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PRODUCTION OF CANNABINOIDS USING 
GENETICALLY ENGINEERED 

PHOTOSYNTHETIC MICROORGANISMS 

CROSS - REFERENCES TO RELATED 
APPLICATIONS 

[ 0001 ] The present application claims priority to U.S. 
Provisional Application No. 62 / 812,906 , filed Mar. 1 , 2019 , 
the disclosure of which is incorporated herein in its entirety . 

BACKGROUND OF THE INVENTION 

a 

[ 0002 ] Interest in and use of Cannabis sativa products has 
expanded recently . The specific interaction of cannabinoids 
with the human endocannabinoid system makes these com 
pounds attractive products to be used for therapeutic pur 
poses and for the treatment of a number of medical condi 
tions . However , understanding of the physicochemical 
properties and stability of these compounds is limited , 
production yield is low , and moreover , there is a variable 
range and mix of products produced by different Cannabis 
sativa cultivars and other plants . This variability is further 
exacerbated by variable growth conditions . Agricultural 
production of cannabinoids is subject to additional chal 
lenges such as plant susceptibility to climate and disease , 
variable yield and product composition due to prevailing 
cultivation and climatic conditions , the need for extraction 
of cannabinoids by chemical processing and by necessity , 
the harvesting of a mix of products that need to be purified 
and certified for biopharmaceutical use . 
[ 0003 ] The biosynthesis of cannabinoids by engineered 
microbial strains could be an alternative strategy for the 
production of these compounds . Accordingly , there is a need 
to develop the relevant biotechnology and produce the 
chemically different cannabinoids individually , in pure 
form , so as to alleviate the above - mentioned difficulties and 
to enable the unambiguous application of these chemicals in 
the pharmaceutical industry . 
[ 0004 ] Cannabinoids ate terpenophenolic compounds , 
generated upon the reaction of a 10 - carbon isoprenoid 
intermediate with a modified fatty acid metabolism precur 
sor as part of the secondary metabolism of Cannabis sativa 
and other plants ( Carvalho et al . ( 2017 ) FEMS Yeast Fes 17 ) . 
More than 100 different chemical species belonging to this 
class of compounds have been identified ( Carvalho et al . 
( 2017 ) , FEMS Yeast Res 17 ( 4 ) ; Zirpel et al . ( 2017 ) , J 
Biotechn 259 , 204-212 ) . 
[ 0005 ] Photosynthetic microorganisms , such as microal 
gae and cyanobacteria , utilize the methylcrythritol 4 - phos 
phate ( MEP ) pathway , which generates geranyl diphosphate 
( GPP ) intermediates , and utilize the corresponding isopre 
noid pathway enzymes for the biosynthesis of a great variety 
of endogenously needed terpenoid - type molecules like caro 
tenoids , tocopherols , phytol , sterols , hormones , and many 
others ( see , FIG . 1 ) . The MEP isoprenoid biosynthetic 
pathway ( Lindberg et al . ( 2010 ) , Metab Eng . , 12 : 70-79 ) 
consumes pyruvate and glyceraldehyde - 3 - phosphate ( G3P ) 
as substrates , which are combined to form deoxyxylulose 
5 - phosphate ( DXP ) , as first described for Escherichia coli 
( Rohmer et al . ( 1993 ) . Biochem . J. 295 : 517-524 ) . DXP is 
then converted into methylcrythritol phosphate ( MEP ) , 
which is subsequently modified to form hydroxy - 2 - methyl 
2 - butenyl - 4 - diphosphate ( HMBPP ) . HMBPP is the substrate 
required for the formation of isopentenyl diphosphate ( IPP ) 

and dimethvlallyl diphosphate ( DMAPP ) , which are the 
universal terpenoid precursors . Cyanobacteria also contain 
an IPP isomerasc ( Ipi in FIG . 1 ) which catalyzes the inter 
conversion of IPP and DMAPP . In addition to reactants G3P 
and pyruvate , the MEP pathway consumes reducing equiva 
lents and cellular energy in tlie form of NADPH , reduced 
ferredoxin . CTP , and ATP , ultimately derived from photo 
synthesis . For reviews , see . e.g. , Ershov et al . ( 2002 ) J. 
Bacterial . 184 ( 18 ) : 5045-5051 : Sharkey et al ( 2002 ) , Ann . 
Bot . 101 ( 1 ) : 5-18 ; Bentley et al . ( 2014 ) , Mol . Plant 7 : 71-86 . 
[ 0006 ] The 5 - carbon ( 5 - C ) isomeric molecules dimethv 
lallyl diphosphate ( DMAPP ) and isopentenyl diphosphate 
( IPP ) are the universal precursors of all isoprenoids ( Agra 
noff et al . ( 1960 ) ; Lichtenthaler ( 2010 ) ) , comprising units of 
5 - carbon configurations . Two distinct and separate biosyn 
thetic pathways evolved independently in nature to generate 
these universal DMAPP and IPP precursors ( Agranoff et al . 
( 1960 ) , J. Biol . Chem . 236,326-332 ; Lichtenthaler ( 2007 ) 
Photosynth . Res . 92 , 163-179 : Lichtenthaler ( 2010 ) , Chem . 
Biol . Volatiles , pp 11-47 ) . Most fermentative aerobic and 
anaerobic bacteria , anoxvgcnic photosynthetic bacteria , cya 
nobacteria , algae ( micro & macro ) , and chloroplasts in all 
photosynthetic organisms operate the methylcrythritol 
4 - phosphate ( MEP ) pathway , as described above , beginning 
with glyceraldehyde 3 - pltosphatc and pyruvate metabolites 
( FIG . 1 ) . Archaea , yeast , fungi , insects , animals , and the 
eukaryotic plant cytosol generally operate the mevalonic 
acid ( MVA ) pathway , which begins with acetyl - CoA 
metabolites ( Lichtenthaler ( 2010 ) Chem . Biol Volatiles , pp 
11-47 ; McGarvey and Croteau ( 1995 ) , Plant Cell 7 , 1015 
1026 : Sehwender et al . ( 2001 ) , Planta 212 , 416-423 ) ( FIG . 
2 ) . Both pathways result in the synthesis of identical 
DMAPP and IPP metabolites . Synthesis of geranyl diphos 
phate ( GPP ) is due to the presence of a geranyl diphosphate 
synthase ( GPPS ) gene that condenses , in a tail to head linear 
addition , an IPP to a DMAPP molecule ( FIG . 3 ) . GPP is the 
intermediate prenyl metabolite that reacts in the cannabinoid 
biosynthetic pathway for the synthesis of cannabinoids . 
Although photosynthetic microorganisms such as microal 
gae and cyanobacteria utilize the MEP pathway , which 
generates the DMAPP and IPP precursors , these microor 
ganisms do not need and do not actively and directly express 
the GPPS enzyme ( Bettcrlc and Melis ( 2018 ) , ACS Synth . 
Biol . 7 , 912-921 ) , nor do they accumulate noticeable levels 
of the GPP metabolite . 
[ 0007 ] The dedicated pathway for the cellular synthesis of 
cannabinoids ( FIG . 5 ) commences with hexanoic acid , a 
6 - carbon intermediate in the fatty acid biosynthetic pathway . 
Action by acyl activating enzyme 1 ( AEE1 ) converts the 
hexaooid acid to its coenzyme A ( Hexanoyl - CoA ) form 
( Stout et al . ( 2012 ) , Plant ? 71 : 353-65 ; Carvalho et al . 
( 2017 ) , FEMS Yeast Res 17 ; Zirpel et al . ( 2017 ) , J Biotechn 
259 , 204-212 ) . Action of the enzymes olivetol synthase 
( OLS ) , which is a type III polyketide synthase ; and olive 
tolic acid cyclase ( OAC ) , which is a polyketide cyclase , 
combines one molecule of hexanoyl - CoA and three mol 
ecules of malonyl - CoA reactants , followed by cyclization of 
the C2 - C7 aldol portion of the molecule to generate olive 
tolic acid , a 12 - carbon pathway ( C12H1604 ) intermediate 
( Gagne et al . ( 2012 ) ; Rahatjo et al . ( 2004 ) ) . A geranyl 
diphosphate olivetolic acid prenyl transferase , cannab 
igeroiic acid synthase ( CBGAS ) , catalyzes the C - alkylation 
of olivetolic acid by geranyl diphosphate ( GPP ) to form 
cannabigeroiic acid ( CBGA ) , a 12 - carbon ( C22H3204 ) can 
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nabinoid intermediate ( Fellermeier and Zenk 1998 ) . Subse 
quent catalysis by the cannabidiolic acid synthase ( CBDAS ) 
results in the oxidative cyclization of the monoterpene 
portion of the CBGA , leading to the formation of cannabid 
iolic acid ( CBDA ) , a 12 - carbon ( C22H304 ) oxidized deriva 
tive of cannabigeroiic acid ( Morimoto et al . ( 1998 ) . Phyto 
chemistry 49 : 1525-1529 ; Sirikantaramas et al . ( 2004 ) , J Biol 
Chem 279 : 39767-39774 : Taura et al . ( 2007 ) , FEBS Lett 
581 : 2929-2934 ) . A decarboxylated and biologically active 
but non - psychoactive form of the latter ( cannabidiol ) typi 
cally occurs by a non - enzymatic process that may happen 
during heating or exposure to sunlight ( de Meijer et al . , 
Genetics 163,335-346 , 2003 ) . 
[ 0008 ] Alternative oxidocyclase enzymes catalyze the oxi 
dative cyclization of the monoterpene moiety of CBGA for 
the biosynthesis of A9 - tetrahydrocannanbinolic acid ( A9 
THCA ) and cannabichromenic acid ( CBCA ) ( Morimoto et 
al . ( 1998 ) , Phytochemistry 49 : 1525-1529 ; Sirikantaramas et 
al . ( 2004 ) , J Biol Chem 279 : 39767-39774 ; Taura et al . 
( 2007 ) , FEBS Lett 581 : 2929-2934 ) . The latter are chemical 
isomers of the CBDA , having the same C22H3004 chemical 
formula . Decarboxylated and biologically active ( psychoac 
tive ) forms of the A9 - THCA and CBCA cannabinoids ( 49 
THC and CBC , respectively ) typically occur by a non 
enzymatic process that may happen during heating or 
exposure to sunlight ( de Meijer et al . ( 2003 ) , Genetics 
163,335-346 ) . 
[ 0009 ] The present invention provides improved methods 
and compositions for producing cannabinoids in photosyn 
thetic microorganisms , allowing the production of highly 
pure cannabinoids that can bo used in numerous biotechno 
logical , pharmaceutic , and cosmetics applications . a 

OLS , OAC , CBGAS polypeptides and the oxidocyclase are 
operably linked to one or more additional promoters ; and ( ii ) 
culturing the microorganism under conditions in which the 
GPPS , AAEI , OLS , OAC , CBGAS polypeptides and the 
oxidocyclase are expressed and wherein cannabinoid bio 
synthesis takes place . 
[ 0013 ] In some embodiments , the photosynthetic micro 
organism modified in accordance with the disclosure is 
cyanobacteria . In some embodiments , the GPPS polypeptide 
is a fusion protein encoded by a polynucleotide encoding 
GPPS fused to the 3 ' end of a leader nucleic acid sequence 
encoding a protein that is expressed in cyanobacteria at a 
level of at least 1 % of the total cellular protein . In some 
embodiments , the GPPS polypeptide is an nptI * GPPS fusion 
protein . In some embodiments , the GPPS polypeptide com 
prises an amino acid sequence that is at least 90 % or 95 % 
identical to SEQ ID NO : 2 . In some embodiments , the GPPS 
polypeptide comprises the amino acid sequence of SEQ ID 
NO : 2 . In some embodiments , the polynucleotide encoding 
the GPPS polypeptide comprises a nucleotide sequence that 
is at least 90 % or 95 % identical to SEQ ID NO : 1 . In some 
embodiments , the polynucleotide encoding the GPPS poly 
peptide comprises the nucleotide sequence of SEQ ID NO : 1 . 
[ 0014 ] In some embodiments , the AAE1 polypeptide used 
in accordance with the disclosure comprises an amino acid 
sequence that is at least 90 % or 95 % identical to SEQ ID 
NO : 4 . In some embodiments , the AAE1 polypeptide com 
prises the amino acid sequence of SEQ ID NO : 4 . In some 
embodiments , the polynucleotide encoding the AAE1 poly 
peptide comprises a nucleotide sequence that is at least 90 % 
or 95 % identical to nucleotides 636-2798 of SEQ ID NO : 3 . 
In some embodiments , the polynucleotide encoding the 
AAE1 polypeptide comprises nucleotides 636-2798 of SEQ 
ID NO : 3 . In some embodiments , the OLS polypeptide used 
in accordance with the disclosure comprises ait amino acid 
sequence that is at least 90 % or 95 % identical to SEQ ID 
NO : 5 . In some embodiments , the OLS polypeptide com 
prises the amino acid sequence of SEQ ID NO : 5 . In some 
embodiments , the polynucleotide encoding the OLS poly 
peptide comprises a nucleotide sequence that is at least 90 % 
or 95 % identical to nucleotides 2819-3973 of SEQ ID NO : 3 . 
In some embodiments , the polynucleotide encoding the OLS 
polypeptide comprises nucleotides 2819-3973 of SEQ ID 
NO : 3 . 

[ 0015 ] In some embodiments , the OAC polypeptide used 
in accordance with the disclosure comprises an amino acid 
sequence that is at least 90 % or 95 % identical to SEQ ID 
NO : 6 . In some embodiments , the OAC polypeptide com 
prises the amino acid sequence of SEQ ID NO : 6 . In some 
embodiments , the polynucleotide encoding the OAC poly 
peptide comprises a nucleotide sequence that is at least 90 % 
or 95 % identical to nucleotides 3994-4299 of SEQ ID NO : 3 . 
In some embodiments , the polynucleotide encoding the 
OAC polypeptide comprises nucleotides 3994-4299 of SEQ 
ID NO : 3 . In some embodiments , the CBGAS polypeptide 
used in accordance with the disclosure comprises an amino 
acid sequence that is at least 90 % or 95 % identical to SEQ 
ID NO : 7 . In some embodiments , the CBGAS polypeptide 
comprises the amino acid sequence of SEQ ID NO : 7 . In 
some embodiments , the polynucleotide encoding the 
CBGAS polypeptide comprises a nucleotide sequence that is 
at least 90 % or 95 % identical to nucleotides 4320-5507 of 

BRIEF SUMMARY OF THE INVENTION 

[ 0010 ] The current invention provides new methods for 
generating purified cannabinoids , e.g. , cannabidiolic acid , in 
photosynthetic microorganisms , e.g. cyanobacteria and 
microalgae . The cannabidiolic acid ( CBDA ) and other can 
nabinoids produced using the present methods are derived 
via photosynthesis from sunlight , carbon dioxide , and water . 
[ 0011 ] The invention takes advantage of improvements in 
the engineering of photosynthetic microorganisms , e.g. , 
cyanobacteria , which , upon suitable genetic modification , 
can be used to produce large quantities of highly pure 
cannabinoids such as cannabidiolic acid . The invention 
provides methods and compositions for generating and 
harvesting cannabidiolic acid and other cannabinoids from 
genetically modified cyanobacteria or other photosynthetic 
microorganisms . Such genetically modified microorganisms 
can be used commercially in an enclosed mass culture 
system , e.g. , a photobioreactor , to provide a source of highly 
pure and valuable compounds for use in various industries , 
such as the medical , pharmaceutical , and cosmetics indus 
tries . 
[ 0012 ] In one aspect , the present disclosure provides a 
method for producing cannabinoids in a photosynthetic 
microorganism , the method comprising ( 1 ) introducing into 
the microorganism : a polynucleotide encoding a GPPS 
polypeptide ; and one or more polynucleotides encoding 
AAE1 , OLS , OAC , CBGAS polypeptides and an oxidocy 
clase selected from the group consisting of CBDAS , 
THCAS , and CBCAS ; wherein the polynucleotide encoding 
the GPPS polypeptide is operably linked to a first promoter , 
and the one or more polynucleotides encoding the AAE1 , 
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SEQ ID NO : 3 . In some embodiments , the polynucleotide 
encoding the CBGAS polypeptide comprises nucleotides 
4320-5507 of SEQ ID NO : 3 . 
[ 0016 ] In some embodiments , the oxidocvclase used in 
accordance with the disclosure is CBDAS , and the CBDAS 
comprises an amino acid sequence that is at least 90 % or 
95 % identical to SEQ ID NO : 8 . In some embodiments , the 
oxidocyclase is CBDAS , and the CBDAS comprises the 
amino acid sequence of SEQ ID NO : 8 . In some embodi 
ments , the polynucleotide encoding the CBDAS comprises 
a nucleotide sequence that is at least 90 % or 95 % identical 
to nucleotides 5528-7162 of SEQ ID NO : 3 . In some embodi 
ments , the polynucleotide encoding the CBDAS comprises 
nucleotides 5528-7162 of SEQ ID NO : 3 . In some embodi 
ments , the oxidocyclase used in accordance with the disclo 
sure is THCAS , and the THCAS comprises an amino acid 
sequence that is at least 90 % or 95 % identical to SEQ ID 
NO : 10 . In some embodiments , the oxidocyclase is THCAS , 
and the THCAS comprises the amino acid sequence of SEQ 
ID NO : 10 . In some embodiments , the polynucleotide encod 
ing the THCAS comprises a nucleotide sequence that is at 
least 90 % or 95 % identical to SEQ ID NO : 9 . In some 
embodiments , the polynucleotide encoding the THCAS 
comprises the nucleotide sequence of SEQ ID NO : 9 . 
[ 0017 ] In some embodiments , the oxidocyclase used in 
accordance with the disclosure is CBCAS , and the CBCAS 
comprises an amino acid sequence that is at least 90 % or 
95 % identical to SEQ ID NO : 12 . In some embodiments , the 
oxidocyclase is CBCAS , and the CBCAS comprises the 
amino acid sequence of SEQ ID NO : 12 . In some embodi 
ments , the polynucleotide encoding the CBCAS comprises 
a nucleotide sequence that is at least 90 % or 95 % identical 
to SEQ ID NO : 11 . In some embodiments , the polynucleotide 
encoding the CBCAS comprises the nucleotide sequence of 
SEQ ID NO : 11 . 
[ 0018 ] In some embodiments , two or more of the poly 
nucleotides encoding the A AE1 , OLS , OAC , CBGAS 
polypeptides and the oxidocyclase are present within a 
single operon . In some embodiments , all of the polynucle 
otides encoding the AAE1 , OLS , OAC , CBGAS polypep 
tides and the oxidocyclase are present within a single 
operon . In some embodiments , the operon is at least 90 % or 
95 % identical to SEQ ID NO : 3 , SEQ ID NO : 13 , or SEQ ID 
NO : 14 . In some embodiments , the operon comprises SEQ 
ID NO : 3 , SEQ ID NO : 13 , or SEQ ID NO : 14 . In some 
embodiments , the first and or additional promoters used in 
accordance with the disclosure are selected from the group 
consisting of a cpc promoter , a psbA2 promoter , a glgAl 
promoter , a Ptrc promoter , and a 17 promoter . 
[ 0019 ] In some embodiments , one or more of the poly 
nucleotides encoding the GPPS , AAEI , OLS , OAC , 
CBGAS polypeptides and the oxidocyclase are codon opti 
mized for the photosynthetic microorganism . In some 
embodiments , the microorganism modified in accordance 
with the disclosure is from a genus selected from the group 
consisting of Synechocystis , Synechococcus , Athrospira , 
Nostoc , and Anabaena . In some embodiments , one or more 
of the coding sequences for the GPPS , AAE1 , OLS , OAC , 
CBGAS polypeptides and the oxidocyclase are preceded by 
a ggaattaggaggttaattaa ribosome binding site ( RBS ) . 
[ 0020 ] In some embodiments , the method further com 
prises a step ( c ) comprising isolating cannabinoids from the 
microorganism or from the culture medium . In some 
embodiments , the cannabinoids are isolated from the surface 

of the liquid culture as floater molecules . In some embodi 
ments , the cannabinoids are extracted from the interior of the 
microorganism . In some embodiments , the cannabinoids are 
extracted from a disintegrated cell suspension produced by 
isolating the microorganism and disintegrating it by forcing 
it through a French press , subjecting it to sonication , or 
treating it with glass beads . In some embodiments , the 
disintegrated cell suspension is supplemented with H2SO4 
and 30 % ( w : v ) NaCl at a volume - to - volume ratio of ( cell 
suspension / H2SO4 / NaCl = 3 / 0.12 / 0.5 ) . In some embodi 
ments , the cannabinoids are extracted from the H2SO4 and 
NaCl - treated disintegrated cell suspension upon incubation 
with an organic solvent . In some embodiments , the organic 
solvent is hexane or heptane . In some embodiments , the 
organic solvent is ethyl acetate , acetone , methanol , ethanol , 
or propanol . In some embodiments , the microorganism is 
freeze - dried . In some embodiments , the cannabinoids are 
extracted from the freeze - dried microorganism with an 
organic solvent . In some embodiments , the organic solvent 
is methanol , acctonitrile , ethyl acetate , acetone , ethanol , 
propanol , hexane , or heptane . In some embodiments , the 
organic solvent is dried by solvent evaporation , leaving the 
cannabinoids in pure form . 
[ 0021 ] In another aspect , the present disclosure provides a 
photosynthetic microorganism produced using any of the 
methods described herein . In another aspect , the present 
disclosure provides a photosynthetic microorganism com 
prising : ( i ) a polynucleotide encoding a GPPS polypeptide ; 
and ( ii ) one or more polynucleotides encoding AAE1 , OLS , 
OAC , CBGAS polypeptides and an oxidocyclase selected 
from the group consisting of CBDAS , THCAS , and 
CBCAS : wherein the polynucleotide encoding the GPPS 
polypeptide is operably linked to a first promoter , and 
wherein the one or more polynucleotides encoding the 
AAE1 , OLS , OAC , CBGAS polypeptides and the oxidocy 
clase are operably linked to one or more additional promot 
ers . 

a 

[ 0022 ] In some embodiments , the photosynthetic micro 
organism is cyanobacteria . In some embodiments , the GPPS 
polypeptide is a fusion protein encoded by a polynucleotide 
encoding GPPS fused to the 3 ' end of a leader nucleic acid 
sequence encoding a protein that is expressed in cyanobac 
teria at a level of at least 1 % of the total cellular protein . In 
some embodiments , the GPPS polypeptide is an nptI * GPPS 
fusion protein . In some embodiments , the GPPS polypeptide 
comprises an amino acid sequence tltat is at least 90 % or 
95 % identical to SEQ ID NO : 2 . In some embodiments , the 
GPPS polypeptide comprises the amino acid sequence of 
SEQ ID NO : 2 . In some embodiments , the polynucleotide 
encoding the GPPS polypeptide comprises a nucleotide 
sequence that is at least 90 % or 95 % identical to SEQ ID 
NO : 1 . In some embodiments , the polynucleotide encoding 
the GPPS polypeptide comprises the nucleotide sequence of 
SEQ ID NO : 1 . 
[ 0023 ] In some embodiments , the AAE1 polypeptide com 
prises an amino acid sequence that is at least 90 % or 95 % 
identical to SEQ ID NO : 4 . In some embodiments , the AAE1 
polypeptide comprises the amino acid sequence of SEQ ID 
NO : 4 . In some embodiments , the polynucleotide encoding 
the AAE i polypeptide comprises a nucleotide sequence that 
is at least 90 % or 95 % identical to nucleotides 636-2798 of 
SEQ ID NO : 3 . In some embodiments , the polynucleotide 
encoding the AAE1 polypeptide comprises nucleotides 636 
2798 of SEQ ID NO : 3 . In some embodiments , the OLS 
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polypeptide comprises an amino acid sequence that is at 
least 90 % or 95 % identical to SEQ ID NO : 5 . In some 
embodiments , the OLS polypeptide comprises the amino 
acid sequence of SEQ ID NO : 5 . In some embodiments , the 
polynucleotide encoding the OLS polypeptide comprises a 
nucleotide sequence that is at least 90 % or 95 % identical to 
nucleotides 2819-3973 of SEQ ID NO : 3 . In some embodi 
ments , the polynucleotide encoding the OLS polypeptide 
comprises nucleotides 2819-3973 of SEQ ID NO : 3 . 
[ 0024 ] In some embodiments , the OAC polypeptide com 
prises an amino acid sequence that is at least 90 % or 95 % 
identical to SEQ ID NO : 6 . In some embodiments , the OAC 
polypeptide comprises the amino acid sequence of SEQ ID 
NO : 6 . In some embodiments , the polynucleotide encoding 
the OAC polypeptide comprises a nucleotide sequence that 
is at least 90 % or 95 % identical to nucleotides 3994-4299 of 
SEQ ID NO : 3 . In some embodiments , the polynucleotide 
encoding the OAC polypeptide comprises nucleotides 3994 
4299 of SEQ ID NO : 3 . In some embodiments , the CBGAS 
polypeptide comprises an amino acid sequence that is at 
least 90 % or 95 % identical to SEQ ID NO : 7 . In some 
embodiments , the CBGAS polypeptide comprises the amino 
acid sequence of SEQ ID NO : 7 . In some embodiments , the 
polynucleotide encoding the CBGAS polypeptide comprises 
a nucleotide sequence that is at least 90 % or 95 % identical 
to nucleotides 4320-5507 of SEQ ID NO : 3 . In some embodi 
ments , the polynucleotide encoding the CBGAS polypeptide 
comprises nucleotides 4320-5507 of SEQ ID NO : 3 . 
[ 0025 ] In some embodiments , the oxidocyclase is 
CBDAS , and the CBDAS comprises an amino acid 
sequence that is at least 90 % or 95 % identical to SEQ ID 
NO : 8 . In some embodiments , the oxidocyclase is CBDAS , 
and the CBDAS comprises the amino acid sequence of SEQ 
ID NO : 8 . In some embodiments , the polynucleotide encod 
ing the CBDAS comprises a nucleotide sequence that is at 
least 90 % or 95 % identical to nucleotides 5528-7162 of SEQ 
ID NO : 3 . In some embodiments , the polynucleotide encod 
ing the CBDAS comprises nucleotides 5528-7162 of SEQ 
ID NO : 3 . In some embodiments , the oxidocyclase is 
THCAS , and the THCAS comprises an amino acid sequence 
that is at least 90 % or 95 % identical to SEQ ID NO : 10 . In 
some embodiments , the oxidocyclase is THCAS , and the 
THCAS comprises the amino acid sequence of SEQ ID 
NO : 10 . In some embodiments , the polynucleotide encoding 
the THCAS comprises a nucleotide sequence that is at least 
90 % or 95 % identical to SEQ ID NO : 9 . In some embodi 
ments , the polynucleotide encoding the THCAS comprises 
the nucleotide sequence of SEQ ID NO : 9 . 
[ 0026 ] In some embodiments , the oxidocyclase is 
CBCAS , and the CBC comprises an amino acid sequence 
that is at least 90 % or 95 % identical to SEQ ID NO : 12 . In 
some embodiments , the oxidocyclase is CBCAS , and the 
CBCAS comprises the amino acid sequence of SEQ ID 
NO : 12 . In some embodiments , the polynucleotide encoding 
the CBCAS comprises a nucleotide sequence that is at least 
90 % or 95 % identical to SEQ ID NO : 11 . In some embodi 
ments , the polynucleotide encoding the CBCAS comprises 
the nucleotide sequence of SEQ ID NO : 11 . 
[ 0027 ] In some embodiments , two or more of the poly 
nucleotides encoding the AAE1 , OLS , OAC , CBGAS poly 
peptides and the oxidocyclase are present within a single 
operon . In some embodiments , all of the polynucleorides 
encoding the AAEI , OLS , OAC , CBGAS polypeptides and 
the oxidocyclase are present within a single operon . In some 

embodiments , the operon is at least 90 % or 95 % identical to 
SEQ ID NO : 3 , SEQ ID NO : 13 , or SEQ ID NO : 14 . In some 
embodiments , the operon comprises SEQ ID NO : 3 , SEQ ID 
NO : 13 , or SEQ ID NO : 14 . In some embodiments , the first 
and or additional promoters are selected from the group 
consisting of a cpe promoter , a psbA2 promoter , a glgAl 
promoter , a Ptrc promoter , and a 17 promoter . 
[ 0028 ] In some embodiments , one or more of the poly 
nucleotides encoding the GPPS , AAEI , OLS , OAC , 
CBGAS polypeptides and the oxidocyclase are codon opti 
mized for the photosynthetic microorganism . In some 
embodiments , the microorganism is from a genus selected 
from the group consisting of Synechocystis , Synechococcus , 
Athrospira , Nostoc , and Anabaena . In some embodiments , 
one or more of the coding sequences for the GPPS , AAE1 , 
OLS , OAC , CBGAS polypeptides and the oxidocyclase are 
preceded by a ggaattaggaggnaattaa ribosome binding site 
( RBS ) . 
[ 0029 ] In other aspects , the present disclosure provides a 
polynucleotide encoding a GPPS , AAE1 , OLS , OAC , 
CBGAS , CBDAS , THCAS polypeptide and or CBCAS 
polypeptide , wherein the polynucleotide is codon optimized 
for cyanobacteria or other photosynthetic microorganism . In 
some embodiments , the polynucleotide is at least 90 % or 
95 % identical to a sequence selected from the group con 
sisting of SEQ ID NO : 1 , SEQ ID NO : 3 , SEQ ID NO : 9 , SEQ 
ID NO : 11 , SEQ ID NO : 13 , SEQ ID NO : 14 , nucleotides 
636-2798 of SEQ ID NO : 3 , nucleotides 2819-3973 of SEQ 
ID NO : 3 , nucleotides 3994-4299 of SEQ ID NO : 3 , nucleo 
tides 4320-5507 of SEQ ID NO : 3 , and nucleotides 5528 
7162 of SEQ ID NO : 3 . In some embodiments , the poly 
nucleotide comprises a sequence selected from the group 
consisting of SEQ ID NO : 1 , SEQ ID NO : 3 , SEQ ID NO : 9 , 
SEQ ID NO : 11 , SEQ ID NO : 13 , SEQ ID NO : 14 , nucleo 
tides 636-2798 of SEQ ID NO : 3 , nucleotides 2819-3973 of 
SEQ ID NO : 3 , nucleotides 3994-4299 of SEQ ID NO : 3 , 
nucleotides 4320-5507 of SEQ ID NO : 3 , and nucleotides 
5528-7162 of SEQ ID NO : 3 . 
( 0030 ] In another aspect , the present disclosure provides 
an expression cassette comprising any of the herein - de 
scribed polynucleotides . In another aspect , the present dis 
closure provides a host cell comprising any of the herein 
described polynucleotides or expression cassettes . In 
another aspect , the present disclosure provides a cell culture 
comprising any of the herein - described microorganisms or 
host cells . 
[ 0031 ] In another aspect , the present disclosure provides a 
method for producing cannabinoids , the method comprising 
culturing any of the herein - described photosynthetic micro 
organisms or host cells under conditions in which the GPPS , 
AAE1 , OLS , OAC , CBGAS polypeptides and the aoxido 
cyclase are expressed and wherein cannabinoid biosynthesis 
takes place . 
[ 0032 ] In some embodiments , the method further com 
prises a step ( c ) comprising isolating cannabinoids from the 
microorganism or from the culture medium . In some 
embodiments , the cannabinoids are isolated from the surface 
of the liquid culture as floater molecules . In some embodi 
ments , the cannabinoids are extracted from the interior of the 
microorganism . In some embodiments , the cannabinoids ate 
extracted from a disintegrated cell suspension produced by 
isolating the microotganism and disintegrating it by forcing 
it through a French press , subjecting it to sonication , or 
treating it with glass heads . In some embodiments , the 
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disintegrated cell suspension is supplemented with H2SO4 
and 30 % ( w : v ) NaCl at a volume - to - volume ratio of ( cell 
suspension / H2SO4 / NaCl = 3 / 0.12 / 0.5 ) . In some embodi 
ments , the cannabinoids are extracted from the H2SO4 and 
NaCl - treated disintegrated cell suspension upon incubation 
with an organic solvent . In some embodiments , the organic 
solvent is hexane or heptane . In some embodiments , the 
organic solvent is ethyl acetate , acetone , methanol , ethanol , 
or propanol . In some embodiments , the microorganism is 
freeze - dried . In some embodiments , the cannabinoids are 
extracted from the freeze - dried microorganism with an 
organic solvent . In some embodiments , the organic solvent 
is methanol , acetonitrile , ethyl acetate , acetone , ethanol , 
propanol , hexane , or heptane . In some embodiments , the 
organic solvent is dried by solvent evaporation , leaving the 
cannabinoids in pure form . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0037 ] FIG . 5. The cannabinoid biosynthesis pathway in 
photosynthetic microorganisms , e.g. Synechocystis sp . 
Abbreviations used : AAE1 , Acyl Activating Enzyme 1 : 
OLS , Olivetol synthase ; OAC , Olivetolic acid Cyclase ; 
CBGAS , Cannabigerolic acid syntliase ; CBDAS , Cannabid 
iolic acid synthase . 
[ 0038 ] FIG . 6. Gas chromatography detection with a flame 
ionization detector ( GC - FID ) of floater extracts from Syn 
echocystis wild type ( WT ) untreated and cultures treated 
with cannabidioi ( CBD ) . ( Upper panel ) GC - FID analysis of 
heptane extracts from a Synechocystis wild type untreated 
culture . Floater extracts from wild type cultures displayed a 
flat profile , without any discernible peaks . ( Lower panel ) 
GC - FID analysis of floater extracts from a Synechocystis 
culture incubated in the presence of cannabidiol . Canna 
bidiol was the major product detected , showhng a retention 
time of 9.2 min under these experimental conditions . 
Smaller amounts of an additional compound with retention 
times of 10.3 min were also detected as secondary product 
of the process ( See , e.g. , Dussy F E et al . ( 2005 ) , Isolation 
of D9 - THCA - A from hemp and analytical aspects concern 
ing the determination of D9 - THC in cannabis products , 
Forensic Science International 149 : 3-10 ; Ibrahim E A et al . 
( 2018 ) Determination of acid and neutral cannabinoids in 
extracts of different strains of Cannabis sativa using GC 
FID . Planta Med 84 : 250-259 ) . 
[ 0039 ] FIG . 7. Spectrophotometric detection of cannubid 
iolic acid and cannabidiol in heptane solution . ( Upper panel ) 
Absorbance spectrum of cannubidiolic acid ( CBDA ) show 
ing UV maxima at 225 and 270 nm from which the con 
centration of CBDA can be calculated , ( lower panel ) Absor 
bance spectrum of cannabidiol ( CBD ) showing a UV peak 
at 214 nm and a shoulder at 233 nm from which the 
concentration of CBD can be calculated . A system of equa 
tions based on the extinction coefficients of CBDA and CBD 
at the above - mentioned wavelengths permits delineation of 
the concentration of the two cannabinoids in a mix solution . 
Cannabinoids can be siphoned off the top of the liquid 
medium from transformant Synechocystis cultures after 
applying a known volume of heptane solvent as over - layer 
( see , e.g. , U.S. Pat . No. 9,951,354 ) . 
[ 0040 ] FIGS . 8A - 8B . Linear addition of Synechocystis 
CBDA transforming constructs . FIG . 8A : Map of the upper 
( construct L # 1 : 5,300 nt ) and lower ( construct L # 2 : 4,640 
nt ) Synechocystis codon - optimized cannabidiolic acid bio 
synthetic pathway - encoding genes . L # 1 harbored the AAE1 , 
OLS , CMC , and zeocin ( zeoR ) resistance genes . L # 2 har 
bored the OLS , OAC , CBGAS , CBDAS , and chlorampheni 
col ( cmR ) encoding genes . Synechocystis was transformed 
linearly ( sequentially ) first with construct L # 1 and , upon 
reaching homoplasmy , with L # 2 . FIG . 8B : Genomic DNA 
PCR analysis testing for the insertion of the CBDA - related 
genes in Synechocystis transformants . Primers < OLS for > 
and < cmR rev > were employed for screening the transfor 
mants harboring the genes required for CBDA synthesis in 
Synechocystis . Genomic DNA from wild - type ( WT ) and the 
L # 1 transformant strains , with the latter harboring only the 
upper CBDA - encoding genes , were used as controls . Both 
wild type and L # 1 PCR products generated unspecific 700 
bp size products , whereas four different cell lines ( 019 , N13 , 
N15 , and N17 ) , comprising both the L # 1 and L # 2 constructs , 
generated the expected 3,822 bp size product . These results 
showed the full integration of the CBDA biosynthetic path 
way in Synechocystis . 

[ 0033 ] FIG . 1. Terpenoid biosynthesis via the endogenous 
MEP ( methylerythritol - 4 - phosphate ) pathway in photosyn 
thetic microorganisms , e.g. Synechocystis sp . Abbreviations 
used : G3P , glyceraldehyde 3 - phosphate : Dxs , deoxyxylulose 
5 - phosphate synthase : Dxr , deoxyxylulose 5 - phosphate 
reductoisomerase ; IspD , diphosphocytidylyl methylcrythri 
tol synthase ; IspE , diphosphocytidylyl methylerythritol 
kinase ; IspF , methyl crythritol - 2,4 - cyclodiphosphate syn 
thase ; IspG , hydroxymethylbutenyl diphosphate synthase ; 
IspH , hydroxymethylbutenyl diphosphate reductase ; Ipi , IPP 
isomerase . 
[ 0034 ] FIG . 2. Terpenoid biosynthesis via the heterolo 
gous MVA ( mevalonic acid ) pathway in photosynthetic 
microorganisms , e.g. Synechocystis sp . Abbreviations used : 
AtoB , acetyl - CoA acetyl transferase ; HmgS , Hmg - CoA syn 
thase : HmgR , Hmg - CoA reductase ; MK , mevalonic acid 
kinase ; PMK , mevalonic acid 5 - phosphate kinase ; PMD , 
mevalonic acid 5 - diphoshate decarboxylase : Fni , IPP 
isomerase . 
[ 0035 ] FIG . 3. Biosynthesis of geranyl diphosphate ( GPP ) 
by the action of the enzyr genmyl diphosphate synthase 
( GPPS ) . GPP is the first precursor to mono- , sesqui- , di- , tri- , 
tetra - terpenoids and all their derivatives . 
[ 0036 ] FIG . 4. Protein expression analysis of Synechocys 
tis wild type ( WT ) and transformant strains . Total cell 
proteins were resolved by SDS - PAGE , transferred to nitro 
cellulose and probed with specific a - GPPS2 polyclonal 
antibodies . Individual native and heterologous proteins of 
interest are indicated on the right side of the blot . Transfor 
mant lines expressing GPPS along with SmR ( GPPS - SmR ) 
or the fusion NptI * GPPS only ( NptI * GPPS ) were loaded 
onto the gel . Sample loading corresponds to 0.125 ug of 
chlorophyll for the Western blot analysis . Upper arrow 
shows the presence of the Npt? * GPPS fusion protein . Upper 
arrow shows a strong specific cross - reaction the polyclonal 
Picea abies GPPS2 antibodies and a protein band migrating 
to 62 kD in the Npti * GPPS2 fusion transformant , showing 
that the PTRC - Nptl * GPPS construct was truly overexpressed 
at the protein level in Synechocystis . Lower arrow shows a 
faint cross - reaction at ~ 32 kD observed in wild type and 
transformants . By reference to the Mycoplasma tuberculosis 
GPPS , GenBank accession number AF082325.1 , this was 
assigned to ORF slr0611 encoding a putative prenyltrans 
ferase of 32 kD , which could thus account for the low - level 
expression of the native GPPS in Synechocystis . 

a 
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< cpc - usfor > and < AAE1 rev > printers were used . Again , 
colonies 8 , 9 , 17 and 20 showed the right size products . The 
results showed that colonies 8 , 9 , 17 and 20 are successful 
CBDA construct P # 1 transformants . 
[ 0044 ] FIGS . 12A - 12B . Parallel addition of Synechocystis 
CBDA transforming constructs . FIG . 12 A : Map of the 
CBDA construct P # 1 ( 6,674 nt ) in the cpc operon locus 
liarboring the AAE1 , OLS , OAC , atoB , cmR genes , and 
CBDA construct P # 2 ( 6,573 nt ) in the psbA2 gene locus of 
Synechocystis harboring the nptI * GPPS fusion , CBGAS , 
CBDAS , and smR encoding genes . FIG . 12B : Screening by 
PCR analysis of a set of colonies transformed with CBDA 
construct P # 2 . For verification of correct insertion , straias 
were tested with primers < psbA2 - us for > and < psbA2 - ds 
rev > ( CBDAS ) ( left side of the construct map and gel panel ) , 
spanning the full length of the insert . Also . < CBDAS for > 
and < psbA2 - ds rev > primers were used ( right side of the 
construct map and gel panel ) to test for the location of the 
CBDAS gene in relation to the psbA2 DS gene region . 
Colonies 1 , 2 , 4 , 5 , 6 and 7 had the correct product size and 
insertion position in the psbA2 gene locus , showing suc 
cessfully transformation of these heterologous genes . 
[ 0045 ] FIG . 13. SDS - PAGE ( left panel ) and Western blot 
analysis ( right panel ) of wild type and three CBDA biosyn 
thetic pathway transformants , as described in FIG . 12. Lane 
WT : wild type . Lanes 4 , 5 , 6 : Same as lanes 4 , 5 , and 6 in 
FIG . 12. Wild type and transformant cells were grown under 
the same experimental conditions . Lanes were loaded with 
0.3 ug cellular chlorophyll . The Coomassie stain in the 
SDS - PAGE panel showed the distinct presence of the 
NptI * GPPS fusion plus CBDAS proteins , both migrating in 
the vicinity of 62 kD , and the presence of the CBGAS 
protein migrating to about 45 kD . Polyclonal antibodies 
against the GPPS protein were used to show the presence of 
the NptI * GPPS fusion protein . Only transformants in lanes 
4,5 , and 6 were positive in the SDS - PAGE and Western blot 
analysis for the expected Nptl * GPPS , CBDAS , and CBGAS 
proteins . 
[ 0046 ] FIG . 14. Cyanobacterial cannabinoid analysis by 
GC - MS . FIG . 14A : standards ; FIG . 14B ; cell extracts . 
[ 0047 ] FIG . 15. Codon - optimized DNA sequences in 
operon configuration of the cannabinoid biosynthesis path 
way shown in FIG . 5 , leading to the synthesis of cannabid 
iolic acid . 

? 

[ 0041 ] FIGS . 9A - 9B . Linear addition of Synechocystis 
CBDA transforming constructs . FIG . 9A : Map of the upper 
( construct L # 2 ; 5300 nt ) and lower ( construct L # 2 : 4640 nt ) 
Synechocystis codon - optimized cannabidiolic acid ( CBDA ) 
biosynthetic pathway - encoding genes . L # 1 harbored the 
AAE1 , OLS , OAC and zeocin resistance cassette genes . L # 2 
harbored the OLS , OAC , CBGAS , CBDAS , and cmR 
encoding genes . Synechocystis was transformed linearly 
( sequentially ) with construct L # 1 and , upon reaching 
homoplasmy , with L # 2 . FIG . 9B : Genomic DNA PCR 
analysis testing for the correct insertion of individual CBDA 
biosynthesis - related genes in Synechocystis transformants . 
( Upper left panel ) Primers < OLS for > and < cpc - ds rev > 
generated a 1,978 bp product in the L # 1 transformant and 
5,130 bp products in three different transformants compris 
ing both the L # 1 and L # 2 constructs . PCR using WT 
genomic DNA did not generate a PCR product , as expected . 
( Upper right panel ) Primers < OACfor > and < vpc - ds rev > 
generated a 1,202 bp product in the L # 1 transfonnant and 
4,354 bp products in three different transformants compris 
ing both the L # 1 and L # 2 constructs . PCR using WT 
genomic DNA did not generate a PCR product , as expected . 
( Lower left panel ) Primers < cpc - us for > and < OAC rev > 
generated 4,320 bp products both in the Ltf 1 transformant 
and in three different transformants comprising the L # 1 and 
L # 2 constructs . PCR using WT genomic DNA did not 
generate a PCR product , as expected . ( Lower right panel ) 
Primers < cpc - us for > and < OLS rev > generated 3,542 bp 
product both in the L # 1 transformant and in three different 
transformants comprising the L # 1 and L # 2 constructs . PCR 
using WT genomic DNA did not generate a PCR product , as 
expected . These results strengthened the notion of correct 
insertion of the entire heterologous CBDA biosynthetic 
pathway genes in Synechocystis . 
[ 0042 ] FIGS . 10A - 10B . Linear addition of Synechocystis 
CBDA transforming constructs . FIG . 10A ( upper ) : Map of 
CBDA biosynthetic pathway encoding genes installed as an 
operon in the genomic DNA of Synechocystis . Transgenic 
operon replaced the native cpc operon , under the control of 
the P TRC promoter . FIG . 10A ( lower ) : Map of the heterolo 
gous mevalonic acid pathway - encoding genes installed in 
the Synechocystis glgA1 locus , expressed under the control 
of the PTRC promoter . FIG . 10B : RT - PCR analysis of Syn 
echocystis CBDA transformants offers evidence of tran 
scription and mRNA accumulation of the cell endogenous 
16 rRNA gene ( 200 bp product ) , as well as the heterologous 
AAE1 transgene ( 275 bp product ) , CBDAS transgene ( 295 
bp product ) , and GPPS transgene ( 286 bp product ) . These 
results validate the successful installation and expression of 
two exogenous operons , shown in FIG . 10A , comprising 
twelve heterologous transgenes expressed in Synechocystis . 
[ 0043 ] FIGS . 11A - 11C . Parallel addition of Synechocystis 
CBDA transforming constructs . FIG . 11A : Map of the 
CBDA construct P # 1 ( 6,674 nt ) in the cpc operon locus 
harboring the AAEI , OLS , OAC , atoB , cmR genes , and 
CBDA construct P # 2 ( 6,573 nt ) in the psbA2 gene locus of 
Synechocystis harboring the nptI * GPPS fusion , CBCAS , 
CBDAS , and smR encoding genes . FIG . 11B : Screening by 
PC R analysis of a set of colonies transformed with CBDA 
construct P # 1 . For verification of insertion < cps - us for > and 
< cpc - ds rev > primers were used . Colonics 8 , 9 , 17 and 20 
showed the expected size products . FIG . 11C : Screening by 
PCR analysis of the second set of colonies transformed with 
CBDA construct P # 1 . For verification of correct insertion , 

2 

DETAILED DESCRIPTION OF THE 
INVENTION 

1. Introduction 

[ 0048 ] The present invention provides methods and com 
positions for producing highly pure , easily isolatable can 
nabinoids in photosynthetic microorganisms that can be 
used for pharmaceutical , cosmetics - related , and other appli 
cations . The present methods provide numerous advantages 
for the production of cannabinoids , including that the can 
nabinoids can be produced constitutively from the natural 
photosynthesis of the cells , with no need to supplement 
growth media with antibiotics or organic nutrients , and that 
the produced cannabinoids can be readily harvested from the 
growth medium . Further , in some embodiments , the heter 
ologous polynucleotides encoding the enzymes for the pro 
duction of cannabinoids in the cells are integrated into the 
genome of the microorganisms , thereby avoiding potential 
difficulties resulting from the use of high - copy plasmids . 
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Another advantage of the present methods is that cyanobac 
teria and other photosynthetic microorganisms contain 
abundant thylakoid membranes of photosynthesis , which 
makes them particularly suitable for the expression and 
function of the transmembrane CBGAS enzyme . 
[ 0049 ] The genetically modified photosynthetic microor 
ganisms of the invention can be used commercially in an 
enclosed mass culture system to provide a source of can 
nabinoids which can be developed as biophamvaceutieals in 
the manifold therapeutic applications of cannabinoids cur 
rently employed or contemplated by the synthetic chemistry 
and pharmaceutical industries . For instance , the therapeutic 
potential of cannabidiol ( CBD oil ) , a non - psychoactive 
substance , is currently being explored for a number of 
indications including for the treatment of pain , inflammatory 
diseases , epilepsy , anxiety disorders , substance abuse disor 
ders , schizophrenia , cancer , and others . 

2. Definitions 

2 

[ 0050 ] As used herein , the following terms have the mean 
ings ascribed to them unless specified otherwise . 
[ 0051 ] The terms “ a , ” “ an , ” or “ the ” as used herein not 
only include aspects with one member , but also include 
aspects with more than one member . For instance , the 
singular forms “ a , ” “ an , ” and “ the ” include plural referents 
unless the context clearly dictates otherwise . Thus , for 
example , reference to “ a cell ” includes a plurality of such 
cells and reference to “ the agent ” includes reference to one 
or more agents known to those skilled in the art , and so forth . 
[ 0052 ] The terms “ about ” and “ approximately ” as used 
herein shall generally mean an acceptable degree of error for 
the quantity measured given the nature or precision of the 
measurements . Typically , exemplary degrees of error are 
within 20 percent ( % ) , preferably within 10 % , and more 
preferably within 5 % of a given value or range of values . 
Any reference to “ about X ” specifically indicates at least the 
values X , 0.8X , 0.81X , 0.82X , 0.83X , 0.84X , 0.85X , 0.86X , 
0.87X , 0.88X , 0.89X , 0.9X , 0.91 X , 0.92X , 0.93X , 0.94X , 
0.95X , 0.96X , 0.97X , 0.98X , 0.99X , 1.01X , 1.02X , 1.03X , 
1.04X , 1.05X , 1.06X , 1.07X , 1.08X , 1.09X , 1.1X , 1.11X , 
1.12X , 1.13X , 1.14X , 1.15X , 1.16X , 1.17X , 1.18X , 1.19X , 
and 1.2X , Thus , “ about X ” is intended to teach and provide 
written description support for a claim limitation of . e.g. , 
" 0.98X . " 

[ 0053 ] The term “ nucleic acid ” or “ polynucleotide ” refers 
to deoxyribonucleic acids ( DNA ) or ribonucleic acids 
( RNA ) and polymers thereof in either single- or double 
stranded form . Unless specifically limited , the term encom 
passes nucleic acids containing known analogs of natural 
nucleotides that have similar binding properties as the 
reference nucleic acid and are metabolized in a manner 
similar to naturally occurring nucleotides . Unless otherwise 
indicated , a particular nucleic acid sequence also implicitly 
encompasses conservatively modified variants thereof ( e.g. , 
degenerate codon substitutions ) , alleles , orthologs , SNPs , 
and complementary sequences as well as the sequence 
explicitly indicated . Specifically , degenerate codon substi 
tutions may be achieved by generating sequences in which 
the third position of one or more selected ( or all ) codons is 
substituted with mixed - base and or deoxyinosioe residues 
( Batzer et al . , Nucleic Acid Res . 19 : 5081 ( 1991 ) ; Ohtsuka et 
al . , J. Biol . Chem . 260 : 2605-2608 ( 1985 ) ; and Rossolini et 
al , Mol . Cell Probes 8 : 91-98 ( 1994 ) ) . 

[ 0054 ] The term “ gene ” refers to the segment of DNA 
involved in producing a polypeptide chain . It may include 
regions preceding and following the coding region ( leader 
and trailer ) as well as intervening sequences ( introns ) 
between individual coding segments ( exons ) . 
[ 0055 ] A “ promoter ” is defined as an array of nucleic acid 
control sequences that direct transcription of a nucleic acid . 
As used herein , a promoter includes necessary nucleic acid 
sequences near the start site of transcription , such as , in the 
case of a polymerase II type promoter , a TATA element . A 
promoter also optionally includes distal enhancer or repres 
sor elements , which can be located as much as several 
thousand base pairs from the start site of transcription . The 
promoter can be a heterologous promoter , or an endogenous 
promoter , e.g. , when a coding sequence is integrated into the 
genome and its expression is then driven by an adjacent 
promoter already present in the genome . 
[ 0056 ] An “ expression cassette ” is a nucleic acid con 
struct , generated recombinantly or synthetically , with a 
series of specified nucleic acid elements that permit tran scription of a particular polynucleotide sequence in a host 
cell . An expression cassette may be pan of a plasmid , viral 
genome , or nucleic acid fragment . In some embodiments , an 
expression cassette includes a polynucleotide to be tran 
scribed , operably linked to a promoter . The promoter can be 
a heterologous promoter . In the context of promoters oper 
ably linked to a polynucleotide , a " heterologous promoter " 
refers to a promoter dial would not be so operably linked to 
the same polynucleotide as found in a product of nature 
( e.g. , in a wild - type organism ) . In some embodiments , the 
expression cassette comprises a coding sequence whose 
expression is designed to be driven by an endogenous 
promoter subsequent to integration into the genome . 
[ 0057 ] As used herein , a first polynucleotide or polypep 
tide is " heterologous ” to an organism or a second polynucle 
otide or polypeptide sequence if the first polynucleotide or 
polypeptide originates from a foreign species compared to 
the organism or second polynucleotide or polypeptide , or , if 
from the same species , is modified from its original form . 
For example , when a promoter is said to be operably linked 
to a heterologous coding sequence , it means that the coding 
sequence is derived from one species whereas the promoter 
sequence is derived from another , different species ; or , if 
both are derived from the same species , the coding sequence 
is not naturally associated with the promoter ( e.g. , is a 
genetically engineered coding sequence ) . 
[ 0058 ] “ Polypeptide , ” “ peptide , ” and “ protein ” are used 
interchangeably herein to refer to a polymer of amino acid 
residues . All three terms apply to amino acid polymers in 
which one or more amino acid residue is an artificial 
chemical mimetic of a corresponding naturally occurring 
amino acid , as well as to naturally occurring amino acid 
polymers and non - naturally occurring ammo acid polymers . 
As used herein , the terms encompass amino acid chains of 
any length , including full - length proteins , wherein the amino 
acid residues are linked by covalent peptide bonds . 
[ 0059 ] " Conservatively modified variants " applies to both 
amino acid and nucleic acid sequences . With respect to 
particular nucleic acid sequences , “ conservatively modified 
variants ” refers to those nucleic acids that encode identical 
or essentially identical amino acid sequences , or where tlie 
nucleic acid dews not encode an amino acid sequence , to 
essentially identical sequences . Because of the degeneracy 
of the genetic code , a large number of functionally identical 
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nucleic acids encode any given protein . For instance , the 
codons GCA , GCC , GCG and GCU all encode the amino 
acid alanine . Thus , at every position where an alanine is 
specified by a codon , the codon can be altered to any of the 
corresponding codons described without altering the 
encoded polypeptide . Such nucleic acid variations are 
" silent variations , ” which are one species of conservatively 
modified variations . Every nucleic acid sequence herein that 
encodes a polypeptide also describes every possible silent 
variation of the nucleic acid . One of skill will recognize that 
each codon in a nucleic acid ( except AUG , which is ordi 
narily the only codon for methionine , and TGG , which is 
ordinarily the only codon for tryptophan ) can be modified to 
yield a functionally identical molecule . Accordingly , each 
silent variation of a nucleic acid that encodes a polypeptide 
is implicit in each described sequence . 
[ 0060 ] One of skill will recognize that individual substi 
tutions , deletions or additions to a nucleic acid , peptide , 
polypeptide , or protein sequence which alters , adds or 
deletes a single amino acid or a small percentage of amino 
acids in the encoded sequence is a “ conservatively modified 
variant ” where the alteration results in the substitution of an 
amino acid with a chemically similar amino acid . Conser 
vative substitution tables providing functionally similar 
amino acids are well known in the art . Such conservatively 
modified variants are in addition to and do not exclude 
polymorphic variants , interspecies homologs , and alleles . In 
some cases , conservatively modified variants can have an 
increased stability , assembly , or activity . 
[ 0061 ] The following eight groups each contain amino 
acids that are conservative substitutions for one another : 
[ 0062 ] 1 ) Alanine ( A ) , Glycine ( G ) ; 
( 0063 ] 2 ) Aspartic acid ( D ) . Glutamic acid ( E ) ; 
[ 0064 ] 3 ) Asparagine ( N ) , Glutamine ( Q ) ; 
[ 0065 ] 4 ) Arginine ( R ) , Lysine ( K ) ; 
[ 0066 ] 5 ) Isoleucine ( I ) , Leucine ( L ) , Methionine ( M ) , 
Valine ( V ) ; 
[ 0067 ] 6 ) Phenylalanine ( F ) , Tyrosine ( Y ) , Tryptophan 
( W ) ; 
[ 0068 ] 7 ) Serine ( S ) , Threonine ( T ) ; and 
[ 0069 ] 8 ) Cysteine ( C ) , Methionine ( M ) ( see , e.g. , Creigh 
ton , Proteins , W. H. Freeman and Co. , N. Y. ( 1984 ) ) . 
[ 0070 ] Amino acids may be referred to herein by either 
their commonly known three letter symbols or by the 
one - letter symbols recommended by the IUPAC - IUB Bio 
chemical Nomenclature Commission . Nucleotides , likewise , 
may be referred to by their commonly accepted single - letter 
codes . In the present application , amino acid residues are 
numbered according to their relative positions from the left 
most residue , which is numbered 1 , in an unmodified 
wild - type polypeptide sequence . 
[ 0071 ] As used in herein , tltc terms “ identical ” or percent 
“ identity , ” in the context of describing two or more poly 
nucleotide or amino acid sequences , refer to two or more 
sequences or specified subsequences that are the same . Two 
sequences that are “ substantially identical ” have at least 
60 % identity , preferably 65 % , 70 % , 75 % , 80 % , 85 % , 90 % , 
91 % 92 % , 93 , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 100 % 
identity , when compared and aligned for maximum corre 
spondence over a comparison window , or designated region 
as measured using a sequence comparison algorithm or by 
manual alignment and visual inspection where a specific 
region is not designated . With regard to polynucleotide 
sequences , this definition also refers to the complement of a 

test sequence . With regard to amino acid sequences , in some 
cases , the identity exists over a region that is at least about 
50 amino acids in length , or more preferably over a region 
that is 75-100 amino acids in length . In some emodiments , 
percent identity is determined over the full - length of the 
amino acid or nucleic acid sequence . 
[ 0072 ] For sequence comparison , typically one sequence 
acts as a reference sequence , to which test sequences are 
compared . When using a sequence comparison algorithm , 
test and reference sequences are entered into a computer , 
subsequence coordinates are designated , if necessary , and 
sequence algorithm program parameters are designated . 
Default program parameters can be used , or alternative 
parameters can be designated . The sequence comparison 
algorithm then calculates the percent sequence identities for 
the test sequences relative to the reference sequence , based 
on the program parameters . For sequence comparison of 
nucleic acids and proteins , the BLAST 2.0 algorithm and the 
default parameters discussed below are used . 
[ 0073 ] A “ comparison window ” , as used herein , includes 
reference to a segment of any one of the number of con 
tiguous positions selected from the group consisting of from 
20 to 600 , usually about 50 to about 200 , more usually about 
100 to about 150 in which a sequence may be compared to 
a reference sequence of the same number of contiguous 
positions after the two sequences are optimally aligned . 
[ 0074 ] An algorithm for determining percent sequence 
identity and sequence similarity is the BLAST 2.0 algo 
rithm , which is described in Altschul et al . , ( 1990 ) J. Mol . 
Biol . 215 : 403-410 . Software for performing BLAST analy 
ses is publicly available at the National Center for Biotech 
nology Information website , ncbi.nlm.nih.gov . The algo 
rithm involves first identifying high scoring sequence pairs 
( HSPs ) by identifying short words of length W in the query 
sequence , which either match or satisfy some positive 
valued threshold score T when aligned with a word of the 
same length in a database sequence . T is referred to as the 
neighborhood word score threshold ( Altschul el al . , supra ) . 
These initial neighborhood word hits act as seeds for initi 
ting searches to find longer HSPs containing them . The w 

ord hits are then extended in both directions along each 
sequence for as far as the cumulative alignment score can be 
increased . Cumulative scores are calculated using , for 
nucleotide sequences , the parameters M ( reward score fora 
pair of matching residues : always > 0 ) and N ( penalty score 
for mismatching residues : always < 0 ) . For amino acid 
sequences , a scoring matrix is used to calculate the cumu 
lative score . Extension of the word hits in each direction are 
halted when : the cumulative alignment score falls off by the 
quantity X from its maximum achieved value : the cumula 
tive score goes to zero or below , due to the accumulation of 
one or more negative - scoring residue alignments ; or the end 
of either sequence is reached . The BLAST algorithm param 
eters W , T , and X determine the sensitivity and speed of the 
alignment . The BLASTN program ( for nucleotide 
sequences ) uses as defaults a word size ( W ) of 28 , an 
expectation ( E ) of 10 , M = 1 , N = -2 , and a comparison of both 
strands . For amino acid sequences , the BLASTP program 
uses as defaults a word size ( W ) of 3 , an expectation ( E ) of 
10 , and the BLOSUM62 scoring matrix ( see Henikoff & 
Henikoff , Proc . Natl . Acad . Sci . USA 89 : 10915 ( 1989 ) ) . 
[ 0075 ] The BLAST algorithm also performs a statistical 
analysis of the similarity between two sequences ( see , e.g. , 
Karlin & Altschul , Proc . Natl . Acad . Sci . USA 90 : 5873-5787 

a 
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( 1993 ) ) . One measure of similarity provided by the BLAST 
algorithm is the smallest sum probability ( P ( N ) ) , which 
provides an indication of the probability by which a match 
between two nucleotide or amino acid sequences w ould 
occur by chance . For example , a nucleic acid is considered 
similar to a reference sequence if the smallest sum prob 
ability in a comparison of the test nucleic acid to the 
reference nucleic acid is less than about 0.2 , more preferably 
less than about 0.01 , and most preferably less than about 
0.001 . 

OCCUS 

9 

3. Photosynthetic Microorganisms 
[ 0076 ] Any number of photosynthetic microorganisms can 
be used in the present methods . In particular embodiments , 
unicellular cyanobacteria are modified as described herein to 
produce cannabinoids . Illustrative cyanobacteria include , 
e.g. , Synechocystis sp . , such as strain Synechocystis PCO 
6803 ; and Synechococcus sp . , e.g. , the thermophilic Syn 
echococcus lividus ; the mesophilic Synechococcus elonga 
tus and Synechococcus 6301. and the euryhaline Synechoc 

7002 . Multicellular , including filamentous 
cyanobacteria , may also be engineered to express the het 
erologous GPPS and cannabinoid biosynthesis operon genes 
in accordance with this invention , including , e.g. , Gloeo 
capsa , as well as filamentous cyanobacteria such as Nostoc 
sp . , e.g. , Nostoc sp . PCC 7120 , Nostoc sphaeroides ) ; Ana 
baena sp . , e.g. , Anabaena variabilis ; and Arthrospira sp . 
( “ Spirulina ” ) , such as Arthrospira platensis and Arthrospira 
?????? . 
[ 0077 ] Algae , e.g. , green microalgae , can also be modified 
to express GPPS and cannabinoid biosynthesis genes . Green 
microalgae are single cell oxygenic photosynthetic eukary 
otic organisms that produce chlorophyll a and chlorophyll b . 
Thus , for example , in some embodiments , green microalgae 
such as Chlamydomonas reinhardtii , which is classified as 
Volvocales , Chlamydomonadaeeae , Scenedesmus obliquus , 
Nannochloropsis , Chlorella , Botryococcus braunii , Botryo 
coccus sudeticus , Dunaliella salina , Haematococcus pluvia 
lis , Chlorella fusca , and Chlorella vulgaris are modified as 
described herein to produce cannabinoids . 
[ 0078 ] In some embodiments , photosynthetic microorgan 
isms such as diatoms are modified . Examples of diatoms that 
can be modified to produce cannabinoids in accordance with 
this disclosure include Pheodactylum tricomutum ; Cylin 
drotheca fusiformis , Cyclotella gamma ; Nannochloropsis 
oceanica ; and Thalassiosira pseudonana . 

teria at a level of at least 1 % of the total cellular protein . For 
example , SEQ ID NO : 1 discloses the DNA sequence of the 
nptI * GPPS fusion construct , comprising the GPPS gene 
from Picea abies ( Noway spruce ) fused to the npti gene 
encoding the kanamycin resistance protein , codon optimized 
for high - level NptI * GPP protein expression and GPP pool 
size increase in the cyanobacterium Synechocystis ( Betterle 
and Melis 2018 ) . SEQ ID NO : 2 discloses the amino acid 
sequence of this NptI * GPP fusion construct , the expression 
levels of which approach those of the abundant RbcL the 
large subunit of Rubisco in the modified cyanobacteria ( FIG . 
4 ) . 
[ 0081 ] The use of Npt? and other fusion proteins to obtain 
high transgene yields in cyanobacteria and other photosyn 
thetic microorganisms is described , e.g. , in US Patent Appli 
cation No. 2018/0171342 and in Application PCT / 
US2017034754 , the entire disclosures of both of which ate 
incorporated herein by reference . 
[ 0082 ] Other polynucleotides that may be employed in 
fusion constructs include , e.g. , chloramphenicol acetyltraus 
ferase polynucleotides , which confer chloramphenicol resis 
tance , or polynucleotides encoding a protein that confers 
streptomycin , ampicillin , or tetracycline resistance , or resis 
tance to another antibiotic . In some embodiments , the leader 
sequence encodes less than the full - length of the protein , but 
typically comprises a region tliat encodes at least 25 % , 
typically at least 50 % , or at least 75 % , or at least 90 % , or at 
least 95 % , or greater , of the length of the protein . In some 
embodiments , a polynucleotide variant of a naturally occur 
ring antibiotic resistance gene is employed- As noted above , 
a variant polynucleotide need not encode a protein that 
retains the native biological function . A variant polynucle 
otide typically encodes a protein that has at least 80 % 
identity , or at least 85 % or greater , identity to the protein 
encoded by the wild - type gene , e.g. , antibiotic resistance 
gene . In some embodiments , the polynucleotide encodes a 
protein that has 90 % identity , or at least 95 % identity , or 
greater , to the wild - type antibiotic resistance protein . Such 
variant polynucleotides employed as leader sequences can 
also be codon - optimized for expression in cyanobacteria . 
The percent identity is typically determined with reference 
to the length of the polynucleotide that is employed in the 
construct , i.e. , the percent identity may be over the full 
length of a polynucleotide that encodes the leader polypep 
tide sequence , or may be over a smaller length , e.g. , in 
embodiments where the polynucleotide encodes at least 
25 % , typically at least 50 % , or at least 75 % , or at least 90 % , 
or at least 95 % , or greater , of the length of the protein . A 
protein encoded by a variant polynucleotide sequence need 
not retain a ological function , although codons that are 
present in a variant polynucleotide are typically selected 
such that the protein structure relative to the wild - type 
protein structure is not substantially altered by the changed 
codon , e.g. , a codon that encodes an amino acid that has the 
same charge , polarity , and or is similar in size to the native 
amino acid . 
[ 0083 ] In some embodiments , the leader sequence encodes 
a naturally occurring cyanobacteria or other microorganis 
mal protein that is expressed at a high level ( e.g. , more than 
1 % of the total cellular protein ) in native cyanobacteria or 
the other microorganism of interest , i.e. , the protein is 
endogenous to cyanobacteria or another microorganism of 
interest . Examples of such proteins include cpc , cpcA , 
cpeA , cpeB , apcA , apcB , rbcL , rbcs , psbA , rpl , and rps . In 

4. Polynucleotides 

[ 0079 ] In the present disclosure , polynucleotides encoding 
a GPPS enzyme and encoding the enzymes of the cannabi 
noid biosynthesis pathway , e.g. AAE1 , OLS , OAC , CBGAS , 
and one or more of CBDAS , THCAS , and CBCAS , are 
introduced into the photosynthetic microorganism , e.g. , cya 
nobacteria . 
[ 0080 ] It is desirable that GPPS in particular is overex 
pressed to ensure a high level of GPP production in the cells . 
To obtain high levels of expression of GPPS or any of the 
present cannabinoid biosynthesis enzymes , one or more of 
the proteins may be expressed as a fusion construct . In 
preferred embodiments , the GPPS enzyme is expressed as a 
fusion construct , e.g. , by fusing the polynucleotide encoding 
the GPPS polypeptide with the 3 ' end of a leader nucleic acid 
sequence encoding a protein that is expressed in cyanobac 
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some embodiments , the leader sequence encodes less than 
tltc full - length of the protein , but it typically comprises a 
region that encodes at least 25 % , typically at least 50 % , or 
at least 75 % , or at least 90 % , or at least 95 % , or greater , of 
the length of the protein . Use of an endogenous microor 
ganismaL e.g. , cyanobacterial , polynucleotide sequence for 
constructing an expression construct in accordance with the 
invention provides a sequence that need not be codon 
optimized , as the sequence is already expressed at high 
levels in the microorganism , e.g. , cyanobacteria , although 
codon optimization is nevertheless possible . Examples of 
cyanobacterial or other microorganismal polynucleotides 
that encode cpcB , cpcA , cpeA , cpeB , ape A , apcB , rbcL , 
rbcS , psbA , rpl , or rps are available , e.g. , at the www website 
genome.microbedb.jp/cyanobase . 
[ 0084 ] The polynucleotide sequence that encodes the 
leader protein need not be 100 % identical to a native 
cyanobacteria or other microorganismal polynucleotide 
sequence . A polynucleotide variant having at least 50 % 
identity or at least 60 % identity , or greater , to a native 
microorganismal , e.g. , cyanobacterial , polynucleotide , 
sequence , e.g. , a native cpcB , cpcA , cpeA , cpeB . rbcL , rbcs , 
psbA , rpl , or ips polynucleotide sequence , may also be used , 
so long as the codons that vary relative to the native 
polynucleotide are codon optimized for expression in cya 
nobacteria or the microorganism being used and do not 
substantially disrupt the structure of the protein . In some 
embodiments , a polynucleotide variant that has at least 70 % 
identity , at least 75 % identity , at least 80 % identity , or at 
least 85 % identity , or greater to a native microorganismal , 
e.g. , cyanobacterial polynucleotide sequence , e.g. , a native 
cpcB , cpcA , cpea , cpeB , rbcL , rbcs , psbA , rpl , or rps 
polynucleotide sequence , is used , again maintaining codon 
optimization for cyanobacteria or the microorganism of 
interest . In some embodiments , a polynucleotide variant that 
has least 90 % identity , or at least 95 % identity , or greater , to 
a native microorganismal , e.g. , cyanobacterial , polynucle 
otide sequence , e.g. , a native cpcB , cpcA , cpeA , cpeB , rbcL , 
rbcs , psbA , rpl , or rps polynucleotide sequence , is used . The 
percent identity is typically determined with reference the 
length of the polynucleotide that is employed in the con 
struct , i.e. , the percent identity may be over the full length 
of a polynucleotide that encodes the leader polypeptide 
sequence , or may be over a smaller length , e.g. , in embodi 
ments where the polynucleotide encodes at least 25 % , 
typically at least 50 % , or at least 75 % , or at least 90 % , or at 
least 95 % , or greater , of the length of the protein . Although 
the protein encoded by a variant polynucleotide sequence as 
described herein need not retain a biological function , a 
codon that varies from the wild - type polynucleotide is 
typically selected such that the protein structure of the native 
cyanobacterial or other microorganisms I sequence is not I 
substantially altered by the changed codon , e.g. , a codon that 
encodes an amino acid that has the same charge , polarity , 
and or is similar in size to the native amino acid is selected . 
[ 0085 ] In some embodiments , a protein that is expressed at 
high levels in the photosynthetic microorganism , e.g. , cya 
nobacteria , is not native to the organism in which the fusion 
construct in accordance with the invention is expressed . For 
example , polynucleotides from bacteria or other organisms 
that are expressed at high levels in cyanobacteria or other 
photosynthetic microorganisms may be used as leader 
sequences . In such embodiments , the polynucleotides from 
other organisms are codon optimized for expression in the 

photosynthetic microorganism , e.g. , cyanobacteria . In some 
embodiments , codon optimization is performed such that 
codons used with an average frequency of less than 12 % by , 
e.g. , Synechocystis are replaced by more frequently used 
codons . Rare codons can be defined , e.g. , by using a codon 
usage table derived from the sequenced genome of the host 
cyanobacterial cell . Sec , e.g. , the codon usage table obtained 
from Kazusa DMA Research Institute , Japan ( website www . 
kazusa.or.jp codon ) used in conjunction with software , e.g. , 
“ Gene Designer 2.0 ” software , from DNA 2.0 ( website 
www.dna20.com ) at a cut - off thread of 15 % . 
[ 008 ] In the context of the present invention , a protein , 
e.g. , GPPS . that is “ expressed at high levels ” in photosyn 
thetic microorganisms , e.g. , cyanobacteria , refers to pro 
tein that accumulates to at least 1 % of total cellular protein 
as described herein . Such proteins , when fused at the N - ter 
minus of a protein of interest to be expressed in cyanobac 
teria or other microorganisms , are also referred to herein as 
“ leader proteins ” , “ leader peptides ” , or “ leader sequences ” . 
A nucleic acid encoding a leader protein is typically referred 
to herein as a “ leader polynucleotide ” or “ leader nucleic acid 
sequence ” or “ leader nucleotide sequence ” . 
[ 0087 ] In all cases , suitable leader proteins can be identi 
fied by evaluating the level of expression of a candidate 
leader protein in the photosynthetic microorganism of inter 
est , e.g. , cyanobacteria . For example , a leader polypeptide 
that does not occur in the wild type microorganism , e.g. , 
cyanobacteria , may be identified by measuring the level of 
protein expressed from a polynucleotide codon optimized 
for expression in the microorganism , e.g. , cyanobacteria , 
that encodes the candidate leader polypeptide . A protein may 
be selected for use as a leader polypeptide if the protein 
accumulates to a level of at least 1 % . typically at least 2 % , 
at least 3 % , at least 4 % , at least 5 % , or at least 10 % , or 
greater , of the total protein expressed in the cyanobacteria 
when the polynucleotide encoding the leader polypeptide is 
introduced into cyanobacteria and the cyanobacteria cul 
tured under conditions in which the transgene is expressed . 
The level of protein expression is typically determined using 
SDS PAGE analysis . Following electrophoresis , the gel is 
scanned and the amount of protein determined by image 
analysis . 
[ 0088 ] In one embodiment , a GPPS from Abies grandis is 
used , e g . , as shown in SEQ ID NO : 2 , it will be appreciated , 
however , that any GPPS enzyme from any species that is 
capable of catalyzing the synthesis of GPP in the cells can 
be used , e.g. , that is capable of catalyzing the production of 
GPP from 1PP and or DMAPP in the microorganisms . 
[ 0089 ] In a particular embodiment , the photosynthetic 
microorganisms are modified to overexpress the GPP syn 
thase ( GPPS ) gene , e.g. , by use of a codon - optimized Abies 
grandis GPP synthase gene fused with the nptlkanamycin 
resistance DNA cassette ( SEQ ID NO : 1 ) , in order to over 
express the GPP synthase enzyme in the cell ( SEQ ID 
NO : 2 ) . Such overexpression leads to greater amounts of the 
GPPS enzyme in the cell and enhancement of the GPP pool 
size in the microorganism , e.g. , cyanobacteria . Polynucle 
otides that are functional variants , conservatively modified 
variants , and or that are substantially identical to SEQ ID 
NO : 1 ) , e.g. , polynucleotides having 50 % , 60 % , 70 % , 75 % , 
80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , 99 % , or more 
identity to SEQ ID NO : 1 one can be used , or a polynucle 
otide that encodes a protein having substantial identity , e.g. , 
50 % . 60 % , 70 % , 75 % , 80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 
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98 % , 99 % , or more identity to SEQ ID NO : 2 , can be used , 
in particular when their presence in the cell leads to the 
generation of sufficient GPP for cannabinoid synthesis . In 
some embodiments , a polynucleotide having at least 95 % 
identity to SEQ ID NO : 1 is used . In some embodiments , a 
polynucleotide that encodes a protein having at least 95 % 
identity to SEQ ID NO : 2 is used . In preferred embodiments , 
the GPPS are codon optimized for the cyanobacteria or other 
photosynthetic microorganism used in the method . 
[ 0090 ] Genes encoding enzymes of the cannabinoid bio 
synthetic pathway are known and any such enzymes can be 
employed in the present methods , from any species , so long 
as they can be functionally expressed in the photosynthetic 
microorganisms , e.g. , cyanobacteria , to effect the biosynthe 
sis of the cannabinoids in the cells . A list of the genes needed 
to drive the eannabinoid biosynthetic pathway is shown in 
FIG . 5 , and the associated alternative oxidocyclase enzymes 
( THCAS and CBCAS ) that catalyze the oxidative cycliza 
tion of the monoterpene moiety of CBGA for the biosyn 
thesis of 19 - tetrahydrocannabinolic acid ( 49 - THCA ) and 
catinabichromenic acid ( CBGA ) , respectively , are provided 
in Table 1 ( Carvalho et al . 2017 ) . In general , in addition to 
the GPPS - encoding gene , genes are included for AAE1 , 
OLS , OAC , and CBGAS , as well as for CBDAS , THCAS , 
or CBCAS , depending on whether CBDA , A9 - THCA , or 
CBCA , respectively , is desired . It will be appreciated , how 
ever , that other combinations of genes are possible as well , 
for example GPPS , AAEI , OLS , OAC , and CBGAS if 
CBGA is desired , or GPPS , AAE1 , OLS , OAC , as well as 
CBGAS , THCAS , and CBCA , if a combination of CBDA , 
A9 - THCA , and CBCA is desired . The coding sequences for 
the individual genes in the eannabinoid biosynthesis path 
way are indicated in SEQ ID NO : 3 , i.e. , nucleotides 636 
2798 for AEE1 , nucleotides 2819-3973 for OLS , nucleotides 
3994-4299 for OAC , nucleotides 4320-5507 for CBGAS , 
and nucleotides 5528-7162 for CBDAS . These sequences , or 
variants thereof as described herein , can be used individually 
or in any combination , e.g. , within the same operon , to bring 
about eannabinoid synthesis in the photosynthetic microor 
ganisms , e.g. , cyanobacteria . 
[ 009 ] In one embodiment , a codon - optimized polynucle 
otide sequence in operon configuration of the cannabinoid 
biosynthesis pathway is used , leading to the synthesis of 
cannabidiolic acid . Such a polynucleotide is shown as SEQ 
ID NO : 3 , and includes coding sequences for AAEN , OLS , 
OAC , CBGAS , and CBDAS , whose polypeptide sequences 
are shown as SEQ ID NO : 4 , SEQ ID NO : 5 . SEQ ID NO : 6 , 
SEQ ID NO : 7 , and SEQ ID NO : 8 , respectively . Polynucle 
otides that are substantially identical to SEQ ID NO : 3 , e.g. , 
that have at least 50 % , 60 % , 70 % , 75 % , 80 % 85 % , 90 % , 
95 % , 96 % , 97 % , 98 % , 99 % , or more identity to SEQ ID 
NO : 3 , or that encode polypeptides that arc functional vari 
ants , e.g. , conservatively modified variants , are substantially 
identical to any of SEQ ID NOS . 4 , 5 , 6 , 7 , or 8. can be used , 
e.g. , that have at least 60 % , 70 % , 75 % , 80 % 85 % 90 % , 95 % 
96 % , 97 % , 98 % , 99 % , or more identity to SEQ ID Nos . 4 , 
5 , 6 , 7 , or 8 , can be used . In some embodiments , a poly 
nucleotide that has at least 95 % identity to SEQ ID NO : 3 is 
used In some embodiments , a polynucleotide that encodes a 
protein having at least 95 % identity to SEQ ID NO : 4 , 5 , 6 , 
7 , or 8 is used . 
[ 0092 ] In embodiments where 49 - THCA synthesis is 
desired , a polynucleotide comprising the sequence shown as 
SEQ ID NO : 9 can be used , or a polynucleotide that is 

substantially identical to SEQ ID NO : 9 , e.g. , at least 50 % , 
60 % , 70 % , 75 % , 80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , 
99 % , or more identical to SEQ ID NO : 9 , or that encodes a 
polypeptide comprising the amino acid sequence shown as 
SEQ ID NO : 10 can be used , or that encodes a functional 
variant polypeptide that is substantially identical to SEQ ID 
NO : 10 , e.g. , at least 60 % , 70 % , 75 % , 80 % , 85 % , 90 % , 95 % , 
96 % , 97 % , 98 % , 99 % or more identical to SEQ ID NO : 10 . 
In some embodiments , a polynucleotide that has at least 95 % 
identity to SEQ ID NO : 9 is used . In some embodiments , a 
polynucleotide that encodes a protein having at least 95 % 
identity to SEQ ID NO : 10 is used . In a particular embodi 
ment , when 49 - THCA synthesis is desired , all of the bio 
synthesis genes are present within a single operon , e.g. , as 
shown in SEQ ID NO : 13 , or using a polynucleotide having 
at least 50 % , 60 % , 70 % , 75 % , 80 % , 85 % , 90 % , 95 % , 96 % , 
97 % , 98 % , 99 % or more identity to SEQ ID NO : 13 . In some 
embodiments , a polynucleotide having at least 95 % identity 
to SEQ ID NO : 13 is used . 
[ 0093 ] In embodiments where CBCA synthesis is desired , 
a polynucleotide comprising the sequence shown as SEQ ID 
NO : 11 can be used , or a polynucleotide that is substantially 
identical to SEQ ID NO : 11 , e.g. , at least 50 % , 60 % , 70 % , 
75 % , 80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , 99 % , or more 
identical to SEQ ID NO : 11 , or that encodes a polypeptide 
comprising the amino acid sequence shown as SEQ ID 
NO : 12 . or that encodes a functional variant polypeptide that 
is substantially identical to SEQ ID NO : 12 , e.g. , at least 
60 % , 70 % , 75 % , 80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , 
99 % or more identical to SEQ ID NO : 12 . In some embodi 
ments , a polynucleotide having at least 95 % identity to SEQ 
ID NO : 11 is used . In some embodiments , a polynucleotide 
that encodes a protein having at least 95 % identity to SEQ 
ID NO : 12 is used . In a particular embodiment , when CBCA 
synthesis is desired , all of the biosynthesis genes are present 
within a single operon , e.g. , as shown in SEQ ID NO : 14 , or 
using a polynucleotide having at least 50 % , 60 % , 70 % , 75 % , 
80 % , 85 % , 90 % , 95 % , 96 % , 97 % , 98 % , 99 % , or more 
identity to SEQ ID NO : 14 . In some embodiments , a poly 
nucleotide having at least 95 % identity to SEQ ID NO : 14 is 
used . 
[ 0094 ] The genes encoding the enzymes within the bio 
synthesis pathway , i.e. , AAE1 , OLS , OAC , and CBGAS , as 
well as CBDAS , THCAS , and / or CBCAS , can be together 
present within a single operon ( e.g. , as in SEQ ID NO : 3 in 
the case of CBDAS synthesis , in SEQ ID NO : 13 in the case 
of A9 - THCA synthesis , or in SEQ ID NO : 14 in the case of 
CBCA synthesis ) or present separately , or in any combina 
tion of individual genes and genes in an operon ( e.g. , AAE1 , 
OLS , OAC , and CBGAS within an operon , and CBDAS 
separately ) . The gene encoding GPPS can also be included 
in the operon . The operon can include any combination of 2 , 
3 , 4 , 5 , 6 , 7 or 8 genes selected from GPPS , AAE1 , OLS , 
OAC , CBGAS , CBDAS , THCAS , and CBCAS , and 
arranged in any order . 
[ 0095 ] In some embodiments , one or more of the genes 
within the eannabinoid biosynthesis pathway , and or the 
GPPS gene , individually or as present within one or more 
operons , can be integrated into the genome of the host cell , 
e.g. , via homologous recombination . In one embodiment , all 
of the transgencs used in the invention , i.e. , GPPS , AAE1 , 
OLS , OAC , CBGAS , and either CBDAS , THCAS , or 
CBCAS , are integrated into the host cell genome . In certain 
embodiments , however , one or more of the genes are present 
on an autonomously replicating vector . 
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Enzyme Name Abbreviation Accession # EC # Reference 

AAE1 AFD33345.1 6.2.1.1 Acyl activating enzyme 
1 

Olivetol synthase OLS AB164375 2.3.1.206 

Olivetolic acid cyclase OAC AFN42527.1 4.4.1.26 

CBGAS US8884100B2 2.5.1.102 Cannabigerolic acid 
synthase 

Sout et al . 
2012 

Taura et al . 
2012 

Gagne et al . 
2012 

Fellermeier and 
Zenk 1998 ; 
Page and 

Boubakir 2012 
Taura et al . 

2007b 
Sirikantaramas 

et al . 2004 
Morimoto et al . 

1998 ; 
Page and Stout 

2015 

CBDAS AB292682 1.21.3.8 

THCAS AB057805 1.21.3.7 

Cannabidiolic acid 
synthase 

Tetrahydrocannabinolic 
acid synthase 

Cannabichromenic acid 
synthase 

CBCAS 1.3.3 WO 
2015/196275 

A1 

[ 0096 ] In some embodiments , a ggaattaggaggttaattaa ribo 
some binding site ( RBS ) is positioned in front of the ATG 
start codon of one or more of the GPPS and / or cannabinoid 
biosynthesis pathway genes , in the photosynthetic microor 
ganisms . This is designed to enhance the level of translation 
of all the genes encoded by the operon or construct . In some 
embodiments , the nucleic acids of the ggaattaggaggrtaattaa 
RBS are a codon - modified variant having at least 80 % 
identity , typically at least 85 % identity or 90 % , 95 % , 96 % , 
97 % , 98 % , 99 % , or 100 % identity to the ggaattaggaggttaat 
taa RBS nucleotides . In some embodiments , the nucleic 
acids have at least 95 % identity to the ggaattaggaggttaattaa 
RBS nucleotides . 
[ 0097 ] For the optimal expression of the GPPS and / or 
cannabinoid biosynthetic proteins in cyanobacteria or other 
photosynthetic microorganisms , the coding sequences can 
be codon optimized for expression in the cyanobacteria or 
other microorganisms . In some embodiments , codon opti 
mization is performed such that codons used with an average 
frequency of less than , e.g. , 12 % in a species such as 
Synechocystis ( or whichever species is being used to per 
form the methods ) arc replaced by more frequently used 
codons . Rare codons can be defined , e.g. , by using a codon 
usage table derived from the sequenced genome of the host 
cyanobacterial cell or other microorganism . See , e.g. , the 
codon usage table obtained from Kazusa DNA Research 
Institute , Japan ( website www.kazusa.or.jp/codon/ ) used in 
conjunction with software , e.g. , " Gene Designer 2.0 ” soft 
ware , from DNA 2.0 ( website www.dna20.com/ ) at a cut - off 
thread of 15 % . 
[ 0098 ] The polynucleotides encoding the GPPS enzyme 
and or the cannabinoid biosynthesis operon are operably 
linked to one or more promoters capable of bringing about 
the expression of the GPPS and or cannabinoid biosynthesis 
enzymes in the cell at levels sufficient for the biosynthesis of 
cannabinoids . In some embodiments , the heterologous poly 
nucleotide encoding the GPPS and / or the cannabinoid bio 
synthesis operon is operably linked to an endogenous pro 
moter , e.g. , the psbA2 promoter , e.g. , by replacing the 
endogenous gene , e.g. , the Synechocystis psbA2 gene , with 
the codon - optimized GPPS - encoding gene or the cannabi 
noid biosynthesis operon via double homologous recombi 
nation . 
[ 0099 ] In other embodiments , the GPPS - encoding poly 
nucleotide and dr the cannabinoid biosynthesis operon are 

integrated into the genome and clones identified in which 
GPPS and or the enzymes of the cannabinoid biosynthesis 
pathway are produced at sufficiently high levels to obtain 
cannabinoid biosynthesis in the cell , and the polynucleotides 
encoding the promoter or promoters responsible for the 
expression identified by analyzing the 5 ' sequences of the 
genomic clone or clones corresponding to the GPPS gene or 
the operon . Nucleotide sequences characteristic of promot 
ers can also be used to identify the promoter . 
[ 0100 ] In other embodiments , the GPPS - encoding poly 
nucleotide and or the cannabinoid biosynthesis operon are 
operably linked to a heterologous promoter capable of 
driving expression in the cell . e.g. , they are linked to a 
promoter within a vector before being introduced into the 
cell , and are then integrated together into the genome of the 
cell or are maintained together on an autonomously repli 
cating vector . The promoters used can be either constitutive 
or inducible . In some embodiments , a promoter used for 
driving the expression of the GPPS or operon is a consti 
tutive promoter . Examples of constitutive strong promoters 
for use in cyanobacteria or other photosynthesis microor 
ganisms include , for example , the pshD1 gene or the basal 
promoter of the psbD2 gene , or the rbcLS promoter , which 
is constitutive under standard growth conditions . Other 
promoters that are active in cyanobacteria and other photo 
synthetic microorganisms are also known . These include the 
strong cpc operon promoter , the cpe operon and ape operon 
promoters , which control expression of phycobilisome con 
stituents . The light - inducible promoters of the psbA1 , 
psbA2 , and psbA3 genes in cyanobacteria may also be used , 
as noted below . Other promoters that are operative in plants , 
e.g. , promoters derived from plant viruses , such as the 
CaMV35S promoters , or bacterial viruses , such as the T7 , or 
bacterial promoters , such as the PTrc , can also be employed 
in cyanobacteria or other photosynthetic microorganisms . 
For a description of strong and regulated promoters , any of 
which can be used in the present methods , e.g. , promoters 
active in the cyanobacterium Anabaena sp . strain PCC 7120 
and Synechocystis 6803 , see e.g. , Elhai , FEMS Microbiol 
Lett 114 : 179-184 , ( 1993 ) and Formighieri , Planta 240 : 309 
324 ( 2014 ) . the entire disclosures of which are incorporated 
herein by reference . 
[ 0101 ] In some embodiments , a promoter is used to direct 
expression of tltc inserted nucleic acids under the influence 
of changing environmental conditions . Examples of envi 
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ronmental conditions that may affect transcription by induc 
ible promoters include anaerobic conditions , elevated tem 
perature , or the presence of light . Promoters that are 
inducible upon exposure to chemical reagents are also used 
to express the inserted nucleic acids . Other useful inducible 
regulatory elements include copper - inducible regulatory ele 
ments ( Mett et al . , Proc . Natl . Acad . Sci USA 90 : 4567-4571 
( 1993 ) ; Furst et al . , Cell 55 : 705-717 ( 1988 ) ) ; copper - re 
pressed petJ promoter in Synechocystis ( Kuchmina et al 
2012 , J Biotechn 162 : 75-80 ) : riboswitches , e.g. theophyl 
line - dependent ( Nakahira et al . 2013 , Plant Cell Physiol 
54 : 1724-1735 ; tetracycline and chlor - tetracycline - inducible 
regulatory elements ( Gatz et al . , Plant J. 2 : 397-404 ( 1992 ) ; 
Röder et al . , Mol Gen. Genet . 243 : 32-38 ( 1994 ) : Gatz , Meth . 
Cell Biol 50 : 411-424 ( 1995 ) ) ; ecdysone inducible regulatory 
elements ( Christopherson et al . , Proc . Natl . Acad . Sci . USA 
89 : 6314-6318 ( 1992 ) ; Kreutzweiser et al , Ecotoxicol . Envi 
ron . Safety 28 : 14-24 ( 1994 ) ) : heat shock inducible promot 
ers , such as those of the hsp70 dnaK genes ( Takahashi et al . , 
Plant Physiol 99 : 383-3 % ( 1992 ) ; Yabe et al . , Plant Cell 
Physiol . 35 : 1207-1219 ( 1994 ) ; Ueda et al . , Mol Gen. Genet . 
250 : 533-539 ( 1996 ) ) ; and lac operon elements , which are 
used in combination with a constitutively expressed lac 
repressor to confer , for example . IPTG - inducible expression 
( Wilde et al . , EMBO J. 11 : 1251-1259 ( 1992 ) ) . An inducible 
regulatory element also can be , for example , a nitrate 
inducible promoter , e.g. , derived from the spinach nitrite 
reductase gene ( Back el al . , Plant Mol . Biol . 17 : 9 ( 1991 ) ) , or 
a lighl - induciblc promoter , such as that associated with the 
small subunit of RuBP carboxylase or the LIICP gene 
families ( Feinbaum et al , Mol . Gen. Genet . 226 : 449 ( 1991 ) ; 
Lam and Chua , Science 248 : 471 ( 1990 ) ) . 
[ 0102 ] In some embodiments , the promoter is from a gene 
associated with photosynthesis in the species to be trans 
formed or another species . For example such a promoter 
from one species may be used to direct expression of a 
protein in trams formed cyanobacteria or other photosyn 
thetic microorganisms . Suitable promoters may be isolated 
from or synthesized based on known sequences from other 
photosynthetic organisms . 
[ 0103 ] In certain embodiments , the methods comprise 
introducing expression cassettes that comprise nucleic acid 
single genes or operons encoding the genes of the cannabi 
noid biosynthetic pathway ( FIG . 5 ) into the phoiosynthetie 
microorganism , e.g. , cyanobacteria , wherein the operon is 
linked to a cpc promoter , or other suitable promoter ; and 
culturing the microorganism , e.g. , cyanobacteria under con 
ditions in which the single gene or nucleic acids encoding 
the cannabinoid biosynthesis operon are expressed . In some 
embodiments , pression cassettes are introduced into the 
psbA2 gene locus , encoding the D1 / 32 kD reaction center 
protein of photosysiem - II , in which case the pshA2 pro 
moter is the native cyanobacteria promoter . In other embodi 
ments , expression cassettes are introduced into the glgA1 
gene locus , encoding the glycogen synthase 1 enzyme , in 
which case the glgA1 promoter is the native cyanobacteria 
promoter . 
[ 0104 ] In a particular embodiment , the polynucleotides 
encoding the GPPS enzyme , e.g. , a GPPS fusion protein , and 
encoding the members of the cannabinoid biosynthesis 
pathway are introduced into the cells using a vector . Vectors 
comprising nptI * GPPS or the cannabinoid biosynthesis 
pathway operon nucleic acid sequences typically comprise a 
marker gene that confers a selectable phenotype on cyano 

bacteria or other microorganisms transformed with the vec 
tor . Such markers are known , for example markers encoding 
antibiotic resistance , such as resistance to chloramphenicol , 
kanamycin , spcctinomycin , erythromycin , G418 , bleomy 
cin , hygromycin , and the like . 
[ 0105 ] Cell transformation methods and selectable mark 
ers for cyanobacteria and other photosynthetic microorgan 
isms are well known in the art ( Wirth , Mol . Gen. Genet . , 
216 ( 1 ) : 175-7 , 1989 ; Koksharova , Appl . Microbiol . Biotech 
nol . 58 ( 2 ) : 123-37,2002 : Thelwell et al . , Proc . Natl . Acad . 
Sci . USA . 95 : 10728-10733 , 1998 : Formighieri and Melis , 
( Manta 248 ( 4 ) : 933-946.2018 : Betterle and Melis , ACS 
Synth Biol 7 : 912-921,2018 ) . Transformation methods and 
selectable markers for are also well known ( see , e.g. , Sam 
brook et at . , supra ) . 
[ 0106 ] In some embodiments , an expression construct is 
generated to allow the heterologous expression of the 
nptI * GPPS and or the cannabinoid biosynthesis operon 
genes in Synechocystis through the replacement of the 
Synechocystis psbA2 gene with the codon - optimized 
nptI * GPPS or cannabinoid biosynthesis operon genes via 
double homologous recombination . In some embodiments , 
the expression construct comprises a codon - optimized 
nptI * GPPS or the cannabinoid biosynthesis operon genes 
gene operably linked to an endogenous cyanobacteria pro 
moter . In some aspects , the promoter is the psbA2 promoter . 
[ 0107 ] In some embodiments , the vector includes 
sequences for homologous recombination to insert the 
fusion construct at a desired site in a photosynthctic micro 
organismal , e.g. , cyanobacterial , genome , e.g. , such that 
expression of the polynucleotide encoding the fusion con 
struct is driven by a promoter that is endogenous to the 
organism . Vectors to perform homologous recombination 
include sequences required for homologous recombination , 
such as flanking sequences that share homology with the 
target site for promoting homologous recombination . 
[ 0108 ] In some embodiments , the photosynthctic micro 
organism , e.g. , cyanobacteria , is transformed with an 
expression vector comprising the nptI * GPPS or the cannabi 
noid biosynthesis operon genes and an antibiotic resistance 
gene . Detailed descriptions are set forth , e.g. , in Formighicri 
and Melis ( Planta 240 : 309-324 , 2014 ) Eglund et al ( Sci Pep . 
18 ; 6 : 36640 , 2016 ) , and Wang et al . ( ACS Synth . Biol . 
7 : 276-286 , 2018 ) , which are incorporated herein by refer 
ence . Transformants are cultured in selective media contain 
ing an antibiotic to which an untransformed host cell is 
sensitive . Cyanobacteria , for example , normally have up to 
100 copies of identical circular DNA chromosomes in each 
cell . The successful transformation with an expression vec 
tor comprising , e.g. , the nptI * GPPS , the cannabinoi bio 
synthesis operon genes , and an antibiotic resistance gene 
normally occurs in only one or just a few , of the many 
cyanobacterial DNA copies . Hence , the presence of the 
antibiotic is necessary to encourage expression of the trans 
genic copy or copies of the DNA for cannabinoid produc 
tion , in the absence of the selectable marker ( antibiotic ) , the 
transgenic copy or copies of the DNA would be lost and 
replaced by wild - type copies of the DNA . 
[ 0109 ] In some embodiments , cyanobacterial or other 
microorganismal transformants are cultured under continu 
ous selective pressure conditions ( presence of antibiotic over 
many generations ) to achieve DNA homoplasmy in the 
transformed host organism . One of skill in the art under 
stands that , to attain homoplasmy , the number of generations 
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decline in effective light intensity transmitted through ihe 
culture by up - regulating the expression of the nptI * GPPS or 
the cannabinoid biosynthesis operon genes in Synechocystis 
in a function antiparallei with the lowering in light intensity . 
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and length of time of culture varies depending on the 
particular culture conditions employed . Homoplasmy can be 
determined , e.g. , by monitoring the genomic DNA compo 
sition in the cells to test for the presence or absence of 
wild - type copies of the cyanobacterial or other microorgan 
ismal DNA . 
[ 0110 ] " Achieving homoplasmy ” refers to a quantitative 
replacement of most , e.g. , 70 % or greater , or typically all , 
wild - type copies of the cyanobacterial DNA in the cell with 
the transformant DNA copy that carries the nptI * GPPS and 
the cannabinoid biosynthesis operon transgcnes . This is 
normally attained over time , under the continuous selective 
pressure ( antibiotic ) conditions applied , and entails the 
gradual replacement during growth of the wild - type copies 
of the DNA with the transgenic copies , until no wild - type 
copy of the cyanobacterial or other microorganismal DNA is 
left in any of the transformant cells . Achieving homoplasmy 
is typically verified by quantitative amplification methods 
such as genomic DNA PCR using primers and / or probes 
specific for the wild - type copy of the cyanobacterial DNA . 
In some embodiments , the presence of wild - type cyanobac 
terial DNA can be detected by using primers specific for the 
wild - type cyanobacterial DNA and detecting the presence 
of , e.g. , the native cpc operon , glgAl or psbA2 genes . 
Transgenic DNA is typically stable under homoplasmy 
conditions and present in all copies of the cyanobacterial 
DNA . 

[ 0111 ] In some embodiments , the photosynthetic microor 
ganism , e.g. , cyanobacteria , is cultured under conditions in 
which the light intensity is varied . Thus , for example , when 
a psbA2 promoter is used as a promoter to drive expression 
of nptI * GPPS or the cannabinoid biosynthesis operon genes , 
transformed cyanobacterial cultures can be grown at low 
light intensity conditions ( e.g. , 10-50 umol photons m - 25-1 ) . 
then shifted to higher light intensity conditions ( e.g. , 500 
1,000 umol photons m ? s = 1 ) . ThepsbA2 promoter responds 
to the shift in light intensity by up - regulating the expression 
of the nptI * GPPS fusion construct transgenc and the can 
nabinoid biosynthesis operon genes in Synechocystis , typi 
cally at least about 10 - fold . In other embodiments , cyano 
bacterial cultures can be exposed to increasing light intensity 
conditions ( e.g. , from 50 umol photons m- ? s = 1 to 2,500 umol 
photons m ? s = 1 ) corresponding to a diurnal increase in light 
intensity up to full sunlight . The psbA2 promoter responds 
to the gradual increase in light intensity by up - regulating the 
expression of the nptI * GPPS or the cannabinoid biosynthe 
sis operon genes in Synechocystis in parallel with the 
increase in light intensity . 
[ 0112 ] In some embodiments , cyanobaeterial or other 
microbial cultures arc cultured under conditions in which the 
cell density is high and transmitted light intensity through 
the culture is steeply attenuated . Thus , for example , when a 
cpc promoter is used as a promoter to drive expression of 
nptI * GPPS or the cannabinoid biosynthesis operon genes , 
transformed cyanobaeterial cultures can be grown at cell 
density conditions in which incident light intensity is high 
but irradiance entering the culture is quantitatively absorbed 
due to the high density of the culture , a desirable property for 
commercial exploitation ( e.g. 1 g dry cell biomass per L 
culture ) . The cpc promoter responds to the diminishing light 
intensity within the culture by up - regulating the expression 
of the associated nptI * GPPS or the cannabinoid biosynthesis 
operon genes in Synechocystis , typically at least about 
10 - fold . Thus , the cpc promoter responds to the gradual 

5. Production of Cannabinoids in Cyanobacteria or Other 
Photosynthetic Microorganisms 
[ 0113 ] To produce cannabinoids , transformant photosyn 
thetic microorganisms , e.g. , cyanobacteria , are grown under 
conditions in which the heterologous nptI * GPPS and the 
cannabinoid biosynthesis operon genes are expressed . Meth 
ods of mass culturing photosynthetic microorganisms , e.g. , 
cyanobacteria , are known to one skilled in the art . For 
example , cyanobacteria or other microorganisms can be 
grown to high cell density in photobioreactors ( see . e.g. , Lee 
et al . , Biotech . Bioengineering 44 : 1161-1167 , 1994 ; Chau 
mont , J Appl . Phycology 5 : 593-604 , 1990 ) . Examples of 
photobioreactors include cylindrical or tubular bioreactors , 
sec , e.g. , U.S. Pat . Nos . 5,958,761 , 6,083,740 , US Patent 
Application Publication No. 2007 0048859 ; WO 2007 / 
011343 , and WO2007 / 098150 . High density photobioreac 
tors are described in , for example , Lee . et al . , Biotech . 
Bioengineering 44 : 1161-1167 , 1994. Other photobiore 
aetors suitable for use in the invention are described , e.g. , in 
WO2011 034567 and references cited therein , e.g. , in the 
background section . Photobioreactor parameters that can be 
optimized , automated and regulated for production of pho 
tosynthetic organisms are further described in Puiz ( Appl . 
Microbiol Biotechnol 57 : 287-293 , 2001 ) . Such parameters 
include , but are not limited to , materials of construction , 
efficient light delivery into the reactor lumen , light path , 
layer thickness , oxygen released , salinity and nutrients , pH , 
temperature , turbulence , optical density , and the like . 
[ 0114 ] Transformant photosynthctic microorganisms , e.g. , 
cyanobacteria , that express a heterologous nptI * GPPS and 
the cannabiuoid biosynthesis operon genes can be grown 
under mass culture conditions for the production of can 
nabinoids . In typical such embodiments , the transformed 
organisms are grown in biorcactors or fermenters that pro 
vide an en ed environment . For example , in some 
embodiments for mass culture , the cyanobacteria are grown 
in enclosed reactors in quantities of at least about 100 liters , 
or 500 liters , often of at least about 1000 liters or greater , and 
in some embodiments in quantities of about 1,000,000 liters 
or more . Large - scale culture of transformed cyanobacteria 
that comprise a heterologous nptI * GPPS and the cannabi 
noid biosynthesis operon genes where expression is driven 
by a light sensitive promoter , such as a psbA2 or cpc 
promoter , is typically carried out in conditions where the 
culture is exposed to natural sunlight . Accordingly , in such 
embodiments , appropriate enclosed reactors are used that 
allow light to reach the cyanobacteria or other microbial 
culture . 
[ 0115 ] Growth media for culturing the photosynthetic 
microorganism , e.g. , cyanobacteria , transformants are well 
known in the art . For example , cyanobacteria or other 
microorganisms may be grown on solid BG - 11 media ( see , 
e.g. , Rippka el at . , J. Gen Microbiol . 111 : 1-61 , 1979 ) . 
Alternatively , they may be grown in liquid media ( see . e.g. , 
Bentley , F K and Melis , A. Biotechnol . Bioeng . 109 : 100 
109 , 2012 ) . In typical embodiments for production of can 
nabinoids , liquid cultures are employed . For example , such 
a liquid culture may be maintained at . e.g. , about 25 ° C. to 
35 ° C. under a slow stream of constant aeration and illumi 
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nation , e.g. , at 20 umol photons m ? s = 1 or greater . In certain 
embodiments , an antibiotic , e.g. , chloramphenicol , is added 
to the liquid culture . For example , chloramphenicol may be 
used at a concentration of 15 ug / ml . 
[ 0116 ] In some embodiments , photosynthetic microorgan 
isms , e.g. , cyanobacteria , transformants are grown photoau 
totrophically in a gaseous aqueous two - phase photobioreac 
tor ( see , e.g. , U.S. Pat . No. 8,993,290 ; also Bentley , F K and 
Melis , A. Biotechnol Bioeng . 109 : 100-109 ( 2012 ) . In some 
embodiments , the methods of the present invention com 
prise obtaining cannabinoids using a diffusion - based method 
for spontaneous gas exchange in a gaseous aqueous two 
phase photobioreactor ( see , e.g. , U.S. Pat . No. 8,993,290 ) . In 
particular aspects of the method , carbon dioxide is used as 
a feedstock for the photosynthctic generation of cannabi 
noids in cell culture , and the headspace of the biorcacior is 
filled with 100 % CO2 and sealed . This allows diffusion 
based CO2 uptake and assimilation by the cells via photo 
synthesis , and concomitant replacement of the CO2 in the 
headspace with O2 . In some embodiments , the photosyn 
thetically generated cannabinoids accumulate as a non 
miscible product floating on the top of the liquid culture . 
[ 0117 ] In particular embodiments , a gaseous aqueous two 
phase photo - bioreactor is seeded with a culture of microbial , 
e.g. , cyanobacterial , cells and grown under continuous illu 
mination , e.g. , at 75 umol photons m - as - , and continuous 
bubbling with air . Inorganic carbon is delivered to the 
culture in the form of aliquots of 100 % CO2 gas , which is 
slowly bubbled through the bottom of the liquid culture to 
fill the bioreactor headspace . Once atmospheric gases are 
replaced with 100 % CO2 , the headspace of the reactor is 
scaled and the culture is incubated , e.g. , at about 25 ° C. to 
40 ° C. under continuous illumination , e.g. , of 50 umol 
photons m - 25-1 or greater up to full sunlight . Slow continu 
ous mechanical mixing is also employed to keep cells in 
suspension and to promote balanced cell illumination and 
nutrient mixing into the liquid culture in support of photo 
synthesis and biomass accumulation . Uptake and assimila 
tion of headspace Co , by cells is concomitantly exchanged 
for O , during photoautotrophic growth . The sealed bioreac 
tor headspace allows for the trapping , accumulation and 
concentration of photosymhetically produced cannabinoids . 
[ 0118 ] In some embodiments , the photoautotrophic cell 
growth kinetics of the microbial , e.g. , cyanobacteria , trans 
formants are similar to those of wild type cells . In some 
embodiments , the rates of oxygen consumption during dark 
respiration are about the same in wild - type cyanobacteria or 
other photosynthetic microbial cells . In some embodiments , 
the rates of oxygen evolution and the initial slopes of 
photosynthesis as a function of light intensity are compa 
rable in wild - type Synechocystis cells and Synechocystis 
transformants , when both are at sub - saturating light inten 
sities between 0 and 250 umol photons m - as - 1 . 
[ 0119 ] Cannabinoids produced by the modified cyanobac 
teria or other microorganisms can be harvested using known 
techniques . Cannabinoids are not miscible in water and they 
rise to and float at the surface of the microorganism growth 
medium . Accordingly , in some embodiments , cannabinoids 
are siphoned off from the surface of the growth medium and 
sequestered in suitable containers , or floating cannabinoids 
are skimmed from the surface of the liquid phase of the 
culture and isolated in pure form . In some embodiments , the 
photosyntheticallv produced non - miscible cannabinoids in 
liquid form are extracted from the liquid phase by a method 

comprising overlaying a solvent such as heptane , decane , or 
dodecane on top of the liquid culture in the bioreactor , 
incubating at , e.g. , room temperature for about 30 minutes or 
longer ; and removing the solvent , e.g. , heptane , layer con 
taining the cannabinoids . 
[ 0120 ] In some embodiments , the cannabinoids produced 
by the modified cyanobacteria or other microorganisms are 
extracted from the interior of the cells . For example , the cells 
can be isolated , e.g. , by centrifugation at 5,000 g for 20 
minutes , and then resuspended in , e.g. , distilled water . The 
resuspended cells can then be disintegrated , e.g. , by forcing 
the cells through a French press ( e.g. , at 1500 psi ) , by 
sonication , or treating them with glass beads . The resulting 
crude cell extract can then be centrifuged , e.g. , at 14,000 g 
for 5 minutes , and the supernatant ( or “ disintegrated cell 
suspension ” ) used for extraction of the cannabinoids . In one 
embodiment , the cannabinoids are extracted by first mixing 
the disintegrated cell suspension with a strong acid and a 
salt , e.g. , H2SO4 and NaCl , to ease the separation of the 
aqueous phase from the solvent phase , and to force hydro 
phobic molecules such as CBD to migrate to the solvent 
phase . Such methods are known in the art . In some embodi 
ments , H204 and NaCl are added at a vohune - to - volume 
ratio of about [ cell suspension / H2SO /NaCl=3/0.12/0.5 ] . 
The suspension can then be extracted with one or more 
organic solvents , e.g. , hexane , heptane , ethyl acetate , 
acetone , methanol , ethanol , and / or propanol . In some 
embodiments , the cannabinoids are obtained from the cul 
tured modified cyanobacteria or other microorganisms by 
freeze drying the cells and subsequently extracting them 
with one or more organic solvents , e.g. , methanol , acetoni 
trile , ethyl acetate , acetone , ethanol , propanol , hexane , and 
or heptane . In some embodiments , following extraction of 
the cannabinoids from the disintegrated or freeze - dried cells , 
the organic layer can tlien be separated from the aqueous 
medium and dried by solvent evaporation , leaving the can 
nabinoids in pure form . Jlte purified cannabinoids can then 
be resuspended and analyzed , e.g. , using GC - MS . GC - FID , 
or absorbance spectrophotometry such as UV spectropho 
tometry . 

2 

EXAMPLES 

[ 0121 ] The examples described herein are provided by 
way of illustration only and not by way of limitation . One of 
skill in the art recognizes a variety of non - critical parameters 
that could be changed or modified to yield essentially similar 
results . 

Example 1 

Cannabinoid Production Using Genetically 
Engineered Cyanobacteria 

[ 0122 ] The present invention provides methods and com 
positions for the genetic modification of cyanobacteria to 
confer upon these microorganisms the ability to produce 
cannabinoids upon heterologous expression of a nptI * GPPS 
fusion construct from Norway spruce ( Picea abies ) and the 
eannabinoid biosynthesis operon genes from cannabis ( Can 
nabis saliva ) or a variant thereof . In some embodiments , the 
invention provides for production of cannabinoids in gas 
eous - aqueous two - phase photobioreactors and results in the 
renewable generation of a hydrocarbon bio - product which 
can be used , e.g. , for chemical synthesis , or for pharmaceu 
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tical , medical , and cosmetics - related applications . This 
example illustrates the expression of the heterologous 
nptI * GPPS and eannabinoid biosynthesis operon genes for 
the production of cannabinoids . 
[ 0123 ] This example further illustrates that cannabinoids 
can be continuously ( constitutively ) generated in cyanobac 
teria transformants that express the heterologous nptI * GPPS 
fusion construct and eannabinoid biosynthesis operon genes . 
Further , this example demonstrates that cannabinoids can 
spontaneously diffuse out of cyanobacteria transformants 
and into the extracellular water phase , and be collected from 
the surface of the liquid culture as a water - floating product . 
This example also demonstrates that this strategy for pro 
duction of cannabinoids alleviates product feedback inhibi 
tion , product toxicity to the cell , and the need for labor 
intensive extraction protocols . 
[ 0124 ] Photosynthetic microorganisms , with the cyano 
bacterium Synechocystis sp . PCC6803 as the model organ 
ism , were genetically engineered to express a nptI * GPPS 
fusion construct and eannabinoid biosynthesis operon genes , 
thereby endowing upon them the property of eannabinoid 
production ( FIG . 5 ) . Genetically modified strains were used 
in an enclosed mass culture system to provide renewable 
cannabinoids that are suitable as feedstock in chemical 
synthesis and the pharmaceutical , medical , and cosmetics 
rclatcd industries . The cannabinoids were spontaneously 
emitted by the cells into the extracellular space , after which 
they floated to the surface of the liquid phase where they 
were easily collected without imposing any disruption to the 
growth ; productivity of the cells . Hie genetically modified 
cyanobacteria remained in a continuous growth phase , con 
stituti vely generating and emitting cannabinoids . The 
example further provides a codon - optimized nptI * GPPS 
fusion construct and eannabinoid biosynthesis operon genes 
for improved yield of cannabinoids in photosynthctic cya 
nobacteria , e.g. , Synechocystis . 

Codon - Use Optimization of the Heterologous nptI * GPPS 
Fusion Construct and Cannabinoid Biosynthesis Operon 
Genes for Expression in Synechocystis sp . PCC 6803 and 
Escherichia coli 
[ 0126 ] The nucleotide and translated protein sequences of 
the heterologous nptI * GPPS fusion construct and cannabi 
noid biosynthesis operon genes were obtained from the 
NCBI GenBank database ( National Center for Biotechnol 
ogy Information : see , e.g. , Table 1 ) . The protein sequences 
of the heterologous nptI * GPPS fusion construct and can 
nabinoid biosynthesis operon gene products were obtained 
from the NCBI GenBank database ( National Center for 
Biotechnology Information ; see , e.g. , SEQ ID NOS : 2 , 4-8 . 
The codon - use of the resulting eDNAs was then optimized 
for expression in Synechocystis sp . PCC 6803 and E. coli 
( SEQ ID NO : 1 and SEQ ID NO : 3 ) To maximize the 
expression of the heterologous nptI * GPPS fusion construct 
and cannabinoid biosynthesis operon genes in Synechocystis 
sp . PCC 6803 and E. coli , these protein sequences were 
back - translated and codon - optimized according to the fre 
quency of the codon usage in Synechocystis sp . PCC 6803 . 
The codon - optimization process was performed based on the 
codon usage table obtained from Kazusa DNA Research 
institute , Japan ( see , e.g. , the www website kazusa.or.jp/ 
codon / ) , and using the “ Gene Designer 2.0 ” software from 
DNA 2.0 ( see , e.g. , the www website dna20.com ) . The 
codon - optimized genes were designed with appropriate 
restriction sites llanking the sequences to aid subsequent 
cloning steps . 
[ 0127 ] Samples for SDS - PAGE analyses were prepared 
from Synechocystis cells resuspended in phosphate buffer 
pH 7.4 at a concentration of 0.12 mg / ml chlorophyll . Hie 
suspension was supplemental with 0.05 % w / v lysozyme 
( Thermo Scientific ) and incubated with shaking at 37 ° C. for 
45 min . Cells were then pelleted at 4,000 g , washed twice 
with fresh phosphate buffer and disrupted with a French 
Pressure chamber ( Aminco , USA ) at 1500 psi in the pres 
ence of 1 mM PMSF . Soluble protein was separated from the 
total cell extract by centrifugation at 21,000 g and removed 
as the supernatant fraction . Samples for SDS - PAGE analysis 
were solubilized with 1 volume of 2x denaturing protein 
solubilization buffer ( 0.25 M Tris , pH 6.8,7 % w / v SDS , 2 M 
urea , and 20 % glycerol ) . In addition , all samples in dena 
turing solutions were supplemented w ith a 5 % ( v / v ) of 
B - mercaptoethanol and centrifuged at 17,900 g for 5 min 
prior to gel loading . For Western blot analyses . Any kDTM 
( BIO - RAD ) precast SDS - PAGE gels were utilized to resolve 
proteins , which were then transferred to PVDF membrane 
( Immobilon - FL 0.45 um , Millipore , USA ) for immunode 
tection using the rabbit immune serum containing specific 
polyclonal antibodies against the proteins of interest . Cross 
reactions were visualized by the Supersignal West Pico 
Chemiluminiscent substrate detection system ( Thermo Sci 
entific , USA ) . 

a 

Materials and Methods 

Strains and Growth Conditions 

[ 0125 ] The E. coli strain DH5Q was used for routine 
subcloning and plasmid propagation , and was grown in LB 
media with appropriate antibiotics as selectable markers at 
37 ° C. , according to standard protocols . The glucose tolerant 
cyanobacterial strain Synechocystis sp . PCC 6803 ( Wil 
liams , JGK ( 1988 ) Methods Enzymol . 167 : 766-768 ) was 
used as the recipient strain in this study , and is referred to as 
the wild type . Wild type and transformant strains were 
maintained on solid BG - 11 media supplemented with 10 
mM TES - NaOH ( pH 8.2 ) , 0.3 % sodium thiosulfate , and 5 
mM glucose . Where appropriate , chloramphenicol kanamy 
cin , spectinomycin , or erythromycin were used at a concen 
tration of 15-30 ug / mL . Liquid cultures were grown in 
BG - 11 containing 25 mM sodium phosphate buffer , pH 7.5 . 
Liquid cultures for inoculum putposes and for pbotoauto 
trophic growth experiments and SDS - PAGE analyses were 
maintained at 25 ° C. under a slow stream of constant 
aeration and illumination at 20 umol photons m - 25-7 . The 
growth conditions employed when measuring the produc 
tion of cannabinoids from Synechocystis cultures are 
described below in the cannabinoid production assays sec 
tion . 

Chlorophyll Determination , Photosynthetic Productivity and 
Biomass Quantitation 
[ 0128 ] Chlorophyll a concentration in cultures was deter 
mined spectrophotometrically in 90 % methanol extracts of 
the cells according to Meeks and Castenholz ( Arch . Mikro 
biol . 78 : 25-41,1971 ) . Photosynthetic productivity of the 
cultures was tested polarographically with a Clark - type 
oxygen electrode ( Rank Brothers , Cambridge , England ) . 
Cells were harvested at the mid - exponential growth phase , 
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and maintained at 25 ° C. in BG11 containing 25 mm 
HEPES - NaOH , PH 7.5 , at a chlorophyll a concentration of 
10 ug / mL . Oxygen evolution was measured at 25 ° C. in the 
electrode upon yellow actinic illumination , which was 
defined by a CS 3-69 long wavelength pass cutoff filter ( Corning , Corning , N.Y. ) . Photosynthetic activity of a 5 mL 
aliquot of culture was measured at varying actinic light 
intensities in the presence of 15 mM NaHCO3 pH 7.4 , added 
to provide inorganic carbon substrate and thereby facilitate 
generation of the light saturation curve of photosynthesis . 
Culture biomass accumulation was measured gravimetri 
cally as dry cell weight , where 5 mL samples of culture were 
filtered through 0.22 um Millipore filters , washed three 
times to remove nutrient salts . Subsequently , the immobi 
lized cells were dried at 90 ° C. for 6 h prior to weighing the 
dry cell weight . 

bidiol and cannabidiolic acid in organic solvents ( e.g. , see 
FIG . 7 ) . The majority of photosynthctically produced can 
nabinoids accumulated as a liquid floating over the aqueous 
phase of the biorcactor . A small amount of cannabinoids was 
initially retained within the cells , but was teased out of the 
cells by the 20 mL of heptane organic overlayer . Therefore , 
the non - miscible , heptane - extracted cannabinoids were used 
to generate the absorption spectra of cannabidiol and can 
nabidiolic acid in heptane for quantification purposes . 
Results 

. 

Cannabinoid Production and Quantification Assays 
[ 0129 ] Synechocystis cultures for cannabinoid production 
were grown photoautotrophicaliy in 1 L gaseous / aqueous 
two - phase photobioreactors , described in detail by Bentley 
and Melis ( 2012 ; Biotechnol Bioeng . 109 : 100-109 ) . Biore 
actors were seeded with a 700 ml culture of Synechocystis 
cells at an OD730 nm of 0.05 in BG11 medium containing 
25 mM sodium phosphate buffer , pH 7.5 , and grown under 
continuous illumination at 75 umol photons m- ? s = 1 , and 
continuous bubbling with air until an OD730 nm of approxi 
mately 0.5 was reached , inorganic carbon was delivered to 
the culture in the form of 500 mL aliquots of 100 % CO2 gas . 
which was slowly bubbled though the bottom of the liquid 
culture to fill the bioreactor headspace . Once atmospheric 
gases were replaced with 100 % CO2 , the headspace of the 
reactor was scaled and the culture was incubated under 
continuous illumination of 150 umol photons m - 2-1 at 35 ° 
C .. Slow continuous mechanical mixing was employed to 
keep cells in suspension and to promote balanced cell 
illumination and nutrient mixing into the liquid culture in 
support of photosynthesis and biomass accumulation . 
Uptake and assimilation of headspace CO2 by cells was 
concomitantly exchanged for 02 during photoautotrophic 
growth . The sealed biorcactor headspace allowed for the 
trapping , accumulation and concentration of photosyntheti 
callv produced cannabinoids , as liquid compounds Boating 
on the surface of the aqueous phase . 
[ 0130 ] Photosynthetically produced non - miseible can 
nabinoids in liquid form were extracted from the liquid 
phase upon overlaying 20 mL heptane on top of the liquid 
culture in the bioreactor , and upon incubating for 30 min , or 
longer , at room temperature . The heptane layer was subse 
quently removed and analyzed by GC - FID , GC - MS , and 
absorbance spectrophotometry for the detection of cannabi 
noids by comparison with the liquid of a standard also 
dissolved in heptane . GC - FID analysis was performed with 
a Shimadzu 2014 instrument . GC - MS analyses were per 
formed with an Agilent 6890GC 5973 MSD equipped with 
a DB - XLB column ( 0.25 mm i.d.x0.25 umx30 m , J & W 
Scientific ) . Oven temperature was initially maintained at 40 ° 
C. for 4 min , followed by a temperature increase of 5 ° 
C./min to 80 ° C. , and a carrier gas ( helium ) flow rate of 1.2 
ml per minute . Absorbance spectrophotometry analysis was 
carried out with a Shimadzu UV - 1800 spectrophotometer . 
[ 0131 ] Accumulation of cannabinoids in the liquid phase 
was quantified spectrophotometricaily according to known 
absorbance spectra and extinction coefficients of canna 

[ 0132 ] The native Escherichia coli K12 npti gene , the 
Picea abies ( Norway spruce ) GGPS gene , and the native 
Cannabis saliva cannabinoid biosynthesis genes have codon 
usage different from that preferred by photosynthetic micro 
organisms , e.g. , cyanobacteria and microalgae . The unicel 
lular cyanobacteria Synechocystis sp . were used as a model 
organism in the development of the present invention . De 
novo codon - optimized nptI , GGPS , and Cannabis sativa 
cannabinoid biosynthesis genes were designed and synthe 
sized . In the optimized version of these genes , SEQ ID NO : 1 
and SEQ ID NO : 3 , the codon usage was adapted to eliminate 
codons rarely used in Synechocystis , and to adjust the 
GC / AT ratio to that of the host . Rare codons were defined 
using a codon usage table derived from the sequenced 
genome of Synechocystis . The SEQ ID NO : 1 and SEQ ID 
NO : 3 sequences used in this example were : the codon 
optimized nptl . GGPS , and Cannabis sativa cannabinoid 
biosynthesis genes for expression in Synechocystis . 
[ 0133 ] SDS - PAGE analyses and immuno - detection of the 
nptI , GGPS , and Cannabis sativa cannabinoid biosynthesis 
gene products , using specific polyclonal antibodies raised 
against the E. coli - cxpressed recombinant protein , con 
firmed the presence of these recombinant proteins in Syn 
echocystis ( e.g. , FIG . 4 ) . These results clearly showed that 
the recombinant nptI , GGPS , and Cannabis sativa cannabi 
noid biosy nthesis gene products were expressed in Syn 
echocystis transformants , and that they accumulated as inter 
nal proteins in the cell . 
[ 0134 ] Th bove results demonstrated that Synechocystis 
can be used for heterologous transformation using the nptl , 
GGPS gene , and the Cannabis sativa cannabinoid biosyn 
thesis genes , and that such transformants expressed and 
accumulated the respective proteins in their cytosol . To 
determine whether the expressed recombinant proteins are 
metabolically competent , wild type and transformants were 
cultivated under the conditions of the gaseous aqueous 
two - phase bioreactor ( Bentley FK and Melis A , ( 2012 ) . 
Biotechnol Bioeng . 109 : 100-109 ) , with 100 % CO2 gas 
occupying the headspace prior to sealing the reactor to allow 
autotrophic biomass accumulation . Samples were obtained 
fr ont the surface of liquid cultures ( to detect non - miscible 
liquid canoabinoids floating on top of the aqueous phase ) 
and analyzed by GC - FID ( e.g. , FIG . 6 ) or GC - MS ( e.g. , 
FIGS . 14A - 14B ) . 
[ 0135 ] Quantification of cannabinoids in the heptane - ex 
tracted samples from the nptI * GPPS fusion construct and 
cannabinoid biosynthesis operon transformants was deten 
nined according to the Beer - Lambert Law , using the absor 
bance values measured at 250 nm and the known molar 
extinction coefficient of cannabinoids . During 48 h of active 
photoautotrophic growth in the presence of CO2 in a sealed 
gaseous aqueous two - phase bioreactor , a 700 ml culture of 
nptI * GPPS fusion construct and cannabinoid biosynthesis 
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operon transformants produced cannabinoids in the form of 
a non - miscibie product tloating on the surface of thre 
culture . 

cyanobacterial and microalgal production represents a car 
bon - neutral source of biopharmaceutical and medicinal 
compounds . Cannabinoids would also be suitable as a feed 
stock and building block for the chemical synthesis of 
alternative biopharmaceutical and medicinal compounds , 
for use in the respective industries . 

Discussion 

Example 2 

Cyanobacterial Cannabinoid Analysis by GC - MS 

[ 0136 ] This example illustrates the production of cannabi 
noids in a system where the same organism serves both as 
photo - catalyst and producer of ready - made compounds . A 
number of guidelines have been applied in the endeavor of 
cyanobacterial cannabinoid biosynthesis , as they pertain to 
the selection of organisms and , independently , to the selec 
tion of potential product . Criteria for the selection of organ 
isms include the solar - to - product energy conversion effi 
ciency , which must be as high as possible . This important 
criterion is better satisfied with photosynthetic microorgan 
isms than with crop plants ( Melis A. , Plant Science 177 : 
272-280 , 2009 ) . Criteria for the selection of potential com 
modity products include ( i ) the commercial utility of the 
compound and ( ii ) the question of product separation from 
the biomass , which enters prominently in the economics of 
the process and is a most important aspect in commercial 
application . This example demonstrates that cannabinoids 
are suitable in this respect , as they are not miseible in water , 
spontaneously separating from the biomass and ending - up as 
floating compounds on the aqueous phase of the reactor and 
culture that produced them . Such spontaneous product sepa 
ration from the liquid culture alleviates the requirement of 
time - consuming , expensive , and technologically complex 
biomass harvesting and devvafering ( Danquah et al . , J Chem 
Tech . Biotech . 84 : 1078-1083 , 2009 ; Saveyn et al . , J Res . Sci 
Tech . 6 : 51-56,2009 ) ) and product excision from the cells 
which otherwise would be needed for product isolation . 
[ 0137 ] In the pursuit of renewable product , photosynthe 
sis , cyanobacteria , or microalgae and cannabinoids meet the 
above - enumerated criteria for “ process ” , “ organism ” and 
" product " , respectively . This example shows that cannabi 
noids can be heterologously produced via photosynthesis in 
microorganisms , e.g. , cyanobacteria , genetically engineered 
to heterologously express plant nptI * GPPS and the cannabi 
noid biosynthesis operon genes . 
[ 0138 ] The cannabinoids discussed in the present disclo 
sure are useful in , e.g. , the cosmetics , biopharmaceutical , 
and medicinal fields . Currently , cannabinoids are extracted 
from plants , such as Cannabis which , depending on the 
species , may contain a variety of cannabinoids and other 
compounds in their glandular trichome essential oils . How 
ever , this example shows that specific and high purity 
cannabinoids can be produced by photosynthetic microor 
ganisms , e.g. , cyanobacteria and microalgae , through heter 
ologous expression of , e.g. , the nptI * GPPS and the cannabi 
noid biosynthesis operon genes in a reaction of the native 
MEP and heterologous MVA pathway , driven by the process 
of cellular photosynthesis . Since the carbon atoms used to 
generate cannabinoids in such a system originate from CO2 , 

[ 0139 ] Cyanobacterial cells ( Synechocystis ) were trans 
formed with genes of the cannabidiolic acid ( CBDA ) bio 
synthetic pathway ( FIGS . 8-13 ) . Cells were grown in 150 
mL liquid media for 3 days . The starting culture OD730 was 
0.2 . One hundred twenty - five ( 125 ) mL were centrifuged at 
5000 g for 20 min . The pellet was rcsuspended in 5 mL 
distilled water . Passage of the cells through French press at 
1,500 psi resulted in disintegration of the cells . The crude 
cell extract was centrifuged at 14,000 g for 5 min to remove 
large debris and the supernatant was used for cannabinoid 
extraction , as follows . In a glass vial , 3 mL of the superna 
tant were mixed with 0.12 mL of H2SO4 and 0.5 mL of 30 % 
( w : v ) NaCl . This mix was extracted with 3 mL of hexane . 
The organic layer was separated from the aqueous medium 
and dried by solvent evaporation . The dry extract was 
resuspended with 0.1 mL of BSTFA including 1 % TMCS 
( derivatization reagents ) and injected in GC - MS for content 
analysis . CG - MS standards were prepared by drying the 
original solvent and resuspending in BSTFA + 1 % TMCS 
prior to injection in the GC - MS . The results , presented in 
Table 2 , showed evidence for the presence of CBDA ( most 
abundant ) , CBD , Olivetolic acid and Olivetol in the trans 
genic cell extracts . 

TABLE 2 

Cyanobacterial 
Main specific GC - MS 

GC - MS retention GC - MS lines of the lines identified in 
time , min standard total cell extracts Compound 

CBDA 
CBD 

Olivetolic acid 
Olivetol 

8.93 
8.05 
7.44 
6.00 

491 , 559 , 453 
390 , 337 

425 
268 

491 , 559 , 453 
390 , 337 
425 
268 

[ 0140 ] It is understood that the examples and embodi 
ments described herein are for illustrative purposes only and 
that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included 
within the spirit and purview of this application and scope of 
the appended claims . All publications , patents , and patent 
applications cited herein are hereby incorporated by refer 
ence in their entirety for all purposes . 
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Informal Sequence Listing 

SEQ ID NO : 1 DNA sequence of npt * GPPS fusion construct for protein overexpression 

Pero promoter ( UPPER CASE BOLD ) 
upu , Kanamycin resistance ( UPPER CASE UNDERLINED ) 
GPPS ( UPPER CASE ITALICS ) 

• p8b42 terminator ( UPPER CASE BOLD UNDERLINED 

web ATTCTGAAATGAGCTGTTGACAATTAATCATCCGGCTCGTATAAtgtgtggaAATT 
GTGAGCGGATAACAATTAGGAGGTTAATTAACAAIGAGICACAICCAGAGAGAA 
ACTAGTIGIICCCGACCICGITTGAATAGOAATAIGGAIGCAGAICIGLACGGAI 
ATAAATGGGCGCGAGATAACGTAGOCCAATCIGOGGCCACTATITATCGGTTATA 
TGGCAAACCAGATGCICCCGAACTGITTCTCAAACATGGCAAAGGGTCIGTGGCC 
AAGATGTIACCGATGAA ATGGIGOGGITGAACTGGITGACAGAATITATGOCCO 
TCCCGACCATCAAACATTITATCAGGACICOAGACGATGCAIGGCTATTXACTAC 
GGCCATTCCTGGGAAAACIGCCITTCAGGIGITGGAAGAATATCCCGATICTGGT 
GAGAATATCGICGATGCGTTAGCGGTITIICTAAGACGICTACATAGCATICCCG 
TTTGCAATTGICCCITTAATICGGACCGGGIGTTCCGCTIGGCGCAGGCTCAGICO 
CGGATGAATAACGGI ITGGTAGATGCOTCGGAGTTIGAIGAIGAACGGAACGGO 
TGGCCCGTTGAACAGGTTIGGAAAGAGATGCATAAGCIGCTGCCCIICICCCCCG 
ACAGCGTTGTTACICATGGAGATTTTTOTCTCGATAATCIGATTTTCGACGAAGGG 
AAGCTAATTGGCIGTATCGATGIGGGACGGGTAGGGATTGCGGACCGGLATCAA 
GACCTAGCAATITIGIGGAACTGCCTAGGIGAAITTICCCCCAGCCTACAAAAAC 
GGCIGTTTCAAAAATACGGAATCGATAATCCCGACATGAACAAATTACAATTICA 
TCTGATGCTAGATGAGTICTITCATATGACGCGCAOCAGIAAGGCCI1GGICCAACT 
AGCIGANCICOGACAAGITAALOGIGGZGGA47777 : 772IGACAAGUTAIGOX 
CICCAAGGCCAITGCGGTTAATGAGGCCTTAGATA4AGITATICCCCCCCGCTATCCTO 
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AAAAAATCTATGA - AGIATGCGCTATTOOCTCCTAGCCGGCGGGAAGAGGGIICGACO AAN77747G1417GOGGC0767CC HCGGCUNGIGCC4TCGAGATG417CACACIATGAGITIGAT7CATGACGATITGCCCTA 
TAITGATA4CGATGAIT?GCGTCGCGGTAAGCCTACCAACCAC4A4GITITIGGTG416 
ACACOGCGA7CATIGOGGCGAIGCATTATTGICA77GGCC79GAICATGTAGCC076 
AGCACCAGICGLACCCTAGGIACIGACAT14777TACGGITGCTATCCGAAAI7GGACG 
CGCCACAGGAAGTGAGGGCGTGATGGGTGGTCAAGTGGIGGATAITGAA4GCGX4GG 
TCAICCCAGTATAGAC774GAAACGOTGGAATGGGTC0414776414 / 4ACGGCTGIGT 
7GTIGGAATGCAGIGICGIGIGZGGCGCAA1747GGGGGG / GCCAGCGAGGACGACH 
TCGAGCGTGCTAGACGGTACGCTCGCIGIGTAGGÅTTGCIITICCAAGTIGICGÅTGA 
14777TGGAT61X4GCCAGICOTCGG4464ACICGG4A4GACTGCTGGGAAAGATTTGA 
777CIGACHAAGCCACCIATCCCAAACICATGGGITIGGAAAAAGOGAAGGAATTIGCC 
GAIGAATTACIGA , CCGIGGAAAACA6GÅACITAGTIGI777GAICCIACCALAGOAGO 
ACCICTATTIGCGTTAGCAGACTACATTGCATCICGTCAGIATTAAGGATCCTCCTTG 
GTGTAATGCCAACTGAATLATCTGCAAATTGCACTCTCCTTCAATGGGGGGT 

CGCCGGGGAGICCGGGGCAGTTACCATTAGAGACICTAGACAATTAATCCA 
TCTICGATAGAGGAATIATGGGGGAAGAACC GCIDENT MSHIQRETSCSRPRLNSNMDADLYGYKWARDNVGQSGATIYRLYGKPDAPELFLKH 
GKGSVANDVTDEMVRLNWLTEFMPLPTIKHFIRTPDDAWLLITAIPGKTAFOVLEEY 
PDSGENIVDALAVFLRRLHISIPVCNCPENSDRVFRLAQAQSRMNNGLVDASDFDDER 
NGWPVEOVWKEMUKLLPFSPDSVVTHIGDFSLDNLIFDEOKLIGCIDVGRVOIADRYO 
DLAILWNCLGEFSPSLOKRLEQKYGIDNPOMNKLOFILM DEFFUMIRSSKALVOL 
ADLSEQVKNVVEFDFDKYMHSKAIAVNEALDKVIPPRYPOKIYESMRYSLLAGGKR RGKPINHKV FGEDTAIIAGDALLSLAFEHVAVSTSRIIGIDIILRLLSEIGRAIGSEGVMGGOVVDIE 
SEGDPSIDLETLEWVHIHKTAVLLECSVVCGAIMGGASEDDIERARRYARCVGLLFO 
VVDDILDVSQSSEELGKTAGKDLISDKATYPKLMGLEKAKEFADELLNRGKQELSCF 
DPIKAAPLFALADYTASRON 

SEQ ID NO : 2 . Nptl * GPPS fusion protein construet 

SEQ ID NO : 3 . Codon - optimized DNA sequences in operon configuration of the cannabinoid 
biosynthesis pathway shown in FIG . 5 , leading to the syntliosis of cannabidiolic acid . See , 
eg , FIG . 15 . 

...... UPPER CASE ITALICS , ope_us operon upstream sequence for homologous recombination 
( Nucleotides 1-556 ) 
UPPER CASE BOLD : Ptre promoter ( Nucleotides 557-615 ) 
Lower case : RBS ( Nucleotides 616-635 ) 
UPPER CASE , T - 4AEl Acyl Activating Enzyme 1 ( Nucleotides 636-2798 ) 
Lower case : RBS ( Nucleotides 2799-2818 ) 
UPPER CASE , 2 - OLS : Olivetol synthase ( Nucleotides 2819-3973 ) 
Lower case : RBS ( Nucleotides 3974-3993 ) 
UPPER CASE , 3 - OAC : Olivetolic acid cyclase ( Nucleotides 3994-4299 ) 
Lower case : RBS ( Nucleotides 4300-4319 ) 



US 2022/0243236 A1 Aug. 4 , 2022 
21 

.. : . : . : 

UPPER CASE , 4 - CBGAS . Cannabigerolic acid synthase ( Nucleotides 4320-5507 ) 
Lower case : RBS ( Nucleotides 5508-5527 ) 
UPPER CASE 5 - CBDAS : Cannabidiolic acid synthase ( Nucleotides $ 528-7162 ) 
Lower case : RBS ( Nucleotides 7163-7182 ) 
UPPER CASE , chloramphenicol resistance cassette ( both starting and stop codons were 
underlined ) ( Nucleotides 7183-7881 ) 
Lower case underlined italics , the cpc_ds operon downstream sequence for homologous 
recombination ( Nucleotides 1882-8442 ) 

CICGAGAAGAGTCCCTGAATATCAAAATGGTGGGATAXAXAGCICAAAAAGG4A4GTAG 
GCTGTGGITCCCTAGGCHACAGTCITCCCTACCCCACTOGALACTA4A.4A.4ACGAGALA 
AGIICGCICCGAACICALZIGCATALUTTGCCCIALACATLAGCIGACGAAACT 
GGTIGTC17CCCIICCCAAICCAGGACHATCTGAGAATCCCCIGCAAC?ITACITAACA 
AAALAGCAGGAATAAAATTAACAAGATGTXACAGACATAAGTCCCATC4CCGTIGTATAA 
AGITACIGIGGGATIGCALAGCANCJAGCCAGGCGC / GAGCIGITIGAGCOTCO 
CGGIGGCOCZIGICGCZGOCICCGIGITUCICCOIGGAZ714ZITAGGIAATAICICIO 
ALIA ICCCCGGGLAGITAUCGXAAGITAATGGAGAICAGTAACAATAACTCTAGGGTC 
ATTACITTGGACICCCICAGITATCCGGGGG.44TTGTGITTAAGAAAATCCCAACICAT 
HAAGT04AGIAGGAGANTXANAGAGCIGTTGACAATTAATCAICOOGCICGTATA 
ATGIGIGGAAATTGTGAGCGGATAACggaattaggaggttaattaaA TGGGAAAAAACTATA 
AAICCCIGGACAGTGTCGICGCGICIGATITTATTGCATTGGGCATTACCAGIGA 
AGTAGCAGAGACCOTGCATGGGCGACTAGCTGAAATCGTTTGTAATTACGGAGC 
AGCGACICCACAAACGIGGAICAACAICGCGAATCATAICITAAGTCCAGAICTG 
CCTTICICCTTGCACCAGATGTTGTTTTACGGATGTTALAAGGATTTTGGGCCCGC 
GCCTCCTGCTTGGATCCCAGACCCTGAGAAGGTAAAAAGCACCAACTTGGGAGO 
ATTACTGGAGAAGCOTGGCAAAGAGITCTTAGGAGTAAAGTACAAAGACCCAAT TICTAGCTITAGTCACTTICAAGAATITAGIGTIGGAATCCTGAAGIGTATIGGO 
GTACAGTATTAATGGATGAAATGAAGAICAGTTTTTCTAAGGACCCAGAATGTAT 
COTACGTCGAGATGATAICAACAATCCAGGAGGTAGTGAATGGCTACOTGGAGG 
ITACITGAACAGTGCTAAGAACIGTTTAAATGICAACTCTAATAAAAAGTTGAAC 
GACACTATGATCGTCTGGCGCGACGAAGGCAACQATGATTTACCATTGAACAAA 
CICAOGTTAGATGAGTTACGGAAACGTGTGTGGTTAGTIGOGTACGCATTAGAAG 
AGATGGGITIGGAGAAAGGTTGTGCCATTGCTAITGACATGCCAATGCACGTCGA 
CGOGGTCOTTAICTAITIGOCTATCGTACTAGCCGGATATGTAGITGTGTCIATOG 
COGACICTTTCAGTGCCCCCGAGATCAGTACTCGTCIGCGACTAICCAAGGCGAA 
GGCTATCTICACGCAGGAICACATCATCGGGGCAAAAAACGAATTOCITTGTAC 
TCTCGCGTGGTIGAGGCGAAAAGCCCTATGGCTATCGTGATTCCGTGCAGOGGAA 
GCAATATTGGTGCAGAACTACGAGATGGAGACATCAGITGOGACTATTICTTAGA 
ACGACCTAAAGAGTTCAAAAATTGTGAATICACAGCGCGAGAACAACCAGTGGA 
CGCTIATACAAACATCITAITTICTAGTGGAACAACAGGAGAACCIAAAGCAAIC 
COITOGACTCAAGCCACCCCICTAAAACCIGCCOCOGATOGATGGAGCCAICTA 
GACA ITCGTAAGGGTGAIGTCATTGTUIGGCCGACGAATCIGGGTIGGATGATGG 
GICCTIGGCTAGTITACGCAICICICCTAAAOGGCGCCAGTATCGCICICTACAAC 
GGGTCTCCTCTGGITAGCGGATTCGCAAAATTCGTGCAOGACGCTAAAGTGACTA 
TGCTAGGAGTGGTCCCTTCTATCGIOCOTAGCIGGAAGAGCACAAACTGCGICTC 
TGGATATGATIGGICTACCATCCGGIGCTITAGTICIICCGGAGAAGCCAGCAAT 
GTTGATGAGTACCTGTGGTTAATGGGCCGGGCAAATTACAAACCAGTTAITGAGA 
TGTGIGGAGGAACAGAAATTGGGGGAGCGTTCICTGCGGGGAGITTCTIGCAAG 
CCCAATCCCICICCAGTITTAGCAGICAATGTATGGGCIGCACTITATACATITIG 
GACAAGAACGGTTACCCAATGCCGAAAAACAAACCGGGCATTGGIGAATTACCA 
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CTAGGTCCAGTAATGTICGGAGCTAGTAAGACACTGTTAAATGGCAACCATCACG 
ATGTCTATTICAAGGGGATGCCCACATTAAATGGTGAGGTCTTACGTCGTCACGG 
GGACATITICGAGITAACCTCTAAIGOGTATTATCACGCTCACGGGOGAGCGGAT 
GACACGATGAACATCGGAGOGATIAAAATCAGTTCCATCGAAATTGAGCGTGIG 
TGCAATGAGOTAGAOGATCGGGTATICGAGACAACGGCCATOGGGGTGCCCCCC 
CTCGGAGGGGGAGCCGAACAATTGGTAATTTTTTGTCCIGAAGGATICCAACG 
ATACCACAATCGACTIGAATCAGTTGCOCCICAGCTTCAACTTAGGCTTGCAGAA 
GAAGCTAAACCCACTCTICAAGGTTACGCGGGTTGTACCACIGICTAGCCTCCCT 
CGGACTGCTACGAATAAAAICATGCGCCGAGTACTCCGCCAACAATICAGICACI 
TCOAATAAggaattaggaguttaattaaATOAAICACTTGCGAGCGGAAGGTCCCGCTAGTG 
TACTCGCTATIGGGACTGCCAACCCAGAAAATAITITACTCCAGGATGAGTTCCC 
GGATTATTACTTCCGAGICACAAAGAGCGAACACATGACGCAGITAAAAGAGAA 
GTTCCGCAAAATCTGTGACAAGTCTATGATTCGCAAACOCAATTOCITTTIGAAT 
GAAGAACATCIGAAGCAGAANCOACGTCIGOTTGAGCACGAGATGCAGACTTTA 
GACGCTCGACAGGACATGCTAGTCGTGGAAGICCCGAAACIGGGTAAAGACGCG 
IGTGCCAAGGCCAIAAGOAATGGGGICAACCIAAGAGTAAGAICACOCAICTO 
ATTTTTACCAGTGCGICCACGACAGACATGCCTGGAGCIGACTACCATIGIGCCA 
AGRICOTAGGACTATCICCAICIGTGAAACGGGTAATGAIGTAICAGCTAGGATG 
TTATOGTGGGGGGACTGTGTTACGTATCGCAAAGGATATCGCGGAGAATAACAA 
GGGGGCTCGCGICCTAGCCGTTGCIGCGACATTATGGCGTGCCICTITCGGGGA 
CCCICCGAGAGCGACITGGAGCTAITAGTAGGCCAAGCGAICTITGGAGATGGG 
GOCGCTGCTGTTATTGTIGGCGCTGAACCCGATGAGAGTGTAGGTGAGCGCCCAA 
TTTTCGAGTTGGTCTCCACGGGTCAGACAATTCTCCCCAACAGIGAAGGCACAAT 
IGGGGGACATATCCGGGAGGCAGGACIGATCITTGACCTACATAAGGACGTCCC 
GATGCTCATTICTAACAACAITGAAAAGTGCCTGATTGAAGCGTTCACCCCAATC 
GGCATTAGTGATTGGAATAGTATCTTCTGGATTACTCATCCCGGAGGTAAAGCCA 
TICTAGATAAGGIGGAAGAAAAGITACACITAAAGTCCGACAAGITTGTCGATA 
GTCGTCACGIGCTGAGCGAGCATGGGAATATGAGTAGCICTACGGITITGTTCGT 
TATGGACGAATTACGAAAGCGCAGCTTGGAGGAGGGAAAAAGCACGACAGGGG 
ATGGATTIGAGIGGGGAGTTCICTTIGGATTTGGTCCCGGGCTGACAGTAGAGCG 
CGTGGTGGIOCGCTCCGTGCCGATTAAGIGAgyaaltaggaggrinattaaATOGCOGTAAA 
GCACCIGATIGTATTGAAATTCAAAGATGAGATCACGGAGGCGCAGAAGGAGGA 
GITITICAAGACGTACGTGAACCTAGIGAATATCATCCCGGCGAIGAAGGATGTC 
TATTGGGGTANAGATGTAACTCAGAAAAACAAGGAAGAAGGTTACACCCATATT 
GITGAAGTCACAITCQAAAGTGTAGAGACGATCCAAGATTATATTAITCATCCGO 
CICACGTTGGATTIGGAGACGTGTATCGTTCTTTTTGGGAGAAGIIGITAATCITC 
GACTACACCCCCCGCAAATAGggaattaggaggitaatiaaATGGGCTTAAGCTCTGTATGCA 
CTITCAGTTICCAAACCAATTATCATACGCICOTAAACCCCCACAATAACAACOC 
AAAAACATCCITGTIGIGCTATCGACACCCTAAAACGCCAICAAGIATICTIAT 
AACAAITIICCCTCCAAACACIGCTOCACTAAGAGCTICCACCTACAAAACAAAT 
GTAGCGAATCCTIGIOCAICGCCAAGAACICCAITCGAGCAGCAACCACCAAICA 
GACAGAGCCACCIGAGAGCGACAATCATAGOGICGCGACTAAGAICCIAAATIT 
CGGGAAAGCATGCIGGAAACIACAACGACCATACACGATCATCGCGTTCACCAG 
TTGCGCTTGCGGITTATTTGGTAAGGAATTGCTCCATAATACCAACCTGATITCCT 
GGAGICIGAIGITCAJAGCATITITITICIIGGTGGCCAICCIAIGTAICGCGIOT 
TITACAACAACCAICAATCAGAIOTAIGACCTCCACATCGATCGCATIAACAAGO 
CAGACCTCCCAITAGCGTCTGGTGAAATCTCTGTCAACACCGCCTGGATTATGAG 
CATTATTGTAGCACTGTTTGGGCLAATCATTACAATCAAGATGAAGGGTGGACCC 
CTCTACATITITGGCTATTGCTICGGAATCTTTGGIGGCATTGITTACAGCGTACC 
ACCGTTTCGGTGGAAGCAGAATCOCAGTACOGCT1CCTATIGAACITTCIGGCC 
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CACATCATCACCAACTITACGITTTACTACGCAAGTCGGGGGGCACTGGGCCTCC 
CATTCGAGCTGCGACCCAGITTTACGTTTCTCTTAGCGTTCATGAAAAGCATGGG 
AAGCGCTCTCGCOCTGATIAAGGAIGCCTCCGACGTGGAAGGCGACACAAAGI 
COGTATITCTACATTAGCAACCAAGTATGGTTCCCGTAACCTAACACTCTITIGTT 
OTOGAATIGTGTTACTAAGTTATGTAGTAGCTATTCTGGCAGGIATCATTIGGCO 
CCAGGCCTTCAATAGCAATGTTATGCTGTTAICICATGCGAICCTCGCCTICTGGT 
TAATCCTACACACACGGGAOTTGCCCTCACTAATTACGATCCCGAGGOGGGCCG 
ACGTTTTTACGAGITCATGTGGAAGCTATACTATGCAGAGTACCTCGTGTACGIG 
TTTATTTAAggaattaggaggttaattaa AIGAAGIGITCTACITICICITCTGGITTGTCTG 
CAAGATCATTTTTTTCTTCTTOTCTITCAATATTCAGACAAGTATTGCGAAICCCC 
GGGAGAACTTTTTAAAGTGTITIAGOCAATATAICCCTAATAATGCTACCAATIT 
AAAATTAGTATACACCCAAAACAACCCCCTATACATGICCGTICICAATAGCACA 
ATTCATAACTTGCGCTICACAAGCGATACAACACCGAAGCCCCTAGTTATCGTAA 
CCCCGAGCCACGTTTCICACATTCAGGGAACCATTCTCTGCAGTAAAAAGGIGGG 
TIIGCAGAICCGGACTCGGICTGGGGGTCAIGACAGTGAGGGTATGTCTTACATI 
AGOCAGGIGCCCTTIGIGATOGICGACITACGGAACAIGCGCTCTATTAAGATIG 
AIGICCATAGCCAAACCGCGIGGGTAGAGGCCGGAGCAACCCIGGGIGAAGTGT 
ATTACIGGGTAAAIGAGAAAAACGAGAACTTAAGICTGGCAGCIGGATACTGIC 
CAACCGTCTGCGCGGGGGGICATTTCGGAGGGGGAGGCTACGGCCCACTCATGC 
GTAATTATGGGTTGGCGGCTGACAACATTATIGATGCICACITAGTTAACGTGCA 
CGGTAAAGTACIGGAT0GGAAAICCATGGGGGA AGATCTATTITGGGCCITAOG 
AGGAGGAGGAGCTGAGICTTICGOCATTATCGTCGCGTGGAAAATTCGGTTAGTC 
GCOGTACCCAAGTCTACGATGTITTCCGIGAAAAAAATTAIGGAGAICCACOAAC 
TCGIGAAGCTAGICAACAAGIGGCAGAATATTGOTIATAAGTACGACAAGGATC 
TGTTATTGATGACGCATITCATCACACGAAATAICACAGACAATCAAGGTAAAAA 
CAAGACTGCTATCCACACCTACITTAGCTCCGITTTCTTAGGCGGGGTGGATTCCC 
TGGICGATCTAATGAATAAAAGITICCCCGAACTAGGCATTAAAAAGACAGAIT 
GTCGTCAATTATCTTOGATTOACACTATTATTTTCTATAGCGOCOTGOTAAACTAT 
GACACGGATAACITTAATAAGGAGATCTTGTTGGATCGCAGTGCGGGACAGAAC 
GGCGCGITTAAGAITAAGTIGGATTATGTAAAGAAGCCCATTCCAGAGTCIGTTT 
TOGTAQAGATOTTAGAAAAATTATATGAGGAGGATATOGGGGCCGGTATGTATO 
CCTTGTATCCGTACGGIGGAATCATGGAGAAAICAGCGAGAGTGCCATTCCGIT 
CCCCCAICOAGCCGGAATTIGTATGAATTATGGLACATCIGCAGCIGGGAGAAA 
CAAGAAGATAACGAGAAACACTTGAACTGGATICGTAACAICTATAATTTCATO 
ACTCCGTATGTCAGTAAAAACCCTCGGTIGGCTTACCTAAATTACCGIGACCTCG 
ATATIGGAATTAACGACCCTAAGAATCCAAACAATTACACTCAAGCCCGGATTIG 
GGGGGAGAAATATTTTGGCAAGAACTICGATCGATTOGTAAAGGTCAAGACTCT 
CGTAGATCCTAATAACTITITITCGTAACGAACAATCTATCCCCCCTCTGCCTCGTO 
ATCGGCATTAGggaattaggaggraattaa ATGGAGAAAAAAATCACTGGATATACCACCG 
TIGATATATCCCAATGGCATCGTAAAGAACAITTTGAGGCATTICAGICAGTIGC 
TCAATGTACCTATAACCAGACCGTTCAGCTGGATATTACGGCCTITITAAAGACC 
GTAAAGAAAAALAAGCACAAGITTTAICCGGCCITTATICACATICTTGCCCGCC 
TGATGAATGCTCAICCGGAATTCCGTATGGCAATGAAAGACGGTGAGCTGGIGA 
TATGGGATAGTGTTCACCCTTGTTACACCGTTTTCCATGAGCAAACTGAAACGTT 
TICAICGCICIGGAGTGAATACCACOACGATTICOGGCAGITICTACACATATAT 
TCGCAAGATGTGGCGTGTTACGGTGAAAACCIGGOCTATTICCCTAAAGGGITTA 
ITGAGAATATGTTITTCGTCTCAGCCAATCCCTGGGTGAGTTTCACCAGTITIGAT 
ITAAACGIGGCCAATAIGGACAACITCTICGCCCCCGTNICACCATGGGCAAT 
ATTATACGCAAGGCGACAAGGIGCIGATGCCGCTGGCGATTCAGGTTCATCAIGC 
CGTCTGTGATGGCTTCCATGTCGGCAGAATGCTTAATGAATTACAACAGTACTGO 

.. 

Change 
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GATTITI GATGAGTGGCAGGGCGGGGCGTGATTITITTAAGGCAGTTATTGGTGCCCTTAAA 
COCOTGGOgatacgctantigitaatiactatitgagCÍLagigtadanaccttachtactcadadacattaactaaccatad 

CoragugicaguzoaitligtomtaltagTQQQgrligiggog 
gigggitatccgtrgatadaccaccgttifigtigggcudag?adcgatitgaigcagtguiggglitadagatantcccgtuigagg 
adatoetgcaggaeguckegugcittaacetgacegotectgggttogtaatgaititctagauttgccgccatggtgcgcecgite 
LONDOCCgguacagtigugagigigaacdagligggigocultrigoccittocitgtagcguurgliggocegacgggcitega 

agtcgtggaagttagaacaactRgudatítcecggtaggtettagcogategtaaccadActicraagtcgtagcattiagccgCIC 
CARACTEQQQ?CACCIztacatadttccaceactedACE 

po UN 
SEO ID NO : 4 AAEl . Acyl - activating enzyme - 1 
MGKNYKSLDSVVASOFIALGITSEVAETLIIGRLABIVCNYGAATPQTWINIANHILSP 
DLPFSLHQMLFYGCYKDFGPAPPAWIPDPEKVKSTNLGALLEKROKEFLGVKYKDPI 

SAKNCLNVNSNKKLNDTMVWRDEGNDDLPUNKLILDOLRKRVWLVGYALEEMO 
LEKGCAIAIDMPMUVDAVVIYLAIVLAGYVVVSIADSFSAPEISTRIRLSKAKAIFIOD 
HIIRGKKRIPLYSRVVEAKSPMAIVIPCSGSNIGAELRDGDISWDYFLERAKEFKNCEF 
TAREOPVDAYINILFSSGTTGEPKAIPWTOATPLKAAADGWSULDIRKGDVIVWPIN 
LOWMMGPWLVYASLLNGASIALYNGSPLVSGFAKFVODAKVTMLGVVPSIVRSWK 
STNCVSGYDWSTIRCESSSGEASNVDEYLWLMGRANYKPVIEMCGGTEIGGAFSAGS 
FLQAQSLSSFSSOCMGCTLYILDKNGYPMPKNKPGIGELALGPVMFGASKILLNGNH 
HDVYFKGMPILNGEVLRRHODIFELISNGYYHAHGRADDTMNOGIKISSIETERVON 
EVDDRVFETTAIGVPPLGGGPEQLVIFFVLKDSNDTTIDLNQLRLSFNLGLOKKLNPLF 
KVTRVVPLSSLPRTAINKIMRRVIRQOFSHFE 

D NO : 5 SEO ID NO : 5 OLS : Olivetol synthase 
MNHLRAEGPASVLAIGTANPENILLQDEFPDYYFRVIKSEMMTQLKEKFRKICDKSM 
IRKRNCFLNEEHLKONPRLVEHEMOTLDARQDMLVVEVPKLGKDACAKAIKEWGO 
PKSKITHLIFTSASTTDMPGADYUCAKLLGLSPSVKRVMMYQLGCYGGGTVLRIAKD 
TAENNKGARVLAVCCDIMACLFRGPSESDLELLVGOAIFGDGAAAVIVGAEPDESVG 
ERPIHELVSTGOTILPNSEGTIGGHIREAGLIFDLHKDVPMLISNNIEKCLIEAFTPIGISD 
WNSIFWITHPGGKAILOKVEEKLHLKSDKFVDSRHVLSEHGNMSSSTVLFVMDELRK 
RSLEEGKSTIGDGFEWOVLFGFGPGLTVERVVVRSVPIKY 

6 
MAVKILIVLKFKDEITEAOKEEFFKTYVNLVNIIPAMKDVYWGKDVTOKNKEEGYT 
HIVEVTFESVETIQDYTIHPAHVGFGDVYRSFWEKILIFDYTPRK MAVKHLIVLAK SEO ID NO : 6 : OAC : Olivetolic acid cyclase ( OAC ) OVTOKNK 
SEO ID NO : 7 : CBGAS Cannabigerotic acid synthase 
MGLSSVCTESFOTNYHILLNPIINNNPKTSLLCYRUPKTPIKYSYNNFPSKHCSTKSFH 
LONKCSESLSIAKNSIRAATTNOTEPPESDNHSVATKILNFGKAWKLORPYTHIAFTS 
CACGLFGKBLIHNINLISWSLMFKAFFFLVAILCIASFTTINOIYDLHIDRINKPDLPL 
ASGEISVNTAWIMSUVALFGLIITIKMKGGPLYIFGYCFGIFGGIVYSVPPER WKQNPS 
TAFLLNFLAMITNFTFYYASRAALGLPEELRPSFTFLLAFMKSMGSALALIKDASDVE 
GDTKFGISTLASKYGSRNUTLFCSGIVLLSYVAAILAGIIWPQAFNSNVMLLSHAILAF 
WLILOTRDEALINYDPEAGRRFYEFMWKLYYAEYLVYVFI 



..... 
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SEO ID NO : 8 : CBDAS : Cannabidiolic acid synthase 
MKCSTFSFWFVCKIIFFFFSFNIQTSIANPRENFLKCFSQYIPNNATNLKLVYTONNPLY 
MSVLNSTIINLRFTSDTTPKPLVIVTPSHVSHIQGTILCSKKVOLQIRTRSGGHDSEGM 
SYISQVPFVIVDLRNMRSIKIDVHSQTAWVEAGATLGEVYYWVNEKNENLSLAAGY Van CPTVCAGGHFGGGGYGPLMRNYGLAADNIIDAHLVNVHGKVLDRKSMGEDLFWAL 
RGGGAESFGIVAVKIRLVAVPKSTMFSVKKIMEIHELVKLVNKWONIAYKYDKDLL 
LMTHFITRNITDNOGKNKTAIHTYFSSVFLGOVDSLVDLMNKSFPELGIKKTDCROLS 
WIDTIFYSGVVNYDIDNENKEILLDRSAGONGAFKIKIDYVKKPIPESVFVQILEKLY 

da PRLAYLNYRDLDIGINDPKNPNNYTOARIWGEKYFGKNFDRLV . 
EEDIGAGMYALYPYGGIMDEISESAIPFPIRAGILYELWYICSWEKOEDNEKILNWIR 

KVKIL VDPNNFFRNEOSIPPLPRHRH 

SEO ID NO : 9 : A9 - tetrahydrocannabinolic acid synthase ( THCAS ) gene 
ATGAACTGTAGCGCAITTAGTTTCIGGITCGTGTGTAAGAICATITITITCTTTTT 
ATCTTTTCACATTCAGATTICTATCGCTAAICCGCGCGAAAATTTCCTCAAATGCT 
TTAGTAAGCACATCCCAAACAACGTTGCGAAICCCAAACTGGTCTACACGCAGC 
ACGATCAGCICTACAIGTCTATCCTVAATAGCACAATCCAGAACITACGGITCAT 
CICTGATACAACGCCAAAGCCITTAGIGATIGITACACOGAGCAACAATTCTCAI 
AICCAAGCCACAATTIIGIGCAGIAAAAAGGTIGGGTIGCAAATOCGAACGOGC 
AGCGGGGGACACGACOCAGAGOGTATGAGTTACATITCTCAGGTCCCCTIOGTTG 
ITGIGGATOTACGGAATATGCACTCCATCAAGATTGACGTACACAGTCAGACCGC 
TIGGGTCGAAGCCGGAGCAACCTTAGGCGAGGTCTACTATIGGAITAATGAGAA 
AAACGAGAACCTCTCTTICCCTGGTGGATATTGTCCTACTGTAGGTGTCGGAGGG 
CATTTCAGTGGCGGAGGCTATGGGGCTCTCATGCGCAATTATGGCTTGGCCGCGG 
ACAATATCATIGACGCTCAICICGTGAACGTCGACGGTAAGGIACTCGATCGTAA 
AAGCATGGGTGAGGATCTCTTCTGGGCTATTCGAGGTGGTGGAGGAGAGAACIT 
COGAAITATCGCAGOCIGGAAAATTAAGTTAGTIGCGGTCCCCAGTAAAAGCAC 
AATCITTAGCGICAAAAAGAACAIGGAAATICATGGACTCGTAAAGCTCITTAAT 
AAAIGGCAGAACATTGCATACAAATATGACAAAGACCTAGTGTIGATGACCCAT 
ITTATTACTAAAAATATTACGGATAACCACOGGAAGAACAAGACAACAGTACAT 
GGITACITTAGCAGCATCITCCACGGTGGGGICGATICICTAGTAGACCIGAIGA 
ATAAGTCCTTTCCGGAACTAGGCATCAAGAAAACIGACTGCAAAGAATTITCCTG 
GATOGACACGACTATCTTCTATAGTGGAGTAGTAAACTITAATACAGCAAACITC 
AAAAAAGAAAICCIGCTAGATCGAICCGCGGGGAAGAAGACTGCATTTAGCATT 
AAGCTGGACTAIGTAAAGAAACCCATTOCGGAGACAGCCATGGTTAAAATTTTG 
GAGAAATTGTACGAAGAGGACGICOGAGCCGGCATOTACGTCCTCTATCCITATG 
GCGGGATTAIGGAGGAAATCAGTGAGICCGCTATCCCTTTCCCCCACCGTGCGGG 
TATCAIGTACGAGITATGGTACACCGCGICCTGGGAAAAGCAGGAGGACAACGA 
GAAACACATCAACTOGGTCCGTICCGTGTACAATITTACCACOCCITAIGTITCTC 
AAAATCCGCGACTCGCCTATTTAAACTATCGTGACCTGGACCTGGGGAAAACAA 
ACCACGCGAGICCCAATAACTACACGCAAGCACGAATCTGGGGTGAAAAGTACT 
TTGGTAAGAATITCAATCGACTGGTTAAAGITAAGACAAAAGTOGATCCTAACAA 
TICIICCGAAATGAGCAATCTATICCGOCCTIOCCICCICATCACCAC 

SEO ID NO : 10 : 49 - tetrahydrocannabinolic acid syothase ( THCAS ) protein 
MNCSAFSFWFVCKIIFFFLSFHIQISIANPRENFLKCFSKHIPNNVANPKLVYTQHDOL 
YMSILNSTIQNLRFISDTTPKPLVIVTPSNNSHIQATILCSKKVGLQIRTRSGCHDAECM 
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SYISOVPFVVVDLRNMHSIKIDVHSOTAWVEAGATLGEVYYWINEKNENLSHPGGYC 
PTVOVGGHFSGGGYGALMRNYGLAADNIIDAHLVNVDGKVLDRKSMGEDLFWAIR 
GGGGENFGIIAAWKIKIVAVPSKSTIFSVKKNMEIHGLVKLFNKWONIAYKYDKDLV 
LMTHFITKNITDNHGKNKTTVHGYFSSIFUGOVDSLVDLMNKSFPELGIKKTDCKEFS 
WIDTTIFYSGVVNENTANFKKEILLDRSAGKKTAFSIKLDYVKKPIPETAMVKILEKL 
YEEDVGAGMYVLYPYGGIMEEISESAIPFPHRAGIMYELWYTASWEKQEDNEKHIN 
WVRSVYNFTTPYVSQNPRLAYLNYRDLDLOKTNHASPNNYTQARIWGENYFGKNF 
NRLVKVKTKVDPNNFFRNEOSIPPLPPHHH 

SEO ID NO : 11 . Cannabichromenic acid synthase ( CBCAS ) gene 
ATGAATIGTAGCACGTTCAGCTICTGGTTCGTATGTAAAATTATCTTTTTTTTCCT 
CAGITITAATATCCAAATCTCTATTGCTAACCCCCAGGAGAAITTCCTCAAGTGTT 
ICAGCGAGTACATTCCTAACAACCCIGOICCAAAATTTAICTACACGCAACAOGA 
TCAATIGTATATGAGTGITTTAAATTCCACCATCCAAAACTTGCGITTACCICIG 
ACACTACACCAAAGCCICTOGICATIGTGACGCCGAGIAATGTIAGICATAITCA 
GGCGAGTATTCTCTGCICTAAAGITGGACTCCAAATCCGCACGCGTAGCGGCGGT 
CACGATGCGGAAGGGTTAICCTACATTAGCCAGGTGCCITTCGCTATTGTIGACT 
TGCOTAATATGCATACAGTAGTAGACATTCATTCCCAGACGGCCGTGGAGGCAO 
GCGCGACGTIGGGGGAAGTITACTACIGGATTAATGAAAIGAATGAAAATITCA 
GITICCOIGGAGGITACIGTCCAACIGTIGGAGTTGGAGGTCATTTIICCGGAGG 
AGGATACGGAGCGTTAATGCGGAATTACGGATTAGCAGCAGATAATATCATCGA 
COCTCAICTAGTAAAIGTAGAOGGAAAAGTATTGGACCGAAAGAGTATGGGTGA 
GGACTIGTICTGGGCTATTOGAGGGGGCGGGGGCGAAAACTICGGTATCATCGC 
AGCCTGTATCAAGCTCTGGGTACCCAGTAAGOCCACTATITTCTCTGTCAAAAAG 
AACATGGAGATTCACGGTCTCGTGAAGTTATITAACAAATGGCAAAATATTGCCT 
ACTACGAIAAAGACITGAIGUGACGACGCATTICCGCACACGCAACATTACOGA 
CAACCATGGGAATAAAACAACTGTACACGGCTATTTTTCTAGTATCTTCCTCGGG 
GGCGTAGACTCCCTCGTCGATTTGATGAATAAAAGTTICCOAGAACTGGGTAICA 
AAACIGACIGTAAAGAACIGTCCTGGATTGATACCACGATTITCUATICCGGOTG 
GTATAATACAGCCTTTAAGAAAGAAATTTTACTGGATCGCTCTOCOGGTAAAAAG 
ACGGCTITCAGCAICAAACICGACTACOTTAAAAAGCICATTCCGGAAACCOCTA 
YGGTTAAAAICCTAGAGITATACGAAGAAGAGGTTGGCGTAGGCAIGTATGTACT 
CTACCCATACGOTOGTATTATGGATGAAAICICCGAATCCGCAATTCCATTICCC 
CATCGCGCGGOTATCATGTATGAACTGTATACGGCGACIGAQAAACAGGAAGAO 
AACGAAAAGCACATCAACTGGGTGCGGTCCGICTATAACTTTACCACCCCTTATG 
TAAGTCAGAACOCOCOOCTGGCATATCTAAATTATCGGGACCTGGATCTAGGCA 
AAACGAACCCOGAGICICOGAATAACTATACTCAGOCGCGOATCIGGGGGGAGA AATACITIGGGAAAAACUTTAACCGACICGANGGTAAAACCAAGGCCGACC 
CGAACAACITCTTCCGCAACGAACAAICTATICCCCCACICCCCCCACGCCATCA 
C 

SEO ID NO : 12 : Cannabichromenic acid synthase ( CBCAS ) protein 
MNCSTFSFWFVCKIIFFFLSFNIQISIANPQENFIKCFSEYIPNNPAPKFIYTQHDOLYMS 
VUNSTIQNLRFTSDTTPKPLVIVIPSNVSHIQASILCSKVGIQIRTRSGGIDAEGLSYIS 
QVPFAIVDLRNMHTVVDIHSOTAVEAGATLGEVYYWINEMNENFSFPGGYOPTVOV 
GGHFSGGGYGALMRNYGLAADNIDAHLVNVDGKVLORKSMGEDLFWAIRGGGGE 
NFGIIAACIKLWVPSKATIFSVKKNMEILGLVKLFNKWONIAYYDKDLMLTIUFRIR 
NITDNUGNKITVUGYFSSIFLGGVDSLVDLMNKSFPELGIKIDCKELSWIDITIYSG 
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VYNTAFKKEILLDRSAGKKTAFSIKLDYVKKLIPETAMVKILELYEEEVGVGMYVLY 
PYGGIMDEISESAIPFPERAGIMYELYTATEKOEDNEKHINWVRSVYNFITPYVSONP 
RLAYLNYRDIDLGKINPESPNNYTQARIWGEKYFGKNFNRLVKVKTKADPNNFFRN 
EOSIPPLPPRHH .... 

SEO ID NO : 13 
UPPER CASE ITALICS , cnc_us operon upstream sequence for homologous recombination 
( Nucleotides 1-556 ) 
UPPER CASE BOLD : Ptre promoter ( Nucleotides 557-615 ) 
Lower case : RBS ( Nucleotides 016-635 ) 
UPPER CASE LAAET Acyl Activating Enzyme 1 ( Nucleotides 636-2798 ) 
Lower case : RBS ( Nucleotides 2799-2818 ) 
UPPER CASE , 2 - OLS Olivetol synthase ( Nucleotides 2819-3973 ) 
Lower case : RBS ( Nucleotides 3974-3993 ) 
UPPER CASE , 3-040 Olivetolic acid cyclase ( Nucleotides 3994-299 ) 
Lower case : RBS ( Nucleotides 4300-4319 ) 
UPPER CASE , 4 - CBGAS Cannabigerolic acid synthase ( Nucleotides 4320-5507 ) 
Lower case . RBS ( Nucleotides 5508-5527 ) 
UPPER CASE , 5 - THCAS : A9 - tetrahydrocannabinolic acid synthase ( Nucleotides 5528 

7 

ver case : RBS ( Nucleotides 7166-7185 ) 
UPPER CASE . chloramphenicol resistance cassette ( both starting and stop codons were 
underlined ) ( Nucleotides 7186-7884 ) 
Lower case underlined italics , the cpc_ds operon downstream sequence for homologous 
recombination ( Nucleotides 7885-8445 ) 

CTCGAGAAGÁGTCCCTG4ATATCAAAATGGTGGGATAAXAAGCTCAXAXAGGALAGTAG 
GCTGTGGTTCCCTAGGCA4CXGTCTTCCCTACCCCACTGGAXACT4A4A44.4CGAG48.4 
AGITCGCACCGAACAIC4A1YGCAT442777AGCCCTAAAACAAJGCIGAACGAXACT 
GOT7GTCITECOITCCC41CCAGGACAA7CIGAGA47CCCCTGCAAC4714CTTAAC 
A44A4GCAGGAAT44AATTAACHAGATGIÀ4CAGACATAAGTCCCATCACCGTIGTATAA 
AGITACIGIGGGA12GCLAJAGC417CAGCCIAGGCGOTGAGCZGII7G4GCAICC 
COCIGGCOCITGTCGCTGCCTCOOTGITICTOCCIGGATITAITTAGGTATANCTOR 
AT & AATCCCCGOGTAGIT4ACG4A4GITAATGOHG47CAGT4404ATAACICTAGG670 
ATTACUITGGACTCCCICAGITTAICCGGGGGA477GIGITAAGAAAAICCCAACICAT 
444GICAGIAGGAGAITAATICAGAGCTGTTGACAATTAATCATCCGGCTCGTA 
TAATGTGTGGAAATTGTGAGCGGATAACggaatragcaggttaattaaATGGGAAAAAAC 
TATAAAICCCTGGACAGIGICGICGCGTCIGATITTATTGCATIGGGCATTACCA 
GIGAAGTAGCAGAGACCCIGCATGGGCGACIAGCIGANATOGITIGTAATTACG 
GAGCAGCGACTOCACAAACGTGCATCAACATCGCGAATCATATCTTAAGTCCAG 
AICTGCCIIICICCITGCACCAGAIGIIGITITACGGATGTTATAAGGATITIGGG 
CCCGCGCCTCCTGCTIGGAICCCAGACCCTGAGAAGGIAAAAAGCACCAACTTG 
GGAGCATTACTGGAGAAGCGTGGCAAAGAGTTCTTAGGAGTAAAGTACAAAGAC 
CCAATTTCTAGCTITAGTCACTICAAGAATITAGTGTTCGGA AICCTGAAGTGTA 
TIGGCGTACAGTATTAATGGAIGAAAIGAAGATCAGTITTICTAAGGACCCAGAA 
IGTATCCTACGTCGAGATGATAICAACAATCCAGGAGGTAGTGAATGGOTACCTO 
GAGGTTACITGAACAGTGCTAAGAACTGITTAAATGTCAACTCFAATAAAAAGTT 
GAACGACACTATGATCGTCTGGCGCGACGAAGGCAACGAIGAITTACCATTGAA 
CAAACICACOTTAGATCAGITAOGGAAACGTGTGTGGTIAGTIGOGTACGCATTA 
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GAAGAGATGGGTTTGGAGAAAGGITGTGCCATTGCTATTGACATGCCAATGCAC 
GTCGACGCGGICGTTATCTATITGGCTATCGTACTAGCCGGATATGTAGTTGTGIC 
TATCGCGGACICTTICAGTGCCCCCGAGATCAGTACICGICIGCGACTATCCAAG 
GCGAAGGCTATCTTCACGCAGGATCACAICATTCGGGGCAAAAAACGAATTCOTT 
TGTACTCTCGCGTGOITGAGGCGAAAAGCCCTATOOCTATCOIGAITCCGTGCAG 
CGGAAGCAATATTGGIGCAGAACTACGAGATGGAGACATCAGITGGGACTATIT 
CTTAGAACGAGCTAAAGAGTTCAAAAATTGTGAATICACAGCGCGAGAACAACC 
AGTGGACGCTTATACAAACATCTTATTTTCTAGTGGAACAACAGGAGAACCTAAA 
GCAAICCOITGGACICAAGCGACOCCTCTAVAAGCTGOCGOGGA TGGAIGGAGO 
CATCTAGACATTOGTAAGGGTGATGTCATIGTTTGGOCGACGAATCTGGGITGOA 
IGAIGGGTCCTTGOCTAGTITACGCATCTCTCCTAAACGGCGCCAGTATCGCTCIC 
TACAACGGGTCTCCTCTGGTTAGCGGATTCGCAAAATTCGTGCAGGACGCTAAAG 
TGACTATGCTAGGAGTGGTCCCTCTATCGTGCGTAGCTOGAAGAGCACAAACTG ATC CGTCICIGGATATGATIGGICTACCATCCGGTGCTTTAGITCTTCCGGAGAAGCC 
AGCAATGTTGATGAGTACCTGTGGITAATGGGCCGGGCAAATIACAAACCAGIT 
ATTGAGAIGTGTGGAGGAACAGAAATTGGGGGAGCGTTCTCIGCGGGGAGTTIC 
TIGCAAGCCCAAICCCTCTCCAGITTTAGCAGICAATGTATGGGCTGCACITTATA 
CATTTTGGAGAAGAACGGTTACCCAAIGCCGAAAAACAAACCGGGCATTGGIGA 
ATTAGCACTAGGTCCAGTAATGTTCGGAGCTAGTAAGACACTGTTAAATGGCAAC 
CATCACGATGICTATTICAAGGGGATGCCCACANTAAAIGGTGAGGICITACGIC 
GTCACGGOGACATTITCGAGITAACCTCTAATGGGTATTATCACGCTCACGGGCG 
AGCGGATGACACGAIGAACATCGGAGGGATTAAAATCAGTTCCAICGAAATIGA 
GCOIGTGIGCAAIGACOTAGACGATCGGGTATTCGAGACAACGGCCAICGGGGT 
GCCGCCCCTCGGAGGGGGACCCGAACAATTGGTAATTTTTTTGTCCTGAAGGAT 
ICCAACGATACCACAATCGACTTGAATCAGITGCGCCICAGCTICAACTTAGGCT 
TGCAGAAGAAGCTAAACCCACTCTTCAAGGTTACGCGGGTTGTACCACTGTCTAG 
CCICOCICGGACTGCTACGAATAAAATCATGCGCCGAGTACTCCOCCAACAATIC 
AGTCACTICGAATA A gaattaggaggttaattaaATGAAICACITGCOAGCOGAAGGTCCC 
GCTAGTGTACTCGCTATTGGGACTGCCAACCCAGAAAATATTTTACTCCAGGATG 
AGTICOCGGATTATTACTTCCGAGICACAAAGAGCGAACACATGACGCAGITAA 
AAGAGAAGTTCCGCAAAATCIGIGACAAGTCTATGATTCGCAAACGCAATTGCIT 
PTTGAATGAAGAACATCTGAAGCAGAATCCACGTCTGGTTGAGCACGAGATGCA 
GACITTAGACGCTCGACAGGACATGCTAGTOGIGGAAGTCCCGAAACIGGGTAA 
AGACGCGTGTGCCAAGGCCATTAAGGAATGGGGTCAACCTAAVAGTAAGATCAC 
CCATCICATITITACCAGTGCGTCCACGACACACATGCCTOGAGOTGACTACCAT 
IGTGCCAAGCTCCTAGGACIATCICCAICTGIGAAACGGGTAATGAIGTAICAGO 
TAGGATGTTATGGIGGGGGGACIGTGTTACGTATCGCAAAGGATATCGCGGAGA 
ATAACAAGGGGGCICGCGTCCTAGCCGITIGCIGCGACATTATGOOGTGCOTCIT 
TCGGGGACCCTCCGAGAGCGACTIGGAGCTATTAGTAGGCCAAGCGATCTTIGG 
AGATGGGGCCGCIGCIGITAITGITGGCGCIGAACCCGATGAGAGIGTAGGTGA 
GCGCCCAATTTTTGAGTIGGICICCACGGGTCAGACAATTCTCCCCAACAGTGAA 
GGCACAATIGGGGGACATATCCGGGAGGCAGGACIGAICTTIGACCTACATAAG 
GACGTCCCGATGCTCATTOTAACAACATTGAAAAGTGCCIGATIGAAGCGTICA 
CCCCAATCGGCATTAGTGATTOGAATAGTATCTICTGGATTACTCATCCCGGAGO 
TAAAGCCATICTAGATAAGGIGGAAGAAAAGTTACACITAAAGTCCGACAAGTT 
TGICGATAGTCGTCACGIGCTGAGCGAGCATGGGAATATGAGUAGCICTACGGIT 

COAGGAGGGAAAAAGCACG . 
ACAGGGGATGGATTTGAGTGGGGAGTTCTCTITGGATTIGGTCCCGGGCIGACAG 
TAGAGCGCGTGGTGGIGCGCTCCGTGCCGATTAAGTGAggaattaggaggttaattaaAIGG 
CCGTAAAGCACCIGATTGTATTGAAATICAAAGATGAGATCACGGAGGCGCAGA 
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AGGAGGAGITITICAAGACGTACGTGAACCTAGTGAATATCATCCCGGCGATGA 
AGGATGTCTATTGGGGTAAAGATGIAACTCAGAAAAACAAGGAAGAAGGTTACA 
COCATATIGTIGAAGICACATIOGAAAGIGTAGAGACGAICCAAGATIATATTAT 
TCATCCGGCTCACGITGGATTTGGAGACGIGTAICOTICITITIGGGAGAAGTTGT 
TAATCTTCGACTACACCCCCCGCAAATAGggaattaggaggitaatiaa ATGGGCTTAAGCTC 
IGTATGCACTITCAGTTTCCAAACCAATTATCATACGCTCCTAAACCOCCACAAT 
AACAACCCAAAAACATCCTTGTTGTGCTATCGACACCCTAAAACGCCAATCAAGT 
ATTCTTATAACAATTITCCCTCCAAACACTGCICCACTAAGAGCTTCCACCTACAA 
AACAAATGTAGOGAAICCTIGTCCATCGCCAAGAACICCATTCGAGCAGCAACC 
ACOAAICAQACAGAGCCACCIGAGAGCGACAATCATAGCGTCOCCACTAAGATO 
CTAAATITCGGGAAACCATGCTOGAAACTACAACCACCATACACGATCAICGCG 
TICACOAGTIGCGCTIGOGGTITATTIGGTAAGGAATIGOICCATAATACCAACCT 
GATTTCCTGGAGTCTGAIGTICAAAGCATTITTTTTCTTOGTGGCCATOCTATGTA 
TCGCGTCTTTTACAACAACCATCAATCAGATCTATGACCICCACATCGATCGCAT 
TAACAAGCCAGACCICCCATTAGOGICTGGIGAAAICICIGTCAACACCGCCIGG 
AITAIGAGCATTATTGTAGCACIGTIGGGCTAAICATIACAATCAAGAIGAAGG 
GIGGACCCCTCTACATTTTTGGCTATTGCTTCGGAATCTTGGTGGCATTGITTAC 
AGCGTACCACCGTTTCGGTGGAAGCAGAATCCCAGTACCGCTTTCCTATTGAACT 
TICTGGCCCACATCATCACCAACITTACGTTTTACTACGCAAGTCGGGCGOCACT 
GGGCCICCCATICGAGCIGOGACCCAGITITACGITICICTIAGCGLICATGAAA 
AGCAIGGGAAGCGCICTCGCCCIGATTAAGGATGCCICCGACGTGGAAGGCGAC 
ACAAAGTTCGOTATITCTACATIAGCAAGCAAGTATGGTTCCCGTAACCTAACAC 
ICTITTGTTCTGGAATTGTGTTACTAAGITAIGTAGCAGCTATTCTGGCAGGTATC 
ATTIGGCCCCAGGCCTTCAATAGCAATGTTATGCTGTTAICTCATGCGATCCTCGC 
CTTCTGGTTAATCCTACAGACACGGGACTTTGCCCTCACTAATTACGATCCCGAG 
GCOGGCCGACGTTTTTACGAGTTCAIGTGGAAGCTATACTATGCAGAGTACCICG 
TGTACGTGITTATTTAAggaattaggaggttaattaaATGAACTGTAGCGCAITTAGTTTCTG 
GTTCOIGTGTAAGATCATTITITIOITITTAICITITCACATTCACATTICTAICGO 
TAATCCGCGCGAAAATTICCTCAAATGCTITAGTAAGCACATCCCAAACAACGTT 
GCGAATCCCAAACTGGTCTACACGCAGCACGATCAGCTCTACAIGTCTATCCTGA 
ATAGCACAATCCAGAACITACGGTTCATCTCTGATACAACGCCAAAGCCITTAGT 
GAITGITACACCGAGCAACAATTCTCATAICCAAGCCACAATTTIGIGCAGTAAA 
AAGGTIGGGTTGCAAAICCGAACGCGCAGCGGGGGACACGACGCAGAGOGTATG 
AGITACATTICICAGGTCCCCTTCGTTGTTGTGGATCTACGGAATATGCACICCAT 
CAAGATTGACGTACACAGTCAGACCGCTIGOGICGAAGCCGGAGCAACCTTAGO 
CGAGGICTACTATIGGATTAATGAGAAAAACGAGAACCICICTITCCCIGGIGGA 
TATTGTCCTACIGTAGGTGTCGGAGGGCATITCAGTGGCGGAGGCTATGGGGCTC 
ICATGCGCAATTATGGOTTGGCCGOGGACAATATCATIGACGCTCATCTCGTGAA 
CGTCGACGGTAAGGIACICGATCGTAAAAGCATGGGIGAGGATCTCTTCTGGGCT 
ATTCGAGGTGGIGGAGGAGAGAACTTCGGAATTATCGCAGCCTGGAAAATTAAG 
TIAGTTGCGGTOOCCAGTAAAAGCACAAICTITAGCGTCAAAAAGAACATGGAA 
ATTCAIGGACICGIAAAGCICTITAATAAATGGCAGAACATTGCATACAAATATG 
ACAAAGACCIAGIGTTGATGACCCATITTATTACLAAAAATATTACGGATAACCA 
CGGGAAGAACAAGACAACAGTACATGGTTACTTTAGCAGCATCTICCACGGGG 
GGICGATICTCTAGTAGACCIGATGAATAAGICCTTICOGGAACTAGGCAICAAG 
AAAACTGACIGCAAAGAATITICCTGGATCGACACGACTAICTICTATAGTGGAG 
TAGTAAACTTTAATACAGCAAACITCAAAAAAGAAATCCTGCTAGATCOATCCGC 
GGGGAAGAAGACIGCATTTAGCAITAAGCTGGACTAIGTAAAGAAACCCATTCC 
GGAGACAGCCATGGILAAAATITIGGAGAAATIGTAGGAAGAGGACGICGGAGC 
CGGCAIGTACGTCCTCTATCCITATGGCGGGATTAIGGAGGAAATCAGIGAGTCC 
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GCTATCCCTTICCCCCACCGTGCGGGTATCATGTACGAGTTATGGTACACCGCGT 
CCTGGGAAAAGCAGGAGGACAACGAGAAACACATCAACTOGGTCCGTTCCGTGT 
ACAATITTACCACCCCTTATGTITCTCAAAATCCGCGACTCGCCTATITAAACTAT 
CGTGACCTOGACCIGGGGAAAACAAACCACGCGAGTCCCAATAACTACACGCAA 
GCACGAATONGGGOTGAAAAGTACTTIGGTAAGAATTICAATCGACTGGTTAAA 
GITAAGACAAAAGICGAICCTAACAATTTCTICCGAAATGAGCAAICTATTCOGC 
CCTTOCCTCCTCATCACCACTAGggaattaggaggttaattaaA TGGAGAAAAAAATCACTG 
GATATACCACCGITGATATAICCCAATGGCATCGTAAAGAACATTITGAGGCATT 
ICAGTCAGITGCICAAIGTACCTATAACCAGACCGTICAGCTGGATATTACGGCC 
TITITAAAGACCGTAAAGAAAAATAAGCACAAGTTITAICCOGCCITTATTCACA 
ITCTTGCCCGCOTGATGAATGCTCATCCOGAATTCCGTATGGCAATGAAAGACGO 
GAGCIGGIGATATGGGATAGIGIICACCGTIGITACACCGTTTTCCATGAGCAA 
ACTGAAACGTTTTCATCGCTCTGCAGTGAATACCACGACGATTTCCGGCAGTTTC 
TACACATATATTCGCAAGATGTGGCGIGTTAOGGIGAAAACCTGQCCTATTTCCC 
TAAAGGGTITATTGAGAATATGITITICGTCICAGCCAATCOCTGGGTGAGITICA 
CCAGTTTTGAITTAAACGTGCCCAATAIGGACAACITCTTCGCCCCOGITITCACC 
ATGGGCAAATAITATACGCAAGGCGACAAGGIGCIGATGCCGCTGGCGATTCAG 
GITCATCAIGCCGTCIGIGATGGCITCCATGTCGGCAGAATGCTTAATGAATTAC 
AACAGTACTGCGATGAGTGGCAGGGOOOGTGATITTTTTAAGGCAGTTATT GOTGCCCTTAAACGCCIGGGgatcegctatttigmatiactauitgagetgagtgtadaatucciucitacteaua 
agcattugctaaccaluncaatgactaatctcrftititgaitgad.Uccaduciugaalugcratcgagicagtccatitagticultur 
tagigacagirigtigkeegiggeitalcckttgatadaccacCgtttttttigggcgdagtagugattigatgcagtgutgegitan 
agutaalcccgittgaggadaicctgcaggacgacgggaactiiaccigaccgctgctgggitegiaalaatittctaduatigceg 
( cutggtgcgcoaguCECCHICCggauccgtigugagtgigancadattagigaciitiiigcociuttocitgfagogadtgits 
gecegacgggcitggugatcgtggaagilagaacaacto adatticecggtaggigtagccgafggtaaccadaciiccaugt 
cgtagcatitaeCCCLCCALLcctaduto ( ccrgtacatQUICCACCuctgagete 

Vucleotides 2799-2818 ) 

SEO ID NO : 14 
UPPER CASE ITALICS , cpc us operon upstream sequence for homologous recombination 
( Nucleotides 1-556 ) 
UPPER CASE BOLD : Ptre promoter ( Nucleotides 557-615 ) 
Lower case : RBS ( Nucleotides 616-635 ) 
UPPER CASE , 1- AAE1 Acyl Activating Enzyme 1 ( Nucleotides 636-2798 ) 
Lower case : RBS ( 
UPPER CASE , 2 -OLS : Olivetol synthiasc ( Nucleotides 2819-3973 ) 
Lower case : RBS ( Nucleotides 3974-3993 ) 
UPPER CASE , 3 - OAC Oliveiolic acid cyclase ( Nucleotides 3994-4299 ) 
Lower case : RBS ( Nucleotides 4300-4319 ) 
UPPER CASE , 4 - CBGAS : Cannabigerolic acid synthase ( Nucleotides 4320-5507 ) 
Lower case : RBS ( Nucleotides S508-5527 ) 
UPPER CASE , 5.BCAS Cannabichromenic acid synthase ( Nucleotides 5528-7120 ) : 
Lower case : RBS ( Nucleotides 7121-7140 ) UPPER CASE , chloramphenicol resistance cassette ( both starting and stop codons were 
underlined ) ( Nucleotides 7141-7839 ) 
Lower case underlined italics , the cpo ds operon downstream sequence for bonologous 
recombination ( Nucleotides 7840-8400 ) 

CICGAGAAGAGIC CIGAALATCAAAATGGIGGGATAAAAAGCTCAAAAAGGAAAGTAG 
GCTGIGGITCOCTAGGCAACAGTOTTCCCTACCCCLCTGG444CTA444444CGAGANA 
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AGIICGCACCGAACATCAATIGCATAATTTTAGCCCTAAAACATAAGCIGAACGANACT 
GGITGTCTTCCCITCCCAATCCAGGACAAICTGAGAATCCCCTGCAACATTACTTAACA 

AGCAGGAAIAAJITAACAAGAIGIACAGACATAAGICOCCACCGTIGIANA 
AGITAACTGIGOGATIGCAAAAGCATICAAGCCTAGGCGCIGACCIGITTG4GCATCC 
COGIGGCCCI7GTCGCTGCCICCGIGITICICCCTGGAITTAITTAGOTAATATCICIC 
ATAAATCCCCGGGTAGITAACGAAAGITAANGGAGAICAGTAACAATAACICIAGGGIC 
ATTACTTTGGACTCCCTCAGITTATCGGGGGAATTGTGITTAAGAAAATOCCAACICAT 
44GICAGYAGGAGA1744TICIGAGCTGTTGACAATTAATCATCCGGCTCGTA 
TAAIGTGTGGAAATTGTGAGCGGATAACggaattaggaggttaattaa ATGGGAAAAAAC 
TATAAAICCCTGGACAGIGTCOICGCGTCIGATITTATIGCATTGOGCATTACCA Do GTGAAGTAGCAGAGACCCTGCATOGGCGACTAGCTGAAATCGTTTGTAATTACG 
GAGCAGCGACICCACAAACGTGGATCAACATCGCGAATCATATCTTAAGTCCAG 
ATCTGCCTTTCTCCTTGCACCAGATGTTGTTTTACGGAIGITATAAGGATTITOGG 
CCCGCGCCTCCTGCITGGATOCCAGACCCTGAGAAGGIAAAAACCACCAACTTO 
GGAGCATTACIGGAGAAGOGIGGCAAAGAGTTCTTAGGAGTAAAGTACAAAGAC 
CCAATTICIAGCTITAGTCACTICAAGAATTAGTGTTCGGAATCCTGAAGIGIA 
TIGGOGTATAGTATTAATGGATGAAATGAAGATCAGTITTICTAAGGACCCAGAA 
TGTATCCTACGICGAGATGATATCAACAATCCAGGAGGTAGIGAAIGGCTACCTG 
GAGGTTACTTGAACAGTGCTAAGAACTGTITAAATGTCAACTCTAATAAAAAGTT 
GAACGACACTATGATCGICTGGCGCGACGAAGGCAACGATGAITTACCATTGAA 
CAAACICACGTTAGATCAGTTACGGAAACGTGTGIGGITAGTIGGGTACGCAITA 
GAAGAGATOGGTITGGAGAAAGGTIGTGCCATTGCTATTGAQATGCCAATGCAO 
GTCGACGCGGTCGTTATCTATITGOCTATCGTACTAGCCGGATATGTAGTTGTGTC 
TATCGCGGACICTTTCAGTGCCCCCGAGATCAGTACTCGTCTGCGACTAICCAAG 
GCGAAGOCTATCTTCACGCAGGATCACATCATTCGGGGCAAAAAACGAATTCCTT 
TGTACICICGCOTGGTTGAGGCGAAAAGCCCTATGGCTATCGTGATTCCGIGCAG 
CGGAAGCAATATIGGIGCAGAACTACGAGATGGAGACATCAGTIGGGACTATTI 
CTTAQAACGAGCTAAAGAGTTCAAAAATTGTGAAITCACAGCOCOAGAACAACC 
AGIGGACGCTTATACAAACATCTTATTITCTAGTGGAACAACAGGAGAACCTAAA 
GCAAICCCIIGGACTCAAGOGACOCCICTAAAAGCTGCCGCGGATGGAIGGAGO 
CATCTAGACATICGTAAGGGTGAIGTCATTGITTGGCCGACGAATCIGGGTIGGA 
TGATGGGTCCTIGGCTAGTITACGCATCTCTCCTAAACGGCGCCAGTATCGCTCTC 
TACAACGGGICICCTCTGGTTAGGGGATTCGCAAAATTCGIGCAGGACGCTAAAG 
TGACTATGCTAGGAGTGGICCCITCTATCGTGCGTAGCTGGAAGAGCACAAACTG 
CGTCTCTGGATAIGATTGOICTACCAICCOGTGCTTTAGTTCTICCOGAGAAGCO 
AGCAATGITGATGAGIACCIGIGGTTAATGGGCCGGGCAAATTACAAACCAGIT 
ATTGAGATGTGTGGAGGAACAGAAATTGGGGGAGCGTTCTCTGCGGGGAGITTO 
TIGCAAGCCCAATCCCICTCCAGITTAGCAGICAATGTATGGGCTGCACTITATA 
CATITIGGACAAGAAOGGITACCCAAIGCCGAAAAACAACCGGGCANGGIGA 
AITAGCACTAGGICCAGTAATGTICGGAGCTAGTAAGACACIGITAAATGGCAAC 
CATCACGATGTCTATITCAAGGGGATGCCCACAITAAATGGTGAGGTCTTACGTC 
GICACGGGGACATTITCGAGITAACCICTAATGGGTATTAICACGCICACGGGCG 
AGCGGATGACACGATGAACAICGGAGGGATTAAAATCAGTTCCAICGAAATIGA 
GCGIGTGTGCAATGAGGTAGACGATCGGGTATTCGAGACAACGGCCATCGGGGT 
GOCGCCCCICGGAGGGGGACCCGAACAATTGGTAATTIITTIGTCCIGAAGGAT 
TCCAACGATACCACAATCGACTTGAAICAGTTGCGCCTCAGCTTCAACTTAGGCT 
IGCAGAAGAAGOTAAACCCACTCITCAAGGTTACGOGGOOGTACCACIGTCTAG 
CCTCCCTCGGACTGCTACGAATAAAAICATGCGCCGAGTACICCGCCAACAATIC 
AGICACTICGAATAAggaattaggaggttaattaa ATGAATCACTTGCGAGCGGAAGGICCC 
GCTAGIGTACICGCTAITGGGACTGCCAACCCAGAAAATATTTTACTCCAGGATG 



US 2022/0243236 A1 Aug. 4 , 2022 
32 

AGTTOCCGGATTATTACTTCCGAGICACAAAGAGOGAACACATGACGCAGTTAA JAGA 
AAGAGAAGTTCCGCAAAATCIGTGACAAGTCTATGATTCOCAAACGCAATTGCTT 
TTTGAATGAAGAACATCIGAAGCAGAATCCACGTCTGGTTGAGCACGAGATGCA 
GACITTAGACGCTCGACAGGACATGCTAGTOGTGGAAGTCCCGAAACTGGGTAA 
AGACGCGIGTGCCAAGOCCAITAAGGAATGGGGTCAAOCTAAGAGTAAGATCAC 
CCATCICATTTTTACCAGTGCGTCCACGACAGACATGCCTGGAGCIGACTACCAT 
TGTGCCAAGCTCCTAGGACTATCICCATCTGIGAAACGGGTAATGATGTATCAGC 
TAGGATGTTATGGTGGGGGGACTGTGTTACGTATCGCAAAGGATAICGCGGAGA 
ATAACAAGGGGGCTCGCGTCCTAGCCGITIGCIGCGACATTATGGCGTGCCTCIT 
1COOGGACCCTCCGAGAGCGACTTGGAGCTATTAGTAGGCCAAGCGATCTITGG 
AGATGGGGCCGCIGIITATTGTTGGCGCIGAACCCGAIGAGAGIGTAGGTGA 
GCGCCCAATTIICGAGTTGGTCTCCACGGGTCAGACAATTCTCCCCAACAGIGAA 
GGCACAATTGGGGGAQATATCCGGGAGGCAGGA?TGATCITTGAOCTACATAAG 
GACGICCCGATGOTCATITCTAACAACATTGAAAAGTGCCIGATTGAAGCGTTCA 
CCCCAAICGGCATTAGIGATIGGAATAGTATCTICTGGATTACTCATCCCGGAGG 
TAAAGCCATICLAGATAAGGIGGAAGAAAAGTTACACITAAAGTCCGACAAGTT 
IGTCGATAGTCGTCACGTGCIGAGCGAGCATGGGAATATGAGTAGCTCTACGGTT 
TIGITCGITATGGACGAATTACGAAAGCGCAGCTTGGAGGAGGGAAAAAGCACG 
ACAGGGGATGGATTTGAGIGGGGAGITCICTITOGATTTGGIOCCOGGCIGACAG 
TAGAGCGCGTGGTGGIGCGCTCCGTGCCGAITAAGTGAggaattaggaggttaattaaATGG 
CCGTAAAGCACCTGATIGTATTGAAATICAAAGATGAGATCACGGAGGCGCAGA 
AGGAGGAGTITIICAAGACGIACGTGAACCTAGIGAATATCAICCCGGCGATGA 
AGGATGTCTAITGGGGTAAAGAIGTAACTCAGAAAAACAAGGAAGAAGGTTACA 
CCCATATTGTIGAAGTCACATICGAAAGTGTAGAGACGATCCAAGAITATATTAT 
TCATCCGGCTCACGTTGOATITGGAGACGTGTAICOTICITITIGGGAGAAGTTGT 
TAATCTTCGACTACACCCCCCGCAAATAGggaattaguuggttaatiadATGOOCITAAGCTO 
TGIATGCACITICAGTTICCAAACCAATTAICATACGCTCCTAAACCCCCACAAT 
AACAACCCAAAAACATCCTTGTTGTGCTATCGACACCCTAAAACGCCAATCAAGT 
ATTCTTATAACAATTTTCCCTCCAAACACTGCTCCACTAAGAGCTICCACCTACAA 
AACAAATGTAGOGAATCCTTGTCCATCGCCAAGAACICCATTCGAGCAGCAACC 
ACCAATCAGACAGAGCCACCTGAGAGCGACAATOATAGOGICOOGACTAAGAIC 
CTAAATTICOGGAAAOCATGOTOGAAACTACAACGACCATACACGATCATCOCG 
TCACCAGTIGCGCTTGCGGTITAITTOGTAAGGAATTGCTCCATAATACCAACCT 
GATTICCTGGAGICIGAIGTICAAAGCATTITTTTTCTTGGTGGCCATCCTATGTA 
ICGCGTCTTTTACAACAACCATCAATCAGAICTAIGACCTCCACATCGATOGCAT 
TAACAAGCCAGACCTCCCATTAGCGTCTGGIGAAAICTCTGTCAACACCGCCIGG 
ATTATGAGCAITATTGTAGCACTGTTTGGGCTAATCATTACAATCAAGATGAAGG 
GTOGACOCCICTACATITITOGCTATTGCFTCGGAATCTTIGGIGOCATTGITTAC 
AGCGTACCACCGTTTCGGTGGAAGCAGAAICCCAGIACCGCTTTCCTATIGAACT 
TICIGGCCCACAICATCACCAACTITACGITITACTACGCAAGICGGGCGGCACT 
GGGCCTCCCATTCGAGCTGCGACCCAGITITACGTTTCTCITAGCGITCATGAAA 
AGCAIGGGAAGCGCICICGCCCTGATTAAGGAIGCCTCCGACGIGGAAGGCGAC 
ACAAAGTTCGGIATTTOTACATTAGCAAGCAAGTAIGGTTCCCGTAACCIAACAC 
TCTTTTGTICTGGAATTGTGTTACTAAGTTATGTAGCAGCTATTCIGGCAGGTATC 
AITIGOCCCCAGGCOIICAATAGCAAIGTIATGOIGITAICICATGCGAICCICGC 
CTICIGGTTAATCCTACAGACACGGGACITIGCCCTCACTAATTACGATCCCGAG 
GCGGGCCGACGITTTTACGAGITCAIGTGGAAGCTATACTATGCAGAGTACCTCO 
TGTACGTGTITATTIA AggaattaggaggttaattaaA TGAATIGTAGCACGITCAGCITCTG 
GITCGTATGTAAAATTATCITTTTTTICCTCAGTITTAATATCCAAATCTCTATTGC 
TAACCCCCAGGAGAAITICCTCAAGTGTTTCAGCGAGTACAITCCTAACAACCCT 
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OCTCCAAAATITATCTACACOCAACACGATCAATTGTATATGAGTGTTTTAAATT 
CCACCATCCAAAACTTGOGTITTACCTCTGACACTACACCAAAGCCTCTCGTCATT 
GTGACGCCGAGTAAIGTTAGECATAITCAGGCGAGTAITCTCIGCITTAAAGITG 
GACICCAAATCCGCACGCGTAGCGGCGGICACGATGCGGAAGGGTTATCCTACA 
TTAGCCAGGIGOCITTCGCTAITOITGACITGCGTAATATGCATACAGTAGTAGA 
CATTCATTCCCAGACGGCCGTGGAGGCAGGCGCGACGTTGGGGGAAGITTACTA 
CTGGATTAATGAAATGAATGAAAATITCAGTTICOCIGGAGGTTACIGICCAACT 
GTTGGAGTTGGAGGTCATITITCCGGAGGAGGATACGGAGCGTTAATGCGGAAIT 
ACGGATIAGCAGCAGATAATAICATOGACGCICATCTAGTAAATOIAGACGCAA 
AAGTATIGGACOGAAAGAGTATGOGIGAGGACITGITCTGGGCTATTCGAGGGG 
GCOGGGGCGAAAACTTCGGTATCATCGCAGCCTGTATCAAGCICTOGGTACCCA 
GTAAGGCCACTATTITCTCTGTCAAAAAGAACATGGAGATTCACGGTCTCGTGAA 
GTTATTTAACAAATGGCAAAATATTGCCTACTACGATAAAGACITOATGTTGACG 
ACGCATITCCGCACACGCAACATTACCGACAACCATGOGAATAAAACAACTOTA 
CACGGCTATUNCTAGTAICTICCICGGGGGCGTAGACICCCICGTCGATTIGAT 
GAATAAAAGTTICCCAGAACIGGGTATCAAAACYGACTGIAAAGAACIGICOTG 
GATIGATACCACGATTICTATTCCGGCTGGTATAATACAGCCTTTAAGAAAGAA 
ATTITACTGGATCGCTCTGCGGGTAAAAAGACGGCTTICAGCATCAAACTCGACT 
ACGTTAAAAAGCTCATTCCGGAAACCGCTATGGITAAAATCCTAGAGTTATACGA 
AGAAGAGGTTGGCGTAGGCATGTATGTACTCTACCCATACOGTGGTATTATOGAT 
GAAATCICCGAAICCGCAATTCCATITCCCCATCGCGCGGGTATCAIGTATGAAC 
TGTATACGGOGACTGAGAAACAGGAAGACAACGAAAAGCACATCAACTOGGTGC 
GGTCCGTCTATAACITIACCACCCCITATGTAAGTCAGAACCCGCGGCIGGCATA 
TCTAAATTATCGGGACCTGGATCIAGGCAAAACGAACCCCGAGICICCGAATAA 
CTATACICAGGCGCGGAICIGGGGGGAGAAATACITTGGGAAAAACITTAACCG 
ACTCGTAAAGGTAAAAACCAAGGCCGACCCCAACAACITCTTCCGCAACGAACA 
ATCTATICCOCCACTCCCCCCACGCCATCACLAGgeaattaggiggttaattaaANGGAGAAA 
AAAATCACTGGATATACCACCGTIGATATAICCCAATGOCATCGTAAAGAACATI 
TIGAGGCATTTGAGTCAGTTGCICAATGTACCTATAACCAGACCGTICAGCTGGA 
TATTACGGCCTTTTTAA AGACCGTAAAGAAAAATAAGCACAAGTTITATCCGGCC 
TITATICACATTCTTGCCCGCCTGATGAAIGCTCATCOGGAATICCGTATGGCAAI 
GAAAGACGGTGAGCTOGTGATATGGGATAGIGTTCACCCTTGTTACACCGTITIC 
CATGAGCAAACTGAAACGTITICAICGCICTGGAGTGAATACCACGACGATTICO 
GOCAGITTCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAAACCTGGC 
CTATTTCCCTAAAGGGITTATTGAGAAIATGTTTTTOGTCICAGOCAATCCCTGOG 
IGAGITICAOCAGITTIGATTTALACGTGGCCAATATGGAGAACITCTTOGCCCOO : 

CGATICAGGIICATCATGCCGTCTGIGATGGCITCCATOTCGGCAGAATGCTTAA VO 
TGAAITACAACAGTACTGCGATGAGTGGCAGGGCGGGGCGIGATIITTITAAGG 
CAGTIAITGGTGCCCITAAACGCCTGGGgurcegctattitottagitactalttgagetgagtitaqaatace 

ZOUTUQCICCAgaCtag outuccotcuogici 
Qittagtickitaltagiganugttigtiggcggtorgitatacgtigatadachacagtititgittgggcadugtaacgattgatgras 

SUCRacgygudoltad CITUOROTOTOROUOTQUTQUE CtautigeegcCatertecgeccRQIAROCURCCGgQaccettgngAgtergaacugattgggtgcctiRLOCIIICCÉES tag 

? ? 

VQQqttte : CEGETA 
( dacticcaagtcgtag cutitagceactieqadacctadatcacciatacataattocaccacigache 
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SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 15 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 2061 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 1 

attctgaaat gagctgttga caattaatca tccggctcgt ataatgtgtg gaaattgtga 60 

gcggataaca attaggaggt taattaacaa tgagtcacat ccagagagaa actagttgtt 120 

cccgacctcg tttgaatago aatatggatg cagatctgta cggatataaa tgggcgcgag 180 

ataacgtagg ccaatctggg gccactattt atcggttata tggcaaacca gatgctcccg 240 

aactgtttct caaacatggc aaagggtctg tggccaatga tgttaccgat gaaatggtgc 300 

ggttgaactg gttgacagaa tttatgcccc tcccgaccat caaacatttt atcaggactc 360 

cagacgatgc atggctatta actacggcca ttcctgggaa aactgccttt caggtgttgg 420 

aagaatatcc cgattctggt gagaatatcg tcgatgcgtt agcggttttt ctaagacgtc 480 

tacatagcat toccgtttgc aattgtccct ttaattcgga ccgggtgttc cgcttggcgc 540 

aggctcagtc ccggatgaat aacggtttgg tagatgcctc ggactttgat gatgaacgga 600 

acggctggcc cgttgaacag gtttggaaag agatgcataa gctgctgccc ttctcccccg 660 

acagcgttgt tactcatgga gatttttctc tcgataatct gattttcgac gaaggcaagc 720 

taattggctg tatcgatgtg ggacgggtag ggattgcgga ccggtatcaa gacctagcaa 780 

ttttgtggaa ctgcctaggt gaattttccc ccagcctaca aaaacggctg tttcaaaaat 840 

acggaatega taatcccgac atgaacaaat tacaatttca tctgatgcta gatgagttct 900 

ttcatatgac gcgcagcagt aaggccttgg tccaactagc tgatctatcc gaacaagtaa 960 

aaaacgtggt ggaatttgat tttgacaagt atatgcactc caaggccatt gcggttaatg 1020 

aggccttaga taaagttatt cccccccgct atcctcaaaa aatctatgaa agtatgcgct 1080 

attccctcct agccggcggg aagagggttc gaccaatttt atgtattgcg gcctgtgage 1140 

taatgggggg gactgaggaa cttgccatgc ctacggcttg tgccatcgag atgattcaca 1200 

ctatgagttt gattcatgac gatttgccct atattgataa cgatgatttg cgtcgcggta 1260 

agcctaccaa ccacaaagtt tttggtgaag acacggcgat cattgctggo gatgcattat 1320 

tgtcattggc ctttgaacat gtagccgtga gcaccagtcg taccctaggt actgacatta 1380 

ttttacggtt gctatccgaa attggacgcg ccacaggaag tgagggcgtg atgggtggtc 1440 

aagtggtgga tattgaaagc gaaggtgatc ccagtataga cttagaaacgctggaatggg 1500 

tccatattca taaaacggct gtgttgttgg aatgcagtgt cgtgtgtggc gcaattatgg 1560 

ggggtgccag cgaggacgac atcgagcgtg ctagacggta cgctcgctgt gtaggattgc 1620 

ttttccaagt tgtcgatgat attttggatg taagccagtc ctcggaagaa ctcggaaaga 1680 

ctgctgggaa agatttgatt tctgacaaag ccacctatcc caaactcatg ggtttggaaa 1740 

aagcgaagga atttgccgat gaattactga accgtggaaa acaggaactt agttgttttg 1800 

atcctaccaa agcagcacct ctatttgcgt tagcagacta cattgcatct cgtcagaatt 1860 

aaggatcctc cttggtgtaa tgccaactga ataatctgca aattgcactc tccttcaatg 1920 
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- continued 

gggggtgctt tttgottgac tgagtaatct tctgattgct gatcttgatt gccatcgato 1980 

gccggggagt ccggggcagt taccattaga gagtctagag aattaatcca tcttcgatag 2040 

aggaattatg ggggaagaac c 2061 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 590 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 2 

Met Ser His Ile Gln Arg Glu Thr Ser Cys Ser Arg Pro Arg Leu Asn 
1 5 10 15 

Ser Asn Met Asp Ala Asp Leu Tyr Gly Tyr Lys Trp Ala Arg Asp Asn 
20 25 30 

Val Gly Gin Ser Gly Ala Thr Ile Tyr Arg Leu Tyr Gly Lys Pro Asp 
35 40 45 

Ala Pro Glu Leu Phe Leu Lys His Gly Lys Gly Ser Val Ala Asn Asp 
50 55 60 

Val Thr Asp Glu Met Val Arg Leu Asn Trp Leu Thr Glu Phe Met Pro 
65 70 75 80 

Leu Pro Thr Ile Lys His Phe Ile Arg Thr Pro Asp Asp Ala Trp Leu 
85 90 95 

Leu Thr Thr Ala Ile Pro Gly Lys Thr Ala Phe Gin Val Leu Glu Glu 
100 105 110 

Tyr Pro Asp Ser Gly Glu Asn Ile Val Asp Ala Leu Ala Val Phe Leu 
115 120 125 

Arg Arg Leu His Ser Ile Pro Val Cys Asn Cys Pro Phe Asn Ser Asp 
130 135 140 

Arg Val Phe Arg Leu Ala Gln Ala Gln Ser Arg Met Asn Asn Gly Leu 
145 150 155 160 

Val Asp Ala Ser Asp Phe Asp Asp Glu Arg Asn Gly Trp Pro Val Glu 
165 170 175 

Gin Val Trp Lys Glu Met His Lys Leu Leu Pro Phe Ser Pro Asp Ser 
180 185 190 

Val Val Thr His Gly Asp Phe Ser Leu Asp Asn Leu Ile Phe Asp Glu 
195 200 205 

Gly Lys Leu Ile Gly Cys Ile Asp Val Gly Arg Val Gly Ile Ala Asp 
210 215 220 

Arg Tyr Gln Asp Leu Ala Ile Leu Trp Asn Cys Leu Gly Glu Phe Ser 
225 230 235 240 

Pro Ser Leu Gln Lys Arg Leu Phe Gin Lys Tyr Gly Ile Asp Asn Pro 
245 250 255 

Asp Met Asn Lys Leu Gin Phe His Leu Met Leu Asp Glu Phe Phe His 
260 265 270 

Met Thr Arg Ser Ser Lys Ala Leu Val Gln Leu Ala Asp Leu Ser Glu 
275 280 285 

Gin Val Lys Asn Val Val Glu Phe Asp Phe Asp Lys Tyr Met His Ser 
290 295 300 

Lys Ala Ile Ala Val Asn Glu Ala Leu Asp Lys Val Ile Pro Pro Arg 
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- continued 

305 310 315 320 

Tyr Pro Gin Lys Ile Tyr Glu Ser Met Arg Tyr Ser Leu Leu Ala Gly 
325 330 335 

Gly Lys Arg Val Arg Pro Ile Leu Cys Ile Ala Ala Cys Glu Leu Met 
340 345 350 

Gly Gly Thr Glu Glu Leu Ala Met Pro Thr Ala Cys Ala Ile Glu Met 
355 360 365 

Ile His Thr Met Ser Leu Ile His Asp Asp Leu Pro Tyr Ile Asp Asn 
370 375 380 

Asp Asp Leu Arg Arg Gly Lys Pro Thr Asn His Lys Val Phe Gly Glu 
385 390 395 400 

Asp Thr Ala Ile Ile Ala Gly Asp Ala Leu Leu Ser Leu Ala Phe Glu 
405 410 415 

His Val Ala Val Ser Thr Ser Arg Thr Leu Gly Thr Asp Ile Ile Leu 
420 425 430 

Arg Leu Leu Ser Glu Ile Gly Arg Ala Thr Gly Ser Glu Gly Val Met 
435 440 445 

Gly Gly Gin Val Val Asp Ile Glu Ser Glu Gly Asp Pro Ser Ile Asp 
450 455 460 

Leu Glu Thr Leu Glu Trp Val His Ile His Lys Thr Ala Val Leu Leu 
465 470 475 480 

Glu Cys Ser Val Val Cys Gly Ala Ile Met Gly Gly Ala Ser Glu Asp 
485 490 495 

Asp Ile Glu Arg Ala Arg Arg Tyr Ala Arg Cys Val Gly Leu Leu Phe 
500 505 510 

Gin Val Val Asp Asp Ile Leu Asp Val Ser Gin Ser Ser Glu Glu Leu 
515 520 525 

Gly Lys Thr Ala Gly Lys Asp Leu Ile Ser Asp Lys Ala Thr Tyr Pro 
530 535 540 

Lys Leu Met Gly Leu Glu Lys Ala Lys Glu Phe Ala Asp Glu Leu Leu 
545 550 555 560 

Asn Arg Gly Lys Gin Glu Leu Ser Cys Phe Asp Pro Thr Lys Ala Ala 
565 570 575 

Pro Leu Phe Ala Leu Ala Asp Tyr Ile Ala Ser Arg Gln Asn 
580 585 590 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 8442 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 3 

ctcgagaaga gtccctgaat atcaaaatgg tgggataaaa agctcaaaaa ggaaagtagg 60 

ctgtggttcc ctaggcaaca gtcttcccta ccccactgga aactaaaaaa acgagaaaag 120 

ttcgcaccga acatcaattg cataatttta gccctaaaac ataagctgaa cgaaactggt 180 

tgtcttccct tcccaatcca ggacaatctg agaatcccct gcaacattac ttaacaaaaa 240 

agcaggaata aaattaacaa gatgtaacag acataagtcc catcaccgtt gtataaagtt 300 

aactgtggga ttgcaaaagc attcaagcct aggcgctgag ctgtttgagc atcccggtgg 360 
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- continued 

cccttgtcgc tgcctccgtg tttctccctg gatttattta ggtaatatct ctcataaatc 420 

cccgggtagt taacgaaagt taatggagat cagtaacaat aactctaggg tcattacttt 480 

ggactccctc agtttatccg ggggaattgt gtttaagaaa atcccaactc ataaagtcaa 540 

gtaggagatt aattcagagc tgttgacaat taatcatccg gctcgtataa tgtgtggaaa 600 

ttgtgagcgg ataacggaat taggaggtta attaaatggg aaaaaactat aaatccctgg 660 

acagtgtcgt cgcgtctgat tttattgcat tgggcattac cagtgaagta gcagagaccc 720 

tgcatgggcg actagctgaa atcgtttgta attacggagc agcgactcca caaacgtgga 780 

tcaacatcgc gaatcatatc ttaagtccag atctgccttt ctccttgcac cagatgttgt 840 

tttacggatg ttataaggat tttgggcccg cgcctcctgc ttggatocca gaccctgaga 900 

aggtaaaaag caccaacttg ggagcattac tggagaagcg tggcaaagag ttcttaggag 960 

taaagtacaa agacccaatt tctagcttta gtcactttca agaatttagt gttcggaatc 1020 

ctgaagtgta ttggcgtaca gtattaatgg atgaaatgaa gatcagtttt totaaggacc 1080 

cagaatgtat cctacgtcga gatgatatca acaatccagg aggtagtgaa tggctacctg 1140 

gaggttactt gaacagtgct aagaactgtt taaatgtcaa ctctaataaa aagttgaacg 1200 

acactatgat cgtctggcgc gacgaaggca acgatgattt accattgaac aaactcacgt 1260 

tagatcagtt acggaaacgt gtgtggttag ttgggtacgc attagaagag atgggtttgg 1320 

agaaaggttg tgccattgot attgacatgc caatgcacgt cgacgcggtc gttatctatt 1380 

tggctatcgt actagccgga tatgtagttg tgtctatcgc ggactctttc agtgcccccg 1440 

agatcagtac tcgtctgcga ctatccaagg cgaaggctat cttcacgcag gatcacatca 1500 

ttcggggcaa aaaacgaatt cctttgtact ctcgcgtggt tgaggcgaaa agccctatgg 1560 

ctatcgtgat tccgtgcagc ggaagcaata ttggtgcaga actacgagat ggagacatca 1620 

gttgggacta tttcttagaa cgagctaaag agttcaaaaa ttgtgaattc acagcgcgag 1680 

aacaaccagt ggacgcttat acaaacatct tattttctag tggaacaaca ggagaaccta 1740 

aagcaatccc ttggactcaa gcgacccctc taaaagctgc cgcggatgga tggagccato 1800 

tagacattcg taagggtgat gtcattgttt ggccgacgaa tctgggttgg atgatgggtc 1860 

cttggctagt ttacgcatct ctcctaaacg gcgccagtat cgctctctac aacgggtctc 1920 

ctctggttag cggattcgca aaattcgtgc aggacgctaa agtgactatg ctaggagtgg 1980 

tcccttctat cgtgcgtagc tggaagagca caaactgcgt ctctggatat gattggtcta 2040 

ccatccggtg ctttagttct tccggagaag ccagcaatgt tgatgagtac ctgtggttaa 2100 

tgggccgggc aaattacaaa ccagttattg agatgtgtgg aggaacagaa attgggggag 2160 

cgttctctgc ggggagtttc ttgcaagccc aatccctctc cagttttagc agtcaatgta 2220 

tgggctgcac tttatacatt ttggacaaga acggttacco aatgccgaaa aacaaaccgg 2280 

gcattggtga attagcacta ggtccagtaa tgttcggagc tagtaagaca ctgttaaatg 2340 

gcaaccatca cgatgtctat ttcaagggga tgcccacatt aaatggtgag gtcttacgtc 2400 

gtcacgggga cattttcgag ttaacctcta atgggtatta tcacgctcac gggcgagcgg 2460 

atgacacgat gaacatcgga gggattaaaa tcagttccat cgaaattgag cgtgtgtgca 2520 

atgaggtaga cgatcgggta ttcgagacaa cggccatcgg ggtgccgccc ctcggagggg 2580 

gacccgaaca attggtaatt ttttttgtcc tgaaggatto caacgatacc acaatcgact 2640 



US 2022/0243236 A1 Aug. 4 , 2022 
38 

- continued 

tgaatcagtt gcgcctcagc ttcaacttag gettgcagaa gaagctaaac ccactcttca 2700 

aggttacgcg ggttgtacca ctgtctagcctccctcggac tgctacgaat aaaatcatgo 2760 

gccgagtact ccgccaacaa ttcagtcact tcgaataagg aattaggagg ttaattaaat 2820 

gaatcacttg cgagoggaag gtcccgctag tgtactcgct attgggactg ccaacccaga 2880 

aaatatttta ctccaggatg agttcccgga ttattacttc cgagtcacaa agagcgaaca 2940 

catgacgcag ttaaaagaga agttccgcaa aatctgtgac aagtctatga ttcgcaaacg 3000 

caattgcttt ttgaatgaag aacatctgaa gcagaatcca cgtctggttg agcacgagat 3060 

gcagacttta gacgctcgac aggacatgct agtcgtggaa gtcccgaaac tgggtaaaga 3120 

cgcgtgtgcc aaggccatta aggaatgggg tcaacctaag agtaagatca cccatctcat 3180 

ttttaccagt gcgtccacga cagacatgcc tggagctgac taccattgtg ccaagctcct 3240 

aggactatct ccatctgtga aacgggtaat gatgtatcag ctaggatgtt atggtggggg 3300 

gactgtgtta cgtatcgcaa aggatatcgc ggagaataac aagggggctc gcgtcctagc 3360 

cgtttgctgc gacattatgg cgtgcctctt tcggggaccc tccgagagcg acttggagct 3420 

attagtaggc caagcgatct ttggagatgg ggccgctgct gttattgttg gcgctgaacc 3480 

cgatgagagt gtaggtgagc gcccaatttt cgagttggtc tocacgggtc agacaattct 3540 

ccccaacagt gaaggcacaa ttgggggaca tatccgggag gcaggactga tctttgacct 3600 

acataaggac gtcccgatgc tcatttctaa caacattgaa aagtgcctga ttgaagcgtt 3660 

caccccaatc ggcattagtg attggaatag tatcttctgg attactcatc ccggaggtaa 3720 

agccattcta gataaggtgg aagaaaagtt acacttaaag tocgacaagt ttgtcgatag 3780 

tcgtcacgtg ctgagcgagc atgggaatat gagtagctct acggttttgt tcgttatgga 3840 

cgaattacga aagcgcagct tggaggaggg aaaaagcacg acaggggatg gatttgagtg 3900 

gggagttctc tttggatttg gtcccgggct gacagtagag cgcgtggtgg tgcgctccgt 3960 

gccgattaag tgaggaatta ggaggttaat taaatggccg taaagcacct gattgtattg 4020 

aaattcaaag atgagatcac ggaggcgcag aaggaggagt ttttcaagac gtacgtgaac 4080 

ctagtgaata tcatcccggc gatgaaggat gtctattggg gtaaagatgt aactcagaaa 4140 

aacaaggaag aaggttacac ccatattgtt gaagtcacat togaaagtgt agagacgatc 4200 

caagattata ttattcatcc ggctcacgtt ggatttggag acgtgtatcg ttctttttgg 4260 

gagaagttgt taatcttcga ctacaccccc cgcaaatagg gaattaggag gttaattaaa 4320 

tgggcttaag ctctgtatgc actttcagtt tccaaaccaa ttatcatacg ctcctaaacc 4380 

cccacaataa caacccaaaa acatccttgt tgtgctatcg acaccctaaa acgccaatca 4440 

agtattctta taacaatttt ccctccaaac actgctccac taagagcttc cacctacaaa 4500 

acaaatgtag cgaatccttg tccatcgcca agaactccat tcgagcagca accaccaatc 4560 

agacagagcc acctgagagc gacaatcata gcgtcgcgac taagatccta aatttcggga 4620 

aagcatgctg gaaactacaa cgaccataca cgatcatcgc gttcaccagt tgcgcttgcg 4680 

gtttatttgg taaggaattg ctccataata ccaacctgat ttcctggagt ctgatgttca 4740 

aagcattttt tttcttggtg gccatcctat gtatcgcgtc ttttacaaca accatcaatc 4800 

agatctatga cctccacatc gatcgcatta acaagccaga cctcccatta gcgtctggtg 4860 

aaatctctgt caacaccgcc tggattatga gcattattgt agcactgttt gggctaatca 4920 
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ttacaatcaa gatgaagggt ggacccctct acatttttgg ctattgcttc ggaatctttg 4980 

gtggcattgt ttacagcgta ccaccgtttc ggtggaagca gaatcccagt accgctttcc 5040 

tattgaactt tctggcccac atcatcacca actttacgtt ttactacgca agtcgggcgg 5100 

cactgggcct cccattcgag ctgcgaccca gttttacgtt tctcttagcg ttcatgaaaa 5160 

gcatgggaag cgctctcgcc ctgattaagg atgcctccga cgtggaaggc gacacaaagt 5220 

tcggtatttc tacattagca agcaagtatg gttcccgtaa cctaacactc ttttgttctg 5280 

gaattgtgtt actaagttat gtagcagcta ttctggcagg tatcatttgg ccccaggcct 5340 

tcaatagcaa tgttatgctg ttatctcatg cgatcctcgc cttctggtta atcctacaga 5400 

cacgggactt tgccctcact aattacgatc ccgaggcggg cegacgtttt tacgagttca 5460 

tgtggaagct atactatgca gagtacctcg tgtacgtgtt tatttaagga attaggaggt 5520 

taattaaatg aagtgttcta ctttctcttt ctggtttgtc tgcaagatca tttttttctt 5580 

cttctctttc aatattcaga caagtattgc gaatccccgg gagaactttt taaagtgttt 5640 

tagccaatat atccctaata atgctaccaa tttaaaatta gtatacacoc aaaacaaccc 5700 

cctatacatg tccgttctca atagcacaat tcataacttg cgcttcacaa gcgatacaac 5760 

accgaagccc ctagttatcg taaccccgag ccacgtttct cacattcagg gaaccattct 5820 

ctgcagtaaa aaggtgggtt tgcagatccg gactcggtct gggggtcatg acagtgaggg 5880 

tatgtcttac attagccagg tgccctttgt gatcgtcgac ttacggaaca tgcgctctat 5940 

taagattgat gtccatagcc aaaccgcgtg ggtagaggcc ggagcaaccc tgggtgaagt 6000 

gtattactgg gtaaatgaga aaaacgagaa cttaagtctg gcagctggat actgtccaac 6060 

cgtctgcgcg gggggtcatt tcggaggggg aggctacggc ccactcatgc gtaattatgg 6120 

gttggcggct gacaacatta ttgatgctca cttagttaac gtgcacggta aagtactgga 6180 

tcggaaatcc atgggggaag atctattttg ggccttacga ggaggaggag ctgagtcttt 6240 

cggcattatc gtcgcgtgga aaattcggtt agtcgcggta cccaagtcta cgatgttttc 6300 

cgtgaaaaaa attatggaga tccacgaact cgtgaagcta gtcaacaagt ggcagaatat 6360 

tgcttataag tacgacaagg atctgttatt gatgacgcat ttcatcacac gaaatatcac 6420 

agacaatcaa ggtaaaaaca agactgctat ccacacctac tttagctccg ttttcttagg 6480 

cggggtggat tccctggtcg atctaatgaa taaaagtttc cccgaactag gcattaaaaa 6540 

gacagattgt cgtcaattat cttggattga cactattatt ttctatagcg gcgtggtaaa 6600 

ctatgacacg gataacttta ataaggagat cttgttggat cgcagtgcgg gacagaacgg 6660 

cgcgtttaag attaagttgg attatgtaaa gaagcccatt ccagagtctg ttttcgtaca 6720 

gatcttagaa aaattatatg aggaggatat cggggccggt atgtatgcct tgtatccgta 6780 

cggtggaatc atggacgaaa tcagcgagag toccattccg ttcccccatc gagccggaat 6840 

tttgtatgaa ttatggtaca tctgcagctg ggagaaacaa gaagataacg agaaacactt 6900 

gaactggatt cgtaacatct ataatttcat gactccgtat gtcagtaaaa accctcggtt 6960 

ggcttaccta aattaccgtg acctcgatat tggaattaac gaccctaaga atccaaacaa 7020 

ttacactcaa gcccggattt ggggggagaa atattttggc aagaacttcg atcgattggt 7080 

aaaggtcaag actctcgtag atcctaataa cttttttcgt aacgaacaat ctatcccccc 7140 

tctgcctcgt catcggcatt agggaattag gaggttaatt aaatggagaa aaaaatcact 7200 
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ggatatacca ccgttgatat atcccaatgg catcgtaaag aacattttga ggcatttcag 7260 

tcagttgctc aatgtaccta taaccagacc gttcagctgg atattacggc ctttttaaag 7320 

accgtaaaga aaaataagca caagttttat ccggccttta ttcacattct tgcccgcctg 7380 

atgaatgctc atccggaatt ccgtatggca atgaaagacg gtgagctggt gatatgggat 7440 

agtgttcacc cttgttacac cgttttccat gagcaaactg aaacgttttc atcgctctgg 7500 

agtgaatacc acgacgattt ccggcagttt ctacacatat attcgcaaga tgtggcgtgt 7560 

tacggtgaaa acctggccta tttccctaaa gggtttattg agaatatgtt tttcgtctca 7620 

gocaatccct gggtgagttt caccagtttt gatttaaacg tggccaatat ggacaacttc 7680 

ttcgcccccg ttttcaccat gggcaaatat tatacgcaag gcgacaaggt gctgatgccg 7740 

ctggcgattc aggttcatca tgccgtctgt gatggcttcc atgtcggcag aatgcttaat 7800 

gaattacaac agtactgega tgagtggcag ggcggggcgt gattttttta aggcagttat 7860 

tggtgccctt aaacgcctgg ggatccgcta ttttgttaat tactatttga gotgagtgta 7920 

aaatacotta cttactcaaa agcattaact aaccataaca atgactaatc tctttttttg 7980 

attgaactcc aaactagaat agccatcgag t?agtccatt tagttcatta ttagtgaaag 8040 

tttgttggcg gtgggttatc cgttgataaa ccaccgtttt tgtttgggca aagtaacgat 8100 

ttgatgcagt gatgggttta aagataatcc cgtttgagga aatcctgcag gacgacggga 8160 

actttaacct gaccgctgct gggttcgtaa taattttcta aaattgccgc catggtgcgc 8220 

ccgatcgcca aaccggaacc gttgagagtg tgaacaaatt gggtgccttt tttgcccttt 8280 

tccttgtagc gaatgttggc ccgacgggct tggaaatcgt ggaagttaga acaactggaa 8340 

atttcccggt aggtgttagc cgatggtaac caaacttcca agtcgtagca tttagccgct 8400 

ccaaaaccta aatcaccggt acataattcc accactgagc tc 8442 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 720 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Cannabis sativa 

< 400 > SEQUENCE : 4 

Met Gly Lys Asn Tyr Lys Ser Leu Asp Ser Val Val Ala Ser Asp Phe 
1 5 15 10 

Ile Ala Leu Gly Ile Thr Ser Glu Val Ala Glu Thr Leu His Gly Arg 
20 25 30 

Leu Ala Glu Ile Val Cys Asn Tyr Gly Ala Ala Thr Pro Gin Thr Trp 
35 40 45 

Ile Asn Ile Ala Asn His Ile Leu Ser Pro Asp Leu Pro Phe Ser Leu 
50 55 60 

His Gin Met Leu Phe Tyr Gly Cys Tyr Lys Asp Phe Gly Pro Ala Pro 
65 70 75 80 

Pro Ala Trp Ile Pro Asp Pro Glu Lys Val Lys Ser Thr Asn Leu Gly 
85 95 90 

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

Asp Pro Ile Ser Ser Phe Ser His Phe Gln Glu Phe Ser Val Arg Asn 
115 120 125 

Pro Glu Val Tyr Trp Arg Thr Val Leu Met Asp Glu Met Lys Ile Ser 
130 135 140 
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Phe Ser Lys Asp Pro Glu Cys Ile Leu Arg Arg Asp Asp Ile Asn Asn 
145 150 155 160 

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

Asn Cys Leu Asn Val Asn Ser Asn Lys Lys Leu Asn Asp Thr Met Ile 
180 185 190 

Val Trp Arg Asp Glu Gly Asn Asp Asp Leu Pro Leu Asn Lys Leu Thr 
195 200 205 

Leu Asp Gin Leu Arg Lys Arg Val Trp Leu Val Gly Tyr Ala Leu Glu 
210 215 220 

Glu Met Gly Leu Glu Lys Gly Cys Ala Ile Ala Ile Asp Met Pro Met 
225 230 235 240 

His Val Asp Ala Val Val Ile Tyr Leu Ala Ile Val Leu Ala Gly Tyr 
245 250 255 

Val Val Val Ser Ile Ala Asp Ser Phe Ser Ala Pro Glu Ile Ser Thr 
260 265 270 

Arg Leu Arg Leu Ser Lys Ala Lys Ala Ile Phe Thr Gin Asp His Ile 
275 280 285 

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

Lys Ser Pro Met Ala Ile Val Ile Pro Cys Ser Gly Ser Asn Ile Gly 
305 310 315 320 

Ala Glu Leu Arg Asp Gly Asp Ile Ser Trp Asp Tyr Phe Leu Glu Arg 
325 330 335 

Ala Lys Glu Phe Lys Asn Cys Glu Phe Thr Ala Arg Glu Gln Pro Val 
340 345 350 

Asp Ala Tyr Thr Asn Ile Leu Phe Ser Ser Gly Thr Thr Gly Glu Pro 
355 360 365 

Lys Ala Ile Pro Trp Thr Gin Ala Thr Pro Leu Lys Ala Ala Ala Asp 
370 375 380 

Gly Trp Ser His Leu Asp Ile Arg Lys Gly Asp Val Ile Val Trp Pro 
385 390 395 400 

Thr Asn Leu Gly Trp Met Met Gly Pro Trp Leu Val Tyr Ala Ser Leu 
405 410 415 

Leu Asn Gly Ala Ser Ile Ala Leu Tyr Asn Gly Ser Pro Leu Val Ser 
420 425 430 

Gly Phe Ala Lys Phe Val Gin Asp Ala Lys Val Thr Met Leu Gly Val 
435 440 445 

Val Pro Ser Ile Val Arg Ser Trp Lys Ser Thr Asn Cys Val Ser Gly 
450 455 460 

Tyr Asp Trp Ser Thr Ile Arg Cys Phe Ser Ser Ser Gly Glu Ala Ser 
465 470 475 480 

Asn Val Asp Glu Tyr Leu Trp Leu Met Gly Arg Ala Asn Tyr Lys Pro 
485 490 495 

Val Ile Glu Met Cys Gly Gly Thr Glu Ile Gly Gly Ala Phe Ser Ala 
500 505 510 

Gly Ser Phe Leu Gin Ala Gin Ser Leu Ser Ser Phe Ser Ser Gin Cys 
515 520 525 

Met Gly Cys Thr Leu Tyr Ile Leu Asp Lys Asn Gly Tyr Pro Met Pro 
530 535 540 
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Lys Asn Lys Pro Gly Ile Gly Glu Leu Ala Leu Gly Pro Val Met Phe 
545 550 555 560 

Gly Ala Ser Lys Thr Leu Leu Asn Gly Asn His His Asp Val Tyr Phe 
565 570 575 

Lys Gly Met Pro Thr Leu Asn Gly Glu Val Leu Arg Arg His Gly Asp 
580 585 590 

Ile Phe Glu Leu Thr Ser Asn Gly Tyr Tyr His Ala His Gly Arg Ala 
595 600 605 

Asp Asp Thr Met Asn Ile Gly Gly Ile Lys Ile Ser Ser Ile Glu Ile 
610 615 620 

Glu Arg Val Cys Asn Glu Val Asp Asp Arg Val Phe Glu Thr Thr Ala 
625 630 635 640 

Ile Gly Val Pro Pro Leu Gly Gly Gly Pro Glu Gin Leu Val Ile Phe 
645 650 655 

Phe Val Leu Lys Asp Ser Asn Asp Thr Thr Ile Asp Leu Asn Gln Leu 
660 665 670 

Arg Leu Ser Phe Asn Leu Gly Leu Gin Lys Lys Leu Asn Pro Leu Phe 
675 680 685 

Lys Val Thr Arg Val Val Pro Leu Ser Ser Leu Pro Arg Thr Ala Thr 
690 695 700 

Asn Lys Ile Met Arg Arg Val Leu Arg Gin Gin Phe Ser His Phe Glu 
705 710 715 720 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 385 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Cannabis sativa 

< 400 > SEQUENCE : 5 

Met Asn His Leu Arg Ala Glu Gly Pro Ala Ser Val Leu Ala Ile Gly 
1 5 10 15 

Thr Ala Asn Pro Glu Asn Ile Leu Leu Gin Asp Glu Phe Pro Asp Tyr 
20 25 30 

Tyr Phe Arg 
35 

Jal Thr Lys Ser Glu His Met Thr Gin Leu Lys Glu Lys 
40 45 

Phe Arg Lys Ile Cys Asp Lys Ser Met Ile Arg Lys Arg Asn Cys Phe 
50 55 60 

Leu Asn Glu Glu His Leu Lys Gin Asn Pro Arg Leu Val Glu His Glu 
65 70 75 80 

Met Gln Thr Leu Asp Ala Arg Gin Asp Met Leu Val Val Glu Val Pro 
85 90 95 

Lys Leu Gly Lys Asp Ala Cys Ala Lys Ala Ile Lys Glu Trp Gly Gin 
100 105 110 

Pro Lys Ser Lys Ile Thr His Leu Ile Phe Thr Ser Ala Ser Thr Thr 
115 120 125 

Asp Met Pro Gly Ala Asp Tyr His Cys Ala Lys Leu Leu Gly Leu Ser 
130 135 140 

Pro Ser Val Lys Arg Val Met Met Tyr Gln Leu Gly Cys Tyr Gly Gly 
145 150 155 160 

Gly Thr Val Leu Arg Ile Ala Lys Asp Ile Ala Glu Asn Asn Lys Gly 
165 170 175 

Ala Arg Val Leu Ala Val Cys Cys Asp Ile Met Ala Cys Leu Phe Arg 
180 185 190 
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Gly Pro Ser Glu Ser Asp Leu Glu Leu Leu Val Gly Gin Ala Ile Phe 
195 200 205 

Gly Asp Gly Ala Ala Ala Val Ile Val Gly Ala Glu Pro Asp Glu Ser 
210 215 220 

Val Gly Glu Arg Pro Ile Phe Glu Leu Val Ser Thr Gly Gin Thr Ile 
225 230 235 240 

Leu Pro Asn Ser Glu Gly Thr Ile Gly Gly His Ile Arg Glu Ala Gly 
245 250 255 

Leu Ile Phe Asp Leu His Lys Asp Val Pro Met Leu Ile Ser Asn Asn 
260 265 270 

Ile Glu Lys Cys Leu Ile Glu Ala Phe Thr Pro Ile Gly Ile Ser Asp 
275 280 285 

Trp Asn Ser Ile Phe Trp Ile Thr His Pro Gly Gly Lys Ala Ile Leu 
290 295 300 

Asp Lys Val Glu Glu Lys Leu His Leu Lys Ser Asp Lys Phe Val Asp 
305 310 315 320 

Ser Arg His Val Leu Ser Glu His Gly Asn Met Ser Ser Ser Thr Val 
325 330 335 

Leu Phe Val Met Asp Glu Leu Arg Lys Arg Ser Leu Glu Glu Gly Lys 
340 345 350 

Ser Thr Thr Gly Asp Gly Phe Glu Trp Gly Val Leu Phe Gly Phe Gly 
355 360 365 

Pro Gly Leu Thr Val Glu Arg Val Val Val Arg Ser Val Pro Ile Lys 
370 375 380 

Tyr 
385 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 101 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Cannabis sativa 

< 400 > SEQUENCE : 6 

Met Ala Val Lys His Leu Ile Val Leu Lys Phe Lys Asp Glu Ile Thr 
1 5 10 15 

Glu Ala Gin Lys Glu Glu Phe Phe Lys Thr Tyr Val Asn Leu Val Asn 
20 25 30 

Ile Ile Pro Ala Met Lys Asp Val Tyr Trp Gly Lys Asp Val Thr Gln 
35 40 45 

Lys Asn Lys Glu Glu Gly Tyr Thr His Ile Val Glu Val Thr Phe Glu 
55 60 50 

Ser Val Glu Thr Ile Gin Asp Tyr Ile Ile His Pro Ala His Val Gly 
75 80 65 70 

Phe Gly Asp Val Tyr Arg Ser Phe Trp Glu Lys Leu Leu Ile Phe Asp 
85 90 95 

Tyr Thr Pro Arg Lys 
100 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 395 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Cannabis sativa 

< 400 > SEQUENCE : 7 
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Met Gly Leu Ser Ser Val Cys Thr Phe Ser Phe Gin Thr Asn Tyr His 
1 5 15 10 

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 Gin 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 
90 95 85 

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

Ile Ala Phe Thr Ser Cys Ala Cys Gly Leu Phe Gly Lys Glu Leu Leu 
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 Ile Leu Cys Ile Ala Ser Phe Thr Thr Thr Ile Asn 
145 150 155 160 

Gin 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 Gin 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 Gin Ala Phe Asn Ser Asn Val Met Leu Leu Ser His Ala Ile 
340 345 350 

Leu Ala Phe Trp Leu Ile Leu Gin 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 
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< 210 > SEQ ID NO 8 
< 211 > LENGTH : 544 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Cannabis sativa 

< 400 > SEQUENCE : 8 

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 Gin 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 Gin 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 

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

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

Gly His Asp Ser Glu Gly Met Ser Tyr Ile Ser Gin 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 

Gin 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 Gin Gly Lys Asn 
290 295 300 

Lys Thr Ala Ile His Thr Tyr Phe Ser Ser Val Phe Leu ly 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 Gin 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 
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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 Gin 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 Gin Glu Asp Asn Glu Lys His Leu Asn Trp Ile Arg Asn Ile 
450 455 460 

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

Leu Asn Tyr Arg Asp Leu Asp Ile Gly Ile Asn Asp Pro Lys Asn Pro 
485 490 495 

Asn Asn Tyr Thr Gin 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 Gin Ser Ile Pro Pro Leu Pro Arg His Arg His 
530 535 540 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 1635 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Cannabis sativa 

< 400 > SEQUENCE : 9 

atgaactgta gcgcatttag tttctggttc gtgtgtaaga tcattttttt ctttttatct 60 

tttcacattc agatttctat cgctaatccg cgcgaaaatt tcctcaaatg ctttagtaag 120 

cacatcccaa acaacgttgc gaatcccaaa ctggtctaca cgcagcacga tcagctctac 180 

atgtctatcc tgaatagcac aatccagaac ttacggttca tctctgatac aacgccaaag 240 

cctttagtga ttgttacacc gagcaacaat tctcatatcc aagccacaat tttgtgcagt 300 

aaaaaggttg ggttgcaaat ccgaacgcgc agcgggggac acgacgcaga gggtatgagt 360 

tacatttctc aggtcccctt cgttgttgtg gatctacgga atatgcactc catcaagatt 420 

gacgtacaca gtcagaccgc ttgggtcgaa gccggagcaa ccttaggcga ggtctactat 480 

tggattaatg agaaaaacga gaacctctct ttccctggtg gatattgtcc tactgtaggt 540 

gtcggagggc atttcagtgg cggaggctat ggggctctca tgcgcaatta tggcttggcc 600 

gcggacaata tcattgacgc tcatctcgtg aacgtcgacg gtaaggtact cgatcgtaaa 660 

agcatgggtg aggatctctt ctgggctatt cgaggtggtg gaggagagaa cttcggaatt 720 

atcgcagcct ggaaaattaa gttagttgcg gtccccagta aaagcacaat ctttagcgtc 780 

aaaaagaaca tggaaattca tggactcgta aagctcttta ataaatggca gaacattgca 840 

tacaaatatg acaaagacct agtgttgatg acccatttta ttactaaaaa tattacggat 900 

aaccacggga agaacaagac aacagtacat ggttacttta gcagcatctt ccacggtggg 960 

gtcgattctc tagtagacct gatgaataag tcctttccgg aactaggcat caagaaaact 1020 
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gactgcaaag aattttcctg gatcgacacg actatcttct atagtggagt agtaaacttt 1080 

aatacagcaa acttcaaaaa agaaatcctgctagatcgat ccgcggggaa gaagactgca 1140 

tttagcatta agctggacta tgtaaagaaa cccattccgg agacagccat ggttaaaatt 1200 

ttggagaaat tgtacgaaga ggacgtcgga gccggcatgt acgtcctcta tccttatggc 1260 

gggattatgg aggaaatcag tgagtccgct atccctttcc cccaccgtgc gggtatcatg 1320 

tacgagttat ggtacaccgc gtcctgggaa aagcaggagg acaacgagaa acacatcaac 1380 

tgggtccgtt ccgtgtacaa ttttaccacc ccttatgttt ctcaaaatcc gcgactcgcc 1440 

tatttaaact atcgtgacct ggacctgggg aaaacaaacc acgcgagtcc caataactac 1500 

acgcaagcac gaatctgggg tgaaaagtac tttggtaaga atttcaatcg actggttaaa 1560 

gttaagacaa aagtcgatcc taacaatttc ttccgaaatg agcaatctat tocgcccttg 1620 

cctcctcatc accac 1635 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 545 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Cannabis sativa 

< 400 > SEQUENCE : 10 

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 Gin 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 Gin His Asp Gin Leu Tyr Met Ser Ile Leu 
50 55 60 

Asn Ser Thr Ile Gin 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 Gin Ile Arg Thr Arg Ser Gly 
100 105 110 

Gly His Asp Ala Glu Gly Met Ser Tyr Ile Ser Gin 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 

Gin 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 
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 Ala Val Pro Ser Lys Ser Thr 
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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 Gin 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 Gin 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 
500 

Gln Ala Arg Ile Trp Gly Glu Lys Tyr Phe Gly 
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 Gin Ser Ile Pro Pro Leu Pro Pro His His 
530 535 540 

His 
545 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 1590 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Cannabis sativa 

< 400 > SEQUENCE : 11 

atgaattgta gcacgttcag cttctggttc gtatgtaaaa ttatcttttt tttcctcagt 60 

tttaatatcc aaatctctat tgctaacccc caggagaatt tcctcaagtg tttcagcgag 120 

tacattccta acaaccctgc tccaaaattt atctacacgc aaca gatca att atg 180 

agtgttttaa attccaccat ccaaaacttg cgttttacct ctgacactac accaaagcct 240 

ctcgtcattg tgacgccgag taatgttagt catattcagg cgagtattct ctgctctaaa 300 
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gttggactcc aaatccgcac gcgtagcggc ggtcacgatg cggaagggtt atcctacatt 360 

agccaggtgc ctttcgctat tgttgacttg cgtaatatgc atacagtagt agacattcat 420 

tcccagacgg ccgtggaggc aggcgcgacg ttgggggaag tttactactg gattaatgaa 480 

atgaatgaaa atttcagttt ccctggaggt tactgtccaa ctgttggagt tggaggtcat 540 

ttttccggag gaggatacgg agcgttaatg cggaattacg gattagcagc agataatatc 600 

atcgacgctc atctagtaaa tgtagacgga aaagtattgg accgaaagag tatgggtgag 660 

gacttgttct gggctattcg agggggcggg ggcgaaaact tcggtatcat cgcagcctgt 720 

atcaagctct gggtacccag taaggccact attttctctg tcaaaaagaa catggagatt 780 

cacggtctcg tgaagttatt taacaaatgg caaaatattg cctactacga taaagacttg 840 

atgttgacga cgcatttccg cacacgcaac attaccgaca accatgggaa taaaacaact 900 

gtacacggct atttttctag tatcttcctc gggggcgtag actccctcgt cgatttgatg 960 

aataaaagtt tcccagaact gggtatcaaa actgactgta aagaactgtc ctggattgat 1020 

accacgattt tctattccgg ctggtataat acagccttta agaaagaaat tttactggat 1080 

cgctctgcgg gtaaaaagac ggctttcagc atcaaactcg actacgttaa aaagctcatt 1140 

ccggaaaccg ctatggttaa aatcctagag ttatacgaag aagaggttgg cgtaggcatg 1200 

tatgtactct acccatacgg tggtattatg gatgaaatct ccgaatccgc aattccattt 1260 

ccccatcgcg cgggtatcat gtatgaactg tatacggcga ctgagaaaca ggaagacaac 1320 

gaaaagcaca tcaactgggt gcggtccgtc tataacttta ccacccctta tgtaagtcag 1380 

aacccgcggc tggcatatct aaattatcgg gacctggato taggcaaaac gaaccccgag 1440 

tctccgaata actatactca ggcgcggatc tggggggaga aatactttgg gaaaaacttt 1500 

aaccgactcg taaaggtaaa aaccaaggcc gacccgaaca acttcttccg caacgaacaa 1560 

totattcccc cactcccccc acgccatcac 1590 

< 210 > SEQ ID NO 12 
< 211 > LENGTH : 530 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Cannabis sativa 

< 400 > SEQUENCE : 12 

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

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

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

Lys Phe Ile Tyr Thr Gin His Asp Gin Leu Tyr Met Ser Val Leu Asn 
50 55 60 

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

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

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

Asp Ala Glu Gly Leu Ser Tyr Ile Ser Gin Val Pro Phe Ala Ile Val 
115 120 125 
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Asp Leu Arg Asn Met His Thr Val Val Asp Ile His Ser Gin Thr Ala 
130 135 140 

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

Met Asn Glu Asn Phe Ser Phe Pro Gly Gly Tyr Cys Pro Thr Val Gly 
165 170 175 

Val Gly Gly His Phe Ser Gly Gly Gly Tyr Gly Ala Leu Met Arg Asn 
180 185 190 

Tyr Gly Leu Ala Ala Asp Asn Ile Ile Asp Ala His Leu Val Asn Val 
195 200 205 

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

Ala Ile Arg Gly Gly Gly Gly Glu Asn Phe Gly Ile Ile Ala Ala Cys 
225 230 235 240 

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

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

Ile Ala Tyr Tyr Asp Lys Asp Leu Met Leu Thr Thr His Phe Arg Thr 
275 280 285 

Arg Asn Ile Thr Asp Asn His Gly Asn Lys Thr Thr Val His Gly Tyr 
290 295 300 

Phe Ser Ser Ile Phe Leu Gly Gly Val Asp Ser Leu Val Asp Leu Met 
305 310 315 320 

Asn Lys Ser Phe Pro Glu Leu Gly Ile Lys Thr Asp Cys Lys Glu Leu 
325 330 335 

Ser Trp Ile Asp Thr Thr Ile Phe Tyr Ser Gly Trp Tyr Asn Thr Ala 
340 345 350 

Phe Lys Lys Glu Ile Leu Leu Asp Arg Ser Ala Gly Lys Lys Thr Ala 
355 360 365 

Phe Ser Ile Lys Leu Asp Tyr Val Lys Lys Leu Ile Pro Glu Thr Ala 
370 375 380 

Met Val Lys Ile Leu Glu Leu Tyr Glu Glu Glu Val Gly Val Gly Met 
385 390 395 400 

Tyr Val Leu Tyr Pro Tyr Gly Gly Ile Met Asp Glu Ile Ser Glu Ser 
405 410 415 

Ala Ile Pro Phe Pro His Arg Ala Gly Ile Met Tyr Glu Leu Tyr Thr 
420 425 430 

Ala Thr Glu Lys Gin Glu Asp Asn Glu Lys His Ile Asn Trp Val Arg 
435 440 445 

Ser Val Tyr Asn Phe Thr Thr Pro Tyr Val Ser Gin Asn Pro Arg Leu 
450 455 460 

Ala Tyr Leu Asn Tyr Arg Asp Leu Asp Leu Gly Lys Thr Asn Pro Glu 
465 470 475 480 

Ser Pro Asn Asn Tyr Thr Gln Ala Arg Ile Trp Gly Glu Lys Tyr Phe 
485 490 495 

Gly Lys Asn Phe Asn Arg Leu Val Lys Val Lys Thr Lys Ala Asp Pro 
500 505 510 

Asn Asn Phe Phe Arg Asn Glu Gin Ser Ile Pro Pro Leu Pro Pro Arg 
515 520 525 
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His His 
530 

< 210 > SEQ ID NO 13 
< 211 > LENGTH : 8445 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 13 

ctcgagaaga gtccctgaat atcaaaatgg tgggataaaa agctcaaaaa ggaaagtagg 60 

ctgtggttcc ctaggcaaca gtcttcccta ccccactgga aactaaaaaa acgagaaaag 120 

ttcgcaccga acatcaattg cataatttta gccctaaaac ataagctgaa cgaaactggt 180 

tgtcttccct toccaatcca ggacaatctg agaatcccct gcaacattac ttaacaaaaa 240 

agcaggaata aaattaacaa gatgtaacag acataagtcc catcaccgtt gtataaagtt 300 

aactgtggga ttgcaaaagc attcaagcct aggcgctgag ctgtttgagc atcccggtgg 360 

cccttgtcgc tgcctccgtg tttctccctg gatttattta ggtaatatct ctcataaatc 420 

cccgggtagt taacgaaagt taatggagat cagtaacaat aactctaggg tcattacttt 480 

ggactccctc agtttatccg ggggaattgt gtttaagaaa atcccaactc ataaagtcaa 540 

gtaggagatt aattcagagc tgttgacaat taatcatccg gctcgtataa tgtgtggaaa 600 

ttgtgagcgg ataacggaat taggaggtta attaaatggg aaaaaactat aaatccctgg 660 

acagtgtcgt cgcgtctgat tttattgcat tgggcattac cagtgaagta gcagagaccc 720 

tgcatgggcg actagctgaa atcgtttgta attacggagc agcgactcca caaacgtgga 780 

tcaacatcgc gaatcatatc ttaagtccag atctgccttt ctccttgcac cagatgttgt 840 

tttacggatg ttataaggat tttgggcccg cgcctcctgc ttggatccca gaccctgaga 900 

aggtaaaaag caccaacttg ggagcattac tggagaagcg tggcaaagag ttcttaggag 960 

taaagtacaa agacccaatt tctagcttta gtcactttca agaatttagt gttcggaatc 1020 

ctgaagtgta ttggcgtaca gtattaatgg atgaaatgaa gatcagtttt totaaggacc 1080 

cagaatgtat cctacgtcga gatgatatca acaatccagg aggtagtgaa tggctacctg 1140 

gaggttactt gaacagtgct aagaactgtt taaatgtcaa ctctaataaa aagttgaacg 1200 

acactatgat cgtctggcgc gacgaaggca acgatgattt accattgaac aaactcacgt 1260 

tagatcagtt acggaaacgt gtgtggttag ttgggtacgc attagaagag atgggtttgg 1320 

agaaaggttg tgccattgct attgacatgc caatgcacgt cgacgcggtc gttatctatt 1380 

tggctatcgt actagccgga tatgtagttg tgtctatcgc ggactctttc agtgcccccg 1440 

agatcagtac tcgtctgega ctatccaagg cgaaggctat cttcacgcag gatcacatca 1500 

ttcggggcaa aaaacgaatt cctttgtact ctcgcgtggt tgaggcgaaa agccctatgg 1560 

ctatcgtgat tccgtgcagc ggaagcaata ttggtgcaga actacgagat ggagacatca 1620 

gttgggacta tttcttagaa cgagctaaag agttcaaaaa ttgtgaattc acagcgcgag 1680 

aacaaccagt ggacgcttat acaaacatct tattttctag tggaacaaca ggagaaccta 1740 

aagcaatccc ttggactcaa gcgacccctc taaaagctgc cgcggatgga tggagccato 1800 

tagacattcg taagggtgat gtcattgttt ggccgacgaa tctgggttgg atgatgggtc 1860 
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cttggctagt ttacgcatct ctcctaaacg gcgccagtat cgctctctac aacgggtctc 1920 

ctctggttag cggattcgca aaattcgtgc aggacgctaa agtgactatg ctaggagtgg 1980 

tcccttctat cgtgcgtagc tggaagagca caaactgcgt ctctggatat gattggtcta 2040 

ccatccggtg ctttagttct tccggagaag ccagcaatgt tgatgagtac ctgtggttaa 2100 

tgggccgggc aaattacaaa ccagttattg agatgtgtgg aggaacagaa attgggggag 2160 

cgttctctgc ggggagtttc ttgcaagccc aatccctctc cagttttagc agtcaatgta 2220 

tgggctgcac tttatacatt ttggacaaga acggttacco aatgccgaaa aacaaaccgg 2280 

gcattggtga attagcacta ggtccagtaa tgttcggagc tagtaagaca ctgttaaatg 2340 

gcaaccatca cgatgtctat ttcaagggga tgcccacatt aaatggtgag gtcttacgtc 2400 

gtcacgggga cattttcgag ttaacctcta atgggtatta tcacgctcac gggcgagcgg 2460 

atgacacgat gaacatcgga gggattaaaa tcagttocat cgaaattgag cgtgtgtgca 2520 

atgaggtaga cgatcgggta ttcgagacaa cggccatcgg ggtgccgccc ctcggagggg 2580 

gacccgaaca attggtaatt ttttttgtcc tgaaggattc caacgatacc acaatcgact 2640 

tgaatcagtt gcgcctcagc ttcaacttag gottgcagaa gaagctaaac ccactcttca 2700 

aggttacgcg ggttgtacca ctgtctagcc tccctcggac tgctacgaat aaaatcatgo 2760 

gccgagtact ccgccaacaa ttcagtcact tcgaataagg aattaggagg ttaattaaat 2820 

gaatcacttg cgagoggaag gtcccgctag tgtactcgct attgggactg ccaacccaga 2880 

aaatatttta ctccaggatg agttcccgga ttattacttc cgagtcacaa agagcgaaca 2940 

catgacgcag ttaaaagaga agttccgcaa aatctgtgac aagtctatga ttcgcaaacg 3000 

caattgcttt ttgaatgaag aacatctgaa gcagaatcca cgtctggttg agcacgagat 3060 

gcagacttta gacgctcgac aggacatgct agtcgtggaa gtcccgaaac tgggtaaaga 3120 

cgcgtgtgcc aaggccatta aggaatgggg tcaacctaag agtaagatca cccatctcat 3180 

ttttaccagt gcgtccacga cagacatgcc tggagctgac taccattgtg ccaagctcct 3240 

aggactatct ccatctgtga aacgggtaat gatgtatcag ctaggatgtt atggtggggg 3300 

gactgtgtta cgtatcgcaa aggatatcgc ggagaataac aagggggctc gcgtcctago 3360 

cgtttgctgc gacattatgg cgtgcctctt tcggggaccc tccgagagcg acttggagct 3420 

attagtaggc caagcgatct ttggagatgg ggccgctgct gttattgttg gcgctgaacc 3480 

cgatgagagt gtaggtgagc gcccaatttt cgagttggtc tccacgggtc agacaattct 3540 

ccccaacagt gaaggcacaa ttgggggaca tatccgggag gcaggactga tctttgacct 3600 

acataaggac gtcccgatgc tcatttctaa caacattgaa aagtgcctga ttgaagcgtt 3660 

caccccaatc ggcattagtg attggaatag tatcttctgg attactcatc ccggaggtaa 3720 

agccattcta gataaggtgg aagaaaagtt acacttaaag tocgacaagt ttgtcgatag 3780 

tcgtcacgtg ctgagcgagc atgggaatat gagtagctct acggttttgt togttatgga 3840 

cgaattacga aagcgcagct tggaggaggg aaaaagcacg acaggggatg gatttgagtg 3900 

gggagttctc tttggatttg gtcccgggct gacagtagag cgcgtggtgg tgcgctccgt 3960 

gccgattaag tgaggaatta ggaggttaat taaatggccg taaagcacct gattgtattg 4020 

aaattcaaag atgagatcac ggaggcgcag aaggaggagt ttttcaagac gtacgtgaac 4080 

ctagtgaata tcatcccggc gatgaaggat gtctattggg gtaaagatgt aactcagaaa 4140 
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aacaaggaag aaggttacac ccatattgtt gaagtcacat togaaagtgt agagacgato 4200 

caagattata ttattcatcc ggctcacgtt ggatttggag acgtgtatcg ttctttttgg 4260 

gagaagttgt taatcttcga ctacaccccc cgcaaatagg gaattaggag gttaattaaa 4320 

tgggcttaag ctctgtatgc actttcagtt tccaaaccaa ttatcatacg ctcctaaacc 4380 

cccacaataa caacccaaaa acatccttgt tgtgctatcg acaccctaaa acgccaatca 4440 

agtattctta taacaatttt ccctccaaac actgctccac taagagcttc cacctacaaa 4500 

acaaatgtag cgaatccttg tccatcgcca agaactccat tcgagcagca accaccaatc 4560 

agacagagcc acctgagagc gacaatcata gcgtcgcgac taagatccta aatttcggga 4620 

aagcatgctg gaaactacaa cgaccataca cgatcatcgc gttcaccagt tgcgcttgcg 4680 

gtttatttgg taaggaattg ctccataata ccaacctgat ttcctggagt ctgatgttca 4740 

aagcattttt tttcttggtg gccatcctat gtatcgcgtc ttttacaaca accatcaatc 4800 

agatctatga cctccacatc gatcgcatta acaagccaga cctcccatta gcgtctggtg 4860 

aaatctctgt caacaccgcc tggattatga gcattattgt agcactgttt gggctaatca 4920 

ttacaatcaa gatgaagggt ggacccctct acatttttgg ctattgcttc ggaatctttg 4980 

gtggcattgt ttacagcgta ccaccgtttc ggtggaagca gaatcccagt accgctttcc 5040 

tattgaactt tctggcccac atcatcacca actttacgtt ttactacgca agtcgggcgg 5100 

cactgggcct cccattcgag ctgcgaccca gttttacgtt tctcttagcg ttcatgaaaa 5160 

gcatgggaag cgctctcgcc ctgattaagg atgcctccga cgtggaaggc gacacaaagt 5220 

tcggtatttc tacattagca agcaagtatg gttcccgtaa cctaacactc ttttgttctg 5280 

gaattgtgtt actaagttat gtagcagcta ttctggcagg tatcatttgg ccccaggcct 5340 

tcaatagcaa tgttatgctg ttatctcatg cgatcctcgc cttctggtta atcctacaga 5400 

cacgggactt tgccctcact aattacgatc ccgaggcggg cegacgtttt tacgagttca 5460 

tgtggaagct atactatgca gagtacctcg tgtacgtgtt tatttaagga attaggaggt 5520 

taattaaatg aactgtagcg catttagttt ctggttcgtg tgtaagatca tttttttctt 5580 

tttatctttt cacattcaga tttctatcgc taatccgcgc gaaaatttcc tcaaatgott 5640 

tagtaagcac atcccaaaca acgttgcgaa tcccaaactg gtctacacgc agcacgatca 5700 

gctctacatg tctatcctga atagcacaat ccagaactta cggttcatct ctgatacaac 5760 

gccaaagcct ttagtgattg ttacaccgag caacaattct catatccaag ccacaatttt 5820 

gtgcagtaaa aaggttgggt tgcaaatccg aacgcgcagc gggggacacg acgcagaggg 5880 

tatgagttac atttctcagg tccccttcgt tgttgtggat ctacggaata tgcactccat 5940 

caagattgac gtacacagtc agaccgcttg ggtcgaagcc ggagcaacct taggcgaggt 6000 

ctactattgg attaatgaga aaaacgagaa cctctctttc cctggtggat attgtcctac 6060 

tgtaggtgtc ggagggcatt tcagtggcgg aggctatggg gctctcatgc gcaattatgg 6120 

cttggccgcg gacaatatca ttgacgctca tctcgtgaac gtcgacggta aggtactcga 6180 

tcgtaaaagc atgggtgagg atctcttctg ggctattega ggtggtggag gagagaactt 6240 

cggaattatc gcagcctgga aaattaagtt agttgcggtc cccagtaaaa gcacaatctt 6300 

tagcgtcaaa aagaacatgg aaattcatgg actcgtaaag ctctttaata aatggcagaa 6360 

cattgcatac aaatatgaca aagacctagt gttgatgacc cattttatta ctaaaaatat 6420 
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tacggataac cacgggaaga acaagacaac agtacatggt tactttagca gcatcttcca 6480 

cggtggggtc gattctctag tagacctgat gaataagtcc tttccggaac taggcatcaa 6540 

gaaaactgac tgcaaagaat tttcctggat cgacacgact atcttctata gtggagtagt 6600 

aaactttaat acagcaaact tcaaaaaaga aatcctgcta gatcgatccg cggggaagaa 6660 

gactgcattt agcattaagc tggactatgt aaagaaaccc attccggaga cagccatggt 6720 

taaaattttg gagaaattgt acgaagagga cgtcggagcc ggcatgtacg tcctctatcc 6780 

ttatggcggg attatggagg aaatcagtga gtccgctatc cctttccccc accgtgcggg 6840 

tatcatgtac gagttatggt acaccgcgtc ctgggaaaag caggaggaca acgagaaaca 6900 

catcaactgg gtccgttccg tgtacaattt taccacccct tatgtttctc aaaatccgcg 6960 

actcgcctat ttaaactatc gtgacctgga cctggggaaa acaaaccacg cgagtcccaa 7020 

taactacacg caagcacgaa tctggggtga aaagtacttt ggtaagaatt tcaatcgact 7080 

ggttaaagtt aagacaaaag togatcctaa caatttcttc cgaaatgagc aatctattoo 7140 

gcccttgcct cctcatcacc actagggaat taggaggtta attaaatgga gaaaaaaatc 7200 

actggatata ccaccgttga tatatcccaa tggcatcgta aagaacattt tgaggcattt 7260 

cagtcagttg ctcaatgtac ctataaccag accgttcagc tggatattac ggccttttta 7320 

aagaccgtaa agaaaaataa gcacaagttt tatccggcct ttattcacat tcttgcccgc 7380 

ctgatgaatg ctcatccgga attccgtatg gcaatgaaag acggtgagct ggtgatatgg 7440 

gatagtgttc acccttgtta caccgttttc catgagcaaa ctgaaacgtt ttcatcgctc 7500 

tggagtgaat accacgacga tttccggcag tttctacaca tatattcgca agatgtggcg 7560 

tgttacggtg aaaacctggc ctatttccct aaagggttta ttgagaatat gtttttcgtc 7620 

tcagccaatc cctgggtgag tttcaccagt tttgatttaa acgtggccaa tatggacaac 7680 

ttcttcgccc ccgttttcac catgggcaaa tattatacgc aaggcgacaa ggtgctgatg 7740 

ccgctggcga ttcaggttca tcatgccgtc tgtgatggct tccatgtcgg cagaatgott 7800 

aatgaattac aacagtactg cgatgagtgg cagggcgggg cgtgattttt ttaaggcagt 7860 

tattggtgcc cttaaacgcc tggggatccg ctattttgtt aattactatt tgagctgagt 7920 

gtaaaatacc ttacttacto aaaagcatta actaaccata acaatgacta atctcttttt 7980 

ttgattgaac tccaaactag aatagccatc gagtcagtcc atttagttca ttattagtga 8040 

aagtttgttg gcggtgggtt atccgttgat aaaccaccgt ttttgtttgg gcaaagtaac 8100 

gatttgatgc agtgatgggt ttaaagataa tcccgtttga ggaaatcctg caggacgacg 8160 

ggaactttaa cctgaccgct gctgggttcg taataatttt ctaaaattgc cgccatggtg 8220 

cgcccgatcg ccaaaccgga accgttgaga gtgtgaacaa attgggtgcc ttttttgccc 8280 

ttttccttgt agcgaatgtt ggcccgacgg gottggaaat cgtggaagtt agaacaactg 8340 

gaaatttccc ggtaggtgtt agccgatggt aaccaaactt ccaagtcgta gcatttagcc 8400 

gctccaaaac ctaaatcacc ggtacataat tccaccactg agctc 8445 

< 210 > SEQ ID NO 14 
< 211 > LENGTH : 8400 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 
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< 400 > SEQUENCE : 14 

ctcgagaaga gtccctgaat atcaaaatgg tgggataaaa agctcaaaaa ggaaagtagg 60 

ctgtggttcc ctaggcaaca gtcttcccta ccccactgga aactaaaaaa acgagaaaag 120 

ttcgcaccga acatcaattg cataatttta gccctaaaac ataagctgaa cgaaactggt 180 

tgtcttccct toccaatcca ggacaatctg agaatcccct gcaacattac ttaacaaaaa 240 

agcaggaata aaattaacaa gatgtaacag acataagtcc catcaccgtt gtataaagtt 300 

aactgtggga ttgcaaaagc attcaagcct aggcgctgag ctgtttgagc atcccggtgg 360 

cccttgtcgc tgcctccgtg tttctccctg gatttattta ggtaatatct ctcataaatc 420 

cccgggtagt taacgaaagt taatggagat cagtaacaat aactctaggg tcattacttt 480 

ggactccctc agtttatccg ggggaattgt gtttaagaaa atcccaactc ataaagtcaa 540 

gtaggagatt aattcagagc tgttgacaat taatcatccg gctcgtataa tgtgtggaaa 600 

ttgtgagcgg ataacggaat taggaggtta attaaatggg aaaaaactat aaatccctgg 660 

acagtgtcgt cgcgtctgat tttattgcat tgggcattac cagtgaagta gcagagaccc 720 

tgcatgggcg actagctgaa atcgtttgta attacggagc agcgactcca caaacgtgga 780 

tcaacatcgc gaatcatatc ttaagtccag atctgccttt ctccttgcac cagatgttgt 840 

tttacggatg ttataaggat tttgggcccg cgcctcctgc ttggatccca gaccctgaga 900 

aggtaaaaag caccaacttg ggagcattac tggagaagcg tggcaaagag ttcttaggag 960 

taaagtacaa agacccaatt tctagcttta gtcactttca agaatttagt gttcggaatc 1020 

ctgaagtgta ttggcgtaca gtattaatgg atgaaatgaa gatcagtttt tctaaggacc 1080 

cagaatgtat cctacgtcga gatgatatca acaatccagg aggtagtgaa tggctacctg 1140 

gaggttactt gaacagtgct aagaactgtt taaatgtcaa ctctaataaa aagttgaacg 1200 

acactatgat cgtctggcgc gacgaaggca acgatgattt accattgaac aaactcacgt 1260 

tagatcagtt acggaaacgt gtgtggttag ttgggtacgc attagaagag atgggtttgg 1320 

agaaaggttg tgccattgot attgacatgc caatgcacgt cgacgcggtc gttatctatt 1380 

tggctatcgt actagccgga tatgtagttg tgtctatcgc ggactctttc agtgcccccg 1440 

agatcagtac tcgtctgcga ctatccaagg cgaaggctat cttcacgcag gatcacatca 1500 

ttcggggcaa aaaacgaatt cctttgtact ctcgcgtggt tgaggcgaaa agccctatgg 1560 

ctatcgtgat tccgtgcagc ggaagcaata ttggtgcaga actacgagat ggagacatca 1620 

gttgggacta tttcttagaa cgagctaaag agttcaaaaa ttgtgaattc acagcgcgag 1680 

aacaaccagt ggacgcttat acaaacatct tattttctag tggaacaaca ggagaaccta 1740 

aagcaatccc ttggactcaa gcgacccctc taaaagctgc cgcggatgga tggagccato 1800 

tagacattcg taagggtgat gtcattgttt ggccgacgaa tctgggttgg atgatgggtc 1860 

cttggctagt ttacgcatct ctcctaaacg gcgccagtat cgctctctac aacgggtctc 1920 

ctctggttag cggattcgca aaattcgtgc aggacgctaa agtgactatg ctaggagtgg 1980 

tcccttctat cgtgcgtagc tggaagagca caaactgcgt ctctggatat gattggtcta 2040 

ccatccggtg ctttagttct to agaag gcaatgt tgatgagtac ctgtggttaa 2100 

tgggccgggc aaattacaaa ccagttattg agatgtgtgg aggaacagaa attgggggag 2160 

cgttctctgc ggggagtttc ttgcaagccc aatccctctc cagttttagc agtcaatgta 2220 
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tgggctgcac tttatacatt ttggacaaga acggttacco aatgccgaaa aacaaaccgg 2280 

gcattggtga attagcacta ggtccagtaa tgttcggagc tagtaagaca ctgttaaatg 2340 

gcaaccatca cgatgtctat ttcaagggga tgcccacatt aaatggtgag gtcttacgtc 2400 

gtcacgggga cattttcgag ttaacctcta atgggtatta tcacgctcac gggcgagogg 2460 

atgacacgat gaacatcgga gggattaaaa tcagttccat cgaaattgag cgtgtgtgca 2520 

atgaggtaga cgatcgggta ttcgagacaa cggccatcgg ggtgccgccc ctcggagggg 2580 

gacccgaaca attggtaatt ttttttgtcc tgaaggatto caacgatacc acaatcgact 2640 

tgaatcagtt gcgcctcagc ttcaacttag gottgcagaa gaagctaaac ccactcttca 2700 

aggttacgcg ggttgtacca ctgtctagcc tccctcggac tgctacgaat aaaatcatgo 2760 

gccgagtact ccgccaacaa ttcagtcact tcgaataagg aattaggagg ttaattaaat 2820 

gaatcacttg cgagcggaag gtcccgctag tgtactcgct attgggactg ccaacccaga 2880 

aaatatttta ctccaggatg agttcccgga ttattacttc cgagtcacaa agagcgaaca 2940 

catgacgcag ttaaaagaga agttccgcaa aatctgtgac aagtctatga ttcgcaaacg 3000 

caattgcttt ttgaatgaag aacatctgaa gcagaatcca cgtctggttg agcacgagat 3060 

gcagacttta gacgctcgac aggacatgct agtcgtggaa gtcccgaaac tgggtaaaga 3120 

cgcgtgtgcc aaggccatta aggaatgggg tcaacctaag agtaagatca cccatctcat 3180 

ttttaccagt gcgtccacga cagacatgcc tggagctgac taccattgtg ccaagctcct 3240 

aggactatct ccatctgtga aacgggtaat gatgtatcag ctaggatgtt atggtggggg 3300 

gactgtgtta cgtatcgcaa aggatatcgc ggagaataac aagggggctc gcgtcctago 3360 

cgtttgctgc gacattatgg cgtgcctctt tcggggaccc tccgagagcg acttggagct 3420 

attagtaggc caagcgatct ttggagatgg ggccgctgct gttattgttg gcgctgaacc 3480 

cgatgagagt gtaggtgagc gcccaatttt cgagttggtc tocacgggtc agacaattct 3540 

ccccaacagt gaaggcacaa ttgggggaca tatccgggag gcaggactga tctttgacct 3600 

acataaggac gtcccgatgc tcatttctaa caacattgaa aagtgcctga ttgaagcgtt 3660 

caccccaatc ggcattagtg attggaatag tatcttctgg attactcatc ccggaggtaa 3720 

agccattcta gataaggtgg aagaaaagtt acacttaaag tocgacaagt ttgtcgatag 3780 

tcgtcacgtg ctgagcgagc atgggaatat gagtagctct acggttttgt tcgttatgga 3840 

cgaattacga aagcgcagct tggaggaggg aaaaagcacg acaggggatg gatttgagtg 3900 

gggagttctc tttggatttg gtcccgggct gacagtagag cgcgtggtgg tgcgctccgt 3960 

gccgattaag tgaggaatta ggaggttaat taaatggccg taaagcacct gattgtattg 4020 

aaattcaaag atgagatcac ggaggcgcag aaggaggagt ttttcaagac gtacgtgaac 4080 

ctagtgaata tcatcccggc gatgaaggat gtctattggg gtaaagatgt aactcagaaa 4140 

aacaaggaag aaggttacac ccatattgtt gaagtcacat tcgaaagtgt agagacgatc 4200 

caagattata ttattcatcc ggctcacgtt ggatttggag acgtgtatcg ttctttttgg 4260 

gagaagttgt taatcttcga ctacaccccc cgcaaatagg gaattaggag gttaattaaa 4320 

tgggcttaag tatgc actttcagtt tccaaaccaa ttatcatacg ctcctaaacc 4380 

cccacaataa caacccaaaa acatccttgt tgtgctatcg acaccctaaa acgccaatca 4440 

agtattetta taacaatttt ccctccaaac actgctccac taagagcttc cacctacaaa 4500 
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acaaatgtag cgaatccttg tccatcgcca agaactccat tcgagcagca accaccaatc 4560 

agacagagcc acctgagagc gacaatcata gcgtcgcgac taagatccta aatttcggga 4620 

aagcatgctg gaaactacaa cgaccataca cgatcatcgc gttcaccagt tgcgcttgcg 4680 

gtttatttgg taaggaattg ctccataata ccaacctgat ttcctggagt ctgatgttca 4740 

aagcattttt tttcttggtg gccatcctat gtatcgcgtc ttttacaaca accatcaatc 4800 

agatctatga cctccacatc gatcgcatta acaagccaga cctcccatta gcgtctggtg 4860 

aaatctctgt caacaccgcc tggattatga gcattattgt agcactgttt gggctaatca 4920 

ttacaatcaa gatgaagggt ggacccctct acatttttgg ctattgcttc ggaatctttg 4980 

gtggcattgt ttacagcgta ccaccgtttc ggtggaagca gaatcccagt accgctttcc 5040 

tattgaactt tctggcccac atcatcacca actttacgtt ttactacgca agtcgggcgg 5100 

cactgggcct cccattcgag ctgcgaccca gttttacgtt tctcttagcg ttcatgaaaa 5160 

gcatgggaag cgctctcgcc ctgattaagg atgcctccga cgtggaaggc gacacaaagt 5220 

tcggtatttc tacattagca agcaagtatg gttcccgtaa cctaacactc ttttgttctg 5280 

gaattgtgtt actaagttat gtagcagcta ttctggcagg tatcatttgg ccccaggcct 5340 

tcaatagcaa tgttatgctg ttatctcatg cgatcctcgc cttctggtta atcctacaga 5400 

cacgggactt tgccctcact aattacgatc ccgaggcggg ccgacgtttt tacgagttca 5460 

tgtggaagct atactatgca gagtacctcgtgtacgtgtt tatttaagga attaggaggt 5520 

taattaaatg aattgtagca cgttcagctt ctggttogta tgtaaaatta tctttttttt 5580 

cctcagtttt aatatccaaa tctctattgc taacccccag gagaatttcc tcaagtgttt 5640 

cagcgagtac attcctaaca accctgctccaaaatttatc tacacgcaac acgatcaatt 5700 

gtatatgagt gttttaaatt ccaccatcca aaacttgcgt tttacctctg acactacacc 5760 

aaagcctctc gtcattgtga cgccgagtaa tgttagtcat attcaggcga gtattctctg 5820 

ctctaaagtt ggactccaaa tccgcacgcg tagcggcggt cacgatgcgg aagggttatc 5880 

ctacattage caggtgcctt tcgctattgt tgacttgcgt aatatgcata cagtagtaga 5940 

cattcattcc cagacggccg tggaggcagg cgcgacgttg ggggaagttt actactggat 6000 

taatgaaatg aatgaaaatt tcagtttccc tggaggttac tgtccaactg ttggagttgg 6060 

aggtcatttt tccggaggag gatacggagc gttaatgcgg aattacggat tagcagcaga 6120 

taatatcatc gacgctcatc tagtaaatgt agacggaaaa gtattggacc gaaagagtat 6180 

gggtgaggac ttgttctggg ctattcgagg gggcgggggc gaaaacttcg gtatcatcgc 6240 

agcctgtatc aagctctggg tacccagtaa ggccactatt ttctctgtca aaaagaacat 6300 

ggagattcac ggtctcgtga agttatttaa caaatggcaa aatattgcct actacgataa 6360 

agacttgatg ttgacgacgc atttccgcac acgcaacatt accgacaacc atgggaataa 6420 

aacaactgta cacggctatt tttctagtat cttcctcggg ggcgtagact ccctcgtcga 6480 

tttgatgaat aaaagtttcc cagaactggg tatcaaaact gactgtaaag aactgtcctg 6540 

gattgatacc acgattttct attccggctg gtataataca gcctttaaga aagaaatttt 6600 

actggatcgc tct ca aa agacggc tttcagcatc aaactcgact acgttaaaaa 6660 

gctcattccg gaaaccgcta tggttaaaat cctagagtta tacgaagaag aggttggcgt 6720 

aggcatgtat gtactctacc catacggtgg tattatggat gaaatctccg aatccgcaat 6780 
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tccatttccc catcgcgcgg gtatcatgta tgaactgtat acggcgactg agaaacagga 6840 

agacaacgaa aagcacatca actgggtgcg gtccgtctat aactttacca ccccttatgt 6900 

aagtcagaac ccgcggctgg catatctaaa ttatcgggac ctggatctag gcaaaacgaa 6960 

ccccgagtct ccgaataact atactcaggc gcggatctgg ggggagaaat actttgggaa 7020 

aaactttaac cgactcgtaa aggtaaaaac caaggccgac ccgaacaact tcttccgcaa 7080 

cgaacaatct attcccccac tccccccacg ccatcactag ggaattagga ggttaattaa 7140 

atggagaaaa aaatcactgg atataccacc gttgatatat cccaatggca tcgtaaagaa 7200 

cattttgagg catttcagtc agttgctcaa tgtacctata accagaccgt tcagctggat 7260 

attacggcct ttttaaagac cgtaaagaaa aataagcaca agttttatcc ggcctttatt 7320 

cacattcttg cccgcctgat gaatgctcat ccggaattcc gtatggcaat gaaagacggt 7380 

gagctggtga tatgggatag tgttcaccct tgttacaccg ttttccatga gcaaactgaa 7440 

acgttttcat cgctctggag tgaataccac gacgatttcc ggcagtttct acacatatat 7500 

tcgcaagatg tggcgtgtta cggtgaaaac ctggcctatt tccctaaagg gtttattgag 7560 

aatatgtttt tcgtctcagc caatccctgg gtgagtttca ccagttttga tttaaacgtg 7620 

gccaatatgg acaacttctt cgcccccgtt ttcaccatgg gcaaatatta tacgcaaggc 7680 

gacaaggtgc tgatgccgct ggcgattcag gttcatcatg ccgtctgtga tggcttccat 7740 

gtcggcagaa tgcttaatga attacaacag tactgcgatg agtggcaggg cggggcgtga 7800 

tttttttaag gcagttattg gtgcccttaa acgcctgggg atccgctatt ttgttaatta 7860 

ctatttgagc tgagtgtaaa ataccttact tactcaaaag cattaactaa ccataacaat 7920 

gactaatctc tttttttgat tgaactccaa actagaatag ccatcgagtc agtccattta 7980 

gttcattatt agtgaaagtt tgttggcggt gggttatccg ttgataaacc accgtttttg 8040 

tttgggcaaa gtaacgattt gatgcagtga tgggtttaaa gataatcccg tttgaggaaa 8100 

tcctgcagga cgacgggaac tttaacctga ccgctgctgg gttogtaata attttctaaa 8160 

attgccgcca tggtgcgccc gatcgccaaa ccggaaccgt tgagagtgtg aacaaattgg 8220 

gtgccttttt tgcccttttc cttgtagcga atgttggccc gacgggcttg gaaatcgtgg 8280 

aagttagaac aactggaaat ttcccggtag gtgttagccg atggtaacca aacttccaag 8340 

tcgtagcatt tagccgctcc aaaacctaaa tcaccggtac ataattccac cactgagctc 8400 

< 210 > SEQ ID NO 15 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 
oligonucleotide 

< 400 > SEQUENCE : 15 

ggaattagga ggttaattaa 20 
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1. A method of producing a cannabinoid in a photosyn 
thetic microorganism , the method comprising : 

( a ) introducing into the microorganism : 
a polynucleotide encoding a GPPS polypeptide ; and 

one or more polynucleotides encoding AAE1 , OLS , 
OAC , CBGAS polypeptides , and an oxidocyclase 
selected from the group consisting of CBDAS , 
THCAS , and CBCAS ; wherein 

( i ) the polynucleotide encoding the GPPS polypep 
tide is operably linked to a first promoter ; and 

( ii ) the one or more polynucleotides encoding the 
AAE1 , OLS , OAC , CBGAS polypeptides and the 
oxidocyclase are operably linked to one or more 
additional promoters ; and 

( b ) culturing the microorganism under conditions in 
which GPPS , AAEI , OLS , OAC , CB GAS , and the 
oxidocyclase are expressed and wherein cannabinoid 
biosynthesis takes place . 

2. The method of claim 1 , wherein the photosynthetic 
microorganism is cyanobacteria . 

3. The method of claim 2 , wherein the GPPS polypeptide 
is a fusion protein encoded by a polynucleotide encoding 
GPPS fused to the 3 ' end of a leader nucleic acid sequence 
encoding a protein that is expressed in cyanobacteria at a 
level of at least 1 % of the total cellular protein . 

4. The method of claim 3 , wherein the GPPS polypeptide 
is an nptI * GPPS fusion protein . 

5. The method of claim 4 , wherein the GPPS polypeptide 
comprises the amino acid sequence of SEQ ID NO : 2 , or an 
amino acid sequence that is at least 90 % or 95 % identical to 
SEQ ID NO : 2 . 

6. ( canceled ) 
7. The method of claim 4 , wherein the polynucleotide 

encoding the GPPS polypeptide comprises the nucleotide 
sequence of SEQ ID NO : 1 , or a nucleotide sequence that is 
at least 90 % or 95 % identical to SEQ ID NO : 1 . 

8. ( canceled ) 
9. The method of claim 1 , wherein the AAE1 polypeptide 

comprises the amino acid sequence of SEQ ID NO : 4 , or an 
amino acid sequence that is at least 90 % or 95 % identical to 
SEQ ID NO : 4 . 

10. ( canceled ) 
11. The method of claim 9 , wherein the polynucleotide 

encoding the AAE1 polypeptide comprises nucleotides 636 
2798 of SEQ ID NO : 3 , or a nucleotide sequence that is at 
least 90 % or 95 % identical to nucleotides 636-2798 of SEQ 
ID NO : 3 . 

12. ( canceled ) 
13. The method of claim 1 , wherein the OLS polypeptide 

comprises the amino acid sequence of SEQ ID NO : 5 , or an 
amino acid sequence that is at least 90 % or 95 % identical to 
SEQ ID NO : 5 . 

14. ( canceled ) 
15. The method of claim 13 , wherein the polynucleotide 

encoding the OLS polypeptide comprises nucleotides 2819 
3973 of SEQ ID NO : 3 , or a nucleotide sequence that is at 
least 90 % or 95 % identical to nucleotides 2819-3973 of SEQ 
ID NO : 3 . 

16. ( canceled ) 
17. The method of claim 1 , wherein the OAC polypeptide 

comprises the amino acid sequence of SEQ ID NO : 6 , or an 
amino acid sequence that is at least 90 % or 95 % identical to 
SEQ ID NO : 6 . 

18. ( canceled ) 

19. The method of claim 17 , wherein the polynucleotide 
encoding the OAC polypeptide comprises nucleotides 3994 
4299 of SEQ ID NO : 3 , or a nucleotide sequence that is at 
least 90 % or 95 % identical to nucleotides 3994-4299 of SEQ 
ID NO : 3 . 

20. ( canceled ) 
21. The method of claim 1 , wherein the CBGAS poly 

peptide comprises the amino acid sequence of SEQ ID 
NO : 7 , or an amino acid sequence that is at least 90 % or 95 % 
identical to SEQ ID NO : 7 . 

22. ( canceled ) 
23. The method of claim 21 , wherein the polynucleotide 

encoding the CBGAS polypeptide comprises nucleotides 
4320-5507 of SEQ ID NO : 3 , or a nucleotide sequence that 
is at least 90 % or 95 % identical to nucleotides 4320-5507 of 
SEQ ID NO : 3 . 

24. ( canceled ) 
25. The method of claim 1 , wherein the oxidocyclase is 

CBDAS , and wherein the CBDAS comprises the amino acid 
sequence of SEQ ID NO : 8 , or an amino acid sequence that 
is at least 90 % or 95 % identical to SEQ ID NO : 8 . 

26. ( canceled ) 
27. The method of claim 25 , wherein the polynucleotide 

encoding the CBDAS comprises nucleotides 5528-7162 of 
SEQ ID NO : 3 , or a nucleotide sequence that is at least 90 % 
or 95 % identical to nucleotides 5528-7162 of SEQ ID NO : 3 . 

28. ( canceled ) 
29. The method of claim 1 , wherein the oxidocyclase is 

THCAS , and wherein the THCAS comprises the amino acid 
sequence of SEQ ID NO : 10 , or an amino acid sequence that 
is at least 90 % or 95 % identical to SEQ ID NO : 10 . 

30. ( canceled ) 
31. The method of claim 29 , wherein the polynucleotide 

encoding the THCAS comprises the nucleotide sequence of 
SEQ ID NO : 9 , or a nucleotide sequence that is at least 90 % 
or 95 % identical to SEQ ID NO : 9 . 

32. ( canceled ) 
33. The method of claim 1 , wherein the oxidocyclase is 

CBCAS , and wherein the CBCAS comprises the amino acid 
sequence of SEQ ID NO : 12 , or an amino acid sequence that 
is at least 90 % or 95 % identical to SEQ ID NO : 12 . 

34. ( canceled ) 
35. The method of claim 33 , wherein the polynucleotide 

encoding the CBCAS comprises the nucleotide sequence of 
SEQ ID NO : 11 , or a nucleotide sequence that is at least 90 % 
or 95 % identical to SEQ ID NO : 11 . 

36. ( canceled ) 
37. The method of claim 1 , wherein two or more of the 

polynucleotides encoding the AAE1 , OLS , OAC , CBGAS 
polypeptides and the oxidocyclase are present within a 
single operon . 

38-41 . ( canceled ) 
42. The method of claim 1 , wherein one or more of the 

polynucleotides encoding the GPPS , AAEI , OLS , OAC , 
CBGAS polypeptides and the oxidocyclase are codon opti 
mized for the photosynthetic microorganism . 

43-44 . ( canceled ) 
45. The method of claim 1 , further comprising a step 
( c ) isolating cannabinoids from the microorganism or 

from the culture medium . 
46. The method of claim 45 , wherein the cannabinoids are 

collected from the surface of the liquid culture as floater 
molecules . 
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47. The method of claim 45 , wherein the cannabinoids are 
extracted from the interior of the microorganism . 

48-56 . ( canceled ) 
57. A photosynthetic microorganism produced using the 

method of claim 1 . 
58. A photosynthetic microorganism comprising 
( a ) a polynucleotide encoding a GPPS polypeptide ; and 
( b ) one or more polynucleotides encoding AAE1 , OLS , 
OAC , CBGAS polypeptides and an oxidocyclase 
selected from the group consisting of CBDAS , 
THCAS , and CBCAS ; wherein 

( i ) the polynucleotide encoding the GPPS polypeptide is 
operably linked to a first promoter , and 

( ii ) the one or more polynucleotides encoding the AAE1 , 
OLS , OAC , CBGAS polypeptides and the oxidocy 
clase are operably linked to one or more additional 
promoters . 

59. The microorganism of claim 58 , wherein the micro 
organism is cyanobacteria . 

60. The microorganism of claim 59 , wherein the GPPS 
polypeptide is a fusion protein encoded by a polynucleotide 
encoding GPPS fused to the 3 ' end of a leader nucleic acid 
sequence encoding a protein that is expressed in cyanobac 
teria at a level of at least 1 % of the total cellular protein . 

61-99 . ( canceled ) 
100. The microorganism of claim 58 , wherein the micro 

organism is from a genus selected from the group consisting 
of Synechocystis , Synechococcus , Athrospira , Nostoc , and 
Anabaena . 

101. ( canceled ) 
102. A polynucleotide encoding GPPS , AAEI , OLS , 

OAC , CBGAS , CBDAS , THCAS , and / or CBCAS , wherein 
the polynucleotide is codon optimized for cyanobacteria or 
another photosynthetic microorganism ; and wherein the 
polynucleotide is at least 90 % or 95 % identical to a sequence 
selected from the group consisting of SEQ ID NO : 1 , SEQ ID 
NO : 3 , SEQ ID NO : 9 , SEQ ID NO : 11 , SEQ ID NO : 13 , SEQ 
ID NO : 14 , nucleotides 635-2798 of SEQ ID NO : 3 , nucleo 
tides 2819-3973 of SEQ ID NO : 3 , nucleotides 3994-4299 of 
SEQ ID NO : 3 , nucleotides 4320-5507 of SEQ ID NO : 3 , and 
nucleotides 5528-7162 of SEQ ID NO : 3 . 

103. ( canceled ) 
104. An expression cassette comprising the polynucle 

otide of claim 102 . 
105. A host cell comprising the expression cassette of 

claim 104 . 
106. A cell culture comprising the host cell of claim 105 . 
107. A method of producing cannabinoids , comprising 
culturing the host cell of claim 105 , under conditions in 

which the GPPS , AAE1 , OLS , OAC , CBGAS poly 
peptides and the oxidocyclase are expressed and 
wherein cannabinoid biosynthesis takes place . 

108. The method of claim 107 , further comprising isolat 
ing cannabinoids from the microorganism or from the cul 
ture medium . 

109-119 . ( canceled ) 


