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ABSTRACT 

Rigorous safety assessments are required for genetically modified (GM) crops to support their 

use as food or feed. These assessments include bioinformatics analysis of the amino acid 

sequences of all potential open reading frames (ORFs) encoded in the exogenous DNA 

introduced into the plant through genetic modification. Sequence similarities of potential DNA 

products to known or potential toxins and allergens trigger subsequent assessments of potential 

hazards for the consumer or the environment. The bioinformatics analysis of Syngenta maize 

event MZIR098 insert DNA revealed a total of 415 ORFs. One putative ORF (orf-1302) 

triggered further risk assessment based on its sequence similarities with known allergens, 

including peanut allergen Ara h 1, wheat glutenin, and others. We examined the potential 

expression of orf-130 at a protein level to exclude the possibility of exposure during 

consumption of MZIR098 maize. Specifically, we developed and validated a liquid 

chromatography coupled to a tandem mass spectrometry (LC-MS/MS) method, called parallel 

reaction monitoring (PRM). This measure of expression was quantitative and targeted against the 

peptides unique to ORF-130 amino acid sequence. The linear range of the method was 25-5000 

amol ORF-130/µl. Both, limit of detection (LOD) and lower limit of quantitation (LLOQ) of the 

method, were 12 μg ORF-130 per gram of dry MZIR098 maize leaf. The method was accurate 

and specific to ORF-130. PRM analysis of MZIR098 extracts did not detect putative ORF-130 

above the limits of detection/quantitation. Furthermore, the broad proteomic data dependent 

acquisition (DDA) analysis of the MZIR098 extracts demonstrated no evidence of ORF-130 

corroborating the PRM analysis. Our results confirm that orf-130 is not characterized as a 

functional gene in Syngenta maize event MZIR098 insert DNA and does not express gene 

products at detectable levels. 

 

Key Words: parallel reaction monitoring, open reading frame, risk assessment, GM crops, LC-

MS/MS, spectroscopy  

Introduction 

Traditionally, genetically modified (GM) 

crops are developed using recombinant DNA 

                                                           
1 Corresponding Author: Ivan Birukou. Email: ivan.birukou@syngenta.com 
2 In this article, orf-130 refers to a DNA sequence of the open reading frame ORF-130, while ORF-130 refers to the 

putative protein ORF-130, a product of orf-130 expression. 

technology, in which one or more exogenous 

genes are introduced into the plant genome. 

The expression of these genes confers 
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desirable traits to the plant, such as insect 

resistance or herbicide tolerance. The food 

and feed safety goals focus on conferring 

these desirable phenotypes without 

introducing potential hazards for consumers 

or the environment.  

To be approved for cultivation and 

consumption, the GM plant must undergo 

consumer and environmental safety 

assessments. The consumer assessment relies 

on comparisons of the GM plant to its 

parental, non-GM counterpart, which has a 

long history of safe use for consumers. It 

aims to establish that the GM plant is as safe 

as its conventional counterpart, with the only 

difference being the introduction of the 

intended traits; i.e., protein(s) (Codex, 2009; 

Privalle et al., 2012). The newly expressed 

transgenic proteins also undergo a safety 

assessment, which includes an assessment of 

the mode of action of proteins, history of safe 

use in food and feed, biochemical 

characteristics (e.g., stability under 

processing/cooking conditions and 

conditions found in digestive tract), and 

bioinformatic approaches that evaluate its 

amino acid sequence similarity to 

known/potential toxins and allergens (Codex, 

2009; Delaney et al., 2018). In addition to the 

intended trait protein genes, the presence of 

any unintended, putative open reading frames 

(ORFs) introduced along with the insert 

DNA must also be evaluated, specifically, the 

possibility that these ORFs would encode 

proteins of potential harm if they were to be 

expressed. Therefore, all putative ORFs 

derived from the insert DNA and the junction 

sequences between the insert and the flanking 

genomic DNA are evaluated using 

bioinformatic approaches for amino acid 

sequence similarity to known toxins and 

allergens (Codex, 2009). This holistic 

approach to the molecular characterization of 

inserted trait DNA is the foundation of the 

safety assessment. Any ORFs that 

demonstrate sufficient sequence similarities 

are further investigated to determine if 

translation and subsequent exposure upon 

consumption of the GM plant are possible 

(EFSA, 2010; Ladics et al., 2011). 

Event MZIR098 maize developed by 

Syngenta contains a single, contiguous insert 

which includes three transgenes, ecry3.1Ab, 

mcry3A, and pat, and confers control of three 

of the major corn rootworm pests in North 

America (Walters et al., 2020). Sequence 

analysis of the MZIR098 insert DNA and the 

junction regions identified a total of 415 

ORFs (in these analyses ORF is defined as 

DNA sequence contained between two stop 

codons (Kobayashi et al., 2002; Ladics et al., 

2011; Riechmann et al., 1999)), ranging in 

length from 8 to 659 amino acids. When 

searched against the COMprehensive Protein 

Allergen REsource (COMPARE) allergen 

database (COMPARE, 2017), a curated, 

peer-reviewed database of clinically relevant 

known/putative protein allergens 

(https://comparedatabase.org/), one of the 

identified MZIR098 open reading frames, 

ORF-130, generated sequence alignments 

with widespread allergens, such as seed 

storage protein Ara h 1 from Arachis hypogaea, 

Pru Du Amandin and prunin 1 from plum, 

bovine collagen alpha-2(I) chain and wheat 

glutenin. The identified bioinformatics 

alignments triggered downstream analyses of 

potential exposure of a consumer to the 

putative ORF-130 protein.  

While molecular analyses, such as RT-PCR 

or Northern blot, can be used to demonstrate 

presence or absence of a transcript of an 

unintended ORF in question, they can carry a 

risk for false positives or ambiguous results 

and may trigger a follow-up assay to confirm 

the presence/absence of the corresponding 

unintended protein. Analyzing potential 

expression of a putative ORF on the protein 

level is the preferred approach. 

There are a few methods that could be applied 

to analyze proteins of interest in GM crops, 

https://doi.org/10.21423/JRS.REGSCI.121269
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among which the enzyme-linked 

immunosorbent assay (ELISA) (Grothaus et 

al., 2006; Zhang et al., 2014) and Western 

blot (Taylor et al., 2013; Taylor & Posch, 

2014) are the most frequently used. However, 

both ELISA and Western blot are highly 

dependent on the availability of a purified 

target protein, required for (i) generation of 

antibody with desired specificity, (ii) to be 

used as standard, and (iii) positive control 

within the assay. Liquid 

chromatography/tandem mass spectrometry 

(LC-MS/MS) techniques are a great 

alternative to antibody-based approaches 

described above (Aebersold & Mann, 2003; 

Lange et al., 2008; Pitt, 2009; Vidova & 

Spacil, 2017). Targeted LC-MS/MS 

quantitative techniques differ from the 

antibody-based methods in that the intact 

form of the target protein is not analyzed. 

Instead, the sample is digested with the 

appropriate protease (typically trypsin), and 

selected proteotypic peptides unique to the 

target protein are monitored (Liebler & 

Zimmerman, 2013). Thus, the full-length 

target protein is not necessary for the method 

development because synthetic proteotypic 

peptides can be used as standards and 

controls, which are much easier to generate 

in necessary quantities, especially when the 

target protein is unlikely to be expressed. 

Parallel reaction monitoring (PRM) is one of 

the more recent targeted LC-MS/MS 

quantitative methods (Peterson et al., 2012; 

Rauniyar, 2015). It is typically performed on 

a hybrid mass spectrometer, such as 

quadrupole-orbitrap (Q-OT) (Bourmaud et 

al., 2016; Michalski et al., 2011). During the 

first step of PRM analysis, a proteotypic 

peptide is selected in the quadrupole section 

of mass spectrometer which filters ions based 

on their mass-to-charge ratio. After that, the 

selected peptide is fragmented in the collision 

cell via higher energy collision-induced 

dissociation (HCD) (Olsen et al., 2007). 

Finally, all resultant fragment ions of the 

target peptide are analyzed in the orbitrap 

mass analyzer simultaneously during the last 

step of the PRM duty cycle, and the 

combined intensities of the selected fragment 

ions are used to quantitate the amount of the 

target peptide, and the corresponding protein 

in question, by extension. High mass 

accuracy and resolution (e.g. (Bekker-Jensen 

et al., 2020)) makes PRM a highly specific 

method for analyses of complex mixtures 

such as plant extracts. 

Targeted LC-MS/MS methods suffer from 

instrumental limitations due to which only a 

small set of peptides from the protein of 

interest can typically be monitored. In 

contrast, a discovery proteomics approach 

called data dependent acquisition (DDA, 

(Aebersold & Mann, 2016)) can, 

theoretically, detect a significantly larger 

number of peptides from the protein in 

question, if not all of them. The downside of 

this method is that it typically does not 

quantitate the identified proteins, but rather 

provides the evidence of the 

presence/absence of a protein. However, the 

combination of DDA and PRM methods 

should provide sufficient evidence in the 

analysis of the expression of the unintended 

ORFs. 

In this work, we describe an LC-MS/MS 

approach to evaluate the risk of consumer 

exposure to the translation product of an 

unintended open reading frame orf-130 

identified within the MZIR098 insert DNA. 

We developed and validated a targeted 

quantitative PRM method to demonstrate the 

lack of expression of putative ORF-130 in 

MZIR098. In addition, we applied a 

qualitative proteomic DDA approach to 

evaluate protein expression in MZIR098 

maize broadly and look for the evidence of 

ORF-130 peptides not targeted by the PRM 

method.  
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Materials and Methods 

Materials 

The test material used in the LC-MS/MS 

analyses was lyophilized transgenic maize 

leaf tissue (growth stage V6-V8, leaf collar 

method, (Abendroth et al., 2011)) from the 

event MZIR098 that contains crystal 

insecticidal proteins mCry3A and 

eCry3.1Ab, as well as phosphinothricin 

acetyltransferase (PAT) protein. The control 

plant material was lyophilized non-

transgenic maize V6-V8 leaf tissue, which is 

non-transgenic, near-isogenic to MZIR098 

maize and was used to generate standard and 

blank samples.  

Two surrogate non-labeled (light) peptides 

that are unique to the putative ORF-130 

protein, APVPQGGEDR (MW = 1025 

g/mol) and GPLEGLHGAGGGPDGPEDR 

(MW = 1788 g/mol), were used in this study 

as standards, as well as their corresponding 

stable isotope-labeled (SIL, heavy) 

counterparts, APVPQGGED[C13N15-

HeavyR] (MW = 1035 g/mol) and 

GPLEGLHGAGGGPDGPED[C13N15-

HeavyR] (MW = 1798 g/mol). The synthetic 

peptides were supplied by New England 

Peptide (Gardner, MA) and were stored at -

20°C until use. 

Analysis of ORF-130 overexpressed in E. 

coli by DDA 

The DNA sequence for the putative ORF-130 

(the sequence did not include the first 16 

amino acid residues and starts with the first 

Met residue at position 17, as this would be 

the most likely translation product of putative 

orf-130) was synthesized and cloned into 

plasmid pET29a (MilliporeSigma, 

Burlington, MA), transformed into 

Escherichia coli BL21* (DE3) cells (Thermo 

Fisher Scientific, Rockford, IL) and 

overexpressed following isopropyl β-D-1-

thiogalactopyranoside (IPTG, Teknova, 
Hollister, CA) induction. The E. coli lysate 

containing transgenically expressed ORF-

130 polypeptide was spiked into the leaf 

extract of non-transgenic near-isogenic to 

MZIR098 maize at 1:200 ratio and digested 

using trypsin following the procedure 

described below in “Extraction and 

processing of plant material for PRM and 

DDA” section. The resultant spiked maize 

extract digest was desalted by solid-phase 

extraction utilizing C18 reverse phase resin, 

as described below in “Sample desalting” 

section, to minimize matrix effects or 

interferences and reduce ion suppression. 

The sample was subjected to data dependent 

acquisition analysis using Thermo 

Scientific™ EASY-nLC 1200 coupled to a 

Thermo Scientific™ Q Exactive Plus Hybrid 

Quadrupole-Orbitrap mass spectrometer 

(Thermo Fisher Scientific, Rockford, IL) 

using DDA parameters described in “LC-

MS/MS analysis” section. The obtained 

MS/MS spectra were analyzed using 

MaxQuant™ 1.6.2.10 software (Cox & 

Mann, 2008) and searched against B73 maize 

proteome as well as E. coli proteome which 

included the sequence of ORF-130 

polypeptide. The search parameters are 

described in “LC-MS/MS analysis” section. 

Extraction and processing of plant 

material for PRM and DDA 

Crude extracts of MZIR098 and non-

transgenic, near isogenic maize leaf tissue 

were prepared by combining 20 mg of 

lyophilized tissue with 2 ml of phosphate 

buffered saline (PBS, Sigma-Aldrich, Inc., 

St. Louis, MO) with 0.1% RapiGestSF 

surfactant (Waters Corporation, Milford, 

MA) and homogenizing the mixture using the 

Omniprep™ homogenizer (Omni 

International, Kennesaw, GA). Extracts were 

then centrifuged for 15 minutes at 25,000 x g 

and 4°C to remove insoluble material. The 

supernatants were transferred to a fresh 

LoBind Eppendorf vial (Eppendorf North 

America, Enfield, CT) and diluted 9.8-fold 

https://doi.org/10.21423/JRS.REGSCI.121269
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with PBS with 0.1% RapiGestSF. The diluted 

extracts were mixed with an equal volume of 

2,2,2-trifluoroethanol (TFE, Sigma-Aldrich, 

Inc., St. Louis, MO) and incubated with 

shaking at room temperature for 30 minutes 

in Eppendorf Thermomixer (Eppendorf 

North America, Enfield, CT). After that, 300 

μl of extract was mixed with 1200 μl of 100 

mM ammonium bicarbonate and 30 μl of 0.1 

μg/μl trypsin (Promega, Madison, WI) at 

37°C for 18 hours while shaking in 

Eppendorf Thermomixer (Eppendorf North 

America, Enfield, CT). After digestion, the 

extracts were acidified by adding 170 μl 

formic acid (FA, Thermo Fisher Scientific, 

Rockford, IL). Finally, for PRM samples 10 

μl of fortification solution containing 10X 

concentrations of both non-labeled and SIL 

peptides (non-zero standards) or just SIL 

peptides (test samples and zero standards) 

were added to 190 μl of the acidified extracts. 

The PRM analysis samples were prepared by 

spiking the MZIR098 extract digests with 

SIL peptides at 200 amol/µl. DDA samples 

were the MZIR098 extract digests without 

the addition of non-labeled or SIL peptides. 

PRM standards and double blanks 

The standards which were used in PRM 

analysis to generate the calibration curve 

were prepared by fortifying the non-

transgenic extract digests with seven 

concentrations (25, 50, 100, 200, 500, 1000, 

5000 amol/μl) of each of the two non-labeled 

peptides and one fixed concentration of the 

corresponding SIL peptides (200 amol/μl). A 

zero standard was also included and 

contained the same fixed concentrations of 

the two SIL peptides (200 amol/μl each) and 

without any non-labeled peptides. Double 

blank PRM samples were the non-transgenic 

extract digests without the addition of the 

non-labeled or SIL peptides. 

Sample desalting 

PRM and DDA samples, as well as PRM 

standards and double blanks were desalted 

using Pierce™ C18 Spin Columns (Thermo 

Fisher Scientific, Rockford, IL) to minimize 

matrix effects or interferences and reduce ion 

suppression. Specifically, C18 columns were 

conditioned in methanol and washed twice in 

1% FA, the binding of the sample to C18 

column was achieved by applying the sample 

twice. The bound sample was washed twice 

in 1% FA and eluted twice with 80% 

acetonitrile/1% FA. The combined eluate 

was completely evaporated using CentriVap 

refrigerated concentrator (Labconco, Fort 

Scott, KS) and resuspended in 3% 

acetonitrile/0.1% FA before LC-MS/MS 

analysis. 

Table 1 - Gradient parameters for ORF-130 PRM assay 

Time, min Duration, min Flow, nl/min Solvent B, % 

0 0 500 0 

30 30 500 35 

40 10 500 35 

41 1 500 90 

56 15 500 90 

57 1 500 0 

60 3 500 0 

 

https://doi.org/10.21423/JRS.REGSCI.121269
https://doi.org/10.21423/JRS.REGSCI.121269


DOI: https://doi.org/10.21423/ 

JRS.REGSCI.121269 
Journal of Regulatory Science 

htttp://journalofregulatoryscience.org 

JRS (2024) Volume 12: Issue 1 

Birukou et al. 

 

6 
 

LC-MS/MS analysis 

For PRM analysis, 4 μl of sample were 

injected onto a Thermo Scientific™ EASY-

nLC 1200 coupled to a Thermo Scientific™ 

Q Exactive Plus Hybrid Quadrupole-Orbitrap 

mass spectrometer. Peptide separation was 

achieved using a ReproSil-Pur column with 

particle size 3 μm and column dimensions 75 

μm x 25 mm (New Objective, Littleton, MA). 

The column was initially equilibrated with 

the solvent A (3% acetonitrile in 0.1% 

FA/water). The LC gradient is provided in 

Table 1. Analytes were measured in positive 

ion mode using the Nanospray Flex ion 

source. Data acquisition was performed using 

Thermo Scientific™ Xcalibur™ software. 

The MS/MS resolution was 35,000, 

automated gain control (AGC) target was 

1x105 with maximum ion time of 110 ms. 

The isolation window was m/z 1.6 with an 

offset of m/z 0.4. Normalized collision 

energy was 27 eV. The PRM results were 

analyzed using Skyline 4.2.0 software 

(Henderson et al., 2018). 

 

Table 2 - Gradient parameters for ORF-130 DDA assay 

Time, min Duration, min Flow, nl/min Solvent B, % 

0 0 300 0 

5 5 300 0 

245 240 300 35 

265 20 300 35 

266 1 300 100 

281 15 500 100 

282 1 500 0 

292 10 500 0 

 

In the DDA analysis, 6 μl of sample were 

injected onto the same ReproSil-Pur column, 

which was initially equilibrated with the 

solvent A (3% acetonitrile in 0.1% 

FA/water). The LC gradient is provided in 

Table 2. Analytes were measured in positive 

ion mode using the Nanospray Flex ion 

source. Data acquisition was performed using 

Thermo Scientific™ Xcalibur™ software. 

The Full MS/ dd-MS2 (TopN) method was 

used. Full MS resolution was set at 70,000, 

AGC target was 3x106 with maximum ion 

time of 40 ms. The scan range was 300-1600 

m/z. The data dependent MS/MS resolution 

was set at 17,500, AGC target was 1x105 with 

maximum ion time of 120 ms. The scan range 

was m/z 200-2000. The top 10 ions were 

selected for fragmentation. The isolation 

window was m/z 1.5 with an offset of m/z 

0.2. Normalized collision energy was 27 eV. 

The DDA results of duplicate MZIR098 

samples were analyzed using MaxQuant™ 

1.6.2.10 software (Cox & Mann, 2008). 

Specifically, the obtained LC-MS/MS data 

were searched against the proteome of the 

non-transgenic B73 maize near-isogenic to 

the MZIR098, which also included the 

sequences of transgenic PAT, mCry3A, and 

eCry3.1Ab proteins expressed in MZIR098, 

as well as putative protein ORF-130. The 

https://doi.org/10.21423/JRS.REGSCI.121269
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search included variable protein 

modifications such as N-terminal acetylation 

and Met oxidation and up to 2 miscleavages 

were allowed. For the decoy database 

approximately 10% of the searched proteome 

was reverted and the false detection rate was 

set to 0.01.  

RESULTS AND DISCUSSION 

PRM method development 

Quantitative LC-MS/MS methods rely 

heavily on the ability to identify the peptide 

unique to the target protein in a complex 

mixture and measure the area of its 

chromatographic peak accurately. The area 

of the peptide’s chromatographic peak 

strongly depends on the MS signal response 

of the peptide (Picotti & Aebersold, 2012). 

Even though there are ways to predict, to a 

certain degree, the LC-MS/MS properties of 

peptides from their sequences (Gessulat et 

al., 2019; Guan et al., 2019; Searle et al., 

2020; Tiwary et al., 2019), the most accurate 

approach to identify the peptides with the 

optimal MS signal response is to directly 

measure these properties by digesting the 

target protein and analyzing the resultant 

digest by LC-MS/MS. 

 

Note: A. Deduced amino acid sequence of putative ORF-130 polypeptide and the location of proteotypic peptides 

(highlighted in grey) selected for the PRM assay. B. SDS-PAGE gel demonstrating overexpression of ORF-130 in 

E. coli.  Lane “pET29a Soluble” corresponds to the soluble fraction of E. coli transformed with an empty vector. 

Lane “Soluble (PBS)” - soluble fraction of a lysate from E. coli overexpressing putative ORF-130 protein. The red 

arrow indicates a Coomassie-stained band corresponding to the molecular weight of ORF-130 (approx. 41 kDa). 

Lane “Insol” – insoluble fraction of a lysate from E. coli overexpressing putative ORF-130 protein. Lane “WCL 

(PBS)” – a whole cell lysate of E. coli overexpressing putative ORF-130 protein. 

Figure 1 - Amino acid sequence of ORF-130 and its overexpression in Escherichia coli 

Sequence analysis of the putative ORF-130 

polypeptide suggests that it is a low sequence 

complexity protein (Wootton, 1994; Wootton 

& Federhen, 1996) with a high frequency of 

proline residues (15.8%, Figure 1A), which 

makes it likely to be unfolded and, hence, 

challenging to purify. To avoid the 

purification challenges, we overexpressed 

putative ORF-130 protein in E. coli and used 

the clarified lysate in LC-MS/MS method 

development, instead of a purified protein. 

Figure 1B illustrates a Coomassie stained 

SDS-PAGE gel of cell lysates from E. coli 

transformed either with a vector encoding 

ORF-130 DNA sequence or an empty vector. 

Compared with soluble lysate fractions of E. 

https://doi.org/10.21423/JRS.REGSCI.121269
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coli transformed with an empty pET29a 

vector, a discernable Coomassie-stained band 

corresponding to the molecular weight of 

ORF-130 (approx. 41 kDa) was identified in 

the lysate fractions from ORF-130 

overexpressing E. coli culture on the gel 

(Figure 1B). 

 

Table 3 - Summary of DDA analysis of putative ORF-130 protein overexpressed in E. coli 

Note: Only the five most intense peptides are provided. Miscleavages indicate the number of trypsin cut sites present 

within the peptide which have not been processed by the enzyme. Intensity corresponds to the chromatographic peak 

intensity of a peptide in the LC-MS/MS run. 

* Indicates the peptides selected for further PRM method development. 

Table 3 lists the five most intense ORF-130 

peptides identified by a DDA approach in 

non-transgenic maize extracts fortified with 

the lysate of E. coli which overexpress 

putative ORF-130. Among these five 

peptides, we identified ORF-130 peptides 

which i) are efficiently cleaved by trypsin, ii) 

are specific to ORF-130 and are not present 

in any of the maize proteins, iii) ionize well 

and can be reliably detected by Q Exactive 

Plus mass spectrometer in the maize 

proteome background even in DDA mode, 

and iv) conform to peptide selection criteria 

for PRM (peptide length of 8-25 amino acids; 

peptides containing Cys and Met residues 

and potential rugged ends, as well as peptides 

within 5 amino acids from N terminus were 

excluded). In addition, the MS/MS spectra of 

the identified peptides provided information 

on the charge states and transitions to be used 

in the PRM analysis. 

Of the five identified peptides, 

APVPQGGEDR and 

GPLEGLHGAGGGPDGPEDR were 

selected as the proteotypic peptides to be 

used in the PRM method because they i) had 

no miscleavages, ii) were identified in at least 

2 of 3 replicate LC-MS/MS analyses of the E. 

coli lysate containing overexpressed putative 

ORF-130 protein spiked into the maize leaf 

extract, and, more importantly, iii) come 

from different regions of the putative ORF-

130 protein: APVPQGGEDR peptide is 

located near the C-terminus, while 

GPLEGLHGAGGGPDGPEDR peptide is 

located closer to the N-terminus of putative 

ORF-130 polypeptide (see Figure 1A, the 

selected peptides are highlighted in grey). 

Sequence Miscleavages Unique Intensity 

Replicate 

1 

Intensity 

Replicate 

2 

Intensity 

Replicate 

3 

AGPDRPVPPVR 1 yes 1203700 2075500 1095200 

APVPQGGEDR* 0 yes 0 675800 440630 

ATGPPEQR 0 yes 0 0 1072400 

GPLEGLHGAGGGPDGPEDR* 0 yes 603640 2115300 1156300 

RAPVPQGGEDR 1 yes 1323400 2256800 1537300 

https://doi.org/10.21423/JRS.REGSCI.121269
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Table 4 - ORF-130 surrogate peptides and transitions monitored in PRM assay 

Mass, Da Peptide type Charge state  Transitions, m/z 

APVPQGGEDR 

1025 light +2 513.3/758.3; 513.3/533.2; 513.3/379.7 

1035 heavy +2 518.3/768.4; 518.3/543.2; 518.3/384.7 

GPLEGLHGAGGGPDGPEDR 

1788 light 
+2 894.4/1221.5; 894.4/1084.5; 894.4/573.3 

+3 596.4/1084.5; 596.9/573.3; 596.9/817.4 

1798 heavy 
+2 899.4/1231.5; 899.4/1094.5; 899.4/583.3 

+3 600.0/1094.5; 600.0/583.3; 600.0/822.4 

Note: In the transition notation, the number before “slash” corresponds to the mass-to-charge ratio of the target 

peptide and the number after “slash” corresponds to the monitored fragment ion, produced by the target peptide. 

Light peptides do not contain amino acids with heavy isotopes. Heavy peptides contain Lys or Arg with carbon-13 

and nitrogen-15. 

 

 

Note: Only 2+ charge state of GPLEGLHGAGGGPDGPEDR peptide is included for clarity. Retention times and 

mass accuracies are indicated at the apexes of peaks. Fragment ion types are provided in parentheses. 

 

Figure 2 – Co-eluting transition triplets of light APVOGGEDR and 

GPLEGLHGAGGGPDGPEDR proteotypic ORF-130 peptides 

Table 4 provides the details of the synthetic 

ORF-130 surrogate peptides and their 

corresponding SIL analogs used in PRM 

assay, as well as transitions used in 
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quantitative analysis. In the current study, 

SIL analogs of the target peptides were used 

as internal standards to compensate for any 

analyte signal losses (Kettenbach et al., 

2011). For quantitation purposes, the three 

most intense transitions for each target 

peptide and charge state were selected (see 

Table 4). Figure 2 shows the examples of 

selected co-eluting transition triplets for light 

parent ions m/z 513.3 and m/z 894.4, 
corresponding to peptides APVPQGGEDR 

and GPLEGLHGAGGGPDGPEDR, 

respectively. 

Previously it has been demonstrated that even 

without chromatographic separation, three 

transitions are sufficient to correctly identify 

a target peptide utilizing high resolution and 

accurate mass (HRAM) LC-MS methods 

(Peterson et al., 2012). In addition, +2 and +3 

charge states of the 

GPLEGLHGAGGGPDGPEDR peptide were 

selected as both charge states demonstrated 

comparable signal intensity.  

PRM method validation  

Before application, the PRM method was 

validated with respect to its linearity, limit of 

detection (LOD), lower limit of quantitation 

(LOQ), and specificity. The linearity was 

assessed via linear regression analysis of a 

standard curve. Duplicate standards were 

prepared by fortifying the trypsin treated 

non-transgenic maize leaf extract with the 

addition of increasing concentrations of the 

non-labeled (light) peptides ranging from 25 

to 5000 amol/μl and a fixed concentration of 

the SIL peptide (200 amol/μl). The method 

was considered linear if the R2 of the 

calibration curve was ≥ 0.99 and at least 5 of 

7 consecutive standards were found within 

25% of their nominal concentrations.

 

Figure 3 - Standard curves of APVPQGGEDR (circles) and GPLEGLHGAGGGPDGPEDR 

(squares) proteotypic ORF-130 peptides 
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Table 5 -Linear range and LOD determination for the peptides APVPQGGEDR and 

GPLEGLHGAGGGPDGPEDR 

 APVPQGGEDR GPLEGLHGAGGGPDGPEDR 

Standard, 

amol/μl 

MBCC, 

amol/μl 

% 

Difference 

Area ratio 

CV, % 
MBCC, 

amol/μl 

% 

Difference 

Area ratio 

CV, % 

0 5.4 ND 138% 0.2 ND 11% 

25 32.1 28% 47% 23.1 -8% 5% 

50 71.9 44% 44% 49.6 -1% 0% 

100 110.0 10% 3% 108.6 9% 5% 

200 205.0 2% 6% 199.6 0% 11% 

500 557.7 12% 0% 560.6 12% 4% 

1000 1066.6 7% 12% 1082.9 8% 11% 

5000 5016.6 0% 2% 5008.2 0% 3% 

Note: The average MBCC values of two replicates for each peptide are shown. The % CV of the area ratios of two 

replicates are provided. MBCC – mean back calculated concentration of the standard; % Difference is calculated as 

(MBCC-Standard)/Standard. ND – not determined. CV – coefficient of variation.   

Figure 3 demonstrates the calibration curves 

for the peptides APVPQGGEDR and 

GPLEGLHGAGGGPDGPEDR in maize leaf 

extracts. Table 5 provides the mean back 

calculated concentrations (MBCC) and % 

difference from the nominal concentrations 

for each standard. All seven standards of the 

GPLEGLHGAGGGPDGPEDR peptide 

satisfied the acceptance criteria for linearity 

and, as a result, the linear range for this 

peptide was determined to be 25 - 5000 

amol/μl. The peptide APVPQGGEDR 

exhibited linear behavior in the range 100-

5000 amol/μl. The two lowest concentrations 

of the standards (25 and 50 amol/μl) did not 

meet linearity acceptance criteria as their % 

difference from the nominal concentrations 

were 28% and 44%, respectively (Table 5). 

The LOD describes the lowest concentration 

of each unique surrogate peptide that can be 

reliably detected in the leaf extract by LC-

MS/MS. The empirical LOD was determined 

as the concentration of the lowest non-zero 

standard that yielded a MBCC greater than 

that of the zero standard, and for which the % 

CV of the mean peak area ratio of duplicate 

measurements was ≤25.0%. The data 

generated to establish the LOD for the two 

surrogate peptides are summarized in Table 

5. For the GPLEGLHGAGGGPDGPEDR 

peptide, 25 amol/μl was determined as the 

LOD because it is the concentration of the 

lowest non-zero standard that yielded a 

MBCC greater than that of the zero standard 

and demonstrated mean %CV of the peak 

area ratio of 5% among duplicate 

measurements (Table 5). The LOD of 

APVPQGGEDR peptide was determined to 

be 100 amol/μl, as the % CV of the mean 

peak area ratio of this standard met the 

acceptance criteria described above, while 

the % CV for the 25 and 50 amol/μl standards 

were 47% and 44%, respectively, and thus 

failed to meet the LOD acceptance criteria 

(Table 5).  
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The lower limit of quantitation (LLOQ) is the 

lowest concentration at which the analyte can 

be reliably detected but also at which certain 

predefined criteria for precision and recovery 

(i.e. bias) are met (Armbruster & Pry, 2008). 

In this method we applied the following 

LLOQ criteria commonly used in 

bioanalytical method validations of ligand 

binding assays (DeSilva et al., 2003; FDA, 

2018): i) precision is <25% CV among 

duplicates; ii) MBCC is within ±25% of the 

nominal value. In the current study, the 

lowest standard concentration of 

GPLEGLHGAGGGPDGPEDR peptide (25 

amol/µl) demonstrated 5% CV in duplicate 

measurements and average MBCC of 23.1 

amol/µl, which is only 7.6% lower than the 

nominal concentration (25 amol/µl) and, 

thus, was determined a LLOQ for this peptide 

(Table 5). For the peptide APVPQGGEDR, 

25 amol/μl and 50 amol/μl standards 

produced %CV and MBCC deviation more 

than 25% (Table 5). The LLOQ for this 

peptide was determined to be 100 amol/μl, 

because this standard demonstrated 3% CV 

in duplicate measurements and the average 

MBCC was 110% of the nominal 

concentration (Table 5).  

It is not uncommon that the specific MS 

signal response for different peptides even 

from the same protein can vary significantly 

and consequently result in different 

validation parameters (Picotti & Aebersold, 

2012). Thus, it is crucial that the best 

performing peptide (with the highest signal 

response) is selected for quantitation 

purposes to obtain the highest possible 

sensitivity of the method. In the current 

study, the GPLEGLHGAGGGPDGPEDR 

demonstrated the best linearity within the 0 – 

5000 amol/μl range, LOD and LLOQ among 

the two ORF-130 peptides, and, thus, was 

considered a quantitative peptide. As a result, 

both LOD and LLOQ of the method were 

established as 25 amol/μl, which is 

equivalent to 12 μg of ORF-130 per 1 g dry 

weight (DW) of MZIR098 maize leaf tissue 

(the conversion can be found in the 

Supplemental Figure 1). 

The LOD and LLOQ for APVPQGGEDR 

peptide were found to be 100 amol/μl 

(equivalent to 47 μg/DW). Therefore, 

APVPQGGEDR peptide was monitored 

solely for qualitative purposes to confirm that 

the quantitative peptide is representative of 

the whole protein (i.e., the digestion was 

complete, there is no partial truncation of the 

protein, or other types of modification).  

The specificity of the method was evaluated 

by assessing interference and carryover for 

ORF-130 surrogate and SIL peptides in 

double blanks and zero standards. The 

interference for each ORF-130 surrogate 

peptide was determined as the peak area ratio 

of zero standard divided by mean peak area 

ratio of the LOD sample. The interference for 

SIL peptides was determined as the peak area 

of SIL peptide in double blank sample 

divided by mean peak area of SIL peptide in 

LOD sample. To assess carryover of each 

ORF-130 surrogate and SIL peptide we 

evaluated the double blank samples injected 

after the highest concentration standard 

(5000 amol/μl). The % carryover for ORF-

130 surrogate peptides was calculated as the 

ratio of the ORF-130 surrogate peptide peak 

area in a double blank to the mean peak area 

of the corresponding peptide in LOD sample. 

The % carryover for SIL peptides was 

calculated as the ratio of the SIL peptide peak 

area in a double blank to the mean peak area 

of the corresponding SIL peptide in 5000 

amol/μl standard. It is important to note that 

since the double blank samples lack either 

ORF-130 surrogate or SIL peptides, the 

corresponding peak areas were measured by 

integrating the background noise of the 

double blank chromatograms using the peak 

boundaries of ORF-130 surrogate peptide or 

SIL peptide in LOD samples or highest 

concentration standard (5000 amol/μl). The 
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summary of the assessment of interferences 

and carryover for non-labeled and SIL 

peptides are provided in Supplemental Table 

1. The method was considered specific as % 

interference and % carryover were ≤20.0% 

for ORF-130 surrogate peptides and ≤5.0% 

for SIL-peptides. In addition, the specificity 

of the selected peptides was confirmed by 

demonstrating the uniqueness of the peptides 

to ORF-130 protein, as the corresponding 

peptide sequences did not match any other 

protein from the complete B73 maize 

proteome when searched using Skyline 

software. 

Table 6 - Detection of putative ORF-130 protein in MZIR098 leaf extracts by PRM 

 
Peak area 

ratio 

ORF130, µg/g 

DW 

Peak area 

ratio 

ORF-130, 

µg/g DW 

 MZIR098 Extract 1 MZIR098 Extract 2 

APVPQGGEDR 0 <LOD 0.0078* <LOD 

GPLEGLHGAGGGPDGPEDR 0.028* <LOD 0.0026* <LOD 

Note: *Values greater than 0 are the result of integrating the matrix background, which includes minor interfering 

peaks and noise. LOD – limit of detection. DW – dry weight.

Detection of a putative protein from ORF-

130 by PRM 

Table 6 summarizes the results of the PRM 

analysis of duplicate MZIR098 leaf extracts. 

In the two MZIR098 extracts analyzed, the 

chromatographic peaks corresponding to the 

validated transitions of the quantitative ORF-

130 peptide GPLEGLHGAGGGPDGPEDR 

and qualitative ORF-130 peptide 

APVPQGGEDR were not detected. 

Although the values of peak area ratios for 

peptide GPLEGLHGAGGGPDGPEDR in 

MZIR098 extract 1 and both peptides in 

MZIR098 extract 2 had non-zero values, 

these chromatograms did not demonstrate co-

eluting transitions and the values were the 

result of integrating the chromatographic 

background noise and minor interfering 

peaks using the boundaries of the 

corresponding SIL peptide peaks 

(Supplemental Figure 2). In addition, all 

three non-zero peak area ratios were below 

the determined LODs for both peptides, 

which supports the conclusion that orf-130 

does not express a protein in MZIR098 maize 

leaf at detectable levels.  

The mass accuracy for both light and heavy 

forms of both peptides was appropriate. It 

varied across all the analyzed standards and 

blank samples from -2.7 to +1.0 ppm with an 

average of -0.9 ppm and standard deviation 

of 0.8 ppm. The retention time for peptide 

APVPQGGEDR was very consistent, 

varying from 9.0 to 9.8 min across all 

analyzed samples. The retention time 

variation for the longer peptide, 

GPLEGLHGAGGGPDGPEDR, was much 

more significant: in both replicate 

experiments the difference between the 

highest and the lowest retention time was 

approximately 10 min.  

Most likely explanation for this retention 

time variation is that peptide 

GPLEGLHGAGGGPDGPEDR eluted closer 

to the end of the gradient as opposed to the 

peptide APVPQGGEDR which elutes in the 

beginning of the gradient. In addition, the 

chromatographic separation was performed 

using nanoLC column at 500 nl/min flow rate 

reaching the upper pressure limit of 300 Bar 

which also contributed to the retention time 

instability. Nevertheless, the combination of 

good mass accuracy and co-elution of all 
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measured transitions of each peptide, co-

elution of both heavy and light forms of each 

peptide, as well as co-elution of both charge 

states of GPLEGLHGAGGGPDGPEDR 

peptide confirm the specificity of the utilized 

method and support the validity of our 

results.  

DDA analysis of complete MZIR098 

proteome 

In addition to quantitative analysis of the 

expression of putative ORF-130 protein in 

MZIR098 maize using the PRM method, a 

qualitative analysis of MZIR098 maize 

proteome was performed by a DDA method. 

In contrast to our PRM method in which only 

two peptides of the ORF-130 protein are 

analyzed, DDA analysis, albeit less sensitive 

than PRM, has the ability to detect ORF-130 

peptides not selected for targeted analysis. In 

total, we were able to identify 2,497 proteins 

expressed in MZIR098 maize (Supplemental 

Data). These included transgenically 

expressed PAT, mCry3A, and eCry3.1Ab, 

for which we identified 5, 19, and 27 

peptides, correspondingly. There were no 

ORF-130 peptides identified, further 

confirming the PRM results (Supplemental 

Data). Previously, the mean expression rates 

of PAT, mCry3A, and eCry3.1Ab in 

MZIR098 maize V6 leaves (leaf collar 

method, (Abendroth et al., 2011)) were 

determined during field trials using validated 

ELISA methods and were found to be 7, 76, 

and 200 μg/g DW, respectively (data not 

published), which correlate well with the 

total number of peptides for PAT (5 

peptides), mCry3A (19 peptides), and 

eCry3.1Ab (27 peptides) identified during 

the current DDA analysis of MZIR098. It is 

important to note that DDA method, although 

being purely qualitative, was able to identify 

five peptides of even a low expressor such as 

PAT. Based on our results, the combination 

of PRM and DDA provide high confidence in 

our data and support the conclusion of ORF-

130 not being expressed at detectable levels 

in MZIR098 maize. 

CONCLUSIONS 

It is not uncommon for transgenic insert 

DNA to contain putative ORF sequences 

when all six reading frames are considered. 

These ORF sequences are considered 

“unintended” because they are not part of the 

codon optimization necessary to express the 

intended trait protein(s). Recent requirements 

of regulatory agencies from European Union 

(EFSA) and Japan (MAFF, MHLW) define 

an ORF as not only a DNA sequence between 

a start and stop codon, but also between two 

stop codons which significantly increases the 

number of these putative ORFs. Although it 

is not uncommon to see putative DNA ORFs 

yield alignments with known toxins or 

allergens using very conservative 

bioinformatics methods, their theoretical 

amino acid sequences may not be translated 

and expressed in plant tissues. An assessment 

of expression at the protein level, as in this 

work, is a conservative approach that 

matches with the conservative consideration 

of theoretical protein expression present in 

some regulatory guidelines.  

Development of a protein analysis method 

for unintended ORFs is complicated if these 

ORFs are unlikely to be expressed. As a 

result, it may be very resource and time 

consuming, if possible at all, to generate a 

standard and a control to use in the analysis. 

And, in general, proving the absence of 

expression is highly challenging and requires 

very specific and sensitive technology. 

LC-MS/MS method, such as PRM, is the 

most suitable for the analysis of expression of 

unintended ORFs, compared to other protein 

analysis methods, such as ELISA and 

Western blot. The availability of purified 

target protein is not essential, and the method 

can be developed only by having the 

sequence of the ORF in question. 
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Furthermore, mass spectrometry approach 

can be multiplexed to allow testing of large 

numbers of unintended ORFs 

simultaneously. And finally, PRM provides 

the highest specificity, because the detection 

of the target is a direct analysis of its 

chemical structure (e.g., amino acid 

sequence). The addition of untargeted 

proteomic method such as DDA boosts the 

confidence in the results even further as it lets 

us to look more broadly at the proteome of 

the analyzed plant for the evidence of 

presence/absence of the unintended ORF.  

In the current work, we successfully applied 

targeted PRM analysis of MZIR098 maize to 

demonstrate the absence of ORF-130 

expression. The limit of detection and 

quantitation of the PRM method was 12 µg 

ORF-130 per 1 g of lyophilized MZIR098 

maize leaf tissue. The method was linear over 

two orders of magnitude of putative ORF-

130 protein concentration, with low ppm 

accuracy and high specificity to ORF-130, 

which was confirmed by negligible 

interferences. In addition, we applied a broad 

proteomic DDA approach which 

demonstrated thorough coverage of possible 

expressed gene products (approximately 

2500 proteins) including intended transgenic 

proteins PAT, mCry3A, and eCry3.1Ab. Our 

results suggest that the putative orf-130 is not 

a functional gene sequence, at the limits of 

the methods herein, and support the design 

and stability of the intended expressed 

proteins in MZIR098 maize. Thus, the 

bioinformatic screening results of the orf-130 

and associated alignments with allergens do 

not constitute a risk for a consumer. The 

approach herein confirms the intended 

molecular design of the inserted trait DNA in 

maize MZIR098 and demonstrates a lack of 

expression and exposure to theoretical 

peptide/protein products of putative orf-130.  
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Supplemental Materials 

 

 

 

Figure S1A. Maize leaf sample extraction and digestion 

 

 

 

 

Figure S1B. LOD and LLOQ conversions for ORF-130 peptides 

𝐺𝑃𝐿𝐸𝐺𝐿𝐻𝐺𝐴𝐺𝐺𝐺𝑃𝐷𝐺𝑃𝐸𝐷𝑅 and 𝐴𝑃𝑉𝑃𝑄𝐺𝐺𝐸𝐷𝑅.  
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Supplemental Tables. 

Table S1 - Assessment of interferences and carryover for non-labeled and SIL peptides 

 
Interference Carryover 

 
Non-labeled SIL Non-labeled SIL 

 
Rep1 Rep2 Rep1 Rep2 Rep1 Rep2 Rep1 Rep2 

APVPQGGEDR 0% 10% 0% 0% 0% 2% 0% 0% 

GPLEGLHGAGGGPDGPEDR 1% 1% 1% 1% 3% 8% 1% 1% 
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