 1207
<210> SEQ ID NO 50

<211> LENGTH: 1206

<212> TYPE: DNA

<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 ttgctccacce aagagtttte 180
atctacaaaa caaatgctca gaatcattat caatcgcaaa aaattccatt agggcagcta 240
ctacaaatca aactgagcct ccagaatctg ataatcatte agtagcaact aaaattttaa 300
actttgggaa ggcatgttgg aaacttcaaa gaccatatac aatcatagca tttacttcat 360
gegettgtgyg attgtttggg aaagagttgt tgcataacac aaatttaata agttggtcac 420
tgatgttcaa ggcattcttt tttttggtgg ctgtattatg cattgcttcect tttacaacta 480
ccatcaatca gatttacgat cttcacattg acagaataaa caagcctgat ctaccactag 540
cttcagggga aatatcagta aacacagcett ggattatgag cataattgtg gcactgtttg 600
gattgataat aactataaaa atgaagggtg gaccactcta tatatttggc tactgttttg 660
gtatttttgg tgggattgtc tattctgttc caccatttag atggaagcaa aatccttceca 720
ctgcatttct tctcaatttce ctggcccata ttattacaaa tttcacattt tattatgcecca 780
gcagagcage tcttggccta ccatttgagt tgaggectte ttttactttce ctgctageat 840
ttatgaaatc aatgggttca getttggett taatcaaaga tgcttcagac gttgaaggceg 900
acactaaatt tggcatatca accttggcaa gtaaatatgg ttccagaaac ttgacattat 960

tttgttetgg aattgttecte ctatcctatg tggctgctat acttgectggg attatctggce 1020
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cccaggcettt caacagtaac gtaatgttac tttcectcatge aatcttagca ttttggttaa 1080
tcetecagac 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 atatccgacyg 60
aagaagccaa cctettegece atgcaattag ccagtgecte agtettacce atggttctca 120
aagcagcttt agagctcgac ctettggaga tcatagecaa ggeeggteca ggegegttte 180
tctcacctte cgacataget caacagette cgactcagaa cccagacgece ccggtgatge 240
tggaccggat gctgagactg ttggctaget acaacgtggt gacgtacteg ctgegtgage 300

gtgaaacggce ggaagaggaa gggaaggtgyg agaggcttta tgggttgget ceggtgagta 360

aatatctgac gaagaatgaa gatggagtct ccattgctee tetttgtcete atgaaccagg 420
ataaggttct tatggagagt tggtatcact taaaagatge agtacttgat ggaggaatac 480
ctttcaacaa ggcatatgga atgacagcat ttgaatatca tggaaccgat caaaggttca 540
ataaaatctt taatagagga atgtccgacc actcgactat taccatgaaa aaaatcctcg 600
aaacttacaa gggtttcgag ggtcttaact cgattgttga tgttggtggt ggtactggag 660
ctgttgttaa catgatcgtt tctaagtacc ctactattaa gggtattaac ttcgatttgce 720
ctcatgtcat cgaagatgca cctccattga cecggtgtaga gcatgttgga ggagacatgt 780
ttgtaagtgt accaaaagga gatgcaattt tcatgaagtg gatttgccat gattggagcg 840
atgaacactg cttgaaattc ttgaagaact gccacgctge actgcccgaa cacggaaaag 900
tgatcgtgge ggagtgcatt cttceggtgg caccggacte gagecttgece acaaagagta 960

cggtccacat tgatgtgatc atgttggccce ataaccctgg tggcaaagag agaacagaga 1020
aagagtttga ggcattggct aagggagctg gctttaaagg cttcaaagtc cattgcaatg 1080

ctttcaatac ccatatcatg gaatttctca agaccattta agcttagaga cc 1132

<210> SEQ ID NO 52

<211> LENGTH: 1131

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 52

ggtctcaaat gggttcaaca ggaatagaaa cccaaatgac cccaacccaa atatccgacyg 60
aagaagccaa cctettegece atgcaattag ccagtgecte agtettacce atggttctca 120
aagcagcttt agagctcgac ctettggaga tcatagecaa ggeeggteca ggegegttte 180
tctcacctte cgacataget caacagette cgactcagaa cccagacgece ccggtgatge 240

tggaccggat gctgagactg ttggctaget acaacgtggt gacgtacteg ctgegtgage 300
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gtgaaacggce ggaagaggaa gggaaggtgyg agaggcttta tgggttgget ceggtgagta 360

aatatctgac gaagaatgaa gatggagtct ccattgctee tetttgtcete atgaaccagg 420
ataaggttct tatggagagt tggtatcact taaaagatge agtacttgat ggaggaatac 480
ctttcaacaa ggcatatgga atgacagcat ttgaatatca tggaaccgat caaaggttca 540
ataaaatctt taatagagga atgtccgacc actcgactat taccatgaaa aaaatcctcg 600
aaacttacaa gggtttcgag ggtcttaact cgattgttga tgttggtggt ggtactggag 660
ctgttgttaa catgatcgtt tctaagtacc ctactattaa gggtattaac ttcgatttgce 720
ctcatgtcat cgaagatgca cctccattga cecggtgtaga gcatgttgga ggagacatgt 780
ttgtaagtgt accaaaagga gatgcaattt tcatgaagtg gatttgccat gattggagcg 840
atgaacactg cttgaaattc ttgaagaact gccacgctge actgcccgaa cacggaaaag 900
tgatcgtgge ggagtgcatt cttceggtgg caccggacte gagecttgece acaaagagta 960

cggtccacat tgatgtgatc atgttggccce ataaccctgg tggcaaagag agaacagaga 1020
aagagtttga ggcattggct aagggagctg gctttaaagg cttcaaagtc cattgcaatg 1080

ctttcaatac ccatatcatg gaatttctca agaccattag ttcgagagac ¢ 1131

<210> SEQ ID NO 53

<211> LENGTH: 1222

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic- engineered gene

<400> SEQUENCE: 53

ggtctcaaat ggtgttctca tcagtttgta gttttecatce ctecccttgga actaatttta 60
aattagttcc tcgtagtaat tttaaggcat catcttctca ttatcatgaa ataaataatt 120
ttattaataa taaaccaatt aaattctcat atttttcttc aagactatat tgctctgcca 180
aaccaattgt acacagagaa aacaaattca caaaatcatt ttcactcagc cacctccaaa 240
ggaaaagctce cataaaggca catggtgaaa ttgaagctga tgggagtaat ggcacatctg 300
aatttaatgt aatgaaaagt ggaaacgcaa tttggagatt tgtaaggcca tatgcagcca 360
agggagtatt gtttaactct gectgctatgt ttgcaaaaga gttggtgggyg aacctaaatce 420
tatttagttg gecctttgatg tttaagatac tctecttttac attggttatt ttatgcattt 480
ttgtaagtac aagtggcatc aatcaaattt atgatctcga catcgacagyg ttaaacaaac 540
ctaatttgce agtagcatca ggagaaattt cagttgaatt ggcatggttyg ttgactatag 600
tttgtacaat aagtggcctc acattaacaa ttataacgaa ctcagggcca ttctteccett 660
ttctctacte tgctagtatce ttttttggct ttectctatte tgctecctceca ttcagatgga 720
agaagaatcc ttttacagca tgtttctgta atgttatgtt gtatgttggce acaagcgttg 780
gtgtctatta tgcttgtaag gctagtctceg ggcttecage caactggage cctgettttt 840
gtttgctett ttggtttatt tcattgttga gtatacccat ctccattgca aaagatcttt 900
cagacataga aggtgaccgc aagtttggaa tcataacctt ctcaactaaa tttggagcaa 960

aacccatagc atatatttgt catggactca tgcttctgaa ttacgtgagt gttatggetg 1020

cagctattat ttggccacag tttttcaaca gtagcgtaat attgctttet catgcattca 1080

tggcaatttg ggtattatat caggcttgga tattggagaa atcaaattac gccacggaaa 1140
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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 gttttecatce ctecccttgga actaatttta 60
aattagttcc tcgtagtaat tttaaggcat catcttctca ttatcatgaa ataaataatt 120
ttattaataa taaaccaatt aaattctcat atttttcttc aagactatat tgctctgcca 180
aaccaattgt acacagagaa aacaaattca caaaatcatt ttcactcagc cacctccaaa 240
ggaaaagctce cataaaggca catggtgaaa ttgaagctga tgggagtaat ggcacatctg 300
aatttaatgt aatgaaaagt ggaaacgcaa tttggagatt tgtaaggcca tatgcagcca 360
agggagtatt gtttaactct gectgctatgt ttgcaaaaga gttggtgggyg aacctaaatce 420
tatttagttg gecctttgatg tttaagatac tctecttttac attggttatt ttatgcattt 480
ttgtaagtac aagtggcatc aatcaaattt atgatctcga catcgacagyg ttaaacaaac 540
ctaatttgce agtagcatca ggagaaattt cagttgaatt ggcatggttyg ttgactatag 600
tttgtacaat aagtggcctc acattaacaa ttataacgaa ctcagggcca ttctteccett 660
ttctctacte tgctagtatce ttttttggct ttectctatte tgctecctceca ttcagatgga 720
agaagaatcc ttttacagca tgtttctgta atgttatgtt gtatgttggce acaagcgttg 780
gtgtctatta tgcttgtaag gctagtctceg ggcttecage caactggage cctgettttt 840
gtttgctett ttggtttatt tcattgttga gtatacccat ctccattgca aaagatcttt 900
cagacataga aggtgaccgc aagtttggaa tcataacctt ctcaactaaa tttggagcaa 960

aacccatagc atatatttgt catggactca tgcttctgaa ttacgtgagt gttatggetg 1020
cagctattat ttggccacag tttttcaaca gtagcgtaat attgctttet catgcattca 1080
tggcaatttg ggtattatat caggcttgga tattggagaa atcaaattac gccacggaaa 1140
cgtgccaaaa atactatata ttcctttgga taattttttc tcttgaacat gecttctatt 1200
tgttcatgag ttcgagagac ¢ 1221
<210> SEQ ID NO 55

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 55

ttgacgaagt tcaactttte cttggaaatg ctggaacagce aatgcgtceca ctcacagetg 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:
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<221> NAME/KEY: misc_feature

<222> LOCATION:

(21) ..

(21)

<223> OTHER INFORMATION: N represents a scaffold sequence

<400> SEQUENCE: 56

caacttttce ttggaaatge ntgagtgaac gcattgctat tccagcattt ccaagga

<210> SEQ ID NO 57
<211> LENGTH: 56

<212> TYPE:

DNA

<213> ORGANISM: Cannabis sativa

<400> SEQUENCE: 57

cttggagcaa cagttgagga aggacccgat tactgegtga tcactccace agagaa

<210> SEQ ID NO 58
<211> LENGTH: 53

<212> TYPE:

DNA

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

<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(21) ..

(21)

Synthetic- engineered gene

<223> OTHER INFORMATION: N represents a scaffold sequence

<400> SEQUENCE: 58

cttggagcaa cagttgagga ncacgcagta atcaagtect tcectcaactg ttg

<210> SEQ ID NO 59
<211> LENGTH: 1638

<212> TYPE:

DNA

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

<223> OTHER INFORMATION:

<400> SEQUENCE: 59

atgaattgct

ttccatatcce

catattccca

atgtctatce

ccactegtta

aagaaagttg

tacatatctc

gatgttcata

tggatcaatg

gtaggtggac

gctgataata

tccatgggag

attgcagcat

aaaaagaaca

tacaagtatg

aatcatggga

cagcatttte

aaatttcaat

acaatgtagc

tgaattcgac

ttgtcactce

gettgcagat

aagtcccatt

gccaaactge

agaagaatga

actttagtgg

ttattgatge

aagatctgtt

ggaaaatcaa

tggagataca

acaaagattt

agaataagac

cttttggttt

agctaatcct

aaatccaaaa

aatacaaaat

ttcaaataac

tcgaactega

tgttgtagta

gtgggttgaa

gaatcttagt

aggaggctat

acacttagtc

ttgggctata

actggttget

tgggcttgte

agtactcatg

tacagtacat

In silico-

gtttgcaaaa

cgagaaaact

ctcgtataca

cttagattca

tcccatatcece

agcggtggee

gacttgagaa

gecggageta

tttectggty

ggagcattga

aatgttgatg

cgtggtggtg

gtcecatcaa

aagttattta

actcacttca

ggttacttet

consensus sequence

taatattttt

tccttaaatg

ctcaacacga

tctetgatac

aagcaactat

atgatgctga

acatgcattce

ccecttggaga

ggtattgecce

tgcgaaatta

gaaaagttct

gaggagaaaa

agtctactat

acaaatggca

taacaaagaa

cttcaatttt

ctttcteteca

cttctcaaaa

ccaattgtat

aaccccaaaa

tttatgetet

gggtatgtce

gatcaaaata

agtttattat

tactgttgge

tggeccttgeyg

agatcgaaaa

ctttggaatc

attcagtgtt

aaatattgct

tattacagat

tcatggtgga

57

56

53

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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-continued

gtggatagtc tagtcgactt gatgaacaag agctttcctg agttgggtat taaaaaaact 1020
gattgcaaag aatttagctg gattgataca accatcttcet 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 aagattggceg 1440
tatctcaatt atagggacct tgatttagga aaaactaatc atgcgagtcc taataattac 1500
acacaagcac gtatttgggg tgaaaagtat tttggtaaaa attttaacag gttagttaag 1560
gtgaaaacta aagttgatcc caataatttt tttagaaacyg aacaaagtat cccacctcett 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 agecgacgee gttegecggg 60
aagaagctce ggtcgacgeg attacgeegg aagagagcac agatctctcee cgttettgtt 120
caatcaccte tctggagcaa acaaatcgga gtetetgetg cttetgtega ttectgetece 180
gatttgctag ctgatgacaa cgtttectgt ggttcgagca gagtcgagaa gagetcgaat 240
ccgaagaaga ctctaattga agaggtagaa gtttctaaac ctggttataa tgtgaaggag 300
acgattggtg attcgaaatt tcgaaggatt acgaggtctt actctaaget acacaaggag 360
aaggagggag atgagatcga agtaagcgaa tcgtettgtg ttgattcgaa ttetggtget 420
ggattaagga gattgaatgt gaagggaaat aaaattaacg acaacgatga gatctctttce 480
tcacgatccg atgtgacctt cgeccggacat gtcteccaaca gecggagttt gaatttcgaa 540
tcggagaata aggagagcga cgtegtttet gtecatatetg gagttgagta ctgttccaag 600
ttcgggageg ttaccggagg agctgataac gaagaaattg aaatctccaa gecgagcage 660
ttcgtggaag ctgattecte tettggateg gecaaggaat tgaagecgga gcettgagata 720
gtcggatgeg tctcetgatet cgettgetet gagaaattcet cggaagaggt tteggattet 780
ctcgatgatg agtcatctga gcaacgttca gagatatatt cacagtatte cgacttcgat 840
tactcggatt acactcegte catcttette gactetggea gegaattete tgagaaatct 900
tcctetgatt ctectattte acattetege tctetgtace tecagttcaa ggaacagtte 960

tgtagatcca cgattcccaa cgattttgga tcttecttgeg aggaagaaat tcactctgaa 1020

ttgctaaggt ttgatgatga ggaggtggaa gagagctatc taaggctgag ggaaagagaa 1080

agaagtcatg catatatgcg ggactgtgct aaggcatact gctccaggat ggacaatact 1140

ggtctcatce ctegtctacg cteccatcatg gttcaatgga ttgtaaagca atgttctgac 1200

atggggcttc agcaagagac attgtttcta ggagttggtc tgttggatcg attcctgagce 1260

aaaggatcat tcaaaagcga aaggactcta atactagtcg ggattgcgag tcettactcectg 1320
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gccaccagaa ttgaagaaaa tcaaccttac aacagcatcc ggaaaaggaa cttcaccatt
cagaacctaa gatatageccg geatgaagtg gtggcaatgg agtggetggt
ctcaacttca aatgcttcac acccacaatc ttcaacttet tgtggttcta
getcgageca atccagaagt tgaaaggaaa gccaaatcct tggetgttac
gaccaaactc aactctgttt ttggccctca actgtagcag ctgcactegt
tgcatcgaac acaacaaaat ctctgcatac caacgagtca taaaggtcca

acagataacg agttgectga atgegttaag agtctggact ggttgettgg

<210> SEQ ID NO 61

<211> LENGTH: 832

<212> TYPE: DNA

<213> ORGANISM: Bacillus amyloliquefaciens

<400> SEQUENCE: 61

ctggaaaacyg tcacattget tcecgecatate gggtcagcaa cggctaaaat

atgttcacac aagccgctca aaacatgatt gacgccgtat acggaagaac

cttactaagg aatttcaata agaagaaaaa tcceggttgg ttcagecggg

cgctagataa aaagtactat ttttaaattce tttctattee tttetttegt

atgaaaagga atcagcttca catgatgaaa atgggaggta ttgctttgaa

tcgtggattt cegtttgttt actggtgett gteteegegg cggggatget

getgccaaaa cggaaacatc ttctcacaag gcacacacag aagcacaggt

tttgacgggyg ttgcggatta tcttcagaca tatcataage tacctgataa

aaatcagaag cacaagccct cggetgggtg gcatcaaaag ggaaccttge

ccggggaaaa gcateggegg agacatctte tcaaacaggg aaggcaaact

agcggacgaa catggegtga ageggatatt aactatacat caggcttcag

cggattcttt actcaagega ctggetgatt tacaaaacaa cggaccatta

acaaaaatca gataacgaaa aaaacggctt ccctgeggag gecgtttttt

ataaagtgtg taataaattt ttcttcaaac tctgatcggt caatttcact

1380
tcaagaagtc 1440
cttaaaagct 1500
ctcactatcc 1560
ggttctcgece 1620
tgttagaaca 1680
gcagtaa 1737
ccgcecttgaat 60
gccgaaaaac 120
gtttattttt 180
tgctgataca 240
aaaacgatta 300
gttttcaaca 360
tatcaacacyg 420
ttacattaca 480
agacgtcgcet 540
ccecgggcaaa 600
aaattcagac 660
tcagaccttt 720
tcagctttac 780
tt 832

We claim:
1. A method of preparing an explant, the method com-
prising the steps of,
rehydrating a dry Cannabis seed in a hydration medium,
and
excising meristematic tissue from the rehydrated Canna-
bis seed to form an explant.
2. The method of claim 1, wherein the hydration medium
comprises one or more priming agents.
3. The method of claim 1, wherein the seed is a Cannabis
sativa seed.
4. The method of claim 1, additionally comprising the step
of surface sterilizing the Cannabis seed prior to rehydration.
5. The method of claim 1, wherein the method addition-
ally comprises the step of drying the explant.
6. The method of claim 5, wherein the dried explant is
capable of being stored for at least 10 days.
7. The method of claim 5, wherein the explant is dried in
the presence of one or more transformation supplements.

8. The method of claim 1, wherein the method addition-
ally comprises the step of transforming the explant with a
heterologous nucleic acid of interest.

9. The method of claim 8, wherein the explant is trans-
formed using Agrobacterium mediated transformation or
particle bombardment.

10. A Cannabis explant generated by the method of claim
1.

11. A dried Cannabis explant generated by the method of
claim 5.

12. A method of transforming Canrnabis with a heterolo-
gous nucleic acid, the method comprising the steps of,

rehydrating a dry Cannabis seed in a hydration medium,

excising meristematic tissue from the rehydrated Canna-
bis seed to form a Cannabis explant,

incubating the Canrnabis explant in a pretreatment

medium,

inoculating the Cannabis explant with Agrobacterium

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,
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culturing the Cannabis explant on a selection medium to

select for transformed Cannabis explants.

13. The method of claim 12, additionally comprising the
step of force treating the Cannabis explant prior to or
following inoculation.

14. The method of claim 13, wherein the force treatment
is selected from the group consisting of sonication, vortex-
ing, centrifugation, heat-shock, increase pressure, vacuum
infiltration, and addition of chemicals.

15. The method of claim 12, additionally comprising the
step of surface sterilizing the Cannabis seed prior to rehy-
dration.

16. The method of claim 12, wherein the heterologous
nucleic acid modulates the expression or activity of an
endogenous Cannabis 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).

17. The method of claim 12, wherein the Cannabis seed
is a Cannabis sativa seed.

18. A transformed Canrnabis explant produced by the
method of claim 12.

19. A Cannabis plant grown from the Cannabis explant of
claim 18.

20. A method of producing a transformed Cannabis seed,
the method comprising:

contacting a female Cannabis flower with an Agrobacte-

rium spp. culture, wherein the Agrobacterium com-
prises a heterologous nucleic acid; and

pollinating the contacted female Canrabis flower with

male pollen from a suitable donor plant, whereby a
transformed Cannabis seed is produced.

21. The method of claim 20, wherein the Agrobacterium
spp. culture comprises sucrose and a wetting agent.

22. The method of claim 20, wherein the Agrobacterium
comprises a vector comprising the heterologous nucleic
acid.

23. 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 heterologous

nucleic acid;
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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 to

select for transformed Cannabis explants.

24. The method of claim 23, wherein 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.

25. The method of claim 23, wherein the Cannabis
explant is inoculated using particle bombardment, high
velocity microprojection, microinjection, electroporation,
direct DNA uptake, cell-penetrating peptides, silica carbide
fibers, nanoparticles, and bacterially-mediated transforma-
tion.

26. The method of claim 23, wherein Agrobacterium spp.
is used to inoculate the Cannabis explant.

27. The method of claim 23, additionally comprising the
step of force treating the Camnabis explant prior to or
following inoculation.

28. The method of claim 27, wherein the force treatment
is selected from the group consisting of sonication, vortex-
ing, centrifugation, heat-shock, increased pressure, vacuum
infiltration, and addition of chemicals.

29. The method of claim 23, wherein the heterologous
nucleic acid modulates the expression or activity of an
endogenous Cannabis 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).

30. The method of claim 23, wherein the Cannabis seed
is a Cannabis sativa seed.

31. The method of claim 12, wherein the heterologous
nucleic acid encodes a polypeptide at least 90% identical to
SEQ ID NO:28.

32. The method of claim 23, wherein the heterologous
nucleic acid encodes a polypeptide at least 90% identical to
SEQ ID NO:28.

33. The method of claim 12, wherein the heterologous
nucleic acid encodes a guide RNA that targets Cannabis
sativa THCA synthase gene, Canrnabis sativa CBDA syn-
thase gene, or Cannabis sativa EPSP synthase gene.

34. The method of claim 23, wherein the heterologous
nucleic acid encodes a guide RNA that targets Cannabis
sativa THCA synthase gene, Canrnabis sativa CBDA syn-
thase gene, or Cannabis sativa EPSP synthase gene.

#* #* #* #* #*





