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August 7, 2023 
 
Bernadette Juarez 
U.S. Department of Agriculture 
APHIS Deputy Administrator 
Biotechnology Regulatory Services 
 

Does Not Contain Confidential Business Information 

RE: Regulatory Status Review (RSR) of transgenic soybean with increased oil and protein 
content in the seed-construct 2. RSR number 23-160-01rsr  

Dear Ms. Juarez, 
 
ZeaKal, Inc. respectfully requests a Regulatory Status Review (RSR) of our developed transgenic 
soybean line that contains four linked transgene cassettes incorporated into its genome, 
including a glufosinate selectable marker, and results in a soybean plant that has increased oil 
and protein content in the seed. As described below, soybean that has been genetically 
modified to contain this construct is unlikely to pose a plant pest risk and we request 
confirmation that it is not regulated under 7 CFR part 3401. 
 
In order to provide you with necessary details to evaluate this GE plant and its plant-trait-
mechanism of action (MOA), we will describe this plant and plant-trait-MOA by following the 
guidelines presented in part 340.4(a)(4)(i-iii) as well as on pages 29808-29809 of 85 FR 29790- 
29838, Docket No. APHIS–2018–0034 and the Guide for Requesting a Regulatory Status Review 
under 7 CFR part 340 Document ID BRS-GC-2020-0003 issued December 20, 2022.  

Description of the comparator plant(s), to include genus, species, and any relevant subspecies 
information 

Soybean, Glycine max, L. 

 
 
 
1 On May 18th, 2020, USDA-APHIS revised its regulations at 7 CFR part 340 (85 FR 29790- 29838, Docket No. APHIS–2018–0034) 
with an effective date of April 5, 2021 for RSR processes of certain crops, including soybean, under Sections 340.4. Unless 
otherwise indicated, the references to “Part 340” herein are as of April 5, 2021.   
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Genotype of the modified plant, including a detailed description of the differences in 
genotype between the modified and unmodified plant  
 
The modified plant contains [a single T-DNA of four linked expression cassettes inserted into 
the genome via Agrobacterium tumefaciens, disarmed mediated transformation. A single 
plasmid was used in transformation to create a soybean plant with the following T-DNA (shown 
in FASTA format) incorporated into the genome.] 

>ZeaKal T-DNA-2 

[GTTTACCCGCCAATATATCCTGTCAAACACTGATAGTTTAAACTGAAGGCGGGAAACGACAATCTGATCCAAGCTCAAGCTAA
GCTTGCATGCCTGCAGGTCGACGAATTCCAGCTGTCCATAACAGTCACAATTTTTCTCAAATCTTGTGGCTCTCAAACACTGTAT
AAAACATGACAAATGTGGACCCAAAATAGAGAAAGCATAGCCCCATAAATTAAGCCATTTTATGAAAAAATAATATTATGTTG
AGTCATATATCCATAAGAATCCCCACAGTCACACATGGAAGAGCAGCATTGGATACAAATGATATGAAGATTTTGATCCATGA
ACGGATTCTAGAATTGCAAAGAAAATCTCCAACTAGCCATAGCTTTAGATAACACACGATAAGAGCATCTGCATTATAAATACA
GACTCATATTCATCTTACAAAATCACCATTGATAAGGATACAATTATCAAAAGCATAACAATCTTTTCAATTTCATTGCAATATAA
TACACGGGTACCCCATCACAAGTTTGTACAAAAAAGCAGGCTGCGGCCGCTTGCTCCCTTAAAAAAAACCATGGCCGTGGCTG
AGTCATCTCAAGTATGTTTCCTTTTTTCTCTCTATAGATATAACTTATTTATCTTTTATATATAACAAGTGCTGTTGGTTAACAAGT
CATTGATATCAATAATACTTAATTCAACCATTTCAAATAATGTGATGAGTTTGAAATACTAATTGGATCTATTTTTGGTTGGTGT
AGAACACTACCACTATGTCCGGCCACGGCGATTCCGATCTTAACAACTTCAGAAGGCGTAAGCCCTCCAGCTCTGTGATTGAGC
CTTCTTCTTCTGGCTTCACCTCTACCAACGGTGTTCCAGCTACTGGACATGTTGCTGAGAACAGGGATCAGGATAGGGTGGGA
GCTATGGAAAACGCTACCGGATCTGTGAACCTCATTGGAAACGGTGGTGGTGTGGTGATCGGAAACGAAGAGAAGCAAGTG
GGCGAGACTGATATCAGGTTCACCTACAGACCATCCTTCCCAGCTCATAGAAGGGTGAGAGAGTCTCCTCTCTCCTCCGATGCT
ATCTTCAAGCAGTCTCACGCTGGACTCTTCAACCTCTGCATTGTGGTGCTCATTGCCGTGAACTCCAGGCTCATTATCGAGAACC
TCATGAAGTACGGCTGGCTCATCGATACCGGATTCTGGTTCTCCTCTAGATCCCTTGGAGACTGGTCCATTTTCATGTGCTGCCT
CACCCTCCCAATTTTCCCACTTGCTGCTTTCATCGTTGAGAAGCTCGTTCAGAGGAACCACATTGCTGAGCTTGTGGCTGTGCTT
CTTCACGTGATCGTTTCTACCGCTGCTGTGCTTTACCCAGTGATCGTGATTCTTACCTGCGACTCCGTGTACATGTCTGGCGTTG
TGCTTATGCTTTTCGGCTGCATCATGTGGCTCAAGCTCGTTTCTTACGCCCACACCTCCTCTGATATTAGGACCCTTGCTAAGTCC
GGATACAAGGGTGATGCTCACCCAAACTCCACCATCGTGTCTTGCTCTTACGACGTGTCCCTTAAGTCCCTCGCTTACTTTATGG
TGGCTCCAACCCTTTGCTACCAGCCCTCTTATCCAAGGTCCTCCTGCATTAGAAAGGGATGGGTTGTGAGGCAGTTCGTGAAGC
TCATTGTGTTCATCGGACTCATGGGCTTCATCATCGAGCAGTACATCAACCCCATCGTGAGGAACTCTAAGCACCCTCTTAAGG
GCGATTTCCTCTACGCTATTGAGAGGGTGCTCAAGCTCTCTGTGCCAAACCTTTACGTGTGGCTCTGCATGTTCTACTCATTCTT
CCACCTCTGGCTCAATATCCTCGCTGAGCTTCTTAGGTTCGGCGACAGAGAGTTCTACAAGGATTGGTGGAACGCTAAGACCG
TGGCAGAGTATTGGAAGATGTGGAACATGCCAGTGCACCGTTGGATGGTTAGGCACCTTTATTTCCCATGCCTGAGGAACGGC
ATTCCAAAAGAGGGCGCTATCATTATCGCATTCCTCGTGTCTGGTGCCTTCCACGAATTGTGCATTGCTGTTCCATGCCACGTGT
TCAAGCTCTGGGCTTTCATCGGAATCATGTTCCAGGTGCCACTCGTGCTCATTACCAACTACCTCCAAGAGAAGTTCTCCAACTC
CATGGTGGGCAACATGATTTTCTGGTTCATCTTCTGCATCCTCGGCCAGCCAATGTGCGTGTTGCTTTACTACCACGACCTCATC
AACCTCAAAGAGAAATAATGAATCACCTCTCTCAACAATCTAGCTAGAGTTTGCTCCTATCTATATGTAATAAGCTATGCTGATA
TGCACTATTCAAATAGGAGCATTAGCTATGTTTGTTAATGTCACTTTATGTTATGTGGGTAAGTCACCTAAGACACTCCACGTAC
CTACGTTGTTGTCTCTTACCGGCTTTAATAAATCTTCTGCCCTTGTTCCATATTTACTAATTATCCCTTTCTTCACTAAAAGAAAAT
TGTTATCATTAAGTATTAGTCTTTAGAACATATGAGGTCTTTAATTGGGTAGGTTTTACAAATTAACTAATATAAAATGTCATAA
AATCCACGTGGTTAAACAAATGCAGAAAATCGACGTCGTCTATTGGACCGACAGTTGCTATTAATATAATGGGCCACCATAGT
AGACTGACAAATAAATTACCTGACAACATCGTTTCACTAAATAACAAACACAAAAAGGGAGTGCATTTTCCAGGGCATTTTTGT
AATAAAAAACAGTTAAAAGGGAGTGCAATAGAAATATAGGGGTGTGGAAATAGTGATTTGAGCACGTCTTGAAGCAAATTG] 
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[GGTTGGGGCCCGATCCAAAAGCTTGGACAGGAACAAATGTTACCCATACATAAAAGATATTTGTGAAGTAACAGTCACAAAA
TTCCATGAGGCCAACATACTACAATTGAATTTTCATGGATACAATTCTTACAAAATAAAAATATCGACATAACCACCATCACACA
TTTACACTCTTCACATGAAAAGATAAGATCAGTGAGGTAATATCCACATGGCACTGTCCTATTGGTGGCTTATGATAAGGCTAG
CACACAAAATTTCAAATCTTGTGTGGTTAATATGGCTGCAAACTTTATCATTTTCACTATCTAACAAGATTGGTACTAGGCAGTA
GCTAAGTACCACAATATTAAGACCATAATATTGGAAATAGATAAATAAAAACATTATATATAGCAAGTTTTAGCAGAAGCTTTG
CAATTCATACAGAAGTGAGAAAAAAAAAAAACCATGGCTTGCCATTACGGACAACAACAACAAACCTGCGCTCCACACCTTCA
ACTTGTAAGTTTCTGCTTCTACCTTTGATATATATATAATAATTATCATTAATTAGTAGTAATATAATATTTCAAATATTTTTTTCA
AAATAAAAGAATGTAGTATATAGCAATTGCTTTTCTGTAGTTTATAAGTGTGTATATTTTAATTTATAACTTTTCTAATATATGAC
CAAAATTTGTTGATGTGCAGCAACCTAGAGCTTGCAGGGTTGTGAAGGCTGCTACTGCTGTTACTGCTGGTGGATCTCTTCTTG
TGCTTTCCGGACTTACTCTTGCTGGAACCGTGATCGCTCTTACTATTGCTACCCCACTCCTCGTGATCTTCTCTCCTGTTCTTGTGC
CAGCCGTGATTACCATTTTCCTTCTCGGTGCTGGATTCCTCGCTTCTGGTGGATTCGGAGTTGCTGCTCTTTCTGTGCTCTCCTG
GATCTACAGATACCTCACTGGAAAGCACCCACCAGGTGCTGATTGCCTTGAATCTGCTAAGACCAAGCTCGCTTCTTGCGCCAG
AGAGATGAAGGATAGAGCTGAGCAATTCTCCTGCCAGCCAGTTGCTGGATCTCAAACTTCTTAATGAAATCAACAACTCTCCTG
GCGCACCATCGTCGGCTACAGCCTCGGGAATTGCTACCGAGCTCGGTACCCGGCGCAAAAATCACCAGTCTCTCTCTACAAATC
TATCTCTCTCTATTTTTCTCCAGAATAATGTGTGAGTAGTTCCCAGATAAGGGAATTAGGGTTCTTATAGGGTTTCGCTCATGTG
TTGAGCATATAAGAAACCCTTAGTATGTATTTGTATTTGTAAAATACTTCTATCAATAAAATTTCTAATTCCTAAAACCAAAATCC
AGTGACCCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAATTTCTG
TTGAATTACGTTAAGCATGTAATAATTAACATATAATGCATGACGTTATTTATGAGATGGGTTTTTATGATTAGAGTCCCGCAAT
TATACATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAG
ATCGGGGGTACGTACTCAAAATGCCAACAAATAAAAAAAAAGTTGCTTTAATAATGCCAAAACAAATTAATAAAACACTTACA
ACACCGGATTTTTTTTAATTAAAATGTGCCATTTAGGATAAATAGTTAATATTTTTAATAATTATTTAAAAAGCCGTATCTACTAA
AATGATTTTTATTTGGTTGAAAATATTAATATGTTTAAATCAACACAATCTATCAAAATTAAACTAAAAAAAAAATAAGTGTACG
TGGTTAACATTAGTACAGTAATATAAGAGGAAAATGAGAAATTAAGAAATTGAAAGCGAGTCTAATTTTTAAATTATGAACCT
GCATATATAAAAGGAAAGAAAGAATCCAGGAAGAAAAGAAATGAAACCATGCATGGTCCCCTCGTCATCACGAGTTTCTGCCA
TTTGCAATAGAAACACTGAAACACCTTTCTCTTTGTCACTTAATTGAGATGCCGAAGCCACCTCACACCATGAACTTCATGAGGT
GTAGCACCCAAGGCTTCCATAGCCATGCATACTGAAGAATGTCTCAAGCTCAGCACCCTACTTCTGTGACGTTGTCCCTCATTCA
CCTTCCTCTCTTCCCTATAAATAACCACGCCTCAGGTTCTCCGCTTCACAACTCAAACATTCTCCTCCATTGGTCCTTAAACACTCA
TCAGTCATCACCATGGCTCCTCCACCTTCTATGCCTGCTGGTAAAAGAAGATGTTTTTTATTTCCAGCAATGTTACATTGTTATAC
GTATAATGATGAGTTTAGTGATCAAGTTCCTCTTTGATTCTTCTTTCTTGTTGCAGCTTCTGATAGAGCTGGACCTGGAAGAGAT
GCTGGCGATTCTTCATCTCTCAGACTTAGAAGGGCTCCATCTGCTGACGCTGGTGACCTTGCTGGTGATAGCTCTGGTGGACTT
AGAGAAAACGGTGAGCCTCAATCTCCTACTAACCCTCCACCTCAAGAGCAACAACAGCACGAGATGCTTTACTACAGAGCTTCT
GCTCCTGCTCATAGAAGAGTGAAAGAATCTCCACTCTCGAGTGATGCTATCTTCAAGCAGTCTCACGCTGGACTTTTCAACCTCT
GCATCGTTGTTCTTATCGCTGTTAATAGCAGACTTATCATCGAGAACCTCATGAAGTACGGATGGCTTATCGATACTGGATTCT
GGTTCTCTTCTCGTTCTCTTGGTGACTGGTCTATCTTCATGTGCTGTCTTACTCTCCCTATCTTCCCTCTTGCTGCTTTCATCGTTG
AGAAGCTCGTTCAGAGGAACCATATCGCTGAGCTTGTTGCTGTTCTTCTCCACGTTATCGTTTCTACTGCTGCTGTTCTCTACCCT
GTTATCGTTATCCTTACCTGCGATTCTGTTTATATGTCTGGTGTTGTGCTTATGCTTTTCGGATGCATCATGTGGCTTAAGCTCGT
TTCTTACGCTCACACCTCTTCAGATATCAGAACCCTCGCTAAGTCTGGATACAAAGGTGATGCTCACCCTAACTCTACTATCGTG
TCTTGCTCTTACGATGTGTCTCTTAAGTCTCTCGCTTACTTCATGGTTGCTCCTACCCTTTGTTACCAACCTTCTTACCCTAGATCT
AGCTGCATCAGAAAGGGATGGGTTGTGAGACAATTCGTTAAGCTCATCGTGTTCATCGGACTTATGGGATTCATCATCGAGCA
GTACATCAACCCTATCGTGAGAAACTCTAAGCACCCTCTCAAGGGAGATTTCCTTTACGCTATCGAGAGAGTGCTTAAGCTCTC
TGTGCCTAACCTTTACGTTTGGCTCTGCATGTTCTACTCATTCTTCCACCTTTGGCTTAACATCCTTGCTGAGTTGCTTAGATTCG
GAGACAGAGAGTTCTACAAGGATTGGTGGAACGCTAAGACTGTTGCTGAGTACTGGAAGATGTGGAACATGCCTGTTCATAG
ATGGATGGTTAGGCACCTTTACTTCCCTTGTCTCAGAAACGGAATCCCTAAAGAGGGTGCTATCATCATTGCTTTCTTGGTGTCT
GGTGCTTTCCATGAGTTGTGTATCGCTGTTCCTTGTCACGTTTTCAAGCTCTGGGCTTTCATCGGAATCATGTTCCAAGTTCCTCT
CGTTCTTATCACTAACTACCTCCAAGAGAAGTTCTCTAACAGCATGGTGGGAAACATGATTTTCTGGTTCATTTTCTGCATCCTT
GGACAGCCTATGTGTGTTCTTCTCTACTACCACGATCTCATCAACCTCAAAGAGAAGTAATGAAGCCCTTTTTGTATGTGCTAC] 
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[CCCACTTTTGTCTTTTTGGCAATAGTGCTAGCAACCAATAAATAATAATAATAATAATGAATAAGAAAACAAAGGCTTTAGCTT
GCCTTTTGTTCACTGTAAAATAATAATGTAAGTACTCTCTATAATGAGTCACGAAACTTTTGCGGGAATAAAAGGAGAAATTCC
AATGAGTTTTCTGTCAAATCTTCTTTTGTCTCTCTCTCTCTCTCTTTTTTTTTTCTTTCTTCTGAGCTTCTTGCAAAACAAAAGGCAA
ACAATAACGATTGGTCCAATGATAGTTAGCTTGATCGATGATATCTTTAGGAAGTGTTGGCAGGACAGGACATGATGTAGAAG
ACTAAAATTGAAAGTATTGCAGACCCAATAGTTGAAGATTAACTTTAAGAATGAAGACGTCTTATCAGGTTCTTCATGACTTGG
AGCTCGGATCCCCGGGTACCGAGCTCGAATTAATTCAAGATCATGAGCGGAGAATTAAGGGAGTCACGTTATGACCCCCGCCG
ATGACGCGGGACAAGCCGTTTTACGTTTGGAACTGACAGAACCGCAACGTTGAAGGAGCCACTCAGCCGCGGGTTTCTGGAG
TTTAATGAGCTAAGCACATACGTCAGAAACCATTATTGCGCGTTCAAAAGTCGCCTAAGGTCACTATCAGCTAGCAAATATTTC
TTGTCAAAAATGCTCCACTGACGTTCCATAAATTCCCCTCGGTATCCAATTAGAGTCTCATATTCACTCTCAATCCAGATCTCGAC
TCTAGGGGGATCTACCATGAGCCCAGAACGACGCCCGGCCGACATCCGCCGTGCCACCGAGGCGGACATGCCGGCGGTCTGC
ACCATCGTCAACCACTACATCGAGACAAGCACGGTCAACTTCCGTACCGAGCCGCAGGAACCGCAGGAGTGGACGGACGACC
TCGTCCGTCTGCGGGAGCGCTATCCCTGGCTCGTCGCCGAGGTGGACGGCGAGGTCGCCGGCATCGCCTACGCGGGCCCCTG
GAAGGCACGCAACGCCTACGACTGGACGGCCGAGTCGACCGTGTACGTCTCCCCCCGCCACCAGCGGACGGGACTGGGCTCC
ACGCTCTACACCCACCTGCTGAAGTCCCTGGAGGCACAGGGCTTCAAGAGCGTGGTCGCTGTCATCGGGCTGCCCAACGACCC
GAGCGTGCGCATGCACGAGGCGCTCGGATATGCCCCCCGCGGCATGCTGCGGGCGGCCGGCTTCAAGCACGGGAACTGGCA
TGACGTGGGTTTCTGGCAGCTGGACTTCAGCCTGCCTGTACCGCCCCGTCCGGTCCTGCCCGTCACCGAGATCTGAAGCTCTCG
AATTTCCCCGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAAT
TTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTTATGATTAGAGTCCC
GCAATTATACATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTT
ACTAGATCGGGAATTAATTCAATTCGGCGTTAATTCAGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCA
ATTTGTTTACACCACAATATATCCTGCCA] 

To further describe the T-DNA insertion, a description of the genetic elements of the T-DNA is 
included in Table 1.  

Table 1. Description of genetic elements present in the T-DNA of soybean plant.                                                                                                                                                    
Nucleotide 
position 

Genetic 
Element 

Source 
Organism 

Function 

[1-25 RB  Agrobacterium 
tumefaciens 

Right border sequence of T-DNA from 
Agrobacterium tumefaciens. 

26-111 Noncoding 
spacer 

Synthetic Noncoding synthetic spacer with cloning sites. 

112-510 Ps CAB 
promoter 

Pisum sativum 
 

Chlorophyll a/b-binding protein promoter 
region from Pisum sativum. GenBank accession 
number M64619.1 bases 311-709. Drives 
expression of TmDGAT1-(S197/A) in green 
tissues. 

511-574 Noncoding 
spacer  

Synthetic Noncoding synthetic spacer with cloning sites. 

575-2298 TmDGAT1- 
(197S/A) - 
CDS 

Tropaeolum 
majus 

CDS of Diacylglycerol acyltransferase 1 (DGAT1) 
from Tropaeolum majus that has an S197A 
mutation which reduces phosphor-regulation] 
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[of the enzyme (Xu, et al, 2008). DGAT1 
synthesizes triacylglycerol (TAG) by 
transferring a fatty acyl group from acyl-CoA to 
the sn-3 position of diacylglycerol] [to form 
TAG. This gene has been codon optimized for 
expression in soybean and contains an intron 
from soybean, stop codon (TAA) and a second 
stop codon that is composed of a 
tetranucleotide stop (TGAA) (Brown et al, 
1990). GenBank accession number: 
UWS64455.1 details the amino acid sequence 
in the T-DNA. It is modified from the native 
sequence (S197/A) which is Genbank accession 
number:  AAM03340.2. 

599-671 GmvspB 
intron2 

Glycine max An intron from soybean vegetative storage 
protein gene B that enhances expression of 
TmDGAT1-(S197/A) and is embedded within 
the CDS of TmDGAT1-(S197/A). GenBank 
accession number:  M76980.1 bases 2878 to 
3040. 

2299-2871 GmvspB 
term 

Glycine max Terminator of transcription from soybean 
vegetative storage protein gene B. Terminates 
transcription of TmDGAT1-(S197/A). GenBank 
accession number:  M76980.1 bases 3227 to 
3799. 

2872-2877 Cloning site Synthetic Noncoding synthetic cloning sites. 
2878-3309 Ps rbcS3A 

promoter 
Pisum sativum 
 

Ribulose-1,5-bisphosphate 
carboxylase/oxygenase small subunit (rbcS) 3A 
promoter region from Pisum sativum. Drives 
expression of modified sesame oleosin (SiOle3-
3) in green tissues. GenBank: M21356.1 bases 
1 to 432. 

3310-3319 Noncoding 
spacer  

Synthetic Noncoding synthetic spacer. 

3320-3950 SiOle3-3-
CDS 

Sesamum 
indicum 

CDS of modified oleosin from sesame, an oil 
body structural protein that has been modified 
with 6 cysteine substitutions to enable 
crosslinking and thereby protect oil] 
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[(triacylglycerol, TAG) from degradation by leaf 
thiol proteases. This gene has been codon 
optimized for expression in soybean and 
contains an intron from potato, a stop codon 
(TAA) and a second stop codon that is 
composed of a tetranucleotide stop (TGAA) 
(Brown et al, 1990). GenBank: Q9XHP2.1 
details the native amino acid sequence. Please 
see the alignment below detailing the 
differences between the modified cysteine 
oleosin (SiOle3,3) and the native sesame 
oleosin (SiOle) sequence. 

3374-3562 ST-LS1 
intron 2 

Solanum 
tuberosum 

An intron from potato ST-LS1 gene that 
enhances modified sesame oleosin (SiOle3-3) 
CDS expression. Intron is embedded within the 
SiOle3-3 CDS. Intron sequence is GenBank: 
X04753.1 bases 2652 to 2832. 

3951- 4010 Noncoding 
spacer 

Synthetic Noncoding synthetic spacer with cloning sites. 

4011-4230 35s term Cauliflower 
mosaic virus 

35s terminator of transcription from 
Cauliflower mosaic virus is a part of a double 
terminator (with downstream NOS terminator) 
and terminates transcription of modified 
sesame oleosin (SiOle3-3).  
GenBank: MG687282.1 bases 11 to 219. 

4231-4481 NOS term Agrobacterium 
tumefaciens 

NOS terminator of transcription from 
Agrobacterium tumefaciens nopaline synthase 
3 gene is part of a double terminator (with 
upstream 35s terminator) that terminates 
transcription of modified sesame oleosin 
(SiOle3-3). GenBank: MK078637.1 bases 4 to 
256. 

4482-5164 Gm-
Glycinin 
promoter 

Glycine max Promoter from soybean glycinin gene that 
drives expression of EDGAT1 in the seed. 
GenBank: X15121.1 bases 9 to 690. 

5165-6745 EDGAT1 Zea mays, 
Tropaeolum 
majus 

CDS of a chimeric diacylglycerol acyltransferase 
1 (DGAT1) designated as EDGAT1 for Enhanced 
DGAT1. This chimeric CDS encodes a DGAT1]   
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[amino acid sequence that consists of the N-
terminal region from Z. mays DGAT1 and the C-
terminal region from T. majus DGAT1 (S197/A). 
This nucleotide sequence has been codon 
optimized for expression in soybean and 
contains an intron (AtDGAT1 intron 3) 
embedded within it. It also contains a stop 
codon (TAA) and a second stop codon that is 
composed of a tetranucleotide stop (TGAA) 
(Brown et al, 1990). DGAT1 synthesizes TAG by 
transferring a fatty acyl group from acyl-CoA to 
the sn-3 position of diacylglycerol to form TAG. 
GenBank: ABV91586.1 details the amino acid 
sequence encoded by this codon optimized 
nucleotide sequence, amino acids 1-93. 
GenBank accession number: AAM03340.2 
details the amino acid sequence encoded by 
this codon optimized nucleotide sequence 
amino acids 121-518. Please see annotated 
sequences below that further elucidate the N- 
and C-terminal junctions. 

5193-5294 AtDGAT1 
intron3 

Arabidopsis 
thaliana 

An intron from Arabidopsis diacylglycerol 
acyltransferase (DGAT1) gene that enhances 
expression of EDGAT1. Intron is embedded 
within the CDS of EDGAT1. 
GenBank: LR782543.1 bases 8745651 to 
8745752. Also, AT2G19450.1 on the Tair 
website. 

6746-7188 Gm-
Glycinin 
terminator 

Glycine max Terminator of transcription of glycinin from 
soybean. Terminates transcription of EDGAT1. 
GenBank: X15121.1 bases 3079 to 3527. 

7189-7220 Noncoding 
spacer 

Synthetic Noncoding synthetic spacer with cloning sites. 

7221-7540 NOS 
promoter 

Agrobacterium 
tumefaciens 

Promoter region from Agrobacterium 
tumefaciens nopaline synthase (NOS) gene. 
Controls expression of selectable marker gene 
(BAR) used during transformation. GenBank: 
MG687279.1 bases 837-1153 complement.] 

CBI-Deleted 



 

  Page 8 of 14 
  

CBI-Deleted Copy 
 
 
 

[7541-8092 BAR - CDS Streptomyces 
hygroscopicus 

Bialaphos resistance gene from Streptomyces 
hygroscopicus. Encodes the PAT protein 
(phosphinothricin N-acetyltransferase).  
Genbank accession number: PRF: 1311256A. 
Used as a selectable marker gene during 
transformation. Confers resistance to 
glufosinate. This CDS has been codon 
optimized for expression in plants and contains 
a stop codon. 

8093-8365 

 

NOS 
terminator 

Agrobacterium 
tumefaciens 

Terminator of transcription from 
Agrobacterium tumefaciens nopaline synthase 
(NOS) gene. Terminates transcription of 
selectable marker.  
GenBank: MK078637.1 bases 1 to 256 

8366-8441 Noncoding 
spacer 

Synthetic Noncoding synthetic spacer with cloning sites. 

8442-8467 LB  Agrobacterium 
tumefaciens 

Left border sequence of T-DNA from 
Agrobacterium tumefaciens.] 

                      
Amino acid sequences and alignments of the native and ZeaKal amino acid sequences are 
shown below and highlight the modifications compared to the native sequence. As noted in 
Table 1, [SiOle3-3 has been modified from SiOle native (Genbank : Q9XHP2.1). 
 
SiOle3,3      MACHYGQQQQTCAPHLQLQPRACRVVKAATAVTAGGSLLVLSGLTLAGTVIALTIATPLL 60 
native        MAEHYGQQQQTRAPHLQLQPRAQRVVKAATAVTAGGSLLVLSGLTLAGTVIALTIATPLL 60 
              ** ******** ********** ************************************* 
 
SiOle3,3      VIFSPVLVPAVITIFLLGAGFLASGGFGVAALSVLSWIYRYLTGKHPPGADCLESAKTKL 120 
native        VIFSPVLVPAVITIFLLGAGFLASGGFGVAALSVLSWIYRYLTGKHPPGADQLESAKTKL 120 
              *************************************************** ******** 
 
SiOle3,3      ASCAREMKDRAEQFSCQPVAGSQTS 145 
native        ASKAREMKDRAEQFSQQPVAGSQTS 145 
              ** ************ *********] 
 
The [TmDGAT1-(S197/A)] amino acid sequence is show below and [the mutation is highlighted 
as bold-underlined. 
 
>TmDGAT1-(S197/A) 
MAVAESSQNTTTMSGHGDSDLNNFRRRKPSSSVIEPSSSGFTSTNGVPATGHVAENRDQDRVGAMENAT
GSVNLIGNGGGVVIGNEEKQVGETDIRFTYRPSFPAHRRVRESPLSSDAIFKQSHAGLFNLCIVVLIAVNSRLII] 
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[ENLMKYGWLIDTGFWFSSRSLGDWSIFMCCLTLPIFPLAAFIVEKLVQRNHIAELVAVLLHVIVSTAAVLYPVI
VILTCDSVYMSGVVLMLFGCIMWLKLVSYAHTSSDIRTLAKSGYKGDAHPNSTIVSCSYDVSLKSLAYFMVAP
TLCYQPSYPRSSCIRKGWVVRQFVKLIVFIGLMGFIIEQYINPIVRNSKHPLKGDFLYAIERVLKLSVPNLYVWLC
MFYSFFHLWLNILAELLRFGDREFYKDWWNAKTVAEYWKMWNMPVHRWMVRHLYFPCLRNGIPKEGAII
IAFLVSGAFHELCIAVPCHVFKLWAFIGIMFQVPLVLITNYLQEKFSNSMVGNMIFWFIFCILGQPMCVLLYYH
DLINLKEK] 
 
The [EDGAT1] amino acid sequence is shown below. [The N-terminal bold sequence derives 
from the Zea mays DGAT1 while the C-terminal sequence (not in bold) derives from the above 
TmDGAT1-(S197/A) where the bold underlined S197/A mutation is highlighted. Note that this 
mutation is S170/A in the EDGAT1. 
 
>EDGAT1 
MAPPPSMPAASDRAGPGRDAGDSSSLRLRRAPSADAGDLAGDSSGGLRENGEPQSPTNPPPQEQQQH
EMLYYRASAPAHRRVKESPLSSDAIFKQSHAGLFNLCIVVLIAVNSRLIIENLMKYGWLIDTGFWFSSRSLGD
WSIFMCCLTLPIFPLAAFIVEKLVQRNHIAELVAVLLHVIVSTAAVLYPVIVILTCDSVYMSGVVLMLFGCIMWL
KLVSYAHTSSDIRTLAKSGYKGDAHPNSTIVSCSYDVSLKSLAYFMVAPTLCYQPSYPRSSCIRKGWVVRQFVK
LIVFIGLMGFIIEQYINPIVRNSKHPLKGDFLYAIERVLKLSVPNLYVWLCMFYSFFHLWLNILAELLRFGDREFYK
DWWNAKTVAEYWKMWNMPVHRWMVRHLYFPCLRNGIPKEGAIIIAFLVSGAFHELCIAVPCHVFKLWAFI
GIMFQVPLVLITNYLQEKFSNSMVGNMIFWFIFCILGQPMCVLLYYHDLINLKEK] 
        

Detailed description of the new trait(s) of the modified plant. 

Intended traits & phenotypes 

There are three intended traits of ZeaKal’s GE soybean. Two of these traits have been 
previously determined by APHIS not to require regulation under 7 CFR part 340 in soybean and 
can be found on BRS’ Plant-Trait-MOA table. These two traits include:  

(i) A selectable marker PAT (phosphinothricin N-acetyltransferase) which confers 
resistance to glufosinate by catalyzing the conversion of L-phosphinothricin (L-PPT) 
to a non-phytotoxic form (N-acetylphosphinothricin) (reference numbers: 96-068-
01p, 98-014-01p, 98-238-01p, 09-349-01p, 11-234-01p, 12-215-01p, 12-272-01p, 17-
223-01p).  

(ii) A trait that increases seed oil and protein content by co-expression of an oil 
synthesizing enzyme [e.g., TmDGAT1-(S197/A) in this RSR] and an oil encapsulating 
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protein [e.g., SiOle3,3 in this RSR] in green tissues resulting in elevated 
photosynthetic capacity (reference number: 21-117-01rsr). 

The third trait alters (increases) the seed oil content by expression of an oil synthesizing enzyme 
[EDGAT1] in the seed resulting in increased seed oil content. 

The three traits combined result in a soybean plant with a phenotype that is resistant to the 
herbicide glufosinate, has elevated photosynthetic capacity, and has increased oil and protein 
content in the seed. 

Description of the Mechanism(s) of Action (MOA) 

The Plant-Trait MOAs of ZeaKal’s GE soybean can be found in Table 2. As stated above, two 
plant-trait MOAs have been previously determined by APHIS not to require regulation under 7 
CFR part 340. The third trait involves seed-specific expression of an oil synthesizing enzyme 
[EDGAT1]. Each MOA is further described below: 

Selectable Marker (PAT)  

Phosphinothricin N-acetyltransferase (PAT) which confers resistance to glufosinate by 
catalyzing the conversion of L-phosphinothricin (L-PPT) to a non-phytotoxic form (N-
acetylphosphinothricin) was used as a selectable marker during transformation of ZeaKal’s GE 
soybean and was previously determined by APHIS not to require regulation under 7 CFR part 
340 (reference numbers: 96-068-01p, 98-014-01p, 98-238-01p, 09-349-01p, 11-234-01p, 12-
215-01p, 12-272-01p, 17-223-01p).  

The active ingredient in the herbicide glufosinate ammonium is L-phosphinothricin (L-PPT). L-
PPT (also known as the amino acid, 4-[hydroxy-(methyl)phosphinoyl]-D,L-homoalanine) shares 
structural similarities with glutamic acid. The L-isomer (but not the D-isomer) inhibits glutamine 
synthetase (GS) by competitively binding to the substrate (glutamate/glutamic acid) binding 
site. GS is required for glutamine synthesis and to detoxify ammonia build up in cells. (OECD, 
1999; Thompson et al., 1987; Center for Environmental Risk Assessment, 2011.) The PAT 
enzyme utilizes acetyl-coA as a co-substrate to acetylate L-PPT at the N-terminus and results in 
a compound (N-acetylphosphinothricin) with no herbicidal activity (i.e., no inhibition of GS). In 
this respect, the MOA of PAT is to modify the active ingredient in glufosinate (L-PPT) into an 
inactive form (N-acetylphosphinothricin). In ZeaKal’s soybean plant, the PAT protein is under 
the control of a [constitutive nopaline synthase (NOS) promoter and terminator from 
Agrobacterium tumefaciens. A weaker promoter than the cauliflower mosaic virus 35s 
promoter used to drive expression of PAT in other deregulated glufosinate resistant GM plants] 
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[(e.g., 12-033-01p Sanders, et al, 1987). As such, it is not field tolerant to glufosinate at typical 
rates. It was included in the T-DNA as a selectable marker]. 

Elevated Photosynthesis and Increased Oil and Protein Content in the Seed 

The second MOA in ZeaKal’s GE soybean has also previously determined by APHIS not to 
require regulation under 7 CFR part 340 (reference number: 21-117-01rsr). The co-expression 
of an oil synthesizing enzyme [TmDGAT1-(S197/A) in this RSR] and an oil encapsulating protein 
[SiOle3,3 in this RSR] in green tissues results in elevated photosynthesis.  

This phenotype is accomplished through the co-expression of two plant genes under the 
control of green tissue specific promoters to produce [seed like oil bodies].  The production and 
accumulation of [oil bodies in the photosynthetic cells reduces the build-up of water-soluble 
carbohydrates during the day and, in doing so, removes the negative feedback on 
photosynthesis, allowing elevated photosynthesis (Winichayakul et al 2013; Beechy-Gradwell et 
al 2020; Cooney et al 2021).]  Over the course of the growing season, the elevated 
photosynthesis results in the fixation of additional carbon which manifests as increased seed oil 
content.  The elevated photosynthesis also supports higher nitrogen fixation by rhizobia which 
is seen as increased protein content in the seed. 

The two plant genes co-expressed include [a modified triacylglyceride synthesizing enzyme 
(diacylglycerol acyltransferase, DGAT1, EC 2.3.1.20) with higher specific activity and a modified 
plant oleosin – cysteine oleosin (Winichayakul, et al 2013)].   
 
[Oleosins are hydrophobic structural proteins that play a role in oil body biogenesis and 
stabilization.  Cysteine oleosin consists of a native oleosin that has been modified to contain 
cysteine residues (3 on each amphipathic arm).  Cysteine oleosin is comparatively resistant to 
thiol proteases (EC 3.4.22.-) but is degraded by serine proteases (EC 3.4.21.-) such as Proteinase 
K (Winichayakul et al 2013). This feature of cysteine oleosins allows for oil body accumulation in 
green tissues in the presence of thiol proteases which leads to elevated photosynthesis and 
increased oil and protein content in the seed.]  

Oil Synthesizing Enzyme Expressed in Seeds 

 [Diacylglycerol acyltransferase-1, DGAT1, EC 2.3.1.20, enzymes are located in the endoplasmic 
reticulum and catalyze the final step in TAG (oil) synthesis by transferring a fatty acyl group 
from acyl-CoA to the sn-3 position of diacylglycerol. Alignments of plant DGAT1s highlight the]  
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[sequence variability in the N-terminus and studies indicate that this region is involved in both 
oligomerization and autoinhibition of DGAT1 activity. Truncation of the N-terminus or swapping 
the N-terminus of plant DGAT1s to create chimeric DGAT1s that contain an N-terminus from 
one species and a C-terminus from another species results in increased DGAT1 activity and/or 
increased stability of the enzyme in yeast and Camelina seeds (Winichayakul et al., 2022). The 
seed specific oil synthesizing enzyme (EGDAT1) in ZeaKal’s GE soybean is described in 
Winichayakul et al., 2022 as ZmSTm and results in improved oil content in soybean seed.]   

 
Table 2. Trait, Phenotype and MOAs of ZeaKal’s transgenic soybean. 
Plant Scientific 

Name 
Trait Phenotype Mechanism of Action 

Soybean Glycine max Marker gene 
(herbicide 
resistance) 

Resistance to 
glufosinate 
 

PAT 
(phosphinothricin N-
acetyltransferase) 
confers resistance to 
glufosinate by 
catalyzing the 
conversion of L-
phosphinothricin (L-
PPT) to a non-
phytotoxic form (N-
acetylphosphinothrici
n) 

Soybean Glycine max Altered seed 
composition 

Increased 
seed oil and 
protein 
content 

Co-expression of oil 
synthesizing enzyme 
and oil encapsulating 
protein in green 
tissues resulting in 
elevated 
photosynthesis 

Soybean Glycine max Altered seed 
composition 

Increased 
seed oil 
content 

Seed-specific 
expression of an oil 
synthesizing enzyme 
resulting in increased 
seed oil content 
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Additional data 
Over the past several years, ZeaKal has generated several dozen soybean events with different 
variations of the described molecular stacks. [(For example, co-expression of a plant DGAT1 and 
cysteine oleosin variant (derived from soybean or sesame oleosins) under green tissue specific 
or constitutive promoters; plus the BAR gene conferring glufosinate resistance; plus seed 
specific expression of EDGAT1)]. These events have been grown in USDA-APHIS regulated field 
trials at multiple sites. Over 6 years and all 6 sites, we have not observed differences in the 
overall reproductive cycle or overall soybean plant morphology compared to the non-
transgenic control plants. In addition, we have not observed any differences in the 
susceptibility to pests nor observed any harm to non-target organisms beneficial to agriculture, 
nor have we observed any evidence that the technology has increased the plants’ ability to be a 
pest or act as a reservoir for a plant pest. 
 
Thank you for taking the time to review this inquiry. I’m happy to address any questions you 
may have. 
 
Sincerely, 
 
 
 
Amy Curran, Ph.D. 
Chief Operating Officer  
ZeaKal, Inc. 
(619) 218-2013 (mobile) 
acurran@zeakal.com 
zeakal.com 
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