WO 2021/178880 PCT/US2021/021194

A METHOD FOR PRODUCING PLANTS WITH MINIMIZED
BIOMASS BYPRODUCT AND ASSOCIATED PLANTS THEREOF

W

CROSS-REFERENCE TO RELATED APPLICATIONS
{8001} This application clairos priority benefit of U.S. Provisional Application No.
62/985,778, filed March 5, 2020, which is incorporated by reference in its entirety for all

purposes.

10 BACKGROUND
[6002] Commercial urban farming has been on the rise in the US primarily through
controlled-environment agriculture in buildings, shipping containers, or unused space. There
are many benefiis to growing food in urban centers, including reduction of transportation
cosis, focal production of {resh food vear-round, and increased food accessibility for

18 urbamtes. Often these sysiems are designed 1o have plant growth areas stacked vertically in
order to decrease footprint size. This also decreases the available height that plants have to

grow in, ultimately limiting the size of crops that can be cultivated in these systems.

{60031 Plants on extended space expeditions can provide a fresh source of food and
nuirients, CO:2 uptake capacity, and behavioral health benefits to crewmembers. Sioular

20 physical space constraints can also be found in spaceflight applications where dedicated areas

for plant cultivation is severely constrained.

{30041 In both cases most fruit and vegeiable bearing plants are too large and produce (0o
much inedible biomass o be viable o these built envirorwoents. As a consequence, maoy of

these systems only produce a limited variety of small, fast growing crops. e.g., green leafy

N2
W

vegetables such as lettuce. Harvest index, a plant productivity metric used to describe the
relative distribution of biomass between the edible and inedible components of a crop (Hayv,
1995), needs to be maxinmuzed. Because planis are not optimized for growth in these bult
enviromments, there are many opportunities to develop new plant traits that match these new

consiraints.
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BRIFF SUMMARY
{8005} This invention is based, at least in part, on the discovery that disrupting a gene that
encodes the enzyvine Poly {(adenosine 5”-diphosphate (ADP)-Ribose) Polymerase (PARP),
e.g, PARP2 maplant e.g, can alter its developmental cyele in a way that is ideal for
confined and/or controlled growth, e g., in spaceflight applications or other environments.
Such genetically modified plants can have minimal amounts of leaves and/or develop fruit in
rapid progression. Further, the plants can have several traits that make them ideal for
cultivation in confined, conirolled, vertical, heterotrophic, and/or automated, e.g., those
implementing robotics for crop management and/or harvest, environmenis when compared to
widltype plants: 1} small size, 2) small amount of non-edible biomass produced, 3} the ability
1o produce fruit faster, 4} the ability to produce fruit more consistent in weight and/or size
across various harvest times throughout each plant's life cvele, 5) the ability to yield the same
or close to the same arvount of fruit, 6) less uiilization of water and/or vertical and/or
horizontal space, e.g., due to any of the aforementioned, and/or 7) the ability to produce more

seed.

{80067 These desirable traits, which are referred to herein as “SPACE”, which can stand for
“Small Plants for spACe Expeditions™ or “Small Plants for Agriculture in Confined
Environments” or “Syoall Plants for Agriculture in Controiled Eovironments™ or “Small
Plants for Agniculturally Controlled Environments™. Plants of a specific line with these
desirable traits are referred to heretn ag “SPACE”, “SPACE Tomatoes”, “M#”, e.g., “M3”, or
“PARP2 Mutant”. These SPACE traits can be induced by the addition of chenucal mnhibitors
or in some embodiments, by gene disruption. Most other mutations that make plants dwarfs
{argely keep the proportion of leafy, un-edible material to edilde fruit the same. NASA has
previously investigated several dwarf tomatoes for cultivation during spaceflight, but none
have been this extreme. In addition to being small. the SPACE trait forces the plant quickly
through developmental cycles to produce fruit without the necessity to develop the whole
plant. This results in profoundly small plants that produce fruit that is a high fraction of their
biomass. Introducing the SPACE trait into plants such as tornato, potato, citrus, sirawberries,
pepper, and blueberries expands the range of fresh produce that can be cultivated in
controlled environment agricubture systems. In some embodiments, e.g., in genetically
modified tomato, the plants have fewer leaves and flowers, and develop frut in a faster
progression. In some embodiments, the plants additionally produce larger numbers of seed,

e.g., a2-to 3-fold increase, compared to wild type plants.
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{0807] Thus, provided herein are plants genetically modified to disrupt the PARP2 gene

and inhibit expression of the protein.

BRIEF BESCRIPTION OF THE DRAWINGS
[0008] Fig 1. T1 generation, 1.e., {irst generation after transformation, of mature tomato

plants 90 days of age disrupted in the PARP2 gene growing in sotl.

[0809] Fig 2 Tomato plants disrupted in the PARPZ gene growing in vifro.
{8016} Fig. 3. Wild-tvpe tomato plants growing in vifro.

{8013} Fig 4. TI mature wild-ty pe tomato plant growing in soil.

{60121 Fig SA-5C. 5A: T2 detection by PCR of Cas9 transgene in lomato plants disrupied
o the PARP2 gene; SB: T2 RT-PCR avalysis of NPT gene expression in toroato plants
disrupted in the PARP2 gene; SC: T2 genotyping of tomato plants disrupted in the PARP2

gene.

{88131 Fig. 6A and 6B. 6A: T2 biomass and fruit production of a wild-type tomato plant
{(Harvest index = (.60); 6B: T2 biomass and fruit production of wild type (Harvest index =

0.6y and plants disrupted in the PARPZ gene (Harvest index = 4.77).

{8014} Fig 7. Orthologues of the tomato PARP2 gene present in different plant species.

{6018} Fig. 8. Physical map of the pKEE4(1 binary vector used 1o produce plants
disrupted in the PARP2 geue.

{00161  Fig. 9 Structural motifs in tomato PARPZ gene.

{30171 Fig. 10A-10C. 10A: T2 population of tomato plants disrupted in the PARP2 gene
during flowering and frnuting; 10B: Perspective top view of T3 population of mature tomato
plants disrupted in the PARPZ gene during flowering and frutting; 10C: Perspective side view
of T3 population of mature tomato plants disrupted in the PARP2 gene during flowering and
fruiting.

{8018} Fig 11A-11C. 11A: T2 wild type flowering tomato planits; 11B: T2 homozygous
fomato plants disrupted in the PARPZ gene showing precocious flowenng and frutting; 108:

Perspective top view of T3 population of mature tomato plants disrupted in the PARP2 gene
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during flowering and frnmting; 10C: Perspective side view of T3 population of mature tomato

plants disrupted in the PARPZ gene during flowering and fruiting.

{80191 Fig 12A-12F. 12A: Stem height of mature T3 wild type tomato plants and tomato
plants disrupted in the PARPZ gene: 12B: Yield of mature T3 wild type tomato plants and
tomato plants disrupted in the PARP2 gene; 12C: Harvest index of mature T3 wild type
tomato plants and tomato plants distupted in the PARP2 gene; 12D Tomato weight mean of
mature T3 wild type tomato plants and tomato plants disrupted in the PARP2 gene; 12E:
Tomato weight standard deviation of mature T3 wild type tomate plants and tomato plants
disrupted in the PARP2 gene; 12F: Average seeds per fruit of mature T2 wild type tomato

plants and tomato plants disrupted in the PARP2 gene.

[8028] Fig 13 Tomatoes from T3 wild tvpe tomato plants and tomato plants distupted n

the PARFPZ gene.
{0021] Fig 14 Latest generation of plants disrupted i the PARP2 gene growing in vitro.

[8022] Fig 15 Tasietest of T3 wild type tomato plants and plants disrupted in the PARP2

gene.

{80231 Fig. 16, Southern blot analvsis of T3 and T4 wild type fomato planis and plants

disrupted in the PARP2 gene.

DETAILED DESCRIPTION

Terminology

{3024} Asused herein, the term “Poly (adenosine 5" -diphosphate {ADP}-Ribose)
Polymerase™ or “PARP” gene refers {o a gene that encodes a PARP enzyme. Poly (ADP-
ribosylation} {(PARylation) is an important postiranslational modification that regulates DNA
repair, gene transcription, stress responses and developmental processes in plants. Poly
{ADP-ribose} polymerase {PARP) catalyzes PARylation by consecutively adding ADP-ribose
moteties rom NAD to the amano acid receptor residues on target proteins. drabidopsis has
three canonical PARP members, and two of these members, AIPARPT and A{PARPZ, have
been demonsirated to regulate DNA repair and siress response processes. PARPZ makes the
greatest contribution to PARP activity in Arabidopsis. PARP2-like proteins are broadly
conserved across diverse plant taxa, while PARP1 is broadly conserved across plants and

animals. Plant PARP2 enzymes fypically comprise one or more SAP domains in the N-
A Y
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terminal region that confer DNA binding activity, a WGR domain, a PARP regulatory
domains and a PARP catalytic domain, e.g., see Gueral, BMC Plan: Biol 19364, 2019,
Arabidopsis PARPY and PARP2 bave a typical H-Y-E catalytic triad m its catalytic core.
Endogenous PARF genes in plants, including the PARP2 gene, can be identified based on
conserved domains and the presence of a PARP signature motif. PARP has a catalvtic
domain at the C-ierminus of the polvpeptide, which is a common characteristic of ali PARP
protein families. PARP also has a regulatory domain consisting of two helix-loop-helix
structural repeats that are typically associated with the C-terminus catalytic domain. The

WGR domain 1s present in a nurnber of PARPs {(Fig. 9).

[B025]  An "endogenous” or "native” gene or protein sequence, as used with reference (o an
orgarusin, refers (o a gene or protein sequence that is naturally occurring in the genome of the

organisim.

[0026] A polynucleotide or polypeptide sequence is "heterologous” to an organismor a
second polvnucleotide sequence if it originates from a foreign species, or, if from the same
species, 1s 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 1s
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, e.g., from a

different gene in the same species, or an allele from a different ecotype or variety).

{8027} The term "promoter,” as used herein, refers {o a polynuclestide sequence capable of
driving transcription of a coding sequence n a cell. Thus, promoters can include cis-acting
transcriptional control elements and regulatory sequences that are involved in regulating or
modulating the timing and/or rate of transcription of a gene. For example, a promoter can be
a cis-acting franscriptional control element, including an enhancer, a promoler, a transcription
terminator, ao origin of replication, a chromosomal integration sequence, $' and 3'
untransiated regions, or an intronic sequence, which are involved in transcriptional
regulation. These cis-acting sequences typically interact with profeins or other biomolecules
{o carry out {e.g., turn on/ofT, regulate, modulate, efc.) gene transcription. A "constitutive
promoter” is one that is capable of initiating transcription in neardy all tissue types, whereas a

"tissue~specific promoter” initiates transcription only in one or a few particular tissue types.
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{0028] The term "operably linked" refers to a fumctional linkage between a nucleic acid
expression control sequence (such as a promoter, or array of transcription factor binding
sites} and a second nucleic acid sequence, wherein the expression control sequence directs

transeription of the nucleic acid corresponding to the second sequence.

{8029} The term "plant” includes whole plants, shoot vegetative organs and/or structures
{e.g., leaves, stems and tubers), roots, flowers and floral organs {e.g., bracts, sepals, petals,
stamens, carpels, anthers), ovules {including egg and central cells), seed (including zygote,
embryo, endospermy, and seed coat), fruit {e. g, the mature ovary), seedlings, plant tissue {e.g.,
vascular tissue, ground tissue, and the like}, cells {e.g., guard cells, egg cells, trichomes and
the hike}, and progeny of samue. The class of plants that can be used in the method of the
nvention is generally as broad as the class of higher and lower plants aroenable to
transformation techniques, including angiosperms {monocotyledonous and dicotyledonous
plants), gvrmnosperms, ferns, and multicelludar algae. Tt includes plants of a variety of plowdy
levels, ncluding ancuploid, polyploid, diploid, haploid, and hemizygous. A “genetically
modified plant”™ includes progeny of a plant that have the genetic modification that was

engineered inio a parent plant.

[0830] The phrase "nucleic acid” or "polynuciectide sequence” refers to a single or double-
stranded polvmer of deoxyribonucleotide or ribonucleotide bases read from the 5' to the 3
end. MNucleic acids may also include modified nucleotides that permit correct read through by
a polymerase, and/or formation of double-stranded duplexes, and do not significanily alter

expression of a polypeptide encoded by that nuclete acid.

{60311 The phrase "nucleic acid sequence encoding” refers to a nucleic acid that encodes an
RNA, which inn turn may be non-coding (e.g.. a gRNA) or anucleic acid, e g, an RNA or
mRNA, that encodes a specific polvpeptide. The nucleic acid sequences include both the
DNA strand sequence that is transcribed info RNA and the RNA sequence that is translated
o protein. The nuclete acid sequences include both the full fength nucleic acid sequences
as well as non-full length sequences derived from the full length sequences. It should be
further understood that the sequence includes the degenerate codons of the native sequence or

sequences which may be introduced to provide codon preference in a specific host cell.

{0032 The terms "dentical” or percent "identity,” 1 the context of two or more nucleic
acids or polypepiide sequences, refer to two or more sequences or subsequences that are the

same or have a specified percentage of nuclectides or amino acid residues that are the same,

G
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when compared and aligned for maximum correspondence over a comparison window, as
measured using one of the following sequence comparison algorithims or by manual
alignment and visual inspection. Two nucleic acid sequences or polvpeptides are said to be
"identical” if the sequence of nucleotides or anuno acid residues, respectively, in the two
sequences is the same when aligned for maximum correspondence as described below. When
percentage of sequence identity is used in reference to proteins or peptides, it is recognized
that residue positions that are not identical often differ by conservative anuno acid
substitutions, where amino acids residues are substituted for other aming acid residues with
similar chemical properties {e.g., charge or hydrophobicity } and therefore do not change the
functional properties of the roolecule. Where sequences differ in conservative substitutions,
the percent sequence identity may be adjusted upwards to correct for the conservative nature
of the substitution. Means for making this adjustment are well known to those of skill in the
art. Typically this involves scoring a conservative substitution as a partial rather than a ful}
mismatch, thereby increasing the percentage sequence identity. Thus, for exarnple, where an
identical amino acid is given a score of 1 and a non-conservative substifition is given a score
of zero, a conservative substitution is given a score between zero and 1. The scoring of
conservative substitutions is calculated according to, e.g., the algorithm of Mevers & Miller,
Compniter Applic. Biol Sci. 4:11-17 {1988} e.g., as implemented n the program PC/GENE

{(Intelligenstics, Mountain View, California, USA).

{60331  An "expression cassette” refers 1o a nuclete acid construct that, when introduced
mto a host cell, results in transcription and/or translation of an RNA or polypeptide,

respectively.

{0034}  An “RNA-guided nuclease” refers to a nuclease, which in combination with a
sgRINA, targets a DNA sequence for cleavage. Generally, absent the sgRNA, the nuclease is
inactive and does not cleave the DNA at the targeted site. Examples of such nucleases

include for example Cas9 and other nucleases as discussed in the context of CRISPR heremn.
Genome Editing

{8035} Modification of an endogenous plant PARP gene, e.g., a PARP2 gene, to inhibit
expression of the gene can be performed wsing any number of genome editing techniques o
roodify, delete, or imsert nucleic acid sequences joto genomic DNA. Examples of such
methods include the use of sequence specific-nucleases. In some embodiments, methods of

genome editing may emplov single-stranded oligonucleotides to introduce precise base-pair

~3
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modifications in a plant genome, as deseribed by Saner et ol Plant Physiol 1706: 917-1928,
2016,

[8036] In some embodiments, a nuclease system for gene editing is used. Any nuclease
that can be targeted fo a particular genome sequence to induce sequence-specific cleavage
and thus allow for targeted mutagenesis can be used. In the present mvention, a “guided
nuclease” refers {0 a DNA nuclease that 15 targeted to a particular genomic DNA sequence,
for example by a separate small guide RNAs (sgRNA) or a fused protein sequence that
targets the DNA sequence. Any method of delivery can be used to deliver the nuclease and
guide molecules. In some embodiments, the miclease and a guide RNA are delivered by the
same mechanism. In some embodiments, the muclease 13 delivered (o the plant by one

mecharusm and the sgRNA is delivered to the plant by a second mechamsm.

{0037} Exemplary nucleases include, for example, engineered or native meganuclieases,
TALEFE endonucleases (TALENSs), zing-finger proteins (ZFPs), zinc-finger nucleases (ZFNs},
DNA-guided polypeptides such as Natronobacterium gregoryi Argonaute {(NgAgo), and
RNA-guided endonucleases, e. g, for example, a Clustered Regularly Interspersed Shori
Palindromic Repeat (CRISPR)/Cas? system, a CRISPR/Cpfl system, a CRISPR/CasX
svstem, a CRISPR/CasY system, a CRISPR/Cascade system). Other CRISPR/Cas RNA-
guided polypeptides Cmsl, MAD7, and the like.

[0838] The CRISPR/Cas system has been modified for use in prokaryotic and eukarvotic
systems for genome editing and transcriptional regulation. The "CRISPR/Cas" system refers
1o a widespread class of bacterial svstems for defense against foreign nucleic acid.
CRISPR/Cas systerns are found in a wide range of eubacteria and archaeal organisms.
CRISPR/Cas systenss include type §, I, and IH sub-types. Wild-type H CRISPR/Cas systems
utilize the RN A-mediated nuclease, CasY in complex with gurde and activating RNA to
recognize and cleave foreign nucleic acid. Cas9 homologs are found m a wide vanety of
eubacteria, including, but not Hmuted fo bacteria of the following taxonomic groups:
Actinobacteria, Aquificae, Bacteroidetes-Chiorobi, Chlamydiae-Verrucomicrobia, Chiroflexi,
Cvanobacieria, Firmicutes, Proteobacieria, Spirochaetes, and Thermotogae. An exemplary
Cas9 protein is the Streptococcus pyogenes Cas9 protein. Additional non-limuting examples
of Cas9 proteins and homologs thereof have been described in literature. In some
embodiments, the RNA-guided nuclease is a Cpfl nuclease or a Cas® nuclease. As noted, in

this svstem the nuclease creales double stranded breaks at the {argel region programmed by
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the sgRNA, which results in repair that can lead to inhubitory mutations to disrupt expression
of a PARP gene, e.g, a PARP2 gene. In some embodiments, promoter mutations may be
introduced into a plant, e.g., using a CRISPR/Cas nuclease systern, to disrupt expression of a

PARP gene, ¢.g. a PARP2 gene by muiating the promoter.

{8039] In one aspect, provided herein is an engineered, non-naturally occurring Clustered
Regularly Interspaced Short Palindromic Repeats (CRISPR}-CRISPR associated {Cas}
{CRISPR-Cas) system as well as a guide nucleic acid, e.g., RNA, to introduce one or more
alterations that inhuibit a PARP gene, e.g, a PARP2 gene. In some embodiments, the
CRISPR-Cas system comprises one or more vectors comprising: {a) a first regulatory element
operable in a plant cell operably linked to at least one nucleotide sequence encoding a
CRISPR-Cas systern guide RNA that hybridizes with the target sequence, e.g., the targe
PARP2Z gene sequence, and (b} a second regulatory element operable in a plant cell operably
finked to a nucleotide sequence encoding a Type-II Cas9 or Cpfl protein, wherein
components {a} and (b} are located on the same or different vectors of the system, wherehy
the guide RINAs target the PARP gene sequence and the Cas9 protein cleaves the DNA

molecule.

[0840] A guide nucleic acid, e.g., one or more sgRNA, that guides the nuclease to a target
PARP genome sequence can be expressed ju the plant. Guide RNA sequence selection can

be performed, e.g., as described in PCT Publication No. WO2018107028.

{0041} In some embodiments, the target sequence in the gene of interest may be
complementary to the guide region of the sgRMNA. In some embodiments, the degree of
complementanity or identity between a guide region of a sgRNA and its corresponding target
sequence in the gene of interest may be about 50%. 55%, 60%, 65%, 70%, 75%, 80%, 85%.
Y%, 95%, 96%, 97%, 8%, 99%, or 100%. with higher or 100% identity being most
desirable to avoid off-target effects. In some embodiments, the guide region of 2 sgRNA and
the target region of a gene of juterest moay be 100% complerventary ot identical. In other
embodiments, the guide region of a sgRNA and the target region of a gene of interest may
contain at least one mismatch. For example, the guide region of a sgRNA and the target

sequence of a gene of inferest may contain 1, 2, 3, 4, 5, 6,7, 8, 9, or 10 nusmatches, where
the total length of the target sequence is at feast about 17, 18, 19, 20 or more base pairs. In
some embodiments, the guide region of a sgRNA and the target region of a gene of interest

may contain 1-6 mismatches where the guide sequence comprises ai least about 17, 18, 19, 20
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or more nucleotides. In some embodiments, the guide region of a sgRNA and the target
region of a gene of interest may contain 1, 2, 3, 4, 5, or 6 mismaiches where the guide
sequence comprises about 20 nucleotides. The 5' terroinus may coroprise nucleotides that are

not considered guide regions (i.e., do not function to direct a CasY or another nuclease protein

W

10 a target nucleic acid {e. g, gene of interest).

{60421 Ag indicated above, alternatives to CRISPR-based nucleases also can be used.
Examples of ZFNs, TALEs, and TALENs are described in, e g, Llovd et al,, Frontiers in

Immunology, 42213, 1-7 (2013).

{00431 In some embodiments, the DN A-targeting molecule comprises one or more zing-
10 finger proteins (ZFPs) or domains thereof that bind to DNA in a sequence-specific manner
and that are fused to anuclease. A ZFP or domain thereof is a protein or domain within a
larger protein that binds DNA in a sequence-specific manner through one or more zinc
fingers, regions of amine acid sequence within the binding domain whose structure is
stabilized through coordination of a zine 1on. The term “zinc finger DNA binding protein™ is

15 often abbreviated as zinc finger proten or ZFP.

{0844] Among the ZFPs are artificial ZFP domains targeting specific DNA sequences,
typically 9-18 mucleotides long, generated by assembly of individual fingers. ZFPs include
those in which a single finger domain is approximately 30 amino acids in length and contains
an alpha helix containing two invanant hustidine residues coordinated through zinc with two
20 cysteines of a single beta tum, and having two, three, four, five, or six fingers. Generally,
sequence-specificity of a ZFP may be aliered by making amino acid substitutions at the four
helix positions (-1, 2, 3 and 6) on a zinc finger recogoution helix. Thus, in some
embodiments, the ZFP or ZFP-containing molecule is non-naturally occurring, e g, is
engineered to bind to a target site of choice. See, for example, Beerh ef af. {2002} Nature
28 Biotechnol. 20:133-141; Pabo ef al. (2001) Ann. Rev. Biochem. 70:313-340; Tsalan ef al.
(2001) Narure Biorechnol. 19:656-660; Segal ef al. (2001) Curr. Opin. Riotechnol 12:632-
637: Choo ef al. {2000} Curr. Opin. Struct. Biol. 10:411-416; U.S. Pat. Nos. 6,453.242;
6,534,261, 6,599,692, 6,503,717, 6,689,558, 7,030,215, 6,794,136, 7,067 317, 7,262 054,
7,070,934, 7,361,635, 7,253,273, and U.S. Patent Publication Nos. 2005/0064474;

30 2007/0218528; 2005/0267061, all incorporated herein by reference in their entireties.

{00451  In some embodiments, the DNA-targeting molecule is or comprises a zinc-finger

DNA binding domain, TALEN, or other DN A-targeting protein fused to a DNA cleavage
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domain to form a targeted nuclease. In some embodiments, fusion proteins comprise the
cleavage domain (or cleavage half~domain} from at least one Type IS restriction enryme and
one ot more DN A-~targeting protein. In some embodiments, the cleavage domain is from the
Type IS restriction endonuclease Fok 1. Fok1 generally catalyzes double-stranded cleavage
of DNA, at 9 nucleotides from its recognition site on one strand and 13 nucleotides from iis
recognition site on the other. See, for example, U.S. Pat. Nos. §,356,802; 5,436,150 and
5,487 994; as well as Li ef af. (1992} Proc. Natl Acad Sci. USA 89:4275-4279; Lief al.
(1993} Proc. Natl Acad Sci. US4 90:2764-2768; Kim et al. (1994} Proc. Natl. Acad. Sci.
1/SA 91:883-887; Kimer ¢f. {19943 7. Biol Chem. 269:31,978-31,982.

{88461 In some embodiments, the endonuclease i3 selected from a meganuclease, a zine-
finger nuclease (ZFN), a transcription activator-like effector nucleases (TALEN), an
Argonaute {non-limiting examples of Argonaute proteins include Thermus thermophilics
Argonaute {TtAgo}, Pyrococcus firiosus Argonaute {PEAgo), Natronobacterium gregoryi
Argonaute (NgAgo)), an RNA-guided nuclease, such as a CRISPR associated nuclease (non-
linuting examples of CRISPR associated nucleases include Casl, CaslB, CasZ, Cas3, Casd,
{as5, Cass, Cas?, Casg, Cas? (also known as Csnd and Cexi2), CaslO, Csyl, Csv2, Csv3,
Ceeld, CseZ, Cocl, Cse2, Csas, Csn2, Csm2, Csm3, Camd, CsmS, Csmé, Corl, Cre3, Cimrd,
CorS, Coor6, Csbl, Csh2, Csh3, Csx17, Cexld, Csx10, Csxi6, CsaX, Csx3, Csxi, Cexis, Csfl,

Csf2, Csf3, Csfd, Cpfl, CasX, CasY, Mad7, homologs thereof, or modified versions thereof).

{8047} Introduction of the nuclease and, in the case of CRISPR-based methods or other
methods requiring a separate guide molecule, introduction of the nuclease and separate guide
moolecule, can be achieved n any number of ways as desired. {o some embodiments, the
nuclease, the guide molecule, or both are introduced in the plant via a transient method that
does not result in introduction of coding sequences for the nuclease or guide nucleic acids
into the plant genome. In some embodiments, the nuclease and guide molecule are
introduced by the same mechanism. For example, a CRISPR nuclease and an sgRNA can be
introduced into the plant in the form of a ribonucleoprotein complex or encoded by BNA or
RNA introduced into the plant, wherein the nuclease and optionally the sgRNA are expressed
froro the introduced DNA or RNA. Alternatively, in some embodiments, an expression
cassette encoding the nuclease can be mitroduced into the genome of the plant and a separate
guide molecule, if needed by the nuclease used, can be introduced transiently. A number of
methods for introducing nucleases and gutde molecules are described i for exarople,

Cermak, T, eral, The Plant Cell, Vol. 29 11961217 (June 2017},

11
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{0048} In some embodiments, the nuclease and optionally the guide molecule, can be
expressed from a constitutive or substantially ubiguitous promoter. For example, a promoter
or promoter fragment can be eroploved to ditect expression of the nuclease in all or
substantially all {e.g.. in many tissues and includimg shoot meristem) tissues of a plant. Such
promoters are referred to herein as "constititive” promoters and are active under most
environmental conditions and states of development or cell differentiation. Examples of
constitutive promoters include the cauliflower mosaic virus {CaMV} 358 transcription
initiation region, the 1'- or 2'- promoter derived from T-DINA of Agrobacterium tumalaciens,
the parsiey UBI promoter {Kawalleck er a/., Plant Mol Biol {1993 Feb) 21(4).:673-84}, RPS3
(Hiroki Tsutsui et al. Plant and Cell Physiology (2016)); 2X3580 (Belhgj, Khaoula, et al.
Plawy merhods 91 (2013 39, AWUBLHIO (Callis 1, er gl Genetics 139 921-939 (1995,
SIUBIO (Dahan-Meir, Tal, et al. The Plowy Journal {2018}, G10-90 (Ishige, Fumihary, et al.
FThe Ploant Journn! 18 4 1999y 443-448) and other transcription initiation regions from

various plant genes known to those of skall.

{00491 As used herein, the phrase “modifving” in the context of modifving a genome of a
plant refers to inducing a structural change in the sequence of the genome at a target genomic
region. For example, the modifying can take the form of deleting a nucleotide sequence from
the gevome of the cell. Such modifving can be performed, for exarple, by inducing a
double-stranded break within a target genonuc region, or a pair of single stranded nicks on

opposite strands and Hlanking the target genomic region.

{60587 The resulting DNA breakpoint can be repaired by the cell’s DNA repair mechanism
{e.g.. via non-homologous end joining), which will frequently rotroduce ove or more
insertions or deletions at the breakpoint, thereby harming or elinunating activity of encoded
profeins or RNAs. In some embodiments, a nucleic acid template molecule can be introduced
into the cell {on the same or a separate vector as the guide RNA) such that the nucleic acid
ternplate molecule is used by the cell as a homologous template for DNA repair via
homology-directed repair (HDR}. If the nucleic acid template molecule is homologous but
contains one or more nucleotide changes from the cell’s chromosomal DNA, the repair will
mtroduce those nucleotide changes as part of the repair, thereby introducing specific fargeted

changes to the target DNA.

[B051]  An expression cassette for expression of the nuclease, the guide molecule, or both

can be part of a viral replicon or non-viral vector that is introduced into the plant. Any vector
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with or without a viral replicon can be used. Exemplary plant viral replicon vectors include
parts from, e.g., DNA viruses (such as Bean vellow dwarf virus, Wheat dwarf virus, Cabbage
{eaf curl virus, and Potato Virus X (PVX)) and RNA viruses (such as Tobacco ratile virus).
See, e.g.. Laidi ef al, Front Plant Sci. 2017; 8: 332 (2017) and Lacomme et af, Curr Protoc

Microbiol. 2008 Feb; Chapter 16:Unit 161

{60521  Any additional methods of delivery of the guide molecules to the plant is
coutemplated. For exarople, instead of the use of viral replicon vectors, one can divectly
deliver nuclease and RNA complexes as RiboNucleoProteins (RNPs). In another
embodiment, one can use particle gun bombardment to introduce the guide molecule, the
nuclease, or both, or nucleic acids encoding the nuclease and/or guide molecule directly to

the plant.

[0053] Alternatively, a DNA construct may be combined with suitable T-DNA flanking
regions and introduced into a conventional Agrobacterium tumefaciens host vector. The
virwlence functions of the Agrobacterium fumefaciens host will direct the transfer of the T-
DNA into plant cells when the cell is infected by the bactenia. Agrobacterium tumefaciens-
mediated transformation techniques, including disarnung and use of binary vectors, are well
described in the scientific literature. See, for example, Horsch ef ¢l Science 233:496-493

(1984), and Fraley ef ol Proc. Nail Acad. Sci. USA 80:4803 (1983).

[8054] Microinjection techiuiques can also be used. These techniques are well known in the
art and thoroughly described in the literature. The introduction of DNA constructs using
polyethviene glycol precipttation is deseribed for example in Paszkowski er ol EMBRO J.
3:2717-2722 (1984). Electroporation techniques are described for example in Fromm ef ol.
Proc. Nati. Acad Sci. USA 82:5824 (1985}, Ballistic transformation techniques are described
for example in Klein ef /. Nature 327.70-73 (1987). In some embodiments, silicon carbide
whisker-mediated plant transformation is emploved (see, e.g., Asad and Arshad {2011}
Silicon Carbide Whisker-mediated Plant Transformation, Properties and Applications of

Silicon Carbide, Prof. Rosario Gerhardt (Ed.), ISBN: 978-953-307-201-2).

{8055} Plants comprising genetic modifications designed to disrupt or otherwise inhibit
expression of a PARP gene can be screened using known techniques. Tn some embodiments,
the presence of a modified gene can be detected. In some embodiments, screening may be
performed based on a phenotypic change, for example, a plant can be selected for small size,

e.g., smaller in size when compared to a control wildtype plant; for a reduction in the amount



WO 2021/178880 PCT/US2021/021194

of non-edible biomass compared to edible biomass when compared 1o a control wildtvpe
plant, e.g., selecling based on the following crifenia; each plant being able to produce
harvestable frutt faster; for tomato, having a barvest index within 0.60 to 0.84 or higher; for

tomato, fruit vield greater or equal to 28 grams; for tomato, fruit with an average weight

W

greater than or equal to 3.79 grams and more consistent in size; for tomato, a vield greater

than or equal to 39 grams;

; and/or a stem height less than or equal o 6 centitneters. A
“control wild-type plamt” refers to a counterpart of the PARP-disrupted plant of the same

strain or cultivar as the modified plant, but without the PARP disruption.

[0056] In some embodiments, a plant that has a modification to disrupt or otherwise inhibit
10 expression of a PARP gene, e.g, a PARPZ gene, may be smaller than a control wild plang, for
exarople have a size that 15 75% of the size or smaller compared to the size of the control
wild-type plant, or in some embodiments, 70% of the size or smaller, or 65% of the size or
smaller, or 60% of the size or smaller or 55% of the size or smaller. or 50% of the size or

smaller compared to the size of the conirol wild type plant when roeasured at the same time

¥4

point, for example during the optimal growth period for the control plant. In some
embodiments, a plant that has a modification to disrupt or otherwise mhibit expression of a
PARP gene, e.g, a PARP2 gene, may have a harvest index that is 20% or greater than a

control wild type plant.
Types of planis

20 [G887]  Anv plant species can be targeted to disrupt a PARP gene. FIG. 7 provides a
summary of accession number for various PARP2 orthologs. In some embodiments, the
plant produces fruits or vegetables. In some embodiments, the plant is tomato, canola, beets,

potato, citrus, strawberry, pepper, blueberry, rice, wheat, or barley.

{30581 In some embodiments, the plant that is genetically modified to disrupt a PARP gene
25 may have additional youtations, such as mutations in a dwarf () gene or self~pruning (sp)
gene. For exarople, a plant roodified to distupt a PARP gene, e.g.. atomato plant, may also
have d and/or sp gene mutations, which are known (see, e.g, Kobavashi, ef o/, Plant & Ceil
Physiology 55. 44554, 2014}, or other dwarfing genes or genes involved in vegetative
growth. In somwe embodiments, the plant, e.g., a tomato plant, may have a mutation in a

30 SIGLK2 gene (see, e.g. Powell ef ¢l Science 336:1711-17185, 2012). Hlustrative Dwarf /

gene in other plants include rice {Ashikan ef o/, Proc. Natl dcad. Sci US4 961028410289,

14
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1999), barley (Xu ef af., BMC Plant Biclogy 17:2-10, 2017); and canola (Muangprom and
Osbom, Theor Appl Genet 108:1378-1384, 2004).

{80591  In some embodiments, the plant is a species of plant of the genus 4belmoschus,
Allium, Apium, Amaranthus, Arachis, Arabidopsis, Asparagus, Atfropa, Avena, Benincasa,
Beta, Brassica, Canmabis, Capsella, Cica, Cichorium, Citrus, Citrulius, Capsicum,
Carthamus, Cocos, Coffea, Cucumis, Cucurbita, Cynasa, Dancus, Diplofaxis, Dioscorea,
Flais, Eruca, Foenicutum, Fragaria, Glveine, Gossypium, Helianthus, Heterocaliis,
Hordeum, Hyoscyamus, Ipomea, Lactuca, Lagenaria, Lepidium, Linum, Lolium, Luffa,
Luzula, Lycopersicon, Malus, Moanihot, Majorana, Medicago, Momodica, Musa, Nicotiana,
Olea, Oryza, Panicum, Pastinaca, Pennisetum, Persea, Petroselinium, Phaseolus, Physalis,
FPinus, Pisum, Populus, Pyrus, Prunus, Raphanus, Saccharum, Secale, Senecio, Sesanivim,
Sinapis, Solanum, Sorghum, Spinacia, Theobroma, Trichosantes, Trigonella, Triticum,
Turritis, Valerianelle, Vitis, Vigna, or Zea. In some embodiments, the plant is selected from
the species: Brassica napus, Cucumis meln, Cucurbita pepo, Daucus carota, Gossypivm
hirsutum, Glveine max, Helionthus anmnuus, Linum usitatissimum, Papaver somniferum,

Phaseolus vulgaris, Solanum Ivcopersicum, Spinacia oleracea, or Vigna unguiculaia.

EXAMPLES

[8068] Example 1. Increased developmental rate and harvest index of CRISPR-engineered

tomato plants.

{0061} This example employvs CRISPR/Cas9 gene editing to inactivate a key gene in plant
growth and siress response that encodes the enzyme Poly {adenosine 5 -diphosphate (ADP)-
Ribose) Polymerase (PARP) (Akhart, 2013). This example iltustrates that planis, e g, tomato
plants, carrying-over a imuation in the PARP2 gene can rapidly progressed through their
developmental cycle to produce friut. The rapid progress can results in little production of
non-fruit biomass. These plants can also produce more seeds and exhibit a higher harvest
index than conirol wild tvpe plants. The phenotyvpe of planis fropaired in this gene, e.g , Fig.

I, can be useful for crops grown in the built environment, for example, SPACE plants.

[0062] Methods, The CRISPR/Cas9 system was used to generate fomato planis carrving
over a non-Runctional PARP2 gene. The cultivar used for genstic modification is the Micro-

Tom cultivar. Seeds were obtained from Ballseed, Lot # 2018230301 Targeting sifes in the
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PARP gene were selected using the CRISPRdirect program available at hitps site
crispr.dbels.jp. The selected sgRNA target sequence was assembled in the T-DNA of
plasmid pRKEE40Y (Wang ef ol, Genome Biol 16:144, 2015; obtained from Addgens,
depicted in Fig. 8; the vector has a pCambia backbone and contains the Cas9 gene, an empty
2RNA scaffold, and the nptH gene for kanamycin resistance selection in bacteria and plants)
containing a Cas? endonuclease gene, codon-optimized for higher plants and driven by the
CaMV 358 promoter, alongside the gRNA under the control of the U6 polymerase promoter,
and the neomycin phosphotransferase (NFP77T7) selectable marker gene that confers kanamycin
resistance {Fig. SB). Construct assembly was performed using the Golden gate method
{Weber et al. 2011). The CRISPR/Cas9-gRNA expression cassetie was transformed into
tomato using the Agrobacierivim-mediated transformation protocol routinely used in our

{aboratory {Garcia et al., 2015}

{80637 In brief, cotviedons just emerged from the seed coat were dissected and pre~cultured
for 2 davs followed by moculation with the Agrobacierium fumefaciens strain GV3101,
containing the CRISPR/Cas? constructs of mnterest. Following a 2-day co-cultivation, the
cotviedon segments were iransferred {o a selective regeneration medium supplemented with
100 mg/ kanamyein, 250 mg/l cefotaxime and S00 mg/l carbenicillin. When shoots were 0.5
cmtall, they were transferred to a selective rooting roedium that also contained 50 mg/d
kanamvein and only the rooted plants were transferred to the greenhouse (Garcia er o/,

2015y

[6064] Total RNA and genomic DNA was exiracted using a standard cety-trimethyl-
aromonum bronude protocol and RNeasy Plart Mind kit (QIAGEN). Each plant was
genotyped for the presence of the Cas9-sgRNA construct with primers designed to amplify a
region spanning the 37 end of the 358 promoter and the §” end of Casy. PARPZ gene
expression analysis was also performed using RT-PCR. Amplicons were also generated with
primers flanking the CRISPR/Cas9 target regions in the PARPZ gene. Primer sequences are
presented in Table 1. All PCR products were resolved on 1% (w/v) agarose gel. Selected
PCR produects were excised and purified for cloning into the pSC-A-amp/kan vecior
{Strategene). A minimum of three clones per PCR product were sequenced using MI13F and
MI13R primers. Alignments were performed using Clustal W in the MacVector software
package. To test the germline transmission and heritability, seeds from T1 and T2 plants

were germnated in vitre on selective medium coutaining 100 wg/ of kanamycin and DNA

16



W

WO 2021/178880 PCT/US2021/021194

was extracted. Each seediing was genotyped by PCR for the presence of Cas® and the

mnhertiance of the mutations.

[8065] Results, Transgenic tomato plants carrving over a disrupted PARP2 gene were
generated using CRISPR-Cas9 system. The Cas-sgRNA genes were transforroed via
Agrobacterium-mediated transformation. The presence of the fransgenes was determined in
the TO primary transformants, as well as in the T1 and T2 generations of selected
fransformanis using end-PCR and RT-PCR analyses (Figs. 5A-B). Sequencing of the target
region in the PARPZ gene indicated the presence of a single or a double nuclectide deletion,
which would cause a translational frame-shift leading to the production of a truncated, non-
functional protein. Plants carrving the mutation were notably smaller than the wild type, e. g,
compare Figs. | and 4. Additionally, plants with a moutation in the PARP2 gene flowered and
froited 10 days earlier than wild type (Figs. 11A-B) and produced more seed per fruit than the

wild type plants (Fig. 12F}.

[0066] Harvest index is a plant productivily metric used o describe the relative distribution
of biomass between the edible and inedible components of a crop (Hay, 1995). As illusirated
in Fig. 6A-B, PARP mutants directed more biomass to fruit when compared to wild type
plants. For T2 experiments, the average harvest index was 0.60 for wild type (Figs. 6A and

F1A)Y versus 0.77 (Fig. 6B and 11B) for the plants carrying over the PARP2 distupted geve.

{0867} Stemheight, 1.e, primary stem height, was significantly shorter across all tomato
plant lines disrupted in the PARP2 gene (Figs. 11C and 12A). This trait allows for tomato
plants disrupted in the PARP2 gene to better utilize vertical space (Figs. 1, 10B-C, 11A-C,
12A) while producing the same or more vield of fruit when compared to wild type tomato
plants (Fig. 12B), which 1s of particular value when growing crops via vertical farms utilizing
shelves, e g, one shelf {Figs. 10B-C}) and/or vertical grow fowers populated with plants. An
extreme example of efficient vertical and horizontal space utilization was demonstrated by
explants disrupted 1n the PARPZ gene grown wn vitro (Figs. 2 and 14). Further, all tomato
plant lines disrupted in the PARPZ gene had tomatoes significanily more consistent in size
and that ripened faster, 1.e., the standard deviation in tomato weight was smaller and the mean
fomato weight was the same, when compared to those of wild type toroato plants (Figs. 12D-
E, 13). PARP mutants seem to be able to direct more resources o edible vs. inedible
fnomass, allowing for faster growth and maturity of their fruit, and a more homogenous size

of their fruit. These fraits are important because tomato growers are accustomed to having

7
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their first harvest be their most consumer-marketable one as subsequent harvests yvield

smatler fruit, which often has to be sold as a part of other less~-income generating products,

e.g., animal feed, sauces, elc.

[0068]

[6669]

I reference to Fig. 15, there were no statistically sigmficant differences in taste

features between wild tvpe tomato plants and tomato plants with the SPACE traits.

In reference to Fig. 16, southern blot analvsis reveals that the T-DNA insertion that

contains a marker with a gene, e.g., the npilf gene, and the CRISPR/Cas? system used to

generate during transformation of plants that exhibit the SPACE traits, e.g., via gene editinga

CRISPR/Cas® system. can be segregated out, e.g., by the T3 and T4 generations.

[0670]

in reference to Table 1, nutritional analysis reveals that there is no significant

difference between the nuiritional properties between wild type tomato plants and tomato

plants with the SPACE tratis under various growing cortexis,

Table 1
Source: Burofins Scientific Inc.
Nutritional
Auvalysis Wild Type SPACE Tomatoes
Experiment
{Context}i 1 {Greenhouse) 1 {Greenhouse} 4 {Greenhouss) 3 {Growroom)
Calcium 0.019% 0.017% 0.017% 0.016%
Iron 0.0003% (.0004% 0.0008% (.0004%
Magnesium 0.017% 0.016% 0.025% 0.019%
Potassium 0.260% 0.217% 0.383% 0.284%
Zine 2.6 ppm 2.7 ppm 3.3 ppm 3.5 ppm

B-carotene

731 1U/100 ¢

SBOIU/100 g

664 1/100 g

747 1U/100 ¢

Reatinol

<60 1U/100g

<60 1U/100g

<60 TH/100g

<60 TU/100g

Total Vitamun A

731 1U/100g

580 1U/100g

664 1U/100g

747 1U/100g

Vitamin C} 20.3 mg/100 g 18.7 mg/100g 16.9mg/100 g 16.8 mg/100g
Lycopene i24 uglg 16.1 ug/g 304 ugle 258 uglg
Motsture N/A N/A 91.7% 91.9%

{8071} All references, including publications, accession numbers, patent applications, and

patents, cited herein are hereby incorporated by reference for the purpose for which it 1s ciied

1o the same extent as if each reference were individually and specifically indicated to be

incorporated by reference.
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Hiustrative sequences

8. fycopersicam PARPZ (Solyc(i8g74730) coding sequence (sequences for guide RNAx

are pnderiined)

ATGGCCACCATTACCAATITTAATGTCCGATCGAATTTGACTCAATGAATGTITOTGE
AGCGAGTATAAGAAGATAAGTGTTAATCGATCCGOGTGAACTTTTATACTTGOTCGAA
GAAAAAATITOTTCGACAGGCTTICGTGCTOTTGCTAATTTACAGATTIGACGATCAT
CTACCAGTTGOGAGATGAAGGCAAGACAGAGAAATTGOTCACAGCAACAAAGAA
GGGTGCAGCTGTTTTGGATCAATATCTGTCAGATGAAATCAAGGCATTATACCAT
GTCCTGCATCAAGGAAATGATATTITATGAGGCCACATTGAACCAAACAAATCITE
10 AGAACAACGATAACGAATTITATATCATTCAAGTTCTAGAGAATCGATTIGTGGTGG
GAATTTCCTTICTTITACACTAGATGGOGOTAGAGTTGOTGAAAAGGGAGAAALGAA
CGATCAGTGOTCCCTATACGTATOUCGGTCATGCCACATCTGAGTTTGAGCGTAAA
TTCTATGAGAAGACCAAGAACTGTTOGOGTCTAACCGCAAAGATITITITTIGTCAAC
CAAAGCAATATGCTTGOTTGGAAATGGACTATGATCGAAAATGGUGGAATACTCAT
15 CAATCCAAGGACAGTCCATTCTAGTACCAAGAAGTCGACCTCGTGAGACTAAGC
TGRAGGCCCCGATTGCAAAGTTCATATCTCTTATTITGTGACATCAATATGATGAG
GCAGCAAATGATGGAAATAGGTTACAATGCTAACAAGTTGCCACTCGGTAAATT
GAGCAAGAAAACTATTTITAAAGGGCTATGATGTCTTGAAAAATATTIGCTGTGTTA
TAGGUCAGTTCAACAGGACACTGCTTGAAGATTTGAGCAGTCAATICTATACAGT
20 CATTCCTCATCATITTOGGATTCCAGAAGATGOAATTTGTCATTGACACCCTTCCAA
AGTTAAAACGCAAAATTGAAATGGTGAAAGCTCTTGCTGAAATTGAAGTCACAA
CTAAGTTATCGGAGGATAACACAGATATACAGGAGGATCCCTTGTTTTATCAATA
TGAACAACTTGGTTGCAAACTTGTTCCAGTTGAAGTCGGTTCCCAGGAATATCTC
ATGATTGAGAATTACATCGAAGAATACCCATGCAAAATACATTCTGOTTATGCTGT
25 COGATATTGITCAAGTATTTAGGGCATCAAGAAATGGTCGAAAATGAAAGATITCA
GAAGTTCTCTGATACGAGTAATAGGATGCTTTTATGGCACGGTTCTCGGCTGACA
AACTGOGCTOGOCATTCTTTCACAGOGGTTTAAGAATTGCTCCTCCAGAAGCACCTT
COACAGGUTACATOGTITTGOOAAAGGTOTTTACTTITGCTGATATGTTCTCCGAGAG
TGCAATTTATTGCTATGCCTCATCGGCTGCTAAGAATGGTGTIGCTTITITGYTCTGCG
30 AGGTTGCTCTCGGCGACATGAATGAGCTATIGTCAGUCAACTCCGATGUTGATAA
GTTGCCTTTGGGAAAGCTAAGCACAAAAGCAGTCGOTGCCATGOCCCCAGATTTT
AAAGAAGCTCAAATACTTGAAGATGOGTOGTCATCOTTICCTCTGGGAAATCCAAAG
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GAGCGACCAAAACAGGGTAATTTIGTTGCATAATGAGTACATTGTTITACAATGTGG
AACAATTAAGCGATOCGCTATOTTATCCAGGTTGAGTTCAATTATGAAATA

pHEF401E PARP2 (with one sg RNAs underlined)

CGACTTGCCTYCCGCACAATACATCATTTCTTCTTAGCTTTTITITCTITCTTCTTCGTY
TCATACAGTTITITTTITOTTTATCAGCTTACATTITCTTGAACCGTAGCTTTCGTTT
TCTTCTITITAACTTITCCATTCGGAGTTTTTGTATCTTGTTITCATAGTTTGTCCCAG
GATTAGAATGATTAGGCATCGAACCTTCAAGAATTTGATTGAATAAAACATCTTIC
ATTCTTAAGATATCGAAGATAATCTICAAAAGGCCCCTGGGAATCTGAAAGAAGA
CGAAGCAGGCCCATTTATATGGGAAAGAACAATAGTATTICTTATATAGGUCCATT
TAAGTTGAAAACAATCTTCAAAAGTCCCACATCGCTTAGATAAGAAAACGAAGC
TGAGTTTATATACAGCTAGAGTCGAAGTAGTGATTGATACGTATGLCGUGTGATGL
CTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGUTAGTCCGTITATCAACTTGAA
AAAGTGGCACCGAGTCOGOTOGCTTTITTITTOCAAAATTTTCCAGATCCGATTITCTTCT
TCCTCTGTTCTTICGGCOGTTCAATTICTGQGGTTTICTCTTCGTTITTICTGTAACTGAA
ACCTAAAATTTGACCTAAAAAAAATCTCAAATAATATGATICAGTGGTTITGTAC
TITTCAGTTAGTTGAGTTTTGCAGTTCCGATGAGATAAACCAATATTAATCCAAA
CTACTGCAGCCTGACAGACAAATCGAGGATGCAAACAATTTTAAAGTTTATCTAAC
GCTAGCTGTTTTIGTTICTICTCTCTGGTQCACCAACGACGGCGTTTTICTCAATCAT
AAAGAGGCTTIGTTTTACTTAAGGCCAATAATGTTGATGGATCGAAAGAAGAGGG
CTTTTAATAAACGAGCCCOGTTTAAGCTGTAAACGATOTCAAAAACATCCCACATC
GITTCAGTTGAAAATAGAAGCTCTGTTTATATATTGGTAGAGTCGACTAAGAGATT
CGAGAAGTCGACCTCOTCGAGACGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG
GCTAGTCCGTTATCAACTTGAAAAAGTOGOCACCCGAGTCGOTGUTTITITTIGCAA
AATTITCCAGATCGATTTCTTCTTCCTCTGTTICTTCGGCGTTCAATTITCTGGOGGTTT
TCTCTTCGTTTTCTGTAACTGAAACCTAAAATTTGACCTAAAAAAAATCTCAAATY
AATATGATICAGTGGTTTTGTACTTTTICAGTITAGTTGAGTTTTGCAGTTCCGATGA
GATAAACCAATA

20



