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Summary

Agrivida, Inc. is submitting this information to USDA APHIS to support a Regulatory
Status Review of maize that has been genetically engineered to produce a glucanase
enzyme. The glucanase producing maize developed by Agrivida, Inc. contains
transgenes that produce two proteins novel to maize, [-glucanase and
phosphomannose isomerase. Glucanases are ubiquitous in nature and are produced
by many microbes and plants. Glucanases are a class of enzymes that depolymerize
1,3 and 1,4-B-D-glucan polysaccharides that are present in the cell walls of cereals
and other plants. The primary enzymatic activity of the glucanase enzyme
engineered into maize is endo-1,4-B-glucanase but it also exhibits lesser levels of
other carbohydrase type activities, including endocellulase, exocellulase, and endo-
mannanase. Glucanases are commonly added to the diets of monogastric animals
fed diets high in soluble non-starch polysaccharides (NSP) to decrease the viscosity
of the digesta in the digestive tract. Diets high in NSPs often become very viscous in
the intestinal tract leading to reduced digestibility of the diet and disturbances of
the digestive tract. The gene encoding the glucanase enzyme (referred to as AC1
Glucanase) in maize was derived from a gene isolated from an environmental DNA
library that is identical to the Cel5A glucanase gene of Thermotoga maritima (NCBI
accession Q9X273) (Nelson et al., 1999). The gene sequence was modified by Gene
Site Saturation Mutagenesis (GSSM) to improve its thermostability. The resulting
AC1 Glucanase differs from the Cel5A glucanase by 12 amino acids. Maize
engineered to contain the glucanase gene was generated by Agrobacterium-
mediated transformation into immature maize embryo tissue as described by
Negrotto et al. (2000) using a gene cassette containing the optimized AC1 Glucanase
gene and the manA gene encoding the phosphomannose isomerase (PMI) enzyme.
Expression of the AC1 Glucanase gene is directed by the rice glutelin promoter (Qu
et al, 2008), a seed-specific promoter, such that the AC1 Glucanase is produced
primarily in the grain of Z. mays. The manA gene encoding PMI was included in the
transformation cassette as a plant selectable marker. The manA gene is expressed
by the promoter from the Z. mays ubiquitin 1 gene that provides expression in all
maize tissues.

Multiple lines of evidence indicate the presence of a single T-DNA insertion from the
transformation plasmid pAG4588. The nucleotide sequence of the insertion,
including the flanking genomic maize DNA, was determined and demonstrates that
the T-DNA is located on maize chromosome 6.

Agrivida has conducted a food and feed safety assessment of the AC1 Glucanase and
concluded that this protein does not present any safety concerns related to
consumption of maize containing the AC1 Glucanase by humans or animals.
Agrivida, Inc. has completed an Early Food Safety Evaluation of the AC1 Glucanase
with the U.S. Food and Drug Administration (NPC No. 00018; Agrivida, 2017) and a
detailed assessment of human and animal safety of the AC1 Glucanase protein has
been provided to the FDA as part of a food and feed safety and nutritional
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assessment for maize expressing the glucanase gene (BNF 181). The safety and
efficacy of the AC1 Glucanase as a feed additive in poultry has been reviewed by the
FDA Center for Veterinary Medicine who had no questions concerning Agrivida
Inc.’s conclusion that the AC1 Glucanase is GRAS for this purpose (CVM, 2020; AGRN
31). The safety of the PMI protein has been extensively characterized (Privalle et al,
2006) and this selectable marker has been widely used in maize and other crop
species that have been approved for food use by regulatory authorities in the United
States and other countries.

Cereal grains are broadly classified into two major categories, viscous and non-
viscous cereals depending on their content of soluble non-starch polysaccharides
(NSPs). Rye, barley, oats, and wheat contain considerable amounts of soluble NSP
and are classified as viscous grains, whereas corn, sorghum, millet and rice contain
reduced amounts of soluble NSP and are considered to be non-viscous cereals. The
content of viscous NSP in feeds produced from these grains may result in high
digesta viscosity in the gastrointestinal (GI) tracts of monogastric animals resulting
in reduced nutrient digestibility and availability, negative impacts on the gut
microbiome and other negative effects (Burnett, 1966; Choct and Annison, 1992;
Bedford and Classen, 1992; Danicke et al,, 1999). Since the 1980’s glucanase and
other enzymes that degrade soluble NSP have been added to the feed of monogastric
animals to decrease digesta viscosity and improve the performance of animals fed
diets based on grains with a high soluble NSP content (Hesselman and Aman, 1986;
Campbell et al., 1989; Broz and Frigg, 1986; Newman and Newman, 1987). A large
number of enzymes categorized as NSPase are approved for use in animal feed to
hydrolyze soluble NSPs and improve the digestion of nutrients in feeds based on
grains high in soluble NSP content. These include glucanase as well as galactosidase,
mannanase, pectinase, and xylanase. [3-glucans are a primary soluble NSP in grains
and are present at levels of 0.2-0.7% in wheat and 1.9-5.4% in barley (Havrlentova
and Kraic, 2006). B-glucan is a glucose polymer containing a mixture of 3-1-3 and (-
1-4 linkages that make its physicochemical properties different from cellulose that
is a straight-chain glucose polymer with only (-1-4 linkages. Four types of endo-
acting glucanases, classified according to the type of glycosidic linkage they cleave,
are capable of depolymerizing (1,3)-(1,4)-B-D-glucan: endo-(1,3)-(1,4)-B-
glucanases, endo-1,3(4)-B-glucanases, endo-1,4-3-glucanases, and to a lesser extent,
endo-1,3-B-glucanases (McCarthy et al. 2003).

Although glucanases have been widely used in feeds based on grains high in soluble
NSPs, their utility in corn-soybean meal based diets has also been demonstrated.
NSPs in corn-soybean meal based diets have been shown to decrease the
digestibility of nutrients by restricting access of digestive enzymes such as amylase
and proteases to nutrients intertwined in fibrous cellular matrices (Cowieson,
2005). In addition, legume (e.g., soybean) NSPs are more complex in structure than
those of cereals, containing a mixture of colloidal polysaccharides (galacturonans,
galactan and arabinans). Accordingly, the addition of pectinase to a corn-soybean
meal diet has been shown to significantly increase the metabolizable energy (ME)
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value of the diet. This improvement in the ME coincided with increased digestibility
of galactose-rich polysaccharides (Kocher et al., 2002).

Agrivida, Inc. is developing animal feed enzyme products that are produced in maize
grain. Genes encoding the enzymes, under the regulation of monocot-derived seed-
specific promoters, are transformed into maize. The enzyme products produced in
this manner will be marketed under the trade name of GraINzyme®. One of the
GralNzyme® products under development by Agrivida, Inc. is a glucanase feed
enzyme whose primary activity is endo-1,4--glucanase.

Based on the information and data contained in this document, Agrivida, Inc.
requests that USDA APHIS conduct a Regulatory Status Review for maize expressing
the glucanase gene under the new SECURE Rule (7 CFR Part 340.4; Federal Register,
2020).
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1. Description of Zea mays L. (Maize), the Comparator Plant

Zea is a genus of the family Graminae (Poaceae), commonly known as the grass
family. Maize (Zea mays L.) is a tall, monecious annual grass with overlapping
sheaths and broad conspicuously distichous blades. Plants have staminate spikelets
in long spike-like racemes that form large spreading terminal panicles (tassels) and
pistillate inflorescences in the leaf axils, in which the spikelets occur in 8 to 16 rows,
approximately 30 cm long, on a thickened, almost woody axis (cob). The whole
structure (ear) is enclosed in numerous large foliaceous bracts and long styles
(silks) protrude from the tip of the ear as a mass of silky threads (Hitchcock and
Chase, 1971). Pollen is produced entirely in the staminate inflorescence and eggs,
entirely in the pistillate inflorescence. Maize is wind-pollinated and both self and
cross-pollination are usually possible. Shed pollen usually remains viable for 10 to
30 minutes, but can remain viable for longer durations under favorable conditions
(Coe et al,, 1988). Cultivated maize is presumed to have been derived from teosinte
(Z. mexicana) and is thought to have been introduced into the old world in the
sixteenth century. Maize is cultivated worldwide and represents a staple food for a
significant proportion of the world’s population. No significant native toxins are
reported to be associated with the genus Zea (International Food Biotechnology
Council, 1990).
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1. Genotype of Maize Expressing the Glucanase Gene
A. Summary

Data from Southern analyses demonstrated that a single copy of the T-DNA from the
transformation construct pAG4588 is inserted into the genome of the transformed
maize. The nucleotide sequence of the T-DNA and the flanking maize genomic DNA
of the T-DNA insertion was determined and revealed that the insertion is in maize
chromosome 6. The following is a summary of data and information relevant to the
genetic characterization of the T-DNA insertion of the glucanase maize and this
information was previously submitted to the FDA/CVM in Agrivida, Inc.s GRAS
notice (Agrivida, 2019; AGRN 31) for the use of AC1 Glucanase produced by maize in
poultry feed.

B. Origin of the Gene Encoding the AC1 Glucanase

The gene encoding the AC1 Glucanase enzyme was derived from a gene isolated
from an environmental DNA library. The isolated gene encoded an enzyme that is
identical to the Cel5A cellulase from Thermotoga maritima (NCBI accession
Q9X273) (Nelson et al., 1999). This gene was modified by Gene Site Saturation
Mutagensis (GSSM) resulting in 12 amino acids changes in order to improve the
thermostability of the AC1 Glucanase. The modified gene encodes a glucanase
enzyme that is a 37.7 kDa protein with 96% identity to the Cel5A glucanase of T.
maritima. Agrivida, Inc. has compared the Cel5A and AC1 Glucanase enzymes and
has demonstrated that the enzyme kinetics of these two glucanases is nearly
identical (Table 1). Expression of the AC1 gene is directed by a monocot-derived
seed-specific promoter, such that the GraINzyme® AC1 Glucanase is produced only
in the grain of Z. mays. The nucleotide coding sequence and deduced amino acid
sequence of the AC1 Glucanase gene are shown in Figure 1.

Since only the coding sequence of the AC1 Glucanase gene and no other DNA derived
from the original host is included in the the transformation construct of plasmid
pAG4588, the identity of the source organism or its safety profile is not relevant to a
discussion of the safety of the AC1 Glucanase protein.
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Table 1. Comparison of the enzyme Kinetic properties of the Cel5A glucanase
of T. maritima and the AC1 Glucanase produced in maize.

Vmax Kcat Km

pmoles/min/mg min-1 mg/mL
Cel5A 36.5 1365 0.38
AC1 31.2 1167 0.22

Figure 1. Comparison of the deduced amino acid sequences of the AC1
Glucanase and the Thermotoga maritima Cel5A glucanase. Amino acid
differences in the AC1 Glucanase relative to the Cel5A glucanase are shaded in
green. Identical amino acid residues in the two proteins are indicated in the third
row as asterisks (*), conservative replacements as colons (:), and non-conservative
replacements as spaces. The maize Z27 y-zein signal peptide that directs the
protein to the endoplasmic reticulum at the N-terminus of the protein and the
endoplasmic retention signal peptide at the C-terminus are underlined. The Cel5A
active site residues (Mahadevan et al., 2008) are indicated with red shading.

60
AC1l MRVLLVALALLALAASATSGVDPFERNKILGRGINIGNALEAPNEGDWGVVIKDEFFDIT
CEL5A GVDPFERNKILGRGINIGNALEAPNEGDWGVVIKDEFEDIT
hhkkkhkkhkhkhkhhhkkhkhkkhhkhkhkhhkhkhkkhkkhkkkhkxk*kx*

120
AC1l KEAGFSHVRIPIRWSTHAQAFPPYKIEPSFFKRVDEVINGALKRGLAVVINIHHYEELMN
CEL5A KEAGFSHVRIPIRWSTHAYAFPPYKIMDRFFKRVDEVINGALKRGLAVVINIHHYEELMN
Kk kkhkhkkhhkkhkhkkhkhkkkhk H*hkkkkx* hhkkkhkkkhhkkhhkkhhkkhkhkkhkhkkkhhkkhhk*k*

180
AC1l DPEEHKERFLALWKQIADRYKDYPETLFFEILNEPHGNLTPEKWNELLEEALKVIRSIDK

CEL5A DPEEHKERFLALWKQIADRYKDYPETLFFEILNEPHGNLTPEKWNELLEEALKVIRSIDK

R S R I S b I S 2 I Sb b I S e I Sb b SE b e S S I S b S S b S S S S b S SE S b S b S b 2 b I 2b b b db S db b3

240
AC1 KHTIVIIGTAEWGGISALEKLRVPKWEKNAIVTIHYYNPFEFTHOGAEWVPGSEKWLGRKW
CEL5A KHTIIIGTAEWGGISALEKLSVPKWEKNSIVTIHYYNPFEFTHQGAEWVEGSEKWLGRKW

KKK e kAKX AKAAAAAKAARAA KAAAAAhKk o khAhAkhAkAkhkhk A kA hkhkkhkhkhkhhhk, *Akkkhkhkkhh%k

300
AC1 GSPDDOKHLIEEFNFIEEWSKKNKRPIYIGEFGAYRKADLESRIKWTSEVVREAEKRGWS
CEL5A GSPDDOQKHLIEEEFNFIEEWSKKNKRPIYIGEFGAYRKADLESRIKWTSEFVVREMEKRRWS

KA A KK A KR A A KA A IR A AN A R A AR A AR A A I A A I AR I AR AR A A bk hA bk hAhhkhhhk Kk K,k k Kk

341
AC1l WAYWEFCSGEFGVYDBRLRKQWNKDLLEALIGGDSIESEKDEL
CEL5A WAYWEFCSGFGVYDTLRKTWNKDLLEALIGGDSIE

KA ARAAIAA KA KX KIA *hkk AhhkAhhkAhkhAhAkh A kxhh*k
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C. Origin and Mechanism of Action of the PMI Gene

The gene encoding phosphomannose isomerase (PMI) that is included in the T-DNA
of the transformation construct of plasmid pAG4588 is derived from the native
manA gene of Escherichia coli (GenBank Accession Number M15380). The PMI
enzyme catalyzes the reversible isomerization of mannose-6-phosphate to fructose-
6-phosphate (Goldsworthy and Street, 1965) and its expression in maize results in
the ability of tissues to grow on artificial growth media using mannose as a carbon
source (Negrotto et al., 2000). The PMI gene is expressed from the promoter of the
Zea mays polyubiquitin gene, containing the first intron (GenBank Accession
Number S94464.1). This promoter provides constitutive expression in monocots
(Christensen et al.,, 1992). The same ubiquitin promoter/PMI gene combination has
been used as a selectable marker gene in several other maize varieties that are
widely cultivated in the U.S., including maize events 5307 (10-336-01p) and MIR604
maize with resistance to corn rootworm (04-362-01p), lepidoptera-resistant
MIR162 (07-253-01p), and a-amylase expressing event 3272 (05-280-01p), all
products of Syngenta Seeds. While the expression of the manA gene and production
of PMI is critical for the growth and selection of transformed cells on artificial
growth media containing mannose as a carbon source, it does not result in an
observable phenotype in maize plants growing in the environment since mannose is
not a major sugar in the metabolism or physiology of maize. This is supported by
observations in field studies that compared the growth, development, and
phenotypes of the glucanase engineered maize compared to conventional maize as
well as a lack of an observable phenotype in the above mentioned commercial maize
lines that express the manA gene. The PMI gene/maize host combination is included
on the list of plant/trait/mechanisms of action that are not considered to be
regulated by the USDA (2021).

D. Characteristics of the AC1 Gene Expression Construct

A transformation gene cassette containing the gene encoding the AC1 Glucanase
under the control of the Oryzae sativa-derived glutelin-1 gene promoter including
intron 9 from the maize PEP carboxylase gene as an enhancer of transcription, and
CaMV 35S polyadenylation signal was constructed in plasmid pAG4588 (Figure 2).
The genetic elements of plasmid pAG4588 that was used to transform maize are
described in Table 2 and presented in Figure 2. This plasmid was transformed by
Agrobacterium-mediated transformation into immature maize embryo tissue as
described by Negrotto et al. (2000) and transformants were selected based on the
presence of the plant selectable marker phosphomannose isomerase (PMI) gene
(manA) on the transformed DNA fragment. Maize plants containing the AC1
Glucanase gene were cultivated and produced grain accumulating 150 to 300 units
of endoglucanase activity per gram of grain.

In addition to containing the AC1 Glucanase coding sequence, the AC1 Glucanase
gene of pAG4588 also contains coding sequences of the maize Z27 y-zein signal
peptide at the amino-terminus of the protein, which directs the protein to the
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endoplasmic reticulum, and the endoplasmic retention signal peptide, with the
amino acid sequence SEKDEL, at the C-terminus. The expressed protein is
transported across the membrane of the endoplasmic reticulum where the y-zein
signal peptide at the N-terminus is cleaved from the protein, resulting in the mature
AC1 Glucanase protein that consists of 322 amino acids.  Agrivida, Inc. has
conducted N-terminal amino acid sequencing of AC1 and verified post-translational
processing of the y-zein signal peptide.

Figure 2. Genetic map of pAG4588, the plant transformation vector containing the
AC1 Glucanase gene. The genetic elements of this vector are described in Table 2.
Locations of the cleavage sites for restriction enzymes BamHI, EcoRl, Sphl and
HindlIlI are shown

CaMV 35s
iPEPCS
AC1

mubil
coRI(1398)

BamHI{12018)

GTL

EcoRI{10146)

PAG4588
13238 bp

EBE
Sphl(9544)

cos aadl

. sat
ori
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Table 2. Description of the genetic elements in the 13,238 bp vector plasmid pAG4588
containing the AC1 Glucanase and manA (PMI) genes.

Gene Description Size Donor Function Reference
Element (kb) Organism

ZmUbil Promoter plus first intron from the 2 Zea mays Transcriptional Quail, et al.,
maize ubiquitin 1 gene (NCBI Promoter 1996
accession number S94464.1)

PMI Phosphomannose isomerase (NCBI | 1.1 E. coli Selectable marker Negrotto et
accession number M15380) al.,, 2000

NosT Nopaline synthase terminator 0.3 Agrobacterium | Transcriptional Depicker et
(similar to NCBI accession number tumefaciens terminator/poly- al., 1982
AJ237588.1) adenylation signal

LB Left Border (NCBI accession <0.1 | Agrobacterium | T-DNA boundary Zambryski
number J01825) tumefaciens etal, 1982

aadA aminoglycoside-adenyltransferase 0.8 E. coli Bacterial selectable Fling et al,,
(NCBI accession number X03043) marker 1985

sat streptothricin acetyltransferase 0.8 E. coli Bacterial selectable Horinouchi
(similar to NCBI accession number marker etal, 1987
LT898487.1)

ori Origin of replication in E. coli 0.8 E. coli Plasmid origin of Itoh and
(similar to NCBI accession number replication Tomizawa,
V00268) 1978

cos cos site from bacteriophage lambda | <0.1 | E. coli Site of recombination | Collins and
(NCBI accession number bacteriophage | into disarmed Ti Hohn, 1978
KT232076.1) lambda plasmid

RB Right Border (NCBI accession <0.1 | Agrobacterium | T-DNA boundary Wang et al,,
number J01826) tumefaciens 1984

GTL Rice glutelin 1 promoter (similarto | 2 Oryza sativa Transcriptional Quetal,
NCBI accession number Promoter 2008
EU264103.1)

AC1 B-glucanase coding sequence 1 Thermotoga Gene of interest; This
(similar to NCBI accession Q9X273) maritima enables digestion of document
with maize Z27 y-zein N-terminal beta glucans
signal sequence (similar to NCBI
accession number AB086264.1) and
C-terminal SEKDEL retention
sequence to target protein
accumulation to the endoplasmic
reticulum

iPEPC9 Intron 9 from the maize PEP 0.2 Zea mays Enhancer of Tuttle,
carboxylase gene (from NCBI expression 2007
accession number X15239.1)

CaMV 35 sT | CaMV 35S polyadenylation signal 0.2 Zea mays Transcriptional Tuttle,
(from NCBI accession number terminator/ poly- 2007
NC_001497.2) adenylation signal
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3. Sequence of the AC1 Gene T-DNA and the Flanking Maize Genome

The complete nucleotide sequence of the T-DNA insertion and flanking maize
genomic DNA in the maize transformed with the glucanase gene was determined.
Comparison of this sequence with the sequence of the T-DNA in the transforming
plasmid pAG4588 determined that, with the exception of a partial left border repeat
of 14 nucleotides, the coding sequences of the AC1 Glucanase and manA genes in
the T-DNA were not altered during the transformation process and are identical to
the sequences of these genes in pAG4588. The genetic map and complete DNA
sequence of the T-DNA locus incuding the flanking maize genomic DNA are
presented in Figures 3 and 4, respectively.

Figure 3. Diagram of the T-DNA locus of the AC1 Glucanase gene insertion in the
maize genome. Cleavage sites for key restriction enzymes are shown. The labels of
other genetic elements are as listed in Table 2.

CaMV 35sT
iPEPCY
ACl
EcoRI(5070)
BamHI (3840)
GTL ZmUbil
Neol (2249)
EcoRI(1977)
o Neol (6116)
Neol (1760
col (1760) EcoRI (6466)
RE (partial)
PMI
EcoRI(1442) NosT
SphI(1289) 5 (bartiol)
B 2 parti
EeoRI(1129) Neal (3918)
HindIIl (40) HindIII (9973)
HindII (3) BermHI (9995)

‘R__‘_,_?
=
‘R__‘_,_?
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Figure 4. The Annotated Nucleotide Sequence of the Glucanase Gene T-DNA

Locus in Maize

A. Annotation of the locus sequence. Abbreviations are as listed in Table 2.

Nucleotide

Position

Start End Genetic Element

1 1478 Maize chromosomal DNA (“chr6”)

1479 1481 RB (partial)

1777 3847 GTL promoter

3857 4879 AC1 §lucanase gene with N-terminal Z27 gamma zein signal sequence and C-
terminal SEKDEL

4889 4996 iPEPC9

4999 5068 CaMV 35sT

5075 7065 ZmUbil promoter

7081 8256 PMI

8305 8580 NosT

8651 8664 LB (partial)

8665 10261 Maize chromosomal DNA (“chr6”)

B. Nucleotide sequence of the T-DNA insertion locus including maize genomic
flanking DNA. Maize genomic DNA sequence is presented in lower case letters

while the sequence of the T-DNA insert is presented in upper case letters.

>Nucleotide sequence of the T-DNA insertion locus including maize genomic

flanking DNA

tccaagcttgacaatgaggagatggcgctcgtcatcaaaagcttccgeccaaatcecctcaaa
caaaggagggggaaagactacaagtcccgctccaagaaggtttgctacaagtgtggtaag
cccggtcattttattgctaaatgtcctatatctagtgacagtgaccgaggtgacgacaag
aaggggaggcgaaaggagaagaaaagatactacaagaagaagggcggcgatgcccatgtt
tgtcgggaatgggactccaacgaaagctcaagcgactcctccgacgacgaggacgccgec
aacatcgccgtcaccaagggactcctcttcececccaacgtcggeccacaagtgectcatggea
aaggacggcaaaaagaaggttaaatctaaatcctctactaaatatgaatcctctagtgat
gacaatgctagtgatgaggaagataatttgcgttccctttttgccaaccttaacatagcet
caaaaggaaaaattaaatgaattggttagtgctattcatgaaaaggatgaccttttggat
tcccaagaggattgtctaattaaagaaaacaaaaaacatgttaaggttaaaaaggcttat
gccctagaagtagaaaaatgtgaaaaattatctagtgagctaagcacttgccgtgaaatg
attgacaaccttagacatgaaaatgatagtttaaatgctaaggttgattctcatgtttgt
aatgtttcaatttccactcctagagataataatgatgatttgcttgctaggattgaagaa
ttgaacatttctcttgctagccttagattagagaatgaaaatttgattgctaaggcccaa
gattttgatgtttgcaaagatacaattaccgatcttagagataagaatgatatacttcgt
gctaagattgttgaacttacaccacaaccttctatgccttctgtgacattaacattacgt
cacaaacaatagtatttttgtcataccttacatgttggtgacgtgattgtgacgaaaatc
acatcgtcacagaaggtgcgtgttaaatggtgtactatgacgaataacaaaaaaacgtca
taatagtttatgacgcaaactacaaacgtcactaatctatgacactcgaattcgtcacta
attatgtctaaatacgtcacaattcatgtagtcgtgccttgccacgtggctgattacgtg
gcgagatgacatggcagttgacgtggcaggtgatgtggcgaaaatgttgtgacgagttca
ttcgtcacagatgttatgacgtggcatgccacatggcagatgatgtggcaaaattatgtg
acaaaaatatttgtcataaatatcaatgaggtggcaatatatgtgtgacgaaatttttca
tcacaaagtacgatgacgttgcaatatatttatgacgaattgttcatcataaggcgtgat
gaattcatagcgtcatggaatattatgaaatcacatgcTCAAACACTGATAGTTTAAACT
GAAGGCGGGAAACGACAACCTGATCATGAGCGGAGAATTAAGGGAGTCACGTTATGACCC
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CCGCCGATGACGCGGGACAAGCCGTTTTACGTTTGGAACTGACAGAACCGCAACGTTGAA
GGAGCCACTCAGCCTAAGCGGCCGCATTGGACTTAATTAAGTGAGGCCGGCCAAGCGTCG
ATTTAAATGTACCACATGGCGCGCCAACTATCATGCGATCGCTTCATGTCTAACTCGAGT
TACTGGTACGTACCAAATCCATGGAATCAAGGTACCTCCATGCTGTCCTACTACTTGCTT
CATCCCCTTCTACATTTTGTTCTGGTTTTTGGCCTGCATTTCGGATCATGATGTATGTGA
TTTCCAATCTGCTGCAATATGAATGGAGACTCTGTGCTAACCATCAACAACATGAAATGC
TTATGAGGCCTTTGCTGAGCAGCCAATCTTGCCTGTGTTTATGTCTTCACAGGCCGAATT
CCTCTGTTTTGTTTTTCACCCTCAATATTTGGAAACATTTATCTAGGTTGTTTGTGTCCA
GGCCTATAAATCATACATGATGTTGTCGTATTGGATGTGAATGTGGTGGCGTGTTCAGTG
CCTTGGATTTGAGTTTGATGAGAGTTGCTTCTGGGTCACCACTCACCATTATCGATGCTC
CTCTTCAGCATAAGGTAAAAGTCTTCCCTGTTTACGTTATTTTACCCACTATGGTTGCTT
GGGTTGGTTTTTTCCTGATTGCTTATGCCATGGAAAGTCATTTGATATGTTGAACTTGAA
TTAACTGTAGAATTGTATACATGTTCCATTTGTGTTGTACTTCCTTCTTTTCTATTAGTA
GCCTCAGATGAGTGTGAAAAAAACAGATTATATAACTTGCCCTATAAATCATTTGAAAAA
AATATTGTACAGTGAGAAATTGATATATAGTGAATTTTTAAGAGCATGTTTTCCTAAAGA
AGTATATATTTTCTATGTACAAAGGCCATTGAAGTAATTGTAGATACAGGATAATGTAGA
CTTTTTGGACTTACACTGCTACCTTTAAGTAACAATCATGAGCAATAGTGTTGCAATGAT
ATTTAGGCTGCATTCGTTTACTCTCTTGATTTCCATGAGCACGCTTCCCAAACTGTTAAA
CTCTGTGTTTTTTGCCAAAAAAAAATGCATAGGAAAGTTGCTTTTAAAAAATCATATCAA
TCCATTTTTTAAGTTATAGCTAATACTTAATTAATCATGCGCTAATAAGTCACTCTGTTT
TTCGTACTAGAGAGATTGTTTTGAACCAGCACTCAAGAACACAGCCTTAACCCAGCCAAA
TAATGCTACAACCTACCAGTCCACACCTCTTGTAAAGCATTTGTTGCATGGAAAAGCTAA
GATGACAGCAACCTGTTCAGGAAAACAACTGACAAGGTCATAGGGAGAGGGAGCTTTTGG
AAAGGTGCCGTGCAGTTCAAACAATTAGTTAGCAGTAGGGTGTTGGTTTTTGCTCACAGC
AATAAGAAGTTAATCATGGTGTAGGCAACCCAAATAAAACACCAAAATATGCACAAGGCA
GTTTGTTGTATTCTGTAGTACAGACAAAACTAAAAGTAATGAAAGAAGATGTGGTGTTAG
AAAAGGAAACAATATCATGAGTAATGTGTGGGCATTATGGGACCACGAAATAAAAAGAAC
ATTTTGATGAGTCGTGTATCCTCGATGAGCCTCAAAAGTTCTCTCACCCCGGATAAGAAA
CCCTTAAGCAATGTGCAAAGTTTGCATTCTCCACTGACATAATGCAAAATAAGATATCAT
CGATGACATAGCAACTCATGCATCATATCATGCCTCTCTCAACCTATTCATTCCTACTCA
TCTACATAAGTATCTTCAGCTAAATGTTAGAACATAAACCCATAAGTCACGTTTGATGAG
TATTAGGCGTGACACATGACAAATCACAGACTCAAGCAAGATAAAGCAAAATGATGTGTA
CATAAAACTCCAGAGCTATATGTCATATTGCAAAAAGAGGAGAGCTTATAAGACAAGGCA
TGACTCACAAAAATTCATTTGCCTTTCGTGTCAAAAAGAGGAGGGCTTTACATTATCCAT
GTCATATTGCAAAAGAAAGAGAGAAAGAACAACACAATGCTGCGTCAATTATACATATCT
GTATGTCCATCATTATTCATCCACCTTTCGTGTACCACACTTCATATATCATGAGTCACT
TCATGTCTGGACATTAACAAACTCTATCTTAACATTTAGATGCAAGAGCCTTTATCTCAC
TATAAATGCACGATGATTTCTCATTGTTTCTCACAAAAAGCATTCAGTTCATTAGTCCTA
CAACAACGGATCCACCATGAGGGTGTTGCTCGTTGCCCTCGCTCTCCTGGCTCTCGCTGC
GAGCGCCACCAGCGGCGTGGACCCGTTCGAGAGGAACAAGATCCTGGGCAGGGGCATCAA
CATCGGCAACGCCCTGGAGGCCCCGAACGAGGGCGACTGGGGCGTGGTGATCAAGGACGA
GTTCTTCGACATCATCAAGGAGGCCGGCTTCAGCCACGTGAGAATCCCGATCAGGTGGAG
CACCCACGCCCAGGCCTTCCCGCCGTACAAGATCGAGCCGAGCTTCTTCAAGAGGGTGGA
CGAGGTGATCAACGGCGCCCTGAAGAGGGGCCTGGCCGTGGTGATCAACATCCACCACTA
CGAGGAGCTGATGAACGACCCGGAGGAGCACAAGGAGAGGTTCCTGGCCCTGTGGAAGCA
GATCGCCGACAGGTACAAGGACTACCCGGAGACCCTGTTCTTCGAGATCCTGAACGAGCC
GCACGGCAACCTGACCCCGGAGAAGTGGAACGAGCTGCTGGAGGAGGCCCTGAAGGTGAT
CAGGAGCATCGACAAGAAGCACACCGTGATCATCGGCACCGCCGAGTGGGGCGGCATCAG
CGCCCTGGAGAAGCTGAGGGTGCCGAAGTGGGAGAAGAACGCCATCGTGACCATCCACTA
CTACAACCCGTTCGAGTTCACCCACCAGGGCGCCGAGTGGGTGCCGGGCAGCGAGAAGTG
GCTGGGCAGGAAGTGGGGCAGCCCGGACGACCAGAAGCACCTGATCGAGGAGTTCAACTT
CATCGAGGAGTGGAGCAAGAAGAACAAGAGGCCGATCTACATCGGCGAGTTCGGCGCCTA
CAGGAAGGCCGACCTGGAGAGCAGGATCAAGTGGACCAGCTTCGTGGTGAGGGAGGCCGA
GAAGAGGGGCTGGAGCTGGGCCTACTGGGAGTTCTGCAGCGGCTTCGGCGTGTACGACCC
GCTGAGGAAGCAGTGGAACAAGGACCTGCTGGAGGCCCTGATCGGCGGCGACAGCATCGA
GAGCGAGAAGGACGAGCTGTGACCTAGGCTGCACAAAGTGGAGTAGTCAGTCATCGATCA
GGAACCAGACACCAGACTTTTATTCATACAGTGAAGTGAAGTGAAGTGCAGTGCAGTGAG
TTGCTGGTTTTTGTACAACTTAGTATGTATTTGTATTTGTAAAATACTTCTATCAATAAA
ATTTCTAATTCCTAAAACCAAAATCCAGGAATTCCTGCAGTGCAGCGTGACCCGGTCGTG
CCCCTCTCTAGAGATAATGAGCATTGCATGTCTAAGTTATAAAAAATTACCACATATTTT
TTTTGTCACACTTGTTTGAAGTGCAGTTTATCTATCTTTATACATATATTTAAACTTTAC
TCTACGAATAATATAATCTATAGTACTACAATAATATCAGTGTTTTAGAGAATCATATAA
ATGAACAGTTAGACATGGTCTAAAGGACAATTGAGTATTTTGACAACAGGACTCTACAGT
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TTTATCTTTTTAGTGTGCATGTGTTCTCCTTTTTTTTTGCAAATAGCTTCACCTATATAA
TACTTCATCCATTTTATTAGTACATCCATTTAGGGTTTAGGGTTAATGGTTTTTATAGAC
TAATTTTTTTAGTACATCTATTTTATTCTATTTTAGCCTCTAAATTAAGAAAACTAAAAC
TCTATTTTAGTTTTTTTATTTAATAATTTAGATATAAAATAGAATAAAATAAAGTGACTA
AAAATTAAACAAATACCCTTTAAGAAATTAAAAAAACTAAGGAAACATTTTTCTTGTTTC
GAGTAGATAATGCCAGCCTGTTAAACGCCGTCGACGAGTCTAACGGACACCAACCAGCGA
ACCAGCAGCGTCGCGTCGGGCCAAGCGAAGCAGACGGCACGGCATCTCTGTCGCTGCCTC
TGGACCCCTCTCGAGAGTTCCGCTCCACCGTTGGACTTGCTCCGCTGTCGGCATCCAGAA
ATTGCGTGGCGGAGCGGCAGACGTGAGCCGGCACGGCAGGCGGCCTCCTCCTCCTCTCAC
GGCACGGCAGCTACGGGGGATTCCTTTCCCACCGCTCCTTCGCTTTCCCTTCCTCGCCCG
CCGTAATAAATAGACACCCCCTCCACACCCTCTTTCCCCAACCTCGTGTTGTTCGGAGCG
CACACACACACAACCAGATCTCCCCCAAATCCACCCGTCGGCACCTCCGCTTCAAGGTAC
GCCGCTCGTCCTCCCCCCCCCCCCTCTCTACCTTCTCTAGATCGGCGTTCCGGTCCATGG
TTAGGGCCCGGTAGTTCTACTTCTGTTCATGTTTGTGTTAGATCCGTGTTTGTGTTAGAT
CCGTGCTGCTAGCGTTCGTACACGGATGCGACCTGTACGTCAGACACGTTCTGATTGCTA
ACTTGCCAGTGTTTCTCTTTGGGGAATCCTGGGATGGCTCTAGCCGTTCCGCAGACGGGA
TCGATTTCATGATTTTTTTTGTTTCGTTGCATAGGGTTTGGTTTGCCCTTTTCCTTTATT
TCAATATATGCCGTGCACTTGTTTGTCGGGTCATCTTTTCATGCTTTTTTTTGTCTTGGT
TGTGATGATGTGGTCTGGTTGGGCGGTCGTTCTAGATCGGAGTAGAATTCTGTTTCAAAC
TACCTGGTGGATTTATTAATTTTGGATCTGTATGTGTGTGCCATACATATTCATAGTTAC
GAATTGAAGATGATGGATGGAAATATCGATCTAGGATAGGTATACATGTTGATGCGGGTT
TTACTGATGCATATACAGAGATGCTTTTTGTTCGCTTGGTTGTGATGATGTGGTGTGGTT
GGGCGGTCGTTCATTCGTTCTAGATCGGAGTAGAATACTGTTTCAAACTACCTGGTGTAT
TTATTAATTTTGGAACTGTATGTGTGTGTCATACATCTTCATAGTTACGAGTTTAAGATG
GATGGAAATATCGATCTAGGATAGGTATACATGTTGATGTGGGTTTTACTGATGCATATA
CATGATGGCATATGCAGCATCTATTCATATGCTCTAACCTTGAGTACCTATCTATTATAA
TAAACAAGTATGTTTTATAATTATTTTGATCTTGATATACTTGGATGATGGCATATGCAG
CAGCTATATGTGGATTTTTTTAGCCCTGCCTTCATACGCTATTTATTTGCTTGGTACTGT
TTCTTTTGTCGATGCTCACCCTGTTGTTTGGTGTTACTTCTGCAGATCCAGATCTAAACC
ATGCAGAAACTCATTAACTCAGTGCAAAACTATGCCTGGGGCAGCAAAACGGCGTTGACT
GAACTTTATGGTATGGAAAATCCGTCCAGCCAGCCGATGGCCGAGCTGTGGATGGGCGCA
CATCCGAAAAGCAGTTCACGAGTGCAGAATGCCGCCGGAGATATCGTTTCACTGCGTGAT
GTGATTGAGAGTGATAAATCGACTCTGCTCGGAGAGGCCGTTGCCAAACGCTTTGGCGAA
CTGCCTTTCCTGTTCAAAGTATTATGCGCAGCACAGCCACTCTCCATTCAGGTTCATCCA
AACAAACACAATTCTGAAATCGGTTTTGCCAAAGAAAATGCCGCAGGTATCCCGATGGAT
GCCGCCGAGCGTAACTATAAAGATCCTAACCACAAGCCGGAGCTGGTTTTTGCGCTGACG
CCTTTCCTTGCGATGAACGCGTTTCGTGAATTTTCCGAGATTGTCTCCCTACTCCAGCCG
GTCGCAGGTGCACATCCGGCGATTGCTCACTTTTTACAACAGCCTGATGCCGAACGTTTA
AGCGAACTGTTCGCCAGCCTGTTGAATATGCAGGGTGAAGAAAAATCCCGCGCGCTGGCG
ATTTTAAAATCGGCCCTCGATAGCCAGCAGGGTGAACCGTGGCAAACGATTCGTTTAATT
TCTGAATTTTACCCGGAAGACAGCGGTCTGTTCTCCCCGCTATTGCTGAATGTGGTGAAA
TTGAACCCTGGCGAAGCGATGTTCCTGTTCGCTGAAACACCGCACGCTTACCTGCAAGGC
GTGGCGCTGGAAGTGATGGCAAACTCCGATAACGTGCTGCGTGCGGGTCTGACGCCTAAA
TACATTGATATTCCGGAACTGGTTGCCAATGTGAAATTCGAAGCCAAACCGGCTAACCAG
TTGTTGACCCAGCCGGTGAAACAAGGTGCAGAACTGGACTTCCCGATTCCAGTGGATGAT
TTTGCCTTCTCGCTGCATGACCTTAGTGATAAAGAAACCACCATTAGCCAGCAGAGTGCC
GCCATTTTGTTCTGCGTCGAAGGCGATGCAACGTTGTGGAAAGGTTCTCAGCAGTTACAG
CTTAAACCGGGTGAATCAGCGTTTATTGCCGCCAACGAATCACCGGTGACTGTCAAAGGC
CACGGCCGTTTAGCGCGTGTTTACAACAAGCTGTAAGAGCTTACTGAAAAAATTAACATC
TCTTGCTAAGCTGGGAGCTCTAGATCCCCGAATTTCCCCGATCGTTCAAACATTTGGCAA
TAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAATTTCTG
TTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGG
GTTTTTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATATAG
CGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCGGGAATTG
GCGAGCTCGAATTAATTCAGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAA
GCGTCAATTTGTTTACACCACAATtcatacaagagatacttttataacttcaaatcatat
gattgtagatcatgtaaattaaaatacaaaggaaatcctataacttcaacccaaagtatg
aaagtttaaacatattccaaatttataaaacctgaatccagaactaatataacatgatac
tatagcaaccttaagatgggggcgcttggcttcgattgaagctcaacagttgatggagga
gactgttattttcttccatcgatctcttcatattgtccatggtttecctttgaggecctgtyg
cctgagcctttaaggtttctacttcttcccgaagtccatctttttctagectctcagact
ccaattgattctgaagttcttgaacctttgcagaaacagttgttgtggagcttttcttgg
agttatcttgtagaccaacattatgtagaaataaactagaaccccctagcacttcagaaa
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caacttccataggagacttctgttgttgtccatcctcaactggtgttgtcaccattgcett
ccatgtcaacctattataaatattatttgttagtataacatagtcgtacttgtaattttt
cagaacaaacataaaagcaaacgagtactcacaattgctttctttacattttcagaaaaa
cctttcttcttgctgcaatgcatatccttgaaaagatctattgcactcggttcagcatcce
ttatatttctcttgtttctaaagtgagaaaatgaatctggtgagaatagagaccttgaca
cataatgtacaagtcggatttataaatttcaatatgacatatattgaagattgaacattt
gttaaaagatttacaatacattttagatatggacaatactaaatgggttgaatgaaataa
tatttctagtagatatgagcagtgctaattcatcatctagaaagataaaagacagagatg
gcagcaggctgctttctctacatcttggcattgggectgetttcccagcagtagtagttge
aatgcagccacaatgaaaagaggaagcaaactccaataaataaactagaagacatatttt
gtaccgttatcaaaatggtctataatttacaacatagaattgtggatatattgactgaaa
gctagtcaaacttctctgaaggcctaggaaacagctctgacatccaatgatcattttett
actaataaattaggggacaactttatgagtaaatagagatgttaaaactgaatttactgg
tagcattaaacaatcaaagatttgtcaactatgcagttcagtaaccaatgatgattttct
taccagtaaataagcttttgcaatatatgattgggatcctgtgcattgttgatactgtac
tttttcacgattaagtttattcttcatacaactatcctgtacgttaaatcaacatgttag
aaataatatgtacaataagtagtgtgaaatagtatagcagttttcaaagtctacattagt
taattattgcattggttttctctaggtgctactgtatttgatgtttttagttatgttgca
gaatctaaactatacatactatttattgggtgcattcaccaaggatggtgcaaaagctag
a
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