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1.0 EXECUTIVE SUMMARY 

Soybean (Glycine max [L.] Merrill) has been genetically modified to express the novel genes 
avhppd-03 derived from oat (Avena sativa L.) and pat from Streptomyces viridochromogenes.  
The gene avhppd-03 encodes a p-hydroxyphenylpyruvate dioxygenase (HPPD) enzyme, 
designated AvHPPD-03, that catalyzes the formation of homogentisic acid, the aromatic 
precursor in plastoquinone and vitamin E biosynthesis.  In comparison with the native 
soybean HPPD, the AvHPPD-03 isozyme from oat has lower binding affinity for mesotrione, 
an herbicide that inhibits HPPD.  Expression of avhppd-03 in transgenic Event SYHT0H2 
soybean plants confers a mesotrione-tolerance phenotype.  The gene pat encodes the enzyme 
phosphinothricin acetyltransferase (PAT), which inactivates the herbicide glufosinate, an 
inhibitor of glutamine synthetase, an enzyme in the nitrogen assimilation pathway.  
Expression of pat confers a glufosinate-tolerance phenotype, which was used as a selectable 
marker in the development of SYHT0H2 soybean.  

The purpose of this study was to determine the deoxyribonucleic acid (DNA) sequence of the 
SYHT0H2 insert and to assess the organization of the functional elements and the presence 
of any rearrangements, deletions, and/or base pair changes within the SYHT0H2 insert. 

Nine overlapping fragments that cover the entire SYHT0H2 insert were amplified from 
genomic DNA extracted from SYHT0H2 soybean using polymerase chain reaction.  The 
fragments were cloned, and the sequences of the clones were assembled to generate a 
consensus sequence for the SYHT0H2 insert.  This sequence was then compared with the 
sequence of the transferred DNA (T-DNA) in plasmid pSYN15954, the transformation 
plasmid used to create SYHT0H2 soybean. 

Comparison of the SYHT0H2 insert sequence with the transformation plasmid pSYN15954 
T-DNA sequence showed that the SYHT0H2 insert consists of two inverted and truncated 
copies of the pSYN15954 T-DNA centered on the right border proximal regions.  The two 
copies are truncated at their right border.  The 5ʹ copy lacks the right border, the entire 
avhppd-03 cassette, a portion of the 35S promoter, and the left border.  The 3ʹ copy lacks the 
right border, the figwort mosaic virus enhancer and a portion of the 35S enhancer from the 
avhppd-03 cassette, and the left border.  In addition, a 44 base pair DNA sequence that has 
similarity to the gene avhppd-03 is located between the two copies.  Finally, there is a 
17 base pair DNA insertion located in the 35S promoter of the 3′ copy.  The last 15 base pairs 
of the 17 base pair DNA insertion are a duplication of the sequence located just upstream of 
that insertion. 
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2.0 INTRODUCTION 

Soybean (Glycine max [L.] Merrill) has been genetically modified to express the novel genes 
avhppd-03 derived from oat (Avena sativa L.) and pat from Streptomyces viridochromogenes.  
The gene avhppd-03 encodes a p-hydroxyphenylpyruvate dioxygenase (HPPD) enzyme, 
designated AvHPPD-03, that catalyzes the formation of homogentisic acid, the aromatic 
precursor in plastoquinone and vitamin E biosynthesis.  In comparison with the native soybean 
HPPD, the AvHPPD-03 isozyme from oat has lower binding affinity for mesotrione, an 
herbicide that inhibits HPPD.  Expression of avhppd-03 in transgenic Event SYHT0H2 
soybean plants confers a mesotrione-tolerance phenotype.  The gene pat encodes the enzyme 
phosphinothricin acetyltransferase (PAT), which inactivates the herbicide glufosinate, an 
inhibitor of glutamine synthetase, an enzyme in the nitrogen assimilation pathway.  Expression 
of pat confers a glufosinate-tolerance phenotype, which was used as a selectable marker in the 
development of SYHT0H2 soybean.  

The purpose of this study was to determine the deoxyribonucleic acid (DNA) sequence of the 
SYHT0H2 insert and to assess the organization of the functional elements and the presence 
of any rearrangements, deletions, and/or base pair changes within the SYHT0H2 insert. 

Due to the complexity of this insert, the genomic DNA was digested with a restriction 
enzyme prior to polymerase chain reaction (PCR) amplification to prevent the formation of 
secondary structures such as hairpins during the PCR denaturation and renaturation cycles.  
Different restriction enzymes were used in separate reactions to facilitate the synthesis of 
overlapping PCR fragments that cover the entire SYHT0H2 insert.  The PCR fragments were 
cloned, and the sequences of the clones were assembled to generate a consensus sequence for 
the SYHT0H2 insert.  This sequence was then compared with the sequence of the T-DNA in 
plasmid pSYN15954, the transformation plasmid used to create SYHT0H2 soybean. 

3.0 MATERIALS AND METHODS 

3.1 Genetic Elements in Plasmid pSYN15954 

Table 1 lists the genetic elements in the transformation plasmid pSYN15954 and their 
descriptions (including size in base pairs [bp] and position within the plasmid).  Elements 
expected to be transferred to the plant cell and integrated into the plant genome during T-DNA 
transfer are categorized by the gene cassette in which they are contained.  The elements of the 
plasmid necessary for its replication and selection in different bacterial hosts are categorized as 
plasmid backbone.  These elements are not expected to be transferred to the plant cell and 
integrated into the plant genome during T-DNA transfer.  The left and right borders are 
categorized as border regions since only a portion of each border is expected to be integrated 
into the plant genome (Tzfira et al. 2004).  Figure 1 shows a map of plasmid pSYN15954.   
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TABLE 1 Genetic Elements in Plasmid pSYN15954 

Genetic element Size (bp) Position Description 

avhppd-03 cassette    

Intervening sequence 282 26 to 307 Intervening sequence with restriction sites used for cloning. 

FMV enhancer 194 308 to 501 
Figwort mosaic virus (FMV) transcriptional enhancer region 
(similar to Accession Number X06166.1 [NCBI 2012]) 
which increases gene expression (Maiti et al. 1997). 

Intervening sequence 6 502 to 507 Intervening sequence with restriction sites used for cloning. 

35S enhancer 293 508 to 800 Cauliflower mosaic virus 35S transcriptional enhancer 
region (Ow et al. 1987). 

Intervening sequence 20 801 to 820 Intervening sequence with restriction sites used for cloning. 

SMP promoter 39 821 to 859 

Synthetic minimal plant promoter (SMP) including the 
TATA box, an adenine-rich sequence involved in 
transcription initiation, from the cestrum yellow leaf curling 
virus promoter (Stavolone et al. 2003a), linked to a sequence 
taken from the region that is 3′ to the TATA box of the 35S 
promoter (Ow et al. 1987). 

Intervening sequence 5 860 to 864 Intervening sequence with restriction sites used for cloning. 

TMV enhancer 68 865 to 932 
The 5′ non-coding leader sequence (called omega) from 
tobacco mosaic virus (TMV) (Gallie et al. 1987) functions as 
a translational enhancer in plants (Gallie 2002). 

Intervening sequence 3 933 to 935 Intervening sequence with restriction sites used for cloning. 

avhppd-03 1320 936 to 2255 

The gene avhppd-03, derived from oat, encodes an 
AvHPPD-03 enzyme.  This enzyme catalyzes the formation 
of homogentisic acid, the aromatic precursor of 
plastoquinone and vitamin E biosynthesis (Matringe et al. 
2005).  In comparison with the native soybean HPPD, the 
AvHPPD-03 isozyme from oat has lower binding affinity for 
mesotrione, an herbicide that inhibits HPPD.  Expression of 
avhppd-03 in plant cells confers a mesotrione-tolerance 
phenotype. 

Intervening sequence 16 2256 to 2271 Intervening sequence with restriction sites used for cloning. 

NOS terminator 253 2272 to 2524 

Terminator sequence from the nopaline synthase (NOS) 
gene of Agrobacterium. tumefaciens (Accession Number 
V00087.1 [NCBI 2012]).  Provides a polyadenylation site 
(Depicker et al. 1982). 

Intervening sequence 8 2525 to 2532 Intervening sequence with restriction sites used for cloning. 

pat-03-01 cassette    

35S promoter 521 2533 to 3053 Promoter region of cauliflower mosaic virus  
(Ow et al. 1987). 

Intervening sequence 24 3054 to 3077 Intervening sequence with restriction sites used for cloning. 
NCBI = National Center for Biotechnology Information  
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TABLE 1 Genetic Elements in Plasmid pSYN15954 (Continued) 

Genetic element Size (bp) Position Description 

pat-03-01 552 3078 to 3629 

Streptomyces viridochromogenes strain Tü494 gene 
encoding the selectable marker PAT.  The native coding 
sequence (Wohlleben et al. 1988) was codon-optimized for 
enhanced expression.  The synthetic pat-03-01 gene was 
obtained from AgrEvo, Germany.  PAT confers resistance 
to herbicides containing glufosinate (phosphinothricin). 

Intervening sequence 33 3630 to 3662 Intervening sequence with restriction sites used for cloning. 

NOS terminator 253 3663 to 3915 
Terminator sequence from the NOS gene of A. tumefaciens 
(Accession Number V00087.1 [NCBI 2012]).  Provides a 
polyadenylation site (Depicker et al. 1982). 

Intervening sequence 8 3916 to 3923 Intervening sequence with restriction sites used for cloning. 

pat-03-02 cassette    

CMP promoter 654 3924 to 4577 
Promoter and leader sequence from the cestrum yellow leaf 
curling virus, similar to Accession Number AF364175.3 
(NCBI 2012) (Stavolone et al. 2003b). 

Intervening sequence 5 4578 to 4582 Intervening sequence with restriction sites used for cloning. 

TMV enhancer 68 4583 to 4650 
The 5′ non-coding leader sequence (called omega) from 
tobacco mosaic virus (Gallie et al. 1987) functions as a 
translational enhancer in plants (Gallie 2002). 

Intervening sequence 10 4651 to 4660 Intervening sequence with restriction sites used for cloning. 

pat-03-02 552 4661 to 5212 

S. viridochromogenes strain Tü494 gene encoding the 
selectable marker PAT.  The native coding sequence 
(Wohlleben et al. 1988) was codon-optimized for enhanced 
expression and altered to remove restriction sites.  PAT 
confers resistance to herbicides containing glufosinate 
(phosphinothricin).  

Intervening sequence 28 5213 to 5240 Intervening sequence with restriction sites used for cloning. 

NOS terminator 253 5241 to 5493 
Terminator sequence from the nopaline synthase gene of A. 
tumefaciens (Accession Number V00087.1 [NCBI 2012]).  
Provides a polyadenylation site (Depicker et al. 1982). 

Intervening sequence 77 5494 to 5570 Intervening sequence with restriction sites used for cloning. 

Border Region    

Left Border 25 5571 to 5595 

Left border region of T-DNA from A. tumefaciens nopaline 
Ti-plasmid (Accession Number J01825.1 [NCBI 2012]).  
Short direct repeat that flanks the T-DNA and is required for 
the transfer of the T-DNA into the plant cell (Zambryski et 
al. 1982). 

Plasmid backbone    

Intervening sequence 349 5596 to 5944 Intervening sequence with restriction sites used for cloning. 

spec  789 5945 to 6733 

Aminoglycoside adenylyltransferase gene, aadA, from 
Escherichia coli transposon Tn7 (similar to Accession 
Number X03043.1 [NCBI 2012]).  Confers resistance to 
streptomycin and spectinomycin and is used as a bacterial 
selectable marker (Fling et al. 1985). 

CMP = Cestrum yellow leaf curling virus promoter 
NCBI = National Center for Biotechnology Information  
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TABLE 1 Genetic Elements in Plasmid pSYN15954 (Continued) 

Genetic element Size (bp) Position Description 

Intervening sequence 299 6734 to 7032 Intervening sequence with restriction sites used for cloning.   

virG 726 7033 to 7758 

The VirGN54D gene (virG) from pAD1289 (similar to 
Accession Number AF242881.1 [NCBI 2012]).  The N54D 
substitution results in a constitutive virG phenotype.  The 
gene virG is part of the two-component regulatory system for 
the virulence regulon in A. tumefaciens (Hansen et al. 1994). 

Intervening sequence 29 7759 to 7787 Intervening sequence with restriction sites used for cloning. 

repA 1074 7788 to 8861 

Gene encoding the pVS1 replication protein from 
Pseudomonas aeruginosa (similar to Accession Number 
AF133831.1 [NCBI 2012]), which is a part of the minimal 
pVS1 replicon that is functional in Gram-negative, plant-
associated bacteria (Heeb et al. 2000). 

Intervening sequence 42 8862 to 8903 Intervening sequence with restriction sites used for cloning. 

VS1 ori 405 8904 to 9308 

Consensus sequence for the origin of replication (ori) and 
partitioning region from plasmid pVS1 of P. aeruginosa 
(Accession Number U10487.1 [NCBI 2012]).  Serves as 
origin of replication in A. tumefaciens host (Itoh et al. 1984). 

Intervening sequence 677 9309 to 9985 Intervening sequence with restriction sites used for cloning. 

ColE1 ori 807 9986 to 10792 
Origin of replication (similar to Accession Number 
V00268.1 [NCBI 2012]) that permits replication of plasmids 
in E. coli (Itoh and Tomizawa 1979). 

Intervening sequence 112 10793 to 10904 Intervening sequence with restriction sites used for cloning. 
Border Region     

Right Border  25 1 to 25 

Right border region of T-DNA from A. tumefaciens nopaline 
Ti-plasmid (Accession Number J01826.1 [NCBI 2012]).  
Short direct repeat that flanks the T-DNA and is required for 
the transfer of the T-DNA into the plant cell (Wang et al. 
1984). 

NCBI = National Center for Biotechnology Information  
ori = origin of replication 
repA = replication gene 
virG = part of the two-component regulatory system for the virulence regulon in A.tumefaciens 
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3.3 Plant Tissue for Genomic DNA Extraction 

The test substance seed was grown in a greenhouse located at Syngenta, in Research Triangle 
Park, NC, USA.  Following verification of the plants’ identity by real-time PCR analysis, leaf 
tissue from plants grown from the test substance was pooled into a sampling bag and stored 
at –80°C ± 10°C (Burgin 2011).   

3.4 Genomic DNA Extraction 

Genomic DNA was isolated from the pooled leaf tissue using a modification of the method 
described by Saghai-Maroof et al. (1984).   

Pooled leaf tissue was ground into a fine powder using a pre-chilled mortar and pestle, with 
liquid nitrogen, and then placed into a bottle for storage.  For each DNA extraction, 
approximately 5 g of this tissue and 25 ml of pre-warmed cetyltrimethyl ammonium bromide 
(CTAB) buffer (100 mM 2-amino-2[hydroxymethyl]-1,3-propanediol [tris] pH 8.0, 20 mM 
ethylenediaminetetraacetic acid [EDTA] pH 8.0, 1.4 M sodium chloride, 2% CTAB [w/v], 
0.2% β-mercaptoethanol [v/v]) were combined in a bottle; the sample was then mixed gently 
and incubated for 73 minutes at 65°C.  An equal volume of chloroform:isoamyl alcohol (24:1) 
was then added, followed by gentle mixing and centrifugation for 10 minutes at 7277 × g at 
room temperature.   

The resulting aqueous phase was transferred to a clean container, and 10 µg of ribonuclease 
per ml of aqueous phase was added.  The sample was mixed and incubated for 32 minutes at 
37°C ± 2°C.  An equal volume of chloroform:isoamyl alcohol (24:1) was then added, 
followed by gentle mixing and centrifugation for 10 minutes at 7277 × g at room temperature.  
The aqueous phase was collected in a clean bottle, and the DNA was precipitated with a 
0.7 volume of isopropanol.  The DNA was then pelleted by centrifugation at 291 × g for 
10 minutes, washed once with 70% (v/v) ethanol, and centrifuged at 7277 × g for 10 minutes.  
The DNA pellet was air-dried and dissolved in pre-warmed 0.1X tris-EDTA. 

3.5 DNA Quantitation 

DNA concentrations were measured using the Invitrogen Quant-iT™ PicoGreen® dsDNA 
kit.  A two-point standard curve was generated using a lambda DNA standard.  The linear 
attribute of the standard curve was verified with samples generated from a serial dilution of 
lambda DNA standard in 1X tris-EDTA.  Genomic DNA was quantified by interpolation 
from the two-point standard curve, and each genomic DNA was assayed in triplicate using 
the Turner Biosystems TBS-380 Mini-Fluorometer. 

3.6 Genomic DNA Digestion 

Prior to PCR amplification, SYHT0H2 T4 genomic DNA was digested with the restriction 
enzymes BglII, AhdI, BspEI, and BsrDI in separate reactions. 
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3.7 PCR Amplification 

The digested genomic DNAs were used as a template for the Sigma-Aldrich® JumpStart™ 
REDAccuTaq® LA DNA Polymerase PCR system to amplify nine overlapping DNA fragments 
that cover the entire SYHT0H2 insert.  The sequence of the PCR primers is shown in Table 3.  
Table 4 shows the primer pairs used with each of the four digested genomic DNA templates, the 
resulting PCR products, and the size of the PCR products.  Figure 3 shows the location of the 
nine overlapping PCR-amplified products.  Table 5 lists the thermal cycling parameters for PCR 
amplification of PCR products A-3, B-4, C-6, D-8, E-10 and G-12.  Table 6 lists the thermal 
cycling parameters for PCR amplification of PCR products F-11, H-17 and I-18. 

TABLE 3 Primers Used to Amplify the SYHT0H2 Soybean Insert 
{Volume 2:  Confidential Business Information (CBI) Cross-reference Number 1} 

 
 
TABLE 4 Digested Genomic DNA Templates and Primer Pairs Used to 

Amplify Overlapping PCR Products 

Template PCR primer pairs PCR product name PCR product size (bp) 

Genomic DNA 
digested with AhdI 

Forward:  69s-0H2-F5 
Reverse:  60s-0H2-R2 

A-3 1219 

Forward:  81s-0H2-F11 
Reverse:  58s-0H2-R1 

B-4 823 

Forward:  71s-0H2-F6 
Reverse:  74s-0H2-R7 

C-6 2643 

Genomic DNA 
digested with BglII 

Forward:  FE3442 
Reverse:  66s-0H2-R3 

D-8 2027 

Forward:  67s-0H2-F4 
Reverse:  FE3443 

E-10 2146 

Genomic DNA 
digested with BspEI 

Forward:  75s-0H2-F8 
Reverse:  76s-0H2-R8 

F-11 384 

Forward:  77s-0H2-F9 
Reverse:  78s-0H2-R9 

G-12 2219 

Genomic DNA 
digested with BsrDI 

Forward:  90s-0H2-F17 
Reverse:  84s-0H2-F12 

H-17 138 

Forward:  84s-0H2-F12 
Reverse:  83s-0H2-R12 

I-18 138 
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FIGURE 3 Location of the Nine Overlapping PCR Products Amplified from 
SYHT0H2 Soybean and Used to Determine the Insert Sequence 

 

 
 
TABLE 5 Thermal Cycling Parameters for PCR Amplification of PCR 

Products A-3, B-4, C-6, D-8, E-10 and G-12 

Cycle Step Temperature (°C) Time Number of cycles 

A 1 96 30 s 1 

B 

1 94 15 s 

35 2 60 30 s 

3 68 3 min 

C 1 68 10 min 1 

D 1 4 hold 1 

min = minute 
s = second 
 
  

5′ f lanking 
sequence 

3′ f lanking 
sequence SYHT0H2 insert s equence 

A-3 B-4 C-6

D-8 E-10

H-17

F-11 G-12

I-18
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TABLE 6 Thermal Cycling Parameters for PCR Amplification of PCR 
Products F-11, H-17 and I-18 

Cycle Step Temperature (°C) Time Number of cycles 

A 1 96 30 s 1 

B 

1 94 15 s 

35 2 58 30 s 

3 68 30 s 

C 1 68 10 min 1 

D 1 4 hold 1 

min = minute 
s = second 

The PCR products were cloned into the Invitrogen pCR®4-TOPO® TA vector, and four to 
six colonies from each cloning reaction were randomly selected and grown.  The plasmid 
DNA from each colony was extracted and digested with the restriction enzyme EcoRI to 
confirm the presence of the expected size insert.  Following this confirmation, three DNA 
clones were then randomly selected, and the presence of the expected insert in each of these 
was confirmed by single sequencing runs on the ends of the clones using primers located in 
the TOPO® cloning vector. 

3.8 Sequencing 

Three individual clones for each of the nine overlapping PCR products were sequenced 
individually by GENEWIZ, Inc. (South Plainfield, NJ, USA), as reported in Appendix A.  
The sequences of the clones were analyzed and aligned using Sequence Analysis software 
v. 5.3 (Applied BioSystems) and Lasergene® software v. 8 (DNASTAR) in order to generate 
a consensus sequence for each clone.  The three clone sequences were aligned to obtain a 
consensus sequence for each PCR product.  Assembly of the nine PCR products’ consensus 
sequences was carried out using Sequencher® v. 4.9 (Gene Codes) in order to generate the 
final sequence of the SYHT0H2 insert.  The SYHT0H2 insert sequence was compared to the 
sequence of the transformation plasmid pSYN15954 T-DNA using Vector NTI® v. 10. 

3.9 Control of Bias 

PCR products were cloned, and for each product three colonies were randomly chosen.  Any 
rejected data and the documented reasons for the rejection of those data were retained in the 
study file. 

3.10 Statistical Analysis 

No statistical analysis was conducted during this study. 
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4.0 RESULTS AND DISCUSSION 

4.1 Insert Sequencing 

The sequence of the SYHT0H2 insert was determined and was compared to the sequence of 
the transformation plasmid pSYN15954.  This analysis showed that the SYHT0H2 insert 
consists of two inverted and truncated copies of the pSYN15954 T-DNA centered on the right 
border proximal regions.  These are shown in Figure 4A with a black arrow for the 5ʹ copy 
and a grey arrow for the 3ʹ copy.  Both copies are truncated at their right border.  The 5ʹ copy 
lacks the right border, the entire avhppd-03 cassette, a portion of the 35S promoter, and the 
left border (Figure 4B).  The 3ʹ copy lacks the right border, the figwort mosaic virus (FMV) 
enhancer and a portion of the 35S enhancer from the avhppd-03 cassette, and the left border 
(Figure 4C). 

The SYHT0H2 insert also contains two additional DNA sequences:  the first sequence, which 
is 44 bp long, is located between the two inverted copies and has similarity to the gene 
avhppd-03; the second sequence is a 17 bp DNA insertion located in the 35S promoter of the 
3' copy (Figure 4A).  The last 15 bp of the 17 bp DNA insertion are a duplication of the 
sequence located just upstream of this insertion.  

Figure 5A shows the nucleotide alignment of the SYHT0H2 5ʹ copy with the reverse 
complement of pSYN15954 T-DNA.  Figure 5B shows the nucleotide alignment of the 
SYHT0H2 3ʹ copy with the pSYN15954 T-DNA.  Figure 5C shows the nucleotide alignment 
of the 44 bp sequence present between the two inverted copies with the gene avhppd-03. 

The SYHT0H2 insert sequence in GenBank format is provided in Appendix B. 
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FIGURE 5 (A) Nucleotide Alignment of the SYHT0H2 Insert 5ʹ Copy with 
the pSYN15954 T-DNA Reverse Complement; (B) Nucleotide 
Alignment of the SYHT0H2 Insert 3ʹ Copy with the pSYN15954 
T-DNA; (C) Nucleotide Alignment of the 44 bp DNA Sequence 
with the Gene avhppd-03 

{Volume 2:  CBI Cross-reference Number 2} 

 
4.2 Data Quality and Integrity 

No circumstances occurred during the conduct of this study that would have adversely 
affected the quality or integrity of the data generated. 

5.0 CONCLUSION 

Comparison of the SYHT0H2 insert sequence with the transformation plasmid pSYN15954 
T-DNA sequence showed that the SYHT0H2 insert consists of two inverted and truncated 
copies of the pSYN15954 T-DNA centered on the right border proximal regions.  In addition, 
a 44 bp long DNA sequence that has similarity to the gene avhppd-03 is located between the 
two copies.  Finally, there is a 17 bp DNA insertion located in the 35S promoter of the 3′ 
copy; the last 15 bp of the 17 bp DNA insertion are a duplication of the sequence located just 
upstream of this insertion.  Both copies are truncated at their right border.  The 5ʹ copy lacks 
the right border, the entire avhppd-03 cassette, part of the 35S promoter and the left border.  
The 3ʹ copy lacks the right border, the FMV enhancer and a portion of the 35S enhancer from 
the avhppd-03 cassette, and the left border. 
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