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1.  Confidential Business Information (CBI) Statement 
  

     This RSR request does not contain CBI. 
 
2. Product Description and Rationale 
 

2A. Requester's name and contact information  
 

David Douches Ph.D. 
Potato Breeding and Genetics Program Director 
Michigan State University 
1066 Bogue St. East Lansing, MI 48824 
Email: douchesd@msu.edu 

 
2B. Description of plant's genus, species 

 
• Order: Solanales 
• Family: Solanaceae 
• Genus: Solanum 
• Species: Solanum tuberosum L. 

 
2C. Product Description and Rationale 

 
Michigan State University (MSU), as the lead organization for the USAID-funded Global 
Biotech Potato Partnership, is developing lines of potato (Solanum tuberosum L.) with resistance 
to Potato Virus Y (PVY), Potato Leaf Roll Virus (PLRV) and resistance to Phytophthora 
infestans, the source organism for the devastating fungal disease late blight.  The target countries 
for the marketing of these lines are in Africa and Asia, however, a regulatory status review in the 
United States will facilitate the development and delivery of these improved lines.  For example, 
a mini-tuber seed grower in the United States will be able to produce certified seed and then ship 
to our in-country collaborators for large scale grower trials and for the initial distribution to the 
small shareholder growers.  A non-regulated status will save on production costs.  Additionally, 
some potato varieties MSU has in development could also be useful to the United States potato 
industry. This RSR is similar to a recent submission (24-088-01rsr), with the addition of the 
Potato Leaf Roll Virus resistance.   
  
Resistance to late blight has been identified in many related Solanum species and is due to the 
presence of specific resistance genes referred to as R genes having a common structure. 
However, as there are many races of P. infestans and their capability of sexual reproduction, 
single R-genes do not always provide durable resistance.  MSU is using a T-DNA construct with 
three R genes from Solanum species and is using this to generate transgenic potato plants.  R 
genes coding for proteins with the structure CC-NB-LRR are ubiquitous in plants forming the 
major line of resistance to fungal, bacterial and viral pathogens with the specificity commonly 
provided by CC region of the protein (Paluchowska, et al., 2022).  The expression level of the 
proteins is usually extremely low such that detection of the protein is not possible in the plant.  
 
Potato virus Y (PVY) is a major potato pathogen that causes severe annual crop losses worth 
billions of dollars worldwide. PVY is transmitted by aphids, and successful control of virus 

mailto:douchesd@msu.edu


transmission requires the extensive use of environmentally damaging insecticides to reduce 
vector populations. The Rysto gene, from the wild relative Solanum stoloniferum, confers extreme 
resistance (ER) to PVY and related viruses and is a valuable trait that is widely employed in 
potato resistance breeding programs. Rysto has been shown to be valuable for creating PVY-
resistant cultivars of potato and other Solanaceae crops (Grech‐Baran et. al. 2020).  
 
Potato leafroll virus (PLRV) is a widespread and damaging disease of potato. The transmission is 
through aphids and through seed tubers.  Yield loss can be significantly high in developing 
countries where farmers do not have access to quality seed and pesticides.  Velásquez et al. 
(2007) demonstrated the existence of the gene Rladg in S. tuberosum ssp. Andigena, which 
controls resistance to the infection and to PLRV accumulation. The Rladg native promoter, gene 
and terminator have been identified and it is currently being introgressed into advanced breeding 
lines (Mihovilovich et al. 2014; Velásquez et al. 2007).  
 
Our T-DNA constructs also incorporate the nptII gene as a selectable marker to allow for the 
efficient selection of transgenic plants during transformation. The NPTII protein has been widely 
used as a selectable marker in plant transformation and it has been widely studied to identify 
negative impacts on the environment and human and animal health (Fuchs et al. 1993). 
 
3.  Description of Host Potato Varieties  
 
The biology of potato (Solanum tuberosum subsp. tuberosum) is well described and there is a 
long history of cultivation with very little evidence for weediness as it is unlikely to grow outside 
of cultivation (OECD 1997).  There is a large germplasm base that has been used for breeding 
purposes, but the low level of self-fertility and other barriers to inter-specific hybridization 
means that human intervention is required to successfully produce hybrids.  Two wild potato 
species are found in the South-Western United States (Bamberg. et al 2016), but there are no 
records of outcrossing to these species from cultivated potato. 
 
4. Description of Modification  
 
4A. Maps of T-DNA and pMSU2DR-02 plasmid 
 
A linear map of the T-DNA of pMSU2DR-02 is represented in Figure 1. The pMSU2DR-02 T-
DNA was assembled independently in both Agrobacterium rhizogenes strain ArPORT1 and 
Agrobacterium tumefasciens strain JGT105 using the GAANTRY (Gene Assembly in 
Agrobacterium by Nucleic acid Transfer using Recombinase technologY) This is an in vivo 
stacking of multiple genes within an Agrobacterium virulence plasmid and it is described further 
in 4B.  A circular map of the pMSU2DR-02 plasmid is represented in Figure 2a. pMSU2DR-02 
in Agrobacterium rhizogenes strain ArPORT1 and Figure 2b. pMSU2DR-02 in Agrobacterium 
tumefasciens strain JGT105. 
 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5104775/#CR42
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Figure 1. T-DNA of pMSU2DR-02 
  
 
 

A.       B.  
 
 
 
Figure 2.  A.  Circular map of pMSU2DR-02 in Agrobacterium rhizogenes strain ArPORT1. 
B. Circular map of pMSU2DR-02 in Agrobacterium tumefasciens strain JGT105. 
  
 
 
4B. Description of plasmid vector construction  

 
The pMSU2DR-02 plasmid was developed at Michigan State University for the Global Biotech 
Potato Partnership.  The GAANTRY (Gene Assembly in Agrobacterium by Nucleic acid 
Transfer using Recombinase technologY) is an in vivo stacking of multiple genes within an 
Agrobacterium virulence plasmid Transfer-DNA (T-DNA). The pMSU2DR-02 T-DNA was 



developed using the GAANTRY technology which is a proven efficient way of developing 
multi-gene T-DNA (Collier, R., et al., 2018, McCue, K.F. et al., 2019, Hathwaik, et al., 2021). 
The GAANTRY system utilizes in vivo transient expression of unidirectional site-specific 
recombinases and an alternating selection scheme to sequentially assemble multiple genes into a 
single transformation construct inside the Agrobacterium.  The plasmid, inside the 
Agrobacterium host that accepts the T-DNA, is a modified disarmed Agrobacterium virulence 
plasmid and its development is described in detail in Collier, R., et.al, (2018). The 
Agrobacterium produced with the T-DNA, exhibits a much higher rate of incorporation of the 
entire T-DNA than other methods. Additionally, a much higher rate of single copy insertion 
without plasmid backbone transfer has been (Collier, R., et al., 2018). pMSU2DR-02 was 
assembled independently in both Agrobacterium rhizogenes strain ArPORT1 and Agrobacterium 
tumefasciens strain JGT105 to allow for a potentially wider range of use for transformation in 
different varieties of potato. The first transcriptional unit added was the neomycin 
phosphotransferase II (NPTII) gene which will allow the identification of positive events in 
potato plants using kanamycin selection. The next four transcriptional units included disease 
resistance genes RpiAmr3, RpiAmr1, RpiVnt1, Rysto and Rladg.  The combination of three R genes 
confers effective and durable resistance to late blight. The three genes referred to as Rpi-vnt1 
(Foster, S.J., 2009), Rpi-amr1 (Witek, K, 2021) and Rpi-amr3 (Lin, X., 2021) come from the 
wild Solanum species S. venturii, S. americana, and S. americana, respectively. Late blight 
protection is achieved in the desired potato variety by the introduction of the R genes with their 
native promoter and termination sequences. The Rysto native promoter, gene and terminator 
confers effective resistance to Potato Virus Y (Grech‐Baran et. al. 2020).  The Rladg native 
promoter, gene and terminator confers effective resistance to Potato Leaf Roll Virus (PLRV) 
(Mihovilovich et al. 2014; Velásquez et al. 2007).  
 
The 6 gene cassettes (nptII, RpiAmr3, RpiAmr1, RpiVnt1, Rysto and Rladg) were subcloned into 
and sequence confirmed in GAANTRY donor plasmids in preparation for assembly into the final 
T-DNA. The Agrobacterium strains generated from each stacking step were molecularly 
validated via screening with sequence-specific primers within genes and primers that bridge the 
junctions between the preexisting and newly inserted sequences. Clones screened following each 
round of assembly were confirmed to be correct with PCR analysis. Due to the large plasmid size 
the final clone was sequenced with whole-genome sequencing and assembly of genomic DNA 
(gDNA) using the long-read sequencing technology from Oxford Nanopore Technologies 
(ONT). Solanum tuberosum, S. venturii, S. americana, and S. stoloniferum are classified in the 
series tuberosa (Table 2).  
 
Table 2. Taxonomic classification of gene donor organisms 
 

Taxonomic 
Rank 

 
Classification 

Solanum 
tuberosum 

Solanum 
venturii 

Solanum 
americana 

Solanum  
stoloniferum 

Solanum  
tuberosum 

Family Solanaceae Solanaceae Solanaceae Solanaceae Solanaceae 
Genus Solanum Solanum Solanum Solanum Solanum 
Section Petota Petota Petota Petota Petota 
Subsection potato potato potato potato potato 
Series tuberosa tuberosa tuberosa tuberosa tuberosa 
Species tuberosum venturii americana stoloniferum tuberosum ssp. 

andigena 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5104775/#CR42
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The nptII gene is sourced from the Tn5 transposon in Escherichia coli. In this construct it has a 
promoter and terminator sequence from the potato Solanum tuberosum ubiquitin-3 gene.  
 
We acknowledge that the use of the GAANTRY technology was provided through an agreement 
between MSU and USDA-ARS.  We acknowledge that the use of the genes RpiAmr3, RpiAmr1, 
RpiVnt1, Rysto and Rladg was provided through an agreement between MSU, 2Blades and The 
Sainsbury Laboratory (TSL). We acknowledge that the use of the gene Rpi-vnt1 was provided 
through an agreement between MSU and Plant Bioscience Limited.    
 
4C. Sequence of the T-DNA insert  
 
The sequence of pMSU2DR-02 T-DNA is provided. Please see Figure 3 on page 18 in the 
Supplementary 8 section. 
 
4D. Annotation of the T-DNA Inserted Genetic Material 
 
An annotation of the T-DNA of pMSU2DR-02 is described in Table 2.  
Narrative Description:  
 
The T-DNA cassette contains a copy of the neomycin phosphotransferase II gene (NPTII) from 
Escherichia coli K12 under the control of the polyubiquitin promoter Ubi3.  Transcription 
termination of the NPTII gene is provided by the potato ubiquitin Ubi3 terminator. There are 
three late blight resistance genes that include their native potato promoter and native terminator. 
The Rpi-vnt1 GenBank accession no. FJ423044, the Rpi-amr1 GenBank accession no. 
MW345286 and Rpi-amr3 GenBank accession no. KT373889.  There is a potato Rysto resistance 
gene for the virus Potato Virus Y with accession no. MN393235 with a native promoter and 
native terminator. There is a potato Rladg resistance gene for the virus Potato Leaf Roll with a 
native promoter and native terminator. 
 
Table 2. Genetic elements of the DNA Insert of pMSU2DR-02, from Left Border (LB) site 
to Right Border (RB) 
 
Acronym  Location in 

pMSU2DR-02 
T-DNA seq. 

Genetic Element Origin and description 

T Border (L) 1-26 T-DNA Left Border Agrobacterium tumefaciens 
Intervening sequence 27-326 Synthetic GAANTRY B donor  

Synthetic used for cloning 
Ubi3 Terminator 327-507 Terminator Solanum tuberosum 

Terminates the transcription 
of the NPTII gene 

NPTII 508-1303 Kanamycin Resistance 
gene 

Escherichia coli K12 
Confers kanamycin 
resistance in plants  

Ubi3 Promoter 1304-2458 Promoter Solanum tuberosum Drives 
the expression of NPTII 
gene.   



Garbarino, J.E. and 
Belknap, W.R., 1994. 

Intervening sequence 2459-2805 Synthetic GAANTRY P donor cloning 
Synthetic used for cloning 

Rpi-amr3 Promoter 2806-4560 Native promoter Solanum Americanum 
Promoter sequence for 
driving the expression of 
Rpi-amr3 gene 

Rpi-amr3  4561-7416 Late Blight Resistance 
gene 

Solanum americanum 
Lin, X., Olave-Achury, A., 
Heal, R., Witek, K., Karki, 
H. S., Song, T., ... & Jones, 
J. D. (2021). Rpi-amr3 
confers resistance to 
multiple Phytophthora 
species by recognizing a 
conserved RXLR effector. 
BioRxiv, 2021-06 

Rpi-amr3 Terminator 7417-8155 Native terminator Solanum americanum 
Terminates transcription of 
Rpi-amr3 

Intervening sequence 8156-8622 Synthetic  GAANTRY B donor  
Synthetic used for cloning 

Rpi-amr1 Promoter 8623-10254 Native promoter Solanum americanum  
Drives the expression of the 
Rpi-amr1 gene 

Rpi-amr1 10255-15065 Late Blight Resistance 
gene 

Solanum americanum 
Witek, K., Lin, X., Karki, H. 
S., Jupe, F., Witek, A. I., 
Steuernagel, B., ... & Jones, 
J. D. (2021). A complex 
resistance locus in Solanum 
americanum recognizes a 
conserved Phytophthora 
effector. Nature Plants, 7(2), 
198-208. 

Rpi-amr1 Terminator 15066-
15826 

Native Terminator Solanum Americanum 
Terminates transcription of 
Rpi-amr1 

Intervening sequence 15827-
16197 

Synthetic GAANTRY P donor  
Synthetic used for cloning 

Rpi-vnt1 Promoter 16198-
16906 

Native promoter Solanum venturi  
Drives expression of Rpi-
vnt1 

Rpi-vnt1  16907-
19583 

Resistance gene Solanum venturii Foster, S. 
J., Park, T. H., Pel, M., 
Brigneti, G., Śliwka, J., 
Jagger, L., ... & Jones, J. D. 



(2009). Rpi-vnt1. 1, a Tm-
22 homolog from Solanum 
venturii, confers resistance 
to potato late blight. 
Molecular plant-microbe 
interactions, 22(5), 589-600. 
GenBank accession no. 
FJ423044 

Rpi-vnt1 Terminator 19584-
20197 

Native terminator Solanum venturi 
Terminates transcription of 
Rpi-vnt1gene 

Intervening sequence 20198-
20644 

Synthetic GAANTRY B donor  
Synthetic used for cloning 

Rysto Promoter 20645-
22221 

Native promoter Solanum stoloniferum 
Drives the expression of the  
Ry sto gene 

Rysto  22222-
26437 

PVY Resistance gene Solanum stoloniferum 
Grech‐Baran, M., Witek, K., 
Szajko, K., Witek, A. I., 
Morgiewicz, K., 
Wasilewicz‐Flis, I., ... & 
Hennig, J. (2020). Extreme 
resistance to Potato virus Y 
in potato carrying the Rysto 
gene is mediated by a TIR‐
NLR immune receptor. 
Plant Biotechnology 
Journal, 18(3), 655-667. 
GeneBank accession no. 
MN393235 

Rysto Terminator 26438-
27459 

Native terminator Solanum stoloniferum 
Terminates the expression 
of the Ry sto gene 

Intervening sequence 27460-27799 Synthetic GAANTRY P donor  
Synthetic used for cloning 

Rladg Promoter 27800-
29389 

Native promoter Solanum tuberosum ssp. 
andigena. Drives the 
expression of the Rladg gene. 

Rladg   29390-
33923 

PLRV Resistance gene Solanum tuberosum ssp. 
andigena. Velásquez, A. C., 
Mihovilovich, E., & 
Bonierbale, M. (2007). 
Genetic characterization and 
mapping of major gene 
resistance to potato leafroll 
virus in Solanum tuberosum 
ssp. andigena. Theoretical 
34and Applied Genetics, 
114, 1051-1058. 



Rladg Terminator 33924-
34578 

Native terminator Solanum tuberosum ssp. 
andigena.  Terminates the 
expression of the Rladg gene. 

Intervening sequence 34579-34816 Synthetic GAANTRY B donor  
Synthetic used for cloning 

RB 34817-34841 T-DNA Right Border Right border region of T-DNA 
from Agrobacterium 
tumefaciens nopaline Ti 
plasmid (GenBank accession 
no. J01826).  Short direct 
repeat that flanks the T-DNA 
and is required for the transfer 
of the T-DNA into the genome 
of the host plant (Yadav et al., 
1982)  

 
 
4E.  Description of the Transformation Method 
 
In 2019, McCue, K.F., et.al., transformed potato plants using the GAANTRY system to generate 
the T-DNA used in transformations. They used the Agrobacterium rhizogenes ArPORT1 strain 
was used for their transformations.  While Agrobacterium rhizogenes ArPORT1 strain was 
initially used to demonstrate the transformation of constructs made with the GAANTRY system, 
the Agrobacterium tumefaciens JGT105 GAANTRY strain, which is a derivative of EHA105, 
was developed because it was known that the EHA105 transforms potato well. Potato-
transformed events are produced using Agrobacterium transformation at Michigan State 
University each containing pMSU2DR-02 T-DNA. Both the Agrobacterium rhizogenes 
ArPORT1 strain and Agrobacterium tumefaciens JGT105 strains are used to transform potato 
internode explants following the method described by Douches et al. (1998). Transformed 
internode explants are regenerated on medium containing 50 mg/l kanamycin to select for lines 
containing a T-DNA insert.  Polymerase Chain Reaction (PCR) is used to test generated 
transformed events for the presence of the T-DNA.  

 
4F. Molecular Characterization 

 
T-DNA Insert Analysis 
A combination of Xdrop™ enrichment technology (Samplix, Denmark) utilizing Nanopore 
sequencing and followed by PCR with Sanger sequencing will show the presence and intactness 
of T-DNA. To describe further, the T-DNA sequence data for each advanced event will be 
generated by first utilizing Xdrop™ enrichment technology. The enriched DNA is then subjected 
to debranching followed by library generation with the Oxford Nanopore Technology (ONT) 
Ligation Sequencing Kit. The libraries are then sequenced using GridION (Oxford Nanopore 
Inc.) sequencing platform to generate long-read sequencing data. Junction-finding scripts using 
the generated sequences and the DM potato reference genome (Potato Genome Sequencing 
Consortium, 2011; Sharma et al., 2013), specifically PGSC S. tuberosum databases found at 
Spud Database Potato Genomics Resource http://spuddb.uga.edu/  will indicate the insertion site 
of the T-DNA for each advanced event.  Sanger sequencing will be performed on PCR products 
across the junctions. At least 1 kb of flanking DNA near the left border and right border of the 
inserted T-DNA will be identified. The sequence obtained for the T-DNA will compared to the 

http://spuddb.uga.edu/


plasmid T-DNA sequence.  An example of this T-DNA characterization can be found in the 
manuscript Zarka et al. 2024. 
 
An alternative method for obtaining sequence data and T-DNA characterization data is also used 
in our research program.  This method involves a combination of Nanopore LSK114 ligation 
library construction followed by Nanopore PromethION flow cell sequencing.  This is a whole 
genomic sequencing approach that is capable of achieving greater than 60x coverage across the 
tetraploid potato genome.  In addition to this coverage, an increased coverage across the T-DNA 
could be reached by adding adaptive sampling technology during Nanopore library construction.  
Again, PCR and Sanger sequencing would also be used to confirm sequencing data at the 
junction and flanking regions of the T-DNA inserted into each event. 
 
Integration Site 
 
The Sanger sequencing data from the T-DNA characterization described above is used to locate 
the insertion site.  The location is analyzed with reference to the potato reference genome 
database (Potato Genome Sequencing Consortium, 2011, SPUD DB Potato Genomics Research) 
to analyze for potential gene interruption and the creation of new open reading frames. An 
example of this analysis is described in our manuscript, Zarka et al., 2024. 
 
Absence of Backbone 
 
PCR analysis will be used initially to show the absence of large pMSU2DR-02 plasmid 
backbone sequences in the transformed potato events.   
 
If the Xdrop™ enrichment technology (Samplix, Denmark) utilizing Nanopore sequencing is 
used for the T-DNA characterization, then the small backbone analysis will be completed using 
Southern analysis. A collection of digoxigenin (DIG) PCR or random primed labeled probes that 
span the entire pMSU2DR-02 backbone region, is used in a series of southern blots to detect any 
small backbone sequences.  
 
If the Nanopore LSK114 ligation library construction followed by PromethION flow cell 
sequencing is used for T-DNA characterization, then the whole genomic sequence data obtained 
can be analyzed using bioinformatic software to identify if any small backbone fragments have 
been transferred into the potato event. 
 
Inheritance and stability  

 
Commercial potatoes are propagated vegetatively and do not undergo meiotic recombination, 
therefore potatoes are expected to be genetically stable. To confirm this in our events, PCR 
analysis is used to determine the presence or absence of the insert in plants that have sustained 
three generations. An example of this analysis is described in Zarka et al., 2024. 
 
Open reading frame analysis  
 
The ORF Finder algorithm associated with NCBI at https://www.ncbi.nlm.nih.gov/orffinder/ is 
used to identify all ORFs.  Each event is analyzed using the insert flanking sequences 
(determined as described above).  The 1000 bp of the flanking sequence and 500bp of the T-



DNA region for each the left T-DNA border region and the right T-DNA border region is used in 
the analysis. 

 
The NCBI ORF finder searches for open reading frames (ORFs) in the DNA sequence entered in 
all six possible reading frames. The program returns the range of each ORF, along with its 
protein translation. The ORF finder is then used to identify and evaluate any proteins using 
NCBI’s BLASTP. The parameters for the ORF search included using a minimum of length of 25 
codons long, standard genetic code and the use of “ATG” as the start codon. This analysis is 
completed on all potato events after completion of the T-DNA characterization. 
 
 
5 Description of New Trait  
 
5A. Intended trait  
 
Late blight resistance:  
Late blight is a devastating disease of potato caused by the oomycete fungus Phytophthera 
infestans.  If uncontrolled it can lead to complete loss of the crop and chemical control is costly 
and uses large amounts of fungicide.  Resistance to late blight has been a goal of potato breeding 
for many years and germplasm resistant to the disease has been used extensively, leading to the 
identification of specific resistance genes referred to as R-genes.  R-proteins (from the genes 
Rpi-vnt1, Rpi-amr1, and Rpi-amr3) are part of a plant defense mechanism called effector-
triggered immunity. These proteins recognize pathogen-secreted effector proteins and activate 
the plant hypersensitive response (HR).  The diverse nature of P. infestans strains, with high 
variability in the pathogen-secreted effector proteins, makes durable resistance through the 
introduction of single R genes very difficult and a combination, in this case three separate genes, 
is expected to provide a much more durable resistance. 
 
Potato Virus Y resistance:  
Potato virus Y (PVY) is a major potato pathogen that causes severe annual crop losses worth 
billions of dollars worldwide. PVY is transmitted by aphids, and successful control of virus 
transmission requires the extensive use of environmentally damaging insecticides to reduce 
vector populations. The Rysto gene, from the wild relative Solanum stoloniferum, confers extreme 
resistance to PVY and related viruses and is a valuable trait that is widely employed in potato 
resistance breeding programs. The protein is a different type to the R-proteins utilized for late 
blight resistance in this construct, although there is similarity in structure.  However, Rysto 
confers extreme resistance to PVY in potato preventing viral replication without triggering cell 
death. Rysto has been shown to be valuable for creating PVY-resistant cultivars of potato and 
other Solanaceae crops (Grech‐Baran et. al. 2020).  
 
Potato Leaf Roll Virus resistance:  
 
Potato leafroll virus (PLRV) is a widespread and damaging disease of potato. The transmission is 
through aphids and through seed tubers.  Yield loss can be significantly high in developing 
countries where farmers do not have access to quality seed and pesticides.  Velásquez et al. 
(2007) demonstrated the existence of the gene Rladg in S. tuberosum ssp. Andigena, which 
controls resistance to the infection and to PLRV accumulation. The Rladg native promoter, gene 



and terminator have been identified and it is currently being introgressed into advanced breeding 
lines (Mihovilovich et al. 2014; Velásquez et al. 2007). 
 
Kanamycin resistance (NPTII):  
The potato contains a protein that confers resistance to the antibiotic neomycin and serves as a 
selectable marker for plant transformation.  This is not a required trait in the final plant and plays 
no role in the late blight tolerance trait. 
 
5B.  Intended phenotype  
 
Late blight resistance:  
Potatoes resistant to infection of P. infestans strains prevalent in our USAID Feed the Future 
Global Biotech Potato Partnership. 
 
Potato Virus Y resistance:  
Potatoes resistant to infection with Potato Virus Y which is prevalent worldwide and very 
damaging in our USAID Feed the Future Global Biotech Potato Partnership. 
 
Potato Leaf Roll Virus resistance: 
Potatoes resistant to infection with Potato Leaf Roll Virus prevalent worldwide and very 
damaging in our USAID Feed the Future Global Biotech Potato Partnership 
 
Kanamycin resistance (NPTII):  
Potatoes are resistant to the antibiotic neomycin and the NPTII protein serves as a selectable 
marker for plant transformation. 
 
5C. Description of the Mechanism of Action (MOA) 
 
R-proteins are part of a plant defense mechanism called effector-triggered immunity. They 
recognize pathogen-secreted effector proteins and activate the plant hypersensitive response 
(HR). The plant HR is a form of immunity that that destroys infected tissue through programmed 
cell death (apoptosis), restricting growth of the pathogen and the spread of the disease to the rest 
of the plant (Jones and Dangl, 2006). R-proteins do not have a pesticidal mechanism of action 
since they do not act on the invading pathogen (Panstruga et al., 2009).  Combining three R-
proteins that recognize different effectors proteins reduces the chance that the pathogen can 
overcome the late blight protection and could improve durability of the late blight protection 
trait. 
 
R-protein expression and signal transduction are tightly regulated in the cell by maintaining low 
protein levels, which are kept in an inactive state through intramolecular protein interactions that 
block signaling until conformational changes due to specific cognate ligand (effector) binding 
activate signal transduction (Spoel and Dong, 2012). Importantly, unlike Bt proteins, R-proteins 
do not confer pest resistance by directly targeting the pest or acting as toxins. Instead, they 
activate a hypersensitive response within the host plant that restricts spread of the pathogen. 
 
Rpi-vnt1 
 
The expression of Rpi-vnt1 confers broad-spectrum, late blight resistance in wild and cultivated 
potato. The VNT1 protein, as part of the plant immune system, recognizes the Avr-vnt1 effector 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5104775/#CR42
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protein secreted by P. infestans and signals a hypersensitive response (Moffett et al., 2002; 
Morel and Dangl, 1997; Pel, 2010; Rairdan et al., 2008). Previously given non-regulated status 
(24-046-01rsr and 21-270-01rsr). 
 
Rpi-amr1 
 
Like VNT1 and other previously reviewed R-Proteins (AMR3, BLB2 and MCQ-1) R-proteins 
are part of a plant defense mechanism called effector-triggered immunity. They recognize 
pathogen-secreted effector proteins and activate the plant hypersensitive response (HR). The 
expressed AMR1 protein recognizes the Avr-amr1 effector produced by P. infestans (Witek, K., 
et.al. 2021). This recognition initiates the host HR resulting in late blight protection. 
 
Rpi-amr3 
 
The expressed AMR3 protein recognizes the Avr-amr3 effector produced by P. infestans (Witek 
et al., 2016). This recognition initiates the host HR resulting in late blight protection. Lin, X., et. 
al. (2021) showed that Rpi-amr3 confers resistance to multiple Phytophthora species by 
recognizing a conserved RXLR effector. AMR3 was previously given non-regulated status (21-
270-01rsr). 
 
In summary, all three proteins, VNT1, AMR1 and AMR3 have the same mechanism of action 
except that each of the three proteins recognizes a different pathogen-secreted effector protein.  
VNT1 and AMR3 have been expressed in previous potato plants reviewed by APHIS and 
determined to pose no increased plant pest risk.  Combining three R-proteins that recognize 
different effectors proteins reduces the chance that the pathogen can overcome the late blight 
protection and could improve durability of the late blight protection trait. 
 
PVY Resistance 
 
Potato virus Y (PVY) belongs to the genus Potyvirus, family Potyviridae. The Rysto gene, from 
the wild relative Solanum stoloniferum, confers extreme resistance (ER) to PVY and related 
viruses and is a valuable trait that is widely employed in potato resistance breeding programs. 
PVY resistance with the potato Rysto gene confers extreme resistance to the virus by preventing 
viral replication without triggering cell death.  Grech-Baran M, et. al., studied Rysto resistance 
and found that it is mediated by a TIR-NLR immune receptor. Their results suggest that Rysto-
mediated immunity is effective in potato plants not only against different strains of PVY but also 
against the related virus PVA. Additionally, the PVY viral coat protein (CP) was found to be 
recognized in Rysto -mediated immunity against PVY.  The CP produced during PVY infection in 
potato led to ER, indicating that the level of CP determined the type of response. The mechanism 
of CP recognition by Rysto was further studied in 2022 by Grech-Baran M, et. al. They found that 
Rysto associates directly with PVY CP in planta that is conditioned by the presence of a CP 
central 149 amino acids domain. This region of the CP is conserved, and they found that Rysto 
recognizes the CPs of several other crop-damaging viruses. The Rysto gene is shown to be 
valuable for creating PVY-resistant cultivars of potato and other Solanaceae crops (Grech‐Baran 
et. al. 2020).  
 
 
 
 



Potato Leaf Roll Virus Resistance:  
 
Introgression of the Rladg provides resistance to potato leafroll virus as shown by Carneiro, et al., 
2017.  Heal et al., in 2022, found that Rladg is homologous to the Bs4 gene which contributes to a 
hypersensitive response (HR) in tomato.  This indicates that there is a conservation of the gene 
and broad function as opposed to acquisition or evolution in potato (Lindqvist-Kreuze, H., et al., 
2024).  The Rladg protein functions through a TIR-NLR (nucleotide-binding leucine-rich repeat 
with toll/interleukin-1 receptor domain) recognition of the PLRV polyprotein P1 (Heal et al., 
2022).   
 
NPTII 
The 6th gene transferred encodes neomycin phosphotransferase II (NPTII). Expression of this 
protein in plant cells confers resistance to the antibiotics neomycin and kanamycin and serves as 
a selectable marker for plant transformation. The following describes the mechanism of action of 
NPTII. The antibiotics neomycin and kanamycin, bind to the negatively charged backbone of 
nucleic acids to disrupt protein synthesis, and therefore inhibits bacterial cell growth. Neomycin 
phosphotransferase II catalyzes the addition of phosphate from ATP to the 3'-hydroxyl group of 
the 4,6-disubstituted aminoglycoside neomycin. The NPTII mediated phosphorylation of 
neomycin/kanamycin introduces a phosphate group on the antibiotic that reduces the binding 
affinity to nucleic acids due to steric hindrances and unfavorable electrostatic interactions, and 
thereby disrupts the mechanism of action of the antibiotic (Wright and Thompson, 1999). 
 
In the absence of neomycin or kanamycin the NPTII expressed in the potato transformed event is 
not expected to exhibit any enzymatic activity. Therefore, NPTII is not expected to have any 
effect on other potato metabolic pathways. Additionally, the food, feed and environmental safety 
of NPTII has been well established. Neomycin phosphotransferase II has been used as a 
selectable marker in many different commercial genetically engineered (GE) crops {e.g. 
Genuity® DroughtGard™ corn (MON 87460), YieldGard® Rootworm corn (MON 863), 
Bollgard® cotton (MON 531), Bollgard®II cotton (MON 15985), Roundup Ready® cotton 
(MON 1445)}, and therefore has a history of safe use in the environment as well as in food and 
feed uses. Furthermore, the NPTII protein has been fully characterized, and the NPTII protein 
expressed in GE crops has been shown not to pose any discernable environmental, food or feed 
safety concerns (Fuchs et al., 1993, Flavell et al., 1992, Nap et al., 1992) 
 
 
5D. Metabolism, Physiology, and Development 
 
None of the modifications with transformation of T-DNA (pMSU2DR-02) have an impact on the 
metabolism, physiology, or development of the plant. 
 
6  Proposed plant-trait-MOA language for the website  
 
Plant: Solanum tuberosum (potato)  
Trait: Late blight resistance, Potato Virus Y resistance and Potato Leaf Roll virus resistance. 
Phenotype: Resistance to Phytophthora infestans, resistance to Potato Virus Y (PVY) and 
resistance to Potato Leaf Roll virus.    
MOA: Expression of resistance proteins (R genes) that can recognize Phytopthora infestans 
effector molecules and then activate effector-triggered immunity, 2) PVY resistance with the 
potato Rysto gene confers extreme resistance to the virus by preventing viral replication without 



triggering cell death.  3) PLRV resistance with the Rladg gene confers a hypersensitive response 
that functions through TIR-NLR) recognition of the PLRV polyprotein P1. 
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8. Supplementary 

 
Figure 3. Sequence of the pMSU2DR-02 T-DNA insert:  

pMSU2DR-02 T-DNA 5' --> 3' direction starting at location 1: 

TGGCAGGATATATTGTGGTGTAAACAAATTGACGCTTAGACAACTTAATAACAC
ATTGCGGACGTTTTTAATGTACTGAATTAAATGTTTAGTTCCTCGTTTTCTCTCG
TTGGACGCAAAGAGGGAACTAAACACTTAATTACGCGTTTTATAACGGTCCTAA
GGTAGCGAAAAATAGGGATAACAGGGTAATCATCCTCGAGGAAACGCCGGCGA
AAGCGGCCGCAAACGTCGACGAAAGCGATCGCAAATTAATTAAAAACGCGCGC
GAAACCTCAGCAAAGACGTCAAAACCGGTAAACCTAGGAAAACTAGTAAAAAG
CTTGATATCCAAAATAGACGAGAACAATAAGCAAAAACTCTTAGTTTTGAAATA
AATCAACAATCCCGAGGGTTGTCACATACATCAAAAACGAAAATCCATATAGCA
AAAAAAACTCTAAATTACCGTTCGACAAAAAGAGAAAACTGATAAGACATTTGC
TAAACATTAAAATCAGTTTAAACTCAGAAGAACTCGTCAAGAAGGCGATAGAAG
GCGATGCGCTGCGAATCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGT
CAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACGCTATG
TCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGAAAA
GCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGA
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http://spuddb.uga.edu/index.shtml


CGAGATCATCGCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCT
GGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATCCTGATCGACAAGACCGGC
TTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTCGAATG
GGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATG
GATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCAC
TTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAG
CTGCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCC
TGCAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCG
CCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTT
GTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCG
TGCAATCCATCTTGTTCAATCATGTTTAAACTACCACCACGGAGACGGAGCACG
AGATGGAGAGTTGACTCCTTCTGGATGTTGTAGTCGGCAAGAGTACGACCATC
CTCAAGCTGCTTTCCGGCGAAAATCAAACGCTGCTGGTCTGGGGGAATCCCTT
CCTTGTCCTGGATCTTGGCTTTGACATTGTCGATGGTGTCGGAAGACTCAACCT
CTAGGGTGATCGTCTTCCCCGTTAGGGTCTTCACGAAGATCTGCATCTTCGCCT
GGAGGAGAGAAATCAGTGGCGCTGCGGCTTTTAGGGTTTCTTTGTTGATGGAA
TGAGAGTGTAAGCTCTGCCAGTGCCACTTTATTAGGGTTTTACAAGCCCTTTTC
TTCGTAATTGGGCCTGACATTTTGTGCCACTTGGGCCTTTAGAGATGAAAATGT
ATATTGGGCTTAAGTTGACTTGAAGGATAAATTAGTTTAGGATATTACGCTTTT
TATGAGAATTGGTGTGTCGGATACATGTATATGATGCATTCAAATATATGTATT
CTAGATACATTTAAGTTTAGATACAATCTAAAATGTGTCTTTAATTACAGGACT
GTAACTAAAATACTTAATGTAAGAAGAATATTACTCCTTTGATAGCTTTTGAGT
ATATCTAGTCTAACATCTTTTAAAAAAGTCTAATTTCTTTCATTTATTTTTCGAG
CAATAGCAAAGTGCATAATTATTTTTTTCTTCTAGAAATTCAGATTTGTTTCTCT
AAATTTTGAGATTCTTTTCTCAATTTTGTATGTTTAGAGAACAATGTGTATTTTT
CACTCTAGTTGGTTGTTACTTTGTTGAATGTTCTGATAAAAGTATATTGTTATTT
CTGAAGTAGATATAAACCTTCATTTGGAAATTATACATAAATCAAAATCGTTAA
TTATCTAGATCAAGATATATGCCCTTTTCCTAATGTATTTGATACATGCACCTAA
TTTCACTAGATGTATCTTTTCTATTTTTTAAATTATGAATAGTTAATTTTTTCCAT
ATGTGTATTTGATACATACTTCATGACTTTAAAAAATTAATTATATACCAGATAT
ATGTATTTAAAATTTGTTATGTATTTAAAGTATGTATATGATTATTCGATATTAA
TCTCTTCGATGAAATTTAAATCGATAAGTATGTGCTTTGATCGAATTCAAAGTC
GACAAAATCGATAAAGAGCTCAAACCTGCAGGAAAGGTACCAAACCATGGAAA
GGCGCGCCGTTTAAACAAACTGATAATTGCCAACACAATTAACATCTCAATTAA
GGTAACTAAAAAACTCCTTATACCTCGAGGAAACGCCGGCGAAAGCGGCCGCA
AACGTCGACGAAAGCGATCGCAAATTAATTAAAAACGCGCGCGAAACCTCAGC
AAAGACGTCAAAACCGGTAAACCTAGGAAAACTAGTAAAAAGCTTAGAGCTAG
CAAACAATTGAAAGGGCCCAAAAACGTTAAATCTAGAAGGCCTCCCTTACGAAT
TCCCATGGGGAGGTCCATATGTGGAAGCTACTCTCTTTGTCCAAAAATAGTTGT
CCACTATTGACTTACACACACCTTAAGAAATAATAAATAATAGGGGTACTATTA
CTACACTATCCTTTGAATATTATAAATTTAATGCTCTGGGAAAATGTATTAGATA
TTGAATACTCCCTCCGTTTCAAAAAGAATAGTCTACTTTGACTTGGCAAAGAGT
TTTAAAAAATAAAGAAAATTTTTCAATCTTGTAGTTCTAAATTAATGTTATGTCA
AATGTACCAAAATATCTTTTAATCTTGTAGCCTTGAACATGCCACGTGGAAAGT
TGAAATTAAAGTGTTGATCAAAAAGGAAAGAGGTCACTATTTTCTAAACGGAGG
GGTGGTATTTAATTGTAGGGGTAAAATAGACACAAAAGGATAAATTATCTTTTG
ATTTTCTAAATTGGACAAGTATTGTTGGACAACTATTTTTCGTATAGTGGGCAA
GTAAAGATGGACGGGGGAGGTATTACCAAGTCTAAAAATGGGAAGCTATGGCC
AAGTCTAAACTGATACTCCATGTGTTCCTTTTTATTTGTCACGTTTTTTTTTTTG



AGAAATCAAACTACATGAATTTTGACCAATATTTTAAGATCTACTTTTTCAAATA
GTTCTCAAACATCTAAATTTTAAATAATAAATTATTCTAATTCAAATTAGCTTCA
AAAATTAGTCAAATTGACTTTCAGAAAGTCAATTGTGACGATTAAAAAAGAATG
GAGAGAGTAAGTTTTTTTAAAATCTTATTCTCCATTATTTACATGACGAGTCTTG
GAGAATTTTCACTTTGTTAAGGATTCGATTCTTCATATCGTAATCCCTTCCCCTA
TTCTTCCTTTCACCTGCCCCTTTTTGAAAATTAAATATGACCCAGAGGCTGCTTT
TTTATATATTGCTTCACATACCCCATTTTTTTATTTTTTATTTTGAAAAACGGAA
AAAGACATGACGAGCCCCACTAGTCTTTCATTATTTCTCATTTTTTGTACACATT
GAATTTCTTTGGAATTTAATAAAGGTAGTACTTAGATTTGACCAATCCAAACTA
TGTGCCTTTGGCGTGTTGCTTTTTTTAAAAAAATTATTTTTTGAAACTTTTGATA
ATAAGTTGTCACATGTGTAGCATTTTTGACTTTGATCTTCAAGGCTTATTGAGG
GCAAGTGGGGTCGAAAATTCAATATCACCGATTTATAATTGGATGGGGATTTTT
ATTTACATCTGGCATTAGTCGATTTTGAAAAGAATGTCTCTTTCGTAATTTGAG
AACTCGTTAATCACAATATTGCACATCAACAGATAACATGTTTAAGATCACAAA
ATTAAAAAACAATTTGATATATTATTACACATATCTTTAGTTTAACACTATAAGA
TTCAAAAATCTTCTTTGGTTTCTGAAACTTCATTGTCGAATCAAATAAAAACGA
AAAAGTTGAAATAGAGAGAGAAAAGGTAGTTTCCTTGAAATTTCTCTAGATTTG
GAGCAATCCAATGTTTTTCTGTATCAAAATTTTACATATTGATGGTGAGTACTG
TCAATAATGTAGTACTCCCTCTGTCCCAATTTATATGACTCACTTTCCTTTTTGG
TCAGTCCCAAAAAGAATGACACATTTCTACATTTAGTAACAATTTATTTTTAAAA
TGACTTTTTTACTCTTAATGAAATGATTTCTAGCCACACAAATATCTACCACTCA
TTTTAGACCACAAATTTCAAAAGTCTACCTTTCTTTGTTAAACTCCGTGCCGAG
TTAAACTATGTCATATAAATTGGGACGGAGGGAGTATGATATTTCTTCTCTTTT
GAGTAATATTTAATATCTTCAATTAAATCCTATCCACTCCTCATCTATTCTTGTT
CATCATTTTTGAGAATTAATTTGATGGCAGCTTATAGTGCTGTAATTTCTCTTCT
TCAAACACTTATTGATCAACAAAATATTTCAGAACTCTTTCATGGTCACACTGC
CCAAACGCTCGATTCTCTTCACACTACAGCTGAATATTTTCAACATGTCCTTGA
AAATATTACAAGATTTGACTCTGAAAAGATCAAATCTTTGGAGGAAAAAATAAG
AGTTGTTGTTAGCTATGCAGAAGATGTTGTTGCAATGAAAATTTCTCAAATCAT
CATAGGCTCAAGCTGGACATTTGGAATTTTACAACACCAGGATTTACTACCACT
TGTTGAAAAAATGGACACAACAAAGAAACAAGTGATGGACATTCTTTCTCATGA
TGATGATCAAATTCTTGAATTAACTGCAGGGGATTCCTTGATTGGCACTTCTTC
TACAACTTATCCAATGTTGGAAGATGATATCGTGCAGGGAATTGATGATGACTT
GGAGATCATAGTTAAAAGATTGACAGGACCACCACGGGATTTAGACGTTGTCA
CAATAACAGGTATGGGTGGCATTGGTAAAACAACACTCGCTAGAAAGGCTTAT
GATCATCTCACAATCAGGTATCACTTTGACATTCTTGTTTGGATTACAATATCTC
AAGAATTTCGATGTAGAAATGTATTGTTAGAAGCTTTACATTGCATTTCAAAGT
CAACAGATATTGTGAACACAAAAGATTATGATAAGAAGGATGACAATGAGTTA
GCTGACATAGTACAGAAAAAACTAAAGGGTCCAAGATACCTAGTTGTTGTTGAT
GATATTTGGAGTAGAGATGTTTGGGATAGTATAAGAGGAATATTTCCTAATTAC
AACAACGGGAGTCGAATCTTATTGACTACTAGGGAAAACGAGGTAGCAATGTA
TGCAAATACTTGTAGCCCTCATGAGATGAGTCTTTTGAGTTTAGAAAACGGTTG
GAGGTTACTTTGTGATAAGGTGTTTGGACCAAAACATGATCATCCTCCTGAATT
GGAAGAAATTGGTAAGGAAATAGTTGAAAAATGCCAAGGACTACCCTTAACAA
TTTCAGTGATTGCGGGACATGTTTCTAAAATGCCCAGGACATTAGAATGTTGGA
AGGATGTCGCCCGAACCTTAAGTGAAATCATCTCTAGTCATCCAGATAATTGCT
TAGGAGTGCTCGGTTTGAGTTACCATCACTTGCCTAATCACCTCAAACCTTGCT
TTCTTTCTATGAGTAGTTTCCCAGAAGATTTTCAGGTTGAAACTCGGAGATTGA
TCTACTTATGGATCGCAGAAGGTTTCATAAGGACTTGCGAAAATGGTAAAAGTT



TGGAGGAAGTTGCAGTAGATTATTTGGAGGACCTTATTAGCAGGAACTTGATA
CAAGCTAGAAAAAGGAGATTCAATGGTGAGATAAAAGCATGTGGAATACATGA
TCTACTGCGTGAGTTCTGTTTGATAGAAGCTGAAATAACGAAGCATATGCATGT
TGAGAGAACTTACCCAACTCTTCCAACACAAAAGAATAATGTTCGTCGCTTCAG
TTTTCAAACAAAATTTTATTCAGTTGATGATTGTAATAAGCTATTACCACCTGTT
GCCAGATCTATCTACTTCTTTTCTCAGTTGGATCTACCTGTTGTACCCTATAAG
AGGTATCTCAGGTGTTGTTTGCCCATCCACCGTGATGATCGTATAATACATGAT
TTTTACTCTCGTTTCAACCTTCTCAGGGTATTGGTCATCTCCAAGACAAATGAA
TACTTCGAGTCATTTCCACTTGTGATTACAAAGTTGTTTCATTTGAGATATCTCC
AAGTTCGATTTCTTGGAGACATTCCTAAATCAATCTCAAACCTTCAAAATTTGC
AAACTCTAATTTGTAGTGGTGGTACTTTACCTGGGAAGATATGGATGATGAAGA
ACTTGAGGTATATAAGTATAATAGGCAACAAAGTCACTTATTTACCAAGTCCTA
GAACAGAAAGTCTTGTGAATCTAGAGGAGTTTTCTGTTCTTTGTTACAGAAGTT
GTACAAAAGAAGTCATTTCTGGCATTCCCAATCTAAAGAGATTGACCATTGATG
TACTTTCTAGCATTAACAACTATTTTCCCAATGGACTAATAGATATGTCCAGCTT
GACAAAACTCGAAGCATTCAAGTGTAATAGGTGTTTATATTCGAATTTCAATAG
TTCTGTTATTCCAACATCACTTAAGGATTTTGTTTTTCCAACATCACTTAAGAGG
TTGAGTTTAAACTATTATGCTAGTCATTTTTTTTGGGAAGAAATATCATCAACTA
TTATCATGTTGCCTAATCTTGAAGAGCTGAAGCTTAAAGATTGTCGATCCGATG
AATATGATGAATGGAGTTTGAGTGATAAAGACAAATTCAAAAGCTTGAAGTTGT
TGGTACTAACCGACATTTTTTTTGATCGTTGGGAAGCTACCAGTGATAACTTCC
CAAATCTAAAACGCCTTGTTCTGAACAAGTGCGACTTAGAAATTCCATCAGATT
TTGGGGAAATTTGTACTTTGGAATCAATTGAGTTACATGATTGCAGCACTAGTG
CTGAGGATTCTGCACGAGAGATTGAACAAGAACAAGAGGAGATGGGAAATAAT
ATCCTTAAGGTCTACATACATGGCAGTCGCAGTAAGTTCTAAACAGTTATTCGA
TTCTCTCATCTTTGTTAAATCTTACCTCCTTGAAGTTATGATGATGACTTCGATT
TTTTGTCTTGCATAGGCAGGAAAATGGAAGCATATTTCGAGGAATCATCTAATG
CCATCTTCCAAATGCAGAACCTTTTAGATTAATCTTTTATGTTCTGATTGTTTGT
TAAATTCATGTTTTAGGAATAAACACGTTTAATACATGTTTCGCTCTTTCTTTAC
TATGTAAACAGTAACTATTGATGTATTGTTATATCTATTTTGTGTTATGTGATAG
TTCGAAATGAATAATGTGTTGGGGTTTTGGTCTTTTTCCCTTCCTATGTGGATA
AATAAAAGCCCAATTGGTCTAGCCCACTTATGCCCATAAGCCCAATTTATGGAG
CATACATAAGACTTTCTTTAAGTCTTATTTTCATATATCACACATAATTTTTACA
AGAGAGATAAGCATACATATTAGAGAGAAAAGAGAGAAAGTGCAGATTTTCGC
ACAAACCCTAGCAGCCAATTTCAAATCGCGATTCCCGCTTCGTTTCTTATCTGA
TTAAGCTGATTTTTGGACAGCACGTTCCTCTCAACTTAATCTTTGATTGAGAAC
TGACAGAGGTCGATTTGGAGTCCCGTAGCTCCAGATTTTTGCTCGTGAACAGC
AGCTGCTATTTGGTGATTTTGCTCCTTTTACTTCTCTAGTTCTTTGGTGCTATCT
TGTAGTTGTTGTTGCTCGTTTTTGGCACTTGTTTTGGTGACCATTTTGGAGACG
CTCAGAGGGAAAGGATCCAAAGAATTCAAAGTCGACAAAATCGATAAAGAGCT
CAAACCTGCAGGAAAGGTACCAAACCATGGAAAGGCGCGCCTTTATAACGGTC
CTAAGGTAGCGAAAAATAGGAATAACAGGGTAATTTTACGCGTAAATGTTTAGT
TCCTCGTTTTCTCTCGTTGGACGCAAAGAGGGAACTAAACACTTAATTACGCGT
TTTATAACGGTCCTAAGGTAGCGAAAAATAGGGATAACAGGGTAATCATCCTC
GAGGAAACGCCGGCGAAAGCGGCCGCAAACGTCGACGAAAGCGATCGCAAAT
TAATTAAAAACGCGCGCGAAACCTCAGCAAAGACGTCAAAACCGGTAAACCTA
GGAAAACTAGTAAAAAGCTTAAAGCTAGCAAACAATTGAAAGGGCCCAAAAAC
GTTAAATCTAGAAGGCCTCCCACTAGAATTCGAGCTCGGAGCAAGCAACGTAA
TTTGTAAGTCCCATAGAATTTTTAACAGATGCATTGGTTCATGGTTGAGGTGAA



GAACAGATGTAGCAGTTTTTTGTTGAAGCCGTTAGTTTCTTGACAGACTATAAC
AGAGGAATGTAAGTTGCAACTTTTGAGGATAGTTTAGGGATGATTTTTGTTCAT
TATGTAGTATAAGGATGTAGTTTAAGTTTGAGGTATAATTGAGGGATGTTTTTG
CTATTTACTCTACAAAATTCCACACAGTATTATTAATTTTCTAAGGACCGTTTGG
CCATGTGATATGAAATCATGATATGAAATTATGAAATGAAGTTAAAGTTTTGTT
TGGACATGTAATTTGGACTTTTTATGTTGTATGTTTTCTTATAAACATAAAAAAC
CCACAAGTTGTAAAATTATTAAACTTGTCCCATTTTTTTATTCAATTTTACCAAA
TAAACAAAAATTTACAAAATCACATAATATGCTAACACAAAACTATTCTTTAAAA
AATACAATATTTATTGATCAAACTTTAATTCAACAAAAAATAAAATTCAACATAA
GTTGTAGTGTACTAGTCTTTAATATAATTCTCCCACATAGTACGGAGCAATTAT
ATGATCGAGTATACAAACCAACATTGCTACTTTGAGCTATAAATGGTTTAAAAA
GTAATGATATAAATCATAAATTTTATTACATATGAAACAAATGGTGAGTAGATA
TTTTTTAATAAAATATAAACTTATGGGTCAATTTTTGTATTTGAAAAATCCCAAA
TCATGATTTGAAATTTTCAAATCATGATTTTTGAAGAATTTGGGATTTTATCTCA
TGATATGAAATCATGAGATGAAATCAGCCTGAAATCGCATGTCCAAATGCTGAT
TTCATCTCATGATTTCATATCGTGATATGAAATCGCATGTCCAAACGCCTACTA
AGTAACTTAGACACGTCTTGACCTTTTATAATTGCTCCATCCATCCTAATTTACT
TGTCAAATATTTTCTAATTTGATTCCCCTTTTACTTGTCATTTTTTACAAATCAA
GAAACGACAATTTTTTTTCTTTCTATTATACCCTCAATTTATTAACATTGAATTA
ATGTCCTTGAAAAATATAGTAAGTAAATATGTTTAAAACTCTATCAAATTAATA
GGGGTAAAATGGTAAACTCATTATACCAATTATTTTTTTTTTAATAGATGCGTC
AAATCAAAAATTGACAAGTAAAAAGAGACGGAAAGAGTATATAAATTTCAAAGA
AAATTTGTATTGAAAGTTAATTGTATTCGTCCACTTGACACATCATGTCTTAATT
ACTACAAGTTGATTTGAATAAGAAATGTGAGACATCTCTACTATCGTGGTGGGA
CCAATGCTTGAAAAGTCGACGAAAACTACAAGAGTGTCTTTATTAGAAATCAGG
ACAACTTGACTCTTTATTTTTCATTTCTTTTTTCTTACTTTTTCTTGGTCAATCCA
TAGTTTTGCATCCATAAACCACAAGTTCTGTTTAGATATTAAATAGAAAATTGT
CCAAATTCATTTAGAAAAATGTGGACATAAATCATTTAGACAAAACCTCTTATA
GCCTAAGCAGAGACATTTCTCTTCCAGCAAACAAAAGAGAAATGGCTTATGCTG
CTCTTTCTTCACTTATCTATACATTGCAACAACTCTTCAAACCTAATCAATCTTT
CGTTTGTCAAAGCTGCTGTACGCAACAACATGTTCAATCTCTCTGTCAAAATCT
TTCTGCTCTGCAACTTTTCCTTGACGATACTACAACAAAGGATATTGAAACTCT
TAAGGTATGTAATTATCTAATCTCTTACTCATCTTATATTTATTCAATAATAATT
AATTTATCGAGTTTCAATTTTAAGGTTATAGAAAAGAGGATCAGAGATGTAGTA
TACAAAGCAGAAGATAAAGTTGATTCAAGCCTAAGAAGCATCATTCTAGCTGAT
TGCACAGAGAATAAAGAAGGGGCTTGTAAATTCTTTGAGGAAGAATTGCTAAA
AGTGGAAAAAGATGTTAATTCTCTCAGCAAAGAGGTGATGCAGATCAATGTTAA
CAAGCATGGAAGCAGATCTGCAGAACTAACAACAATTCCTCCCTCTCCAGAAAA
AAGTACAAATGAGGAACATACTATTGTTGGGATGGAGGATGAGTACAACACCA
TACTTGATCGCCTCACTGCCCAAACAGACGAGTTGACTGTCATACCAATTTTTG
GTATGGGCGGTATAGGTAAGACAACTCTTGCCAGAAAGGTTTATGATGATTCAT
CTATTCGTTCTCGATTTGATAGACATGTATGGGTCACTACCTCTGAAGAATTCA
ATGAGAGACGAATGCTTCTCGAAGTTGTTTCTTCAATTACTACTGGAAGCAATC
AAGAAAAGAGCGATGATCAACTAATGGAGATTGTGTATAGAGGTCTTAAGGGT
AGGAGATTTCTAATTGTCATAGATGATATTTGGAGTACTGAGGCTTGGGACCAA
ATGCAAAGAATATTTCCAAATGATGACAATAAAAGCCGAATTCTACTAACTACA
CGGCTCAAGTATGTTGCTGATTATGTCAGCAGTCCTGATTTTCCACCTCATAGT
AAGTCTTTTCTAAGTCTTGATGATAGTTGGAATCTATTCACCGAAAAAGTATTC
AACAAAGATACCTGTCCTCCTCACCTAGAAGAAACAGGGAAGCATATTGTACAA



CAATGTCGAGGATTACCTCTCTCGGTTGTTGTAGTTGCTGGACTTGTTGGAAAA
ATGGACCCAACGCATGACAATTGGGAGAACGTTGAGGAAAATCTGAACTCATT
CATTGGTACTGTATCCGAACGGTGCCAATCAATTCTTTCTTTAAGCTACAATTA
CTTGCCCCAATATTTGAGGGCTTGTTTTCTCTATGTTGGATGTTTTCCTGAAGA
TAAAGAGATTGATGTTTCCAAGTTGATTAGGCTATGGATTGCTGAGCAATTCGT
AAAGGCGAGAAGCAATAAAAGGTTAGAAGTGGTAGCAGAGGAGTATCTAGAAG
AGTTAATTGATAGAAGCCTAATTTTGAGTGGTAGACAAAGGGCTAATGGAAGG
ATGAAAACTTGCAAAATTCATGATCTTCTTCGCCAACTATGCCTAAGTGAAGCT
CATACTGAAAATATTAGTCATATCATGAATAGAAATGTCCCCGTGTCCTCAGAA
GCCATAGATGATCAACGGCGAGTGATTGTTCCATTGGAACTTGAAGAGGAACC
AGTTTATCCTACAAGGAATAGCAGTGGTATTACAAGTACAACCCGCACCTTTAT
TTCAATGGAAATATGCCTAAGAGAAGCTCAGACCGAAGCCATATATGATCAAC
GGCGAGTGATCCTTCTGTCTAAACGACATAGGATTGATACAATCCGCACCATTA
TTCCATTCAAAGATACTTTTCCGAAAGAGATTTGTTCCATTGTTTCACAGTTGA
AGTTGCTTAAGGTGTTGGATGTATTATCAGTCTGGTACGATGTCTCTTGTATAA
TACCTCAGCTTGTACATTTGAGATATGTTGGTGCAGTAATTTTGAAAGCTCTTT
CACTACCCAAATTGAGAAATCTACAGACCATAATTCTTACAAGTGTTGAAACCA
CAGAGTTGAAGCACTCACTAGATATCTGGAGAATGTCAGAGATAAGACATTTG
GATATTGTACCGCCACTATATATATCAAATCCTCTTGAAGCAGAACAACCTTTG
TTTCTCAATAACTTGCACACACTTTTTCTCCGTTGCTCTCCTTTTGTTGCGAAAA
TCATAAGAAGAACTCCCAATCTAAAAAAGCTAAAGATTTTAGATAAATCTAAGC
ATCCTGACTGGCCTGATATTCTTCATTCTCTCAATCTTCTAGAGGAGCTGGAGA
CACTACAAATATCAACAGAAGAAAACATTGACCCGATGATTTTCTCTGGGGATA
TTTTCCCTCGTAATCTCAAGCAACTGAAATTATCATATACTTGTATACCATGGG
AAGATATGAAATTGCTGGCTAATTTACCCAATCTTGAGGTGTTCAAGGGTCATT
ATGCATTCAATGGAACAGATTGGAAACTAGATGAAGATGTTGTGTTTTGCAAAT
TAAAATCTCTACGACTGTATGAGCGTGGAGATTTGCAAAGGTGGGAAGCTGCT
GGTAGTGATAATTTTCCAATGCTTGAGCAACTATTATTGTATGGGTTCAAAAAA
CTGGAAGAGATTCCGGAGAGTATTGGAGAAATAATGACACTAAAATTTATCAAA
ACAGAATTTTGCGGCTCTGGTGTAAAGACAAGTGCAAAGAAAATTCAAGAAGA
GCAAGAAAGCCTGGGAAATTATGAGCTTCAAGTTCAAATTACTCCTAAGGTATG
TTGAAACTCAATCTTTGATTAATACTCTCCACTCGGTTAGATTTAGGATTCAAAT
TGTCTACTTACATTTATGATCATCACCCTTGCGGTCTTTTTATTTCTTTTAGTAA
ATAGCTTCAAAAACTCTACAGAAATTACACATAATTAACAATTGACAATTGATT
CTCTCTTATTGATAATTTGTAATTTTCTCTTTCAGTTAAGATTTTTGATCGAAAA
TTTAGACGAAATAAGCATGTTGCCCCCGAATGAAGTAGCCGAAAAAATCAAAG
GTTTGTCTATTTAATTCCTTTTTTATTTCATTGAAAGAGGTTCAGATATATTAAA
CAACTTTTTAACCTTTCTATTTGATTTTTTATCGCTTAGATAGATACAACATTTA
TTTTAACATCAATTGTTATTTTGATTCAATTATGTTCTTTTAATATATAGTTTCC
ACTCGGTTCTTCAATTCTTTTTTCAATTATAGTTTTATTTTTTTAATTGCACATG
GTTGATCGATTTAATTTGTGAGATTCACTTTTCTTTCGGTTTTACGAGTTCTTCG
CGATTAATGTTATTCAGATTTAGGAGTATTATATTTCAACTTTCGATTAGATTTA
GGATTCAAATTGTCTTATTTCATTTATGATCATCATCCTTTCGATCTTCTTTATT
TCTTTTAGTAAATAGCTTCAAAAACTCTATAGAAATTACATATAATTAACAATTG
AGAATTGATTCTCTCGTAATTTCTCATGTTCTCTTTCAGTTAAAATTTTTGATCA
AAAACTAAAAGAGATTCCGGAGAGCACTGGACAAATAATGACACGAAAAATCA
TCAAAACAGAATTTTGCGGCTCTGGTGTAGAGACTAGTGCAAAGAAGATTCAA
GAAGAGCAAGAAAGCTTGGGAAATTGTGAGCTTCATCAAGTTCAAATTACTCCT
AAGGTATATTAAAACTCCATCTTTGATTATTAGCCAATTCTTTAATTTCATATTA



TTTCTAGACTAAATTAAAATATTAAAAGATATAAAGAATTTAATTAATTTAATTA
TTCCTTTAAAATCCAAACATGATGAATTTGAGTAAATTAAATGAATATAGTTCA
GATTCATTTAACTAATAGGCCATTTAGTTTTAATATGGCAACGTTTTAGGCTTTT
AACATTCTCTTTGAATGTAGGTATAATGCATTAAGTGCAGAAATTTAATCTTTAT
TTAAAAAATGAAAACATCTCATAATAACTTTGGTCTTTTTACTCCAAACATCTTG
TAATAAAGTGAGTCTCTTCTACTTCTCCTAACATCTCATAATAAATTTCTACTAT
TCCTAACATCTCATTATAAATAAGTCTTTTCTACTATTTAATTTTGTTAAAATAT
TCACATTTTTTGTGTCTTATATATTCTCCACCCCCATCTTTTTTTTGTTTACTTTC
TTAATATTCATATGCTTGAATCGAAACAAGGTTCTATGAATTCTAACGCGCTTG
GATTGATCATGATGCAATTCAATATATGCATCAATTTAGTTTTTATTTTTCATGC
ATAATAGTTAGTTTCACAAGATAAATATTTTTATTTCAATATGTATTTATCCTTT
AATTAAAGTACTATATATGTCACTAAAGTAGCATCAAATTTGCAAGAATTTCTA
ATCTCAATTTATGAGTTTGTTATATTTTTTTTAATTGTATTGCTTTGATTTTTATT
TTATAACCAAAGAGAAAGTCTAATAATATACGTGTCATTATTTATTTTTTAAGTA
TTTTGGGATAAACACGAACACACTTACAAGTTACATTAAGAGTGGAAAGAATCA
AGTCAAAAGTTTGTTTACCATTTTTAACGTTGAAAAAAGCAAGCCTTCATTTAA
ATAGTTATTATATTTGCTTACATTAGAAAATATATTAAAATTCATTAGCTCCTTA
AAATTCAATGAATCCAAATAATTAAACGTTTATTGCCATAATTTTATTTTTATCT
CTTTAACTTGCTAAATGGCTCCTTCACTACATGCTTTGAGGAACAGAAGCGTTT
GCTGAGGAAGCAGGACGGCACTGTGTAACAATAATTTGTATGGCTTCAGTGAT
GAGAATATTTTGTGTGCCATGCAGCATAGCAGTGTTCATCTAACTAGAAATTTT
ATAAGAAAAGAAAAATCGTCCTTAATCGTTATTTCACTCATTAAATTGTTTTTTC
TTTCATTTTCCATGGTAATTTGAATTTCGAAGTGTGGACATGGACTGTGTTTGG
AGCATAGGTTCATATTTGTGTAGTTTAAAATTGTATGATTATTATTTTAGTTCTC
TTGTCAACGTCCTTATCACCTTTGCAGATAGTTACTATTGAGAATGTATTTATAT
TATTAGTTAGTTAGTTACTAGTCATGATGATTGTGTGATGATCAGCTTAGTTAG
TTAGATTAGTGAATTGGTTACAACTGTTAGTTACAGTTAGTTAGGCTAAGTCGC
TTAGTTTGTTAGTGTTATAAATACACTTGTACAAATTCATTTTCATTTTGAGAAG
TTCAATTCAATGAAACAGTTACTCTCATCTTCCTCTTCTCTCAATATTCACTTCT
CCTTCTTTGCAAGTTTCTGCCATTGAAGCTCCAAAGCTTGGGAGCTGATTTCAA
GTTCTTGTTCTTGACATGGTAATTCACCACAATTACGCCTCTGGCAATGATGCG
ACGATATGGTTGTTTGCAACAAATTTTAAATAAATGGAAAATAGATCTGTTCCT
CCCTTGATTCTTCTCTCCTAAATTTTCTCCGTGATTCGAGGGCCGTTAGTGGCG
TATTTCTCGAATTAGGATGATTTAAACCGCTTTTTACACTAGGGAAAGGATCCA
AAGAATTCAAAGTCGACAAAATCGATAAAGAGCTCAAACCTGCAGGAAAGGTA
CCAAACCATGGAAAGGCGCGCCGTTTAAACAAACTGATAATTGCCAACACAATT
AACATCTCAATTAAGGTAACTAAAAAACTCCTTATACCTCGAGGAAACGCCGGC
GAAAGCGGCCGCAAACGTCGACGAAAGCGATCGCAAATTAATTAAAAACGCGC
GCGAAACCTCAGCAAAGACGTCAAAACCGGTAAACCTAGGAAAACTAGTAAAA
AGCTTAGAGCTAGCAAACAATTGAAAGGGCCCAAAAACGTTAAATCTAGAAGG
CCTCCCGCAAGAATTCAAGCTTGGAGTTATACACCCTACATTCTACTCGAGATT
CATTATGATGATGTCTCACGACCAAATCAAATCAAAGTTAAATAAATATCGAAC
CGAACGCCCACTCTGTATGAGTATGGCAAAAGATTTTGAGAGAATCAAGTTGC
ATAAAAGCCTAATTTTCATGGAACATACAAATTGAGTCTCATAATAGCCCAAAC
TCACAGCCATGAACCCAAATTGGGTAAAGTTTTGCAAGACGTTCATCAAACAGT
TAGGAAACATAAAATGGCGCTAGATATATAATAAATTTTTTTAACATATGGTGT
GATTGATAGTTATATACTAAAGATGTTTGCTTAGTTACGTAATTTTTTCAAAAAA
AAAAGGTACATTATCAATCATCAGTCACAAAATATTAAAAGTTACTGTTTGTTTT
TTAAATTCCATGTCGAATTTAATTGAATGACACTTAAATTGGGACGAACGGTGT



AATTTCTTTTGACTATTCTACTAGTATCTATCCACAGCACGTGTTGTTCCTTTCT
TCTTTCGTTTTTCATTTACTTGACATTATTAGGAGACTTGGCCCTGAACTCCAAC
TATTCTAAGCTGACCTTTCTTTTCCTTTACCAATTATCTTCTTCTTTCTAATTTC
GTTTTACGCGTAGTACTGCCTGAATTTTCTGACTTTCAACGTTTGTTATTCATGC
TTGAAAACGAAATACCAGCTAACAAAAGATGAATTATTGTGTTTACAAGACTTG
GGCCGTTTAACTCTTACTTTCCCTTCCTCATCCTCACATTTAGAAAAAAGAAATT
TAACGAAAAATTAAAGGAGATGGCTGAAATTCTTCTCACAGCAGTCATCAATAA
ATCAATAGAAATAGCTGGAAATGTACTCTTTCAAGAAGGTACGCGTTTATATTG
GTTGAAAGAGGACATCGATTGGCTCCAGAGAGAAATGAGACACATTCGATCAT
ATGTAGACAATGCAAAGGCAAAGGAAGTTGGAGGCAATTCAAGGGTGAAAAAC
TTATTAAAAGATATTCAACAACTGGCAGGTGATGTGGAGGATCTATTAGATGAG
TTTCTTCCAAAAATTCAACAATCCAATAAGTTCATTTGTTGCCTTAAGACGGTTT
CTTTTGCCGATGAGTTTGCTATGGAGATTGAGAAGATAAAAAGAAGAGTTGCT
GATATTGACCGTGTAAGGACAACTTACAGCATCACAGATACAAGTAACAATAAT
GATGATTGCATTCCATTGGACCGGAGAAGATTGTTCCTTCATGCTGATGAAACA
GAGGTCATCGGTCTGGAAGATGACTTCAATACACTACAAGCCAAATTACTTGAT
CATGATTTGCCTTATGGAGTTGTTTCAATAGTTGGCATGCCCGGTTTGGGAAAA
ACAACTCTTGCCAAGAAACTTTATAGGCATGTCTGTCATCAATTTGAGTGTTCG
GGACTGGTCTATGTTTCACAACAGCCAAGGGCGGGAGAAATCTTACATGACAT
AGCCAAACAAGTTGGACTGACGGAAGAGGAAAGGAAAGAAAACTTGGAGAACA
ACCTACGATCACTCTTGAAAATAAAAAGGTATGTTATTCTCTTAGATGACATTT
GGGATGTTGAAATTTGGGATGATCTAAAACTTGTCCTTCCTGAATGTGATTCAA
AAATTGGCAGTAGGATAATTATAACCTCTCGAAATAGTAATGTAGGCAGATACA
TAGGAGGGGATTTCTCAATCCACGTGTTGCAACCCCTAGATTTAGAGAAAAGCT
TTGAACTCTTTACCAAGAAAATCTTTAATTTTGTTAATGATAATTGGGCCAATG
CTTCACCAGACTTGGTAAATATTGGTAGATGTATAGTTGAGAGATGTGGAGGTA
TACCGCTAGCAATTGTGGTGACTGCAGGCATGTTAAGGGCAAGAGGAAGAACA
GAACATGCATGGAACAGAGTACTTGAGAGTATGGCTCATAAAATTCAAGATGG
ATGTGGTAAGGTATTGGCTCTGAGTTACAATGATTTGCCCATTGCATTAAGGCC
ATGTTTCTTGTACTTTGGTCTTTACCCCGAGGACCATGAAATTCGTGCTTTTGA
TTTGACAAATATGTGGATTGCTGAGAAGCTGATAGTTGTAAATACTGGCAATGG
GCGAGAGGCTGAAAGTTTGGCGGATGATGTCCTAAATGATTTGGTTTCAAGAA
ACTTGATTCAAGTTGCCAAAAGGACATATGATGGAAGAATTTCAAGTTGTCGCA
TACATGACTTGTTACATAGTTTGTGTGTGGACTTGGCTAAGGAAAGTAACTTCT
TTCACACGGAGCACAATGCATTTGGTGATCCTAGCAATGTTGCTAGGGTGCGA
AGGATTACATTCTACTCTGATGATAATGCCATGAATGAGTTCTTCCATTTAAAT
CCTAAGCCTATGAAGCTTCGTTCACTTTTCTGTTTCACAAAAGACCGTTGCATA
TTTTCTCAAATGGCTCATCTTAACTTCAAATTATTGCAAGTGTTGGTTGTAGTCA
TGTCTCAAAAGGGTTATCAGCATGTTACTTTCCCCAAAAAAATTGGGAACATGA
GTTGCCTACGTTATGTGCGATTGGAGGGGGCAATTAGAGTAAAATTGCCAAAT
AGTATTGTCAAGCTCAAATGTCTAGAAACCCTGGATATATTTCATAGCTCTAGT
AAACTTCCTTTTGGTGTTTGGGAGTTTAAAATATTGAGACATCTTTGTTACACA
GAAGAATGTTACTGTGTCTCTTTTGCAAGTCCATTTTGCCGAATTATGCCTCCT
AATAATCTACAAACTTTGATGTGGGTGGATGATAAATTTTGTGAACCAAGATTG
TTGCACCGATTGATAAATTTAAGAACATTGTGTATAATGGATGTATCCGGTTCT
ACCATTAAGATATTATCAGCATTGAGCCCTGTGCCTAGAGCGTTGGAGGTTCTG
AAGCTCAGATTTTTCAAGAACACGAGTGAGCAAATAAACTTGTCGTCCCATCCA
AATATTGTCGAGTTGGGTTTGGTTGGTTTCTCAGCAATGCTCTTGAACATTGAA
GCATTCCCTCCAAATCTTGTCAAGCTTAATCTTGTCGGCTTGATGGTAGACGGT



CATCTATTGGCAGTGCTTAAGAAATTGCCCAAATTAAGGATACTTATATTGCTT
TGGTGCAGACATGATGCAGAAAAAATGGATCTCTCTGGTGATAGCTTTCCGCA
ACTTGAAGTTTTGTATATTGAGGATGCACAAGGGTTGTCTGAAGTAACGTGCAT
GGATGATATGAGTATGCCTAAATTGAAAAAGCTATTTCTTGTACAAGGCCCAAA
CATTTCCCCAATTAGTCTCAGAGTCTCGGAACGGCTTGCAAAGTTGAGAATATC
ACAGGTACTATAAATAATTATTTACGTTTAATATCCATGATTTTTTTAAATTTGT
ATTTAGTTCATCAACTAAATATTCCATGTCTAATAAATTGCAGGGATGCCTTTG
AAAATGATTCTGTGTTGGAGAAATCTTCTGATGCCTGTTGGTATTATAATACTA
ATAATAAGAGAAAAAGTTTGATTACTGTTTCAAGTTAATTGCTTGTGATTTGTA
AAAACAAATTACTTTTATATTTCTCTTTGTTTTATTTTATGTTTATTTATCTTTAA
TTAATGGAGTAATAAAATAAAAATCTTATTTTCAATAGAAAAAAGTAGACCTTA
TTTGTGGTGCATGTATGGTATCTTTTTGAAATTTTTGATATATTTGCTCTTTGAT
TCGAATTTCTTGCTTATATGATGATTTGCATAAATATAAAATATTATACAAATAC
CTATGGGTTGGAAAATATAGAAATATGCCAATCAAATGTATACAAAAATCATTA
ATAGATAGAATTGTAAAAGATATACAAATGAGAAATGCTTGACTAAGAAGCTTC
GTGCAACCTCTCACACTGAGCACAATGCATTTGGTGATCTCGGCACTATTGCTG
TTACTTGTAAGACTACGTTCCCCAATACGCTACTGGGAAAGGATCCAAAGAATT
CAAAGTCGACAAAATCGATAAAGAGCTCAAACCTGCAGGAAAGGTACCAAACC
ATGGAAAGGCGCGCCTTTATAACGGTCCTAAGGTAGCGAAAAATAGGAATAAC
AGGGTAATTTTACGCGTAAATGTTTAGTTCCTCGTTTTCTCTCGTTGGACGCAA
AGAGGGAACTAAACACTTAATTACGCGTTTTATAACGGTCCTAAGGTAGCGAAA
AATAGGGATAACAGGGTAATCATCCTCGAGGAAACGCCGGCGAAAGCGGCCGC
AAACGTCGACGAAAGCGATCGCAAATTAATTAAAAACGCGCGCGAAACCTCAG
CAAAGACGTCAAAACCGGTAAACCTAGGAAAACTAGTAAAAAGCTTAAAGCTA
GCAAACAATTGAAAGGGCCCAAAAACGTTAAATCTAGAAGGCCTCCCCAGAGA
ATTCGCATGCGGAGTAAGGTTGCGTACACATCATCCGTTTGTGAAATTTTACTA
GATATGTTGTCCTTGAATCATTTTCTGTGATTGTTATAACTTACGCGTACATTAG
CATAAGGTGGATTTTCATTTTTAATTCAAAATATCTAAATGATTCGGCAGTCAC
ATAGATTGGTCAAATAGTTGTGGTACTAACATGTTAAGTTTAGCAATTTAATTA
TCGATGAATTATTATACATTTGAACCAAGAAAAAAGAGAGTTGTTATACATATT
AAATTGAATTATTTAATGGTTGAGTAAATTTTTAATTTTGTTAAAAAGAGGATAA
TTTTATATGTAAAAGGTAATTTTGATTTGAAGAGACATTTTTAATTTGATAATTA
ATGTATTAAAAATAATTTGGAAGGATAGATAATTTATTATCATTCTCAACAAGTT
AGCTTTTGGGTGTGGTTCTCCCAGGTCAGTCTTTCTTTTCTGCTTTTTCTGTGTT
TTCTTCTAAATTGTTACGAAATTTTTCTTCAATTTCTTAGGTAGGGCAACGAATT
TATATCAATTTACACAAAGGTATCAATTTCTGTTCATTTGTTTAATTTGTCAGTG
CAATACTGAAAAAAGGTACATTTTTATGTCATGAATTAGGAAGATGATAACAAG
TTTCCTATAGAGACTGAAAAAAGGTAAAGTCTTTACTCTTTGTGAACACAATAA
GTTTGCTGGAAATTTCTAAGAAGTTGGTCCCCATTGAACAATGATCCTGCATTT
GAACTTCATTAGAGGTTGGACCCATTTGATGGGTGACCGAAACCTTGGAAGTC
CTCGTATTGCATCTCTTCTTATGTCATTAATTTCGATCATATTACAATAAAGTGT
TTTAAAAAGTAAAAATGTAATGACTTTAATTTCTCACAATAATGAATACCTAGG
ATACAGTTTTATGATTTGAAATAGGAAGATGTTAAGAAGTTCTCATAAAAGGTG
TGGCCTAGTGGTCAATGAAGTGGTTGAGAGCCATGAAGTCTCAGGTTCAACTT
CCAACGGAGACAAAAATATTAGGTAATTCTTCCCATCTATCCTAGCCCTAGCCC
TGGTGGACAGAGTCATCTGGTACTTGCTGTTGGTGAATGGAAAAGATAGTTGT
TTTTAGAAGATTATTAGTAAACGTACTAATTGATTTATCAACATAACTGATGGG
ATTATGAAGTGGCTTGTGGAGTTAGTCGAGAAGTGCTCAAGCTGACCTAGATA
CTAACTACTAATAAGAAAAGAACAATTGATGTGAGTCACCATTAGTTGAGCCAT



TTTCTCTAGAGGAGGAATAATTCAAAGATGCTACGGAGAAGATTCAAAGATGG
TGGGATGAATTTGCTAATATGAAAGCATGATGTAAAAAGAACTAGTAAGTAAAC
TTTCTTTTTCTTTGTGTTTGTTGGTGGGGCCTTTCATAAGAAGTTGGACCCATT
CACAATAATGCATGTTGCAGACAGAGTGTGGAAAAATGTATATAACTACAAATA
TGTGGTGCTAAGAAGATTTCATATCAGATACGCGTCTTTAGCAATATTCTTCAA
CAATGTCTCATGCTTCTTCTTCCAAAGTTTGCAAGTACGATATCTTTTTGAGTTT
TAGAGGTGAAGATACACGTAGAAACTTCGTGAGTCATCTTTATAATGCTTTAGA
ACAGAGAGGACTCCATGCTTTCAAAGACGATGAGCGGTTGGAAGCAGGAAAAT
CAATTTCTGCTGAACTTTTAAAAGCCATAGAAGAGGCCAGATTCGCTGTCGTAA
TATTTTCAAAAAGCTATGCATCGTCAAGATGGTGTTTAGAGGAGCTTGCACACA
TCATAAAGTGTAAAAAGGAATTGGAGCAGATTGTGATTCCAGTTTTCTATGATG
TGAGTCCATCAGATGTACGCCATCAAAATCCCCCTTTCGCTGTTTCATTTTCCC
AACATGAGGAAAAATGCAAAGATGATATGGAGAAGGTTCAAAGATGGAGGGGC
GCATTTGCGGAGGCAGGGAAAATATCAGGCTATCATTTACTAAATTTCAAGTAA
GCCTTCTTTTTTCTTTTTTTTCGGGTTTCTCTTTATCAAGAGGAAAAAGGACCAA
ACTTTTAGCCAAAAAGGAACAAAGATCCTAGGAAAACAGAAACGTATATGATTG
TTTGATGATGTAATTAGATTTAAAAATGTTATAATTCATAATTGACATTATTATG
TGTTTGTTTTAGATATTAGTCTATGACAAGTCTTTGCTTTTCTATTTATTTACTT
TGAGATTATTTTCCACTGTAACGTAGGGATGAGGCCAAGTGCGTCAAGAAACT
AGTTGATGACATATTTCCTAAGTCACTTCAAATTATTTCACCTTTCCCGGAAAG
CTTAGTGGGTATGAAATCTCAGGTTGAGAAAGTAACCTCATTATTAGATATGGA
ATCAAACGATGTTCGCTCTATTGGTATTTGGGGTATGGGCGGCATCGGCAAAA
CAGAAATTGCAAATGTTCTACATCAAAGATACCGCCATCAATTTGACGCTGATT
GTTTTCTTGGTGATGTTGGAAAACTTCATCAGAAAAATGGACTAACGTGGCTAC
AACAAGTCGTCATTTGCAAGCTCTTGGGTGAAAAATTGACTTCTAACTAGTGAG
CATGAAGGGATGAATATTTTAAAGAATATGCTTCGCTGGAAGAAAGTTCTGTTC
ACCATCGATGACGTAAACCATCAAGAACAGTTGGAATTTTTGGTTGGAGAGCC
AGAGTGGTTTGGTAGGGGTAGCAGAATTATTTTAACAGCAAGAGACAAGCACC
TATTAATCAGTCACGTTGGGGATAATGTGTATGAAGTCCAACTATTATCTGAGA
ATGAAGCACTTGAATTGTTCAGTAGACATGCTTTTAGAGAAAGATCACCAAAAG
AAGATTTTATGGAACTTTCAAGACAAGTGGTGAAGCATGCTGGTGGACTCCCTT
TAGCTCTTAAAGTTTTGGGTTCTTCATTTTACGGACGAGACAAAAAGCACTGGA
GACACATAATTGATTGGCTGAAGAGAATCCCTCACAAGGATATTCTAGGAAAG
CTTAGGCTTAGTTTTGATGGTCTGGACAAAGATGAGAAGGAATTATTTCTGGAT
ATTGTATTTCTAGAGATTGCATGCTTGAGTGGATATGATTTTAATATTTATGTG
GAACAAGTACAGAGATATGTGAGTCGTGGTTTACTAATTTATTACCTTATTGAA
AAATCTCTGTTATCCATCGACTGGAGTAATAGTATTGTGATTTATAATATGATA
AGAGAAATGGGAGAAAATGTCATACGGGAAGAGTACGCTAACAGCAGAATATG
GCTTCCCGAGGAGATTTGTGATCTTTTTAAAGGGAAGTTGGTAAGCAATATTTA
ACGTAATTAATAATTTCATAAGCTCTTAGTTCTGTTAATTTATTTTGTTTCATTT
TTATTTGTTAGTCATTAAATATTGTTTCATTTTTTACAGATAACAGAAAAGGTGG
AAAGCCTATGTATTCCAAAAGAGTACTATTTTGAAGATGATCTTGTCAATTATA
GCAATATTTTCAAGAGGATGCAAAGCTTAAAAACACTCATAGTTGGTGATGGAA
CTTTTAGCACAAACTGCACTATCACTTATCTTCCTTCCAGTCTGCGGTTCATTG
ATTGGAAAGGGTATCCTTCAATTTCATTGCCAGAGAGCTTTGAACCATCACAGC
TTGTGGTGCTTTGTTTATATAAAAGTAGGCTTGTTGAACTTTGGCCAATATCAA
AGGTAACACTCTCTTACAAATATTAGACATCAACTGGAGTTGTTGCAAAGTTCT
TGTACAGAATAATGGAATAATAATTCTGAACAAATAGTTGTAATTATAGAATAT
CATGTATATAATGAGGTTGAAATAAATGTTTTGATAGGCCAATGCATGTAAATT



AATCCATCCATGATTTAAATGCTACTTTAAATAAATGTTCTGATATACACAATTA
ACACCAAATTTTTATTTATTTTTGGTTATCAGTCACGGCATAAGGCCCATAAAT
ATTTTTACTTTTCCAATATTTTAAAAAATTAAATCTTATAAAAAGTTACGATATT
AAAGAGGTTTTGTTTTCATTATGAAATTAAAAGAAAAGAAATATATATTTGGAT
TTTAAGACAATTATGTATCTCAAAAGTTCTTTTCCGGATTAGCTACCGCCTTTA
GTGATCATAACAACCTTATCTTCTCTTTATCTTTTTTTCCTACAAAATATTTCTA
TTAGGAGTACTACTTAAGCTCACTGTGTTTTTTTTTTTTTTTTTTTTGAAACAGA
AATTGAGCAACTTGAAGCATTTGGATCTCATGGACAGCTGTGAGTTAAGAAAAA
CCCCTAATTTTGGTGATATGCCAAACTTGGAGACACTAATTTTACACGGGTGTG
TGAATTTGGAAGAGGTCCATCCCTCTCTTGGACAGTGCAGAGTGCTTACTTATT
TGAGTTTGGAAGGTTGTCGCAAACTTAAGAAGCTTCCAAAATTTGTCTGCGTGG
AATCTCTTGAGACTCTCAATCTCCTTGAATGCACAAGCTTACAAGAATTTCCAG
AAATCTGTGGAGATATGCATCGCTTATCGACGCTCGATGTAGGATCCCCCTGG
ATAAGAAGCTTACCCCCATCTCTCAGCGGCCTTAGATATTTGCAATTGACTGAG
TGTGCAGTTCTTGAAAGTATTCCGGACGCCATTCAAAATCTTAGATATCTCAGT
ATTTTAGATTGCAATAAACTTGCAACACTGCCAAACAGCCTCTTTGAATCACAG
CAATTGGAATATCTTTTAATACACCGATGTTCTGGATTGGTAAAGCTCCCCTTA
TCTCTTGGAGTTCAAAAGATTCTCCGTTGGTTAAGTATAGATGGATGTGAGAAC
TTAAAGAAGCTTCCAAGCTCGATTCAGATGAAATCCCTTCAAAGTCTCTGGATA
TCTGATTCCCCAAAATTAGACACATTTCCAGAAATCAATGGAGATATGCATTAC
TTGGAAATACTGTCTCTGAAGTCTACTGGGATAAGAGAAGTGCCTTCATCCATT
GGGAATCTGAGCGGCCTCACTGATCTAAGTCTTACAGGTTGTGAAGATCTTCTA
AGTCTACCAGACAGCCTCTGCAATTTGATGAAACTTCGAAGTCTTTACCTCGAC
GGGTGCAAAAAGCTAGAGAAGCTTCCAGAAAACATTGGTGATTTGCAAGATTT
ACATAAACTTGATGCGAGCGATACTGCAATCTCCCAACCACCTTCCTCCATCAC
TAAGCTTGGCAAACTGTGGAAGTTACGATTCTCACATGAAAAACAACTTCAATA
TTCCTCAAGTTTTGTCTTGAATCAAGTATCAGGTTTATCGTCCTTGACATCACTT
GATCTTAATAATCACAACATATTGAGTGGACTTCCTGAGGATTTAGGATCTTTG
CAGTCTTTGGAAAAACTGAGTTCTAAGTGGAAGCAATATTTCTTGTTTACCAAA
AAGCTTCAAAGGACTCTTACACCTTCAGCATCTGAATGTACAATTCTGTCAGAA
TCTTAATAAATTGCCCGGAGAGCTACCCCCAAATTTAAAGGAGCTATGTGTAGA
TTATCATTTAGCCTTAATGAGCATCAGAGATCTCGTAATTCATTATCCTAAGCT
GTGTAGGCTTGGGATATCCGACTGTGGAGCCGTCTCAAGTGAACAAGTTAATG
TGTTCCTACAATATTTTATCAGGACATGCATCCAGGTTTTTATCTTATATATGAA
ATGTTGAATATTCTCGTCAAATTGATTGATTTCTAGTAGTAATAATAATTTCTAT
TCTATTGCATGCAGTTTGACTTTCTCCAAAGAGATTATTTTCTCATTTTTTTTCC
TGATCAAGTCAGAATTTCAGAGTTGTTTGATTATGATCGGTTTACAAATCAAAA
AGAGATGTCAATTGATCTGAACCCATCTTGGTATACCGATAAATTCATGGGTTT
TTGGATAAGTTATGGTCTTACTACACTGAACTACACAAGATTAGAAGCTACATT
GGTCTGCAAATCTGACCCTGAAAGAAAATATTCCTTGAAGTATAACTACTTTGG
ACAATTGTGTATCGAGTCTCCTTCCATTTGTTGCTTCTACATACCATTTGAAACA
CTGTGGAATGCTTCTGGCAATAAAGAAGGGAAGAATCCAAATGATTATTACATG
TTGGAGGTATCTAATAGGTACAGTCTGGAGAAAGAACGATGCTGGGGAATTCG
CCTGGAGTATGAAAAGGAGGAGGCAATGAGTGATACTGGTCGTCCAAAAAAGA
AAAGGAAGCAATGAGTGATGCAAAGGTCCTTGTTTTACATCACAATATTTAAAT
GTTCTTTATTTCTTTCTTAAATTCCGTACTCAACCAAACACGTCTCATAAAATTG
TATGGAAAGAATATGTTCTATATTGTTGATACAATTTGTATATGAGGGGTTTGT
ATCGATGATAGATAGATGAATTTTTTTTTTTATAATGTTGGTTTTTGAGTTTGAA
ACAACTTCTTTACACTTATAATAAGGTAGATACGTTGAGTATCCAACATCCTTT



CAAGATTTCACTAGATATGTTGTTGTTTGAGTCATTTTCTATGTGATTGTTATAA
CTTACGCATGAGCATATATCTAAGATATTTTGCAAATAAAATATTATCTATAAA
GATAGTTTCAAAATTCGATTCCATAAACTTTGATCAAGGAAGAAAATGTATATA
TAATAATCAATTTTGATGATTGCTCAACTTTTTCTCTGGCCCGCTCGCTTGTGG
GGAAAGGATCCAAAGAATTCAAAGTCGACAAAATCGATAAAGAGCTCAAACCT
GCAGGAAAGGTACCAAACCATGGAAAGGCGCGCCGTTTAAACAAACTGATAAT
TGCCAACACAATTAACATCTCAATTAAGGTAACTAAAAAACTCCTTATACCTCG
AGGAAACGCCGGCGAAAGCGGCCGCAAACGTCGACGAAAGCGATCGCAAATTA
ATTAAAAACGCGCGCGAAACCTCAGCAAAGACGTCAAAACCGGTAAACCTAGG
AAAACTAGTAAAAAGCTTAGAGCTAGCAAACAATTGAAAGGGCCCAAAAACGT
TAAATCTAGAAGGCCTCCCTGTGGAATTCCTCGAGGGAGAAGTGTCATACAAA
ATTGGAATGGAGACAGTACTATTTTAGTATGCTTGCAACTTTGCAAGGGTTAGT
TCATTGGCATTGGCGATGATGCATAAGTTTAATGGTTGAATGACTATGTTATAC
GTTAGAATAATTGAAGTATGCTAGAAACTTGCTATGCGAGTGTTCTGTTGCATT
CTCTTTTCTCATGCTGAAACAATGGTTCAACAACGGGTAGGAAGCAATTAATAA
CATATGTCCATGCTTTAACTGTTCCTTTCTATAACACCTCGTTTGACATTGCTCA
GCTTTCTGCCGGCCAGAAATTTGTGCAACTCTTAGTGGTATTACATTTCTATAA
GTAGCTCGATCCCAGACTGGTTCTACTGAAAGATGTGCTTCTCCACGTCTGTAG
AAAATCGTTATACTTTGTTGTTGACATATTCTTGTTGGTATTTCGTTATCTGACT
CTATAGATACTCGAAATCTTATGTCTAGGGCATTCTTCTATATTATCAAACATGT
ACTTTCGAAGCTTGTTGAGTGACAGTTGGTTGAACCTTGAAGGTTGCTATTGTA
GTTTCCTCCATGTTGTTGACCTTGGGAAGAGTTGTTATCTACCAGTTATGTGCT
TCTGATATTTGAGCGTTAAAGTTGGGCTAGTGTTTTGCCCTCTGTTAAACCTCA
AATTATGTTTTGTTCCAATTGAACACATAATGAAGTTTTCTCATAAATTTTATGC
TAAATTGATTTTATGGAATACTACATTTTATTAGAACAAGCTTTGAGGAGCTAT
ATTACATACTCAAATATATATACTGCATATGTTTTTTTTTTGTGATGCAAATAAC
ACCATTAATATTGATCGTCACTCTCTCGTTTGCCAAAAAAAATATTTATACCATA
CATGTATATGGTAATTTATGCATAAATTTTATAAAATGACAAGTATTGTGGTCC
AGCTATTTATAGAAAGGGATGACATATAAAATGGGATGGAGGGAGTATTTTTTT
TTTATTAATATGTAAACAATAAACCAGAAAATAAGGAGGAAAAGAAAGAAAAAA
AACATTTATAGACTATAAATGAAGGAGAATATGAATGTCATTTAACTCTTATTA
AATTGATTGAATTAAGCGTGAGCATTTAAGTACTATTGCTTCATTTCAAATCAC
CCGTTTAATTATGATTTTATAATATTGAGGGTAAAAGTAAATATTCATAAACTAC
TCCCTCCATTCCATATTAATTTAACTTTTGAGATATTTTTCATTTTTCAAATTCG
GACCTTTGTTTTTTAATCAAATTTTTGTGGCCTGCTGGCCTTTTTATTTAACTTT
CTGAAACCAACATTCAGTACAAGGACTTTGGCCCAAATAAAAAATACCAAAACA
ACATAAAATTAAACTAGAAGATCCAGCCCAACAAATATCAGGTTCTAGGGCATT
TCCACATTTGTAAAGTCAATGGACAACAGCCATATCCTCCACCGCCTTGTTCTG
AATTGTCAGTACAAGGACTTTGTCCAAAATATCATCAATTGATCTCATCCATAA
AAAATATTTTTCTTTTCAGACAATTAATCGAATTGATGGCATCTTCTTCTTCTTC
TGCGAGTAATTCAAAGTATTGTCCTCGATGGAAGTACGTTGTGTTTCTAAGTTT
CAGAGGTGAGGATACTCGAAAAACATTTACGGGTCACTTGTATGAAGGTTTGA
AAAATAGGGGAATAAGCACCTTTCAAGATGATAAAAGGCTAGAGCATGGAGAT
TTAATTCCGAAAGAACTCTTGAGAGCTATCGAAGAGTTCTCAAGTTGCACTTAT
AGTTTTCTCCAAGAATTATGCTACATCTAGGTGGTGCTTGAATGAACTAGTGAA
GATCATGGAATGCAAAGATGAAGAAAATGGACAAACAGTCATACCAATCTTCTA
TGATGTGGATCCATCACATGTTCGAAACCAAAGTGAAAGCTTTGGAGCAGCATT
TGCCGAACATGAATTAAAGTATAAGGATGATGTTGAGGGGATGCAGAAGGTGC
AAAGATGGAGAAATGCCCTAACTGTTACCGCAAATCTAAAGGGATATGATATCC



GTGACGGGTTAGTTGAATACACATAATTACTTTTAATGAAAAAATGGAATAATT
TCCATTCAAACACAATATAATTTCATTGATTATTATTTAGATGGTACAATATATA
CATTTTTATTGTTAAGAAGGCATAGTTCTATCAATTTAATTAGAGAGGATACAT
AAAAGTCCTCCTAAACTATCAATCTTCTTTTTTATGTAGGATTGAATCAGAGAA
TATTCAACAGATCGTAGACTGCATCTCTTCCAAGTTTTGCACAAATGCTTCTTC
TTCATCTTTTTTGCAAGATGTTGTGGGAATAAAGGATCACTTAGAGAAACTAAA
ATCCAAACTTCAAATGGAAATCAACGATGTTCAGATTTTAGGGATCTGGGGAAT
AGGCGGAGTTGGTAAAACAACAATAGCAAAAGCCATTTTTGATGCTATATCTTA
TCAATTTAAAGCTTCCTGTTTTCTTGCAGATGTTAAAGAAAATGCAAAAAAGAA
TGAATTGCATTCTTTACAAAATACCCTTCTCTCTGAACTGTTAAGAAAAAAAGA
TGATTACGTCAATAATAAGTATAATGGGAAGGGCATGATTCCGAGCAAACTTTG
TTCTATGAAGGTGCTAATTGTGCTTGATGATATAGATCACAGTGAGCATTTGGA
GTATTTAGCAGGTGATGTTGGTTGGTTTGGTAATGGCAGCAGAGTCATTATAAC
AACTAGAAACAAACATTTGATAGGGGAGGATGATGCGATATACGAAGTGTCTA
CACTACGTGATCATGAAGCTATGCAATTATTCAATAAGCATGCTTTTAAAAAAG
AAGATCCAGATGAGAGTTTTAAGGAATTCTCATTGGAGGTAGTAAATCACGCTA
AAGGCCTTCCTTTAGCCCTCAAGGTGTGGGGTTCTTTATTGCATAAAAAGTGTC
TAACTTTGTGGAGAATAACTGTAGAGCAAATAAAGAAAAACTCTAATTCAGAAA
TTGCTAAAAAACTCAAAATAAGTTATGATGGGTTGGAGCACGAAGAGCAAGAG
ATATTTCTAGATATCGCATGTTTCTTCCGTGGAAAGAAAAGAAAAAAAGTCATG
CAAATTCTTGAGAGTTGTGACTTTGGAGCTGAATACGGATTGAATGTTCTGATT
AATAAATCTCTTGTGTTCATCTCTGAAAATGATAGGATTGAAATGCATGATTTG
ATTGAAGATATGGGTAGATATGTGGTGAAAATGCAAAAGCTTCCGAAAAAACG
TAGCAGAATATGGGATGTTGAAGATTTCAAAAAAGTGATGATAGACTATACAGT
AAGTAAGCTAAACAATGCAATAATATTTAATTTCTAATTTTTATATTTCAAAGAC
GTATAAGCCAATCAATTCCAATTATTTGTTCCTCTTGCTTCATATTCTTACAGGT
ACGTCATTTTAGCTCTTTACTTTACTTTATTTATTTTTATTTTTTTTAATAAAAGA
AGCAAAAGTAACATCAATTGCCTAACATAGCTAATCGTCTATGAATTAGTGTTT
AATATGTTTTATCCAGTTTCTTTCTTAAGATTGCATGTTATACACACCAATAAGT
AAATAGTTTTTAAAGCTAATATCACCCACATATTTACCCTATAAAAATCCTCACC
TAAAAAAATACAAGTAAGAAGGGTCAAATCATAACATACCAATCCTCAACCAAG
AATTCACTTAATCATTGATTTAAAAAAAATAAATTAAAAGATGACAATTATTTGT
ATTGTTCCAATTACAATATTTATTCTATCACTACATTGATTTTTTTTAAAATTTTA
TTTGATGCTAAAGAACTTCTCAAAAAAAAGTATTATTAGAAAATATAAATATTT
GCACAAAATATTTCTTGTAAGCAACATGTGAAGTTATGATTAGTTGACTCATGA
TCTTTTTATCAGGGGACCATGACAGTGGAAGCAATCTGGTTAAGTTACTATGGA
AAAGAACTATGCTTTAATAATGAGGCAATGAAAAAAATGAAAAGTCTTAGGATA
TTACGCCTAGATGATGGTTTTGCACGTCCCTCTTCGAATCACCCTGATGGCTCT
ATTGAGTACCTGTCCAATAACTTGCGTTGGTTAGTCTGGAATGACTATTGTTGG
AAGTCATTGCCAGAAAATTTTAAACCAGAAAAGCTTGTTCATCTTGAACTCCAA
CAGAGTTCGCTGCATTATTTATGGAAGGAAACAGAGGTACCATTTTATTTAAGC
TACTTTCTAAGGAAAAGGGTAAATATCCTCAACTTTGCAATTTGAAACTGATAT
ATCCTTTGTTTTAAAAAATGATATATATACTCTGCCGTCTAACAAATGGTGCAT
ATGTACCATTTCCGTGCATTATAGATACTCTACCTTTTATTTATAATAAACACTT
TTATTTAGTTTCTGAACATGTAATTTCCATATAAAAATAAAATAAAACATTTTCC
AATTTCACTCAAAATATTGTGTTAGACTCTCATAATTCAGATGTCTTTATTCATT
TTTGGTCTAAGGGGTAAATTAAACACAAAGATCATTCTTTCTCTATTTTGAATA
GCAGCATTTGCCGTCTCTACGAAAGATAGATCTCAGCTTTTCTGAAAGCCTGGT
GCAAACACCAGATTTCACGGGGATGCCAAATTTGGAGTATTTGACTCTGGAGG



GCTGTAGTAAGCTTGAAGAGGTTCACTATTCCCTAGCATATTGCGAAAAACTCA
TTGAGTTAAATTTGGAAAGTTGTAACAACCTTAGGAGATTTCCATGGGTTAACA
TGAAATCTATGAATTTACGATTTTGCTGTAGTTTAATGAAATTTCCAGAATTCCT
CTGTACAATGAAGCCAGAGTTAGTGAGTCTCTCAGTAAACAGTGGGATAAGGG
AACTACCATTATCTATTCAGTACCCAATTCATCTAACAGAGCTAGATTTGAGAG
ACATGGAAAACCTTGAAGCTCTTCCAAGCAGCATTGGTAAGTTGAAAGGTTTG
GTGAAGCTAAATGTGTCGGGCTGCTTCAAAATTAAAAGCTTGCCCGAAGAGAT
AGGTGATTTAGAAAACTTGGAGAAACTTGATGCTACAAGTACTCTAATTTCACG
ACCTCCATCATCCATTGTCCGCTTGAACAAGCTTAAATCCTTGAAGTTTATAAA
ACTTAAAACAGAAGATGAAGTGTACTTTGTGTTTCCTCCAATTAATGGCGGGTT
ACTCTCATTGGAAATCCTGGAGCTCGGTTCCTCCAAATTCATAGATGGAAGAAT
TCCGGAAGATATTGGATACTTATCCTCTTTGAAAAAGTTGCATCTCAAGGGAGA
TAATTTTGAGCATTTGCCTCAAAGCATAGCCCAACTTGGTGCTCTTCGGATCTT
GTACTTGGTAGATTGCAAGAGGCTTACACAGTTGCCAGAATTTCCACCACAATT
AGATACAATATGTGCAAATTGGCGCAATGATTTGATTTGTAATTCACTGTTTCA
AAATATCTCATCATTCCAGCATGACATCTCTGCTTCAGATTTCTTGTCGTTAAG
AGTGTTTACGAGTTGGGGGAGTAGCATACCAAGTTGGTTCCACCATCAGGGAA
TGGATAAAAGTGTTTCAGTCAATTTGCCTGAAAACTGGTATGTATCAGATAACT
TCTTGGGATTTGCTATATGTTACTTTGGAAGTTTAATTGAAAACACGGCTCAGT
TGATTATTAGTTCTGAAGGGATGCCGTGTATCACCCAGAAACTTGTCTTATCCA
ACAATTCAGACTGTAGTCTACTTTTTAGGATTTAGTTTTTCTTGGTACCTTTTGC
TGGATTATGGGATTCATCTAACGCAAATGGTAAAACACCGAATGACTATGGGC
ACATTATGTTATCTTTTCCTGAAGAATTGGAGTGTGGACTTCGTTTGTTTTATAA
AGATGAATCTGAGCTTGTTGAAACTAATGATGAACCATCAACAGAACTTTCCCT
TGGGATAAGGAGGATCAGATACGACGATAGTGAACATCATGAAGAAGCCAGTT
GTTCCTCTTCTAAGAAACAAAGGTCATAAGTAGAGGTATATACCTCCATATGTA
TCTAAACTTCCCGCTTTGCTTTTTGTTATTAATAGTTCATTTTGATGCTCTTTGT
GGTTGTTATAAAAGAGGAAACTTTTGTTCTAAATACAAATATCTCTCATGTTAT
GGCAGGGAGGTTGGAAAAACGAGGTGAAGTTGAGGTTCGTCCTCCCTCATGAT
TGATCTCTTTTGGAGCAGATTACCTAGTTTCACTGTCCAAAAGAAGTGTGGATA
ATCTACATGGTAGAAGTAGTTTGTGCATACACTGCGGACGATCAATCTAGCACG
TGCATTAAGTGGTTCAGATCGAGCAACTACATTGTTTTTTCATCCAGTGTCTGG
TACCTGTCATAGGGTTTCCACTTAATGTAATTCAAATGCCACATTGTTGGAACC
AATTGACTTAAGCCAATTAAAAATATTTTTGTCAATCCCTTGTTACCGAACAAAT
GTTGTGCTTTAGGAAGTTGTGAAAAGGGAAAATGAACAAATGATCCCTTGTGAT
TTTTTTTATTTGAATAAACATAATGAAAGTTTAGCCAATTGACAAGTTTAAGAG
GTTTTAGTTATTTTACCTTTTATTTAGTTTCTTGGGTGTGCAATAGTTTGAGAAA
CAGAAGATGGTACTTTGACAATATCGCGCTGAGCGGGAAAGGATCCAAAGAAT
TCAAAGTCGACAAAATCGATAAAGAGCTCAAACCTGCAGGAAAGGTACCAAAC
CATGGAAAGGCGCGCCTTTATAACGGTCCTAAGGTAGCGAAAAATAGGAATAA
CAGGGTAATTTTACGCGTAAATGTTTAGTTCCTCGTTTTCTCTCGTTGGAAGAA
GAAGAAACGAGAAACTAAAATTAAAAAGTACTTTTAGATCTGTTTAAACTATCA
GTGTTTGACAGGATATATTGGCGGGTAAAC 


	pMSU2DR-02 T-DNA 5' --> 3' direction starting at location 1:
	TGGCAGGATATATTGTGGTGTAAACAAATTGACGCTTAGACAACTTAATAACACATTGCGGACGTTTTTAATGTACTGAATTAAATGTTTAGTTCCTCGTTTTCTCTCGTTGGACGCAAAGAGGGAACTAAACACTTAATTACGCGTTTTATAACGGTCCTAAGGTAGCGAAAAATAGGGATAACAGGGTAATCATCCTCGAGGAAACGCCGGCGAAAGCGGCCGCAAACGTCGACGAAAGCGATCGCAAA...

