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1.0 OBJECTIVE 

The purpose of this systematic literature search is to identify literature and/or information on 
MIR604 maize that is relevant to the risk assessment of genetically modified organisms. 

Syngenta transformed maize (Zea mays L., corn) to produce Event MIR604 maize, which 
provides control of certain coleopteran insect pests.  Event MIR604 maize plants contain the 
transgene mcry3A, which encodes the insecticidal protein mCry3A, and the transgene pmi, 
which encodes the enzyme phosphomannose isomerase (PMI).  The native Cry3A from the 
soil bacterium Bacillus thuringensis subsp. tenebrionis is active against certain coleopteran 
pests of maize.  The mCry3A produced by MIR604 was modified to have enhanced activity 
against the Western corn rootworm (Diabrotica virgifera virgifera) and other related 
coleopteran pests.  The transgene pmi (also known as manA) was derived from Escherichia 
coli strain K-12.  PMI enables transformed plant cells to utilize mannose as a primary carbon 
source; it was used as a selectable marker in the development of MIR604 maize.  The PMI 
protein expressed in MIR604 maize differs from the E.coli PMI by two amino acids and was 
designated MIR604 PMI. 

This report defines the 1) review question; 2) the search strategy; and 3) the explicit methods 
for selecting and categorizing the records.  The results of the selection process are reported 
including consideration of the implications of any findings.  This report aims to comply with 
the EFSA explanatory note on literature searching for GMO applications (EFSA 2019). 

2.0 FORMULATING REVIEW QUESTIONS AND CLARIFYING 
THEIR PURPOSE 

2.1 Review Question 

The review question associated with this literature search was: 
Do either food/feed products derived from MIR604 maize or the intended trait have adverse 
effects on human and/or animal health and/or the environment? 

This review question follows the PICO/PECO structure with key elements “Population, 
Intervention/Exposure, Comparator, Outcomes” (Table 1). 

TABLE 1 Review question in PICO/PECO structure 

Element Components of Review Question 

Population human and animal health and the environment 

Intervention/Exposure MIR604 maize, derived food/feed products, mCry3A and PMI and closely related 
variants 

Comparator conventional counterpart (if applicable) 
Outcome adverse effects 
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2.2 Eligibility/Inclusion Criteria 

Tables 2 and 3 summarize the eligibility/inclusion criteria for establishing relevance of 
retrieved records.  Table 2 provides high level key concepts for inclusion/exclusion and 
Table 3 provides more explicit information on the information/data requirements concept.  
The eligibility/inclusion criteria are provided in the order of importance or ease of finding 
information on the criteria within a publication.  The first failed eligibility/inclusion criterion 
was used as the primary reason for exclusion, and the remaining criteria were not assessed.  
Internet pages results were screened by date to remove those published prior to 2019.  Pages 
without dates were evaluated further using the criteria in Tables 2 and 3.
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3.0 SEARCHING FOR/IDENTIFYING RELEVANT PUBLICATIONS 

3.1 Electronic Bibliographic Databases 

To search for different types of publications and unpublished work that could provide 
information on the review question, multidisciplinary citation databases which include grey 
literature (i.e., not peer reviewed) were used.  Medline, Agricola, CAB Abstracts, and 
BIOSIS Previews (provided by Ovid Technologies) were searched.  Each of the databases 
has a thesaurus.  Searching these databases fulfills the requirement to search a minimum of at 
least two multi-disciplinary/large databases. 

These databases were selected based on their coverage of scientific literature for relevant 
subjects including, but not limited to, biomedicine, plant diseases, agriculture, life sciences, 
pesticides, human health and nutrition, animal health, plant science, biotechnology and 
environmental studies.  Detailed information (e.g., list of subjects covered, coverage dates, 
update schedule, and sources for data) regarding each of the databases searched can be obtained 
upon request.  The document types in these databases include: journal articles, technical letters 
and notes, conference proceedings, book chapters, reports, and articles in press. 

3.2 Internet Searches 

3.2.1 Key organizations 

The internet pages of regulatory agencies and risk assessment bodies listed below (Table 4) 
were searched for documents related to MIR604 maize. 

TABLE 4 Key organizations pages included in the search 
Regulatory agency/risk assessment body Web address 

Food Standards Australia New Zealand http://www.foodstandards.gov.au/consumer/gmfood/appli
cations/Pages/default.aspx 

Health Canadaa 
https://www.canada.ca/en/health-canada/services/food-
nutrition/genetically-modified-foods-other-novel-
foods/approved-products.html 

Ministry of Agriculture, Forestry and Fisheries http://www.maff.go.jp/e/ 

Ministry of Environment, Forest and Climate 
change http://moef.gov.in/ 

National Technical Commission on Biosafetyb http://ctnbio.mctic.gov.br/inicio 

Office of the Gene Technology Regulator http://www.ogtr.gov.au/ 

US Department of Agriculture https://www.aphis.usda.gov/aphis/ourfocus/biotechnology 

US Environmental Protection Agency 
https://www.epa.gov/ingredients-used-pesticide-
products/current-and-previously-registered-section-3-
plant-incorporated 

US Food and Drug Administration https://www.accessdata.fda.gov/scripts/fdcc/?set=Biocon 

aAlso searches Environment and Climate Change Canada (https://www.ec.gc.ca/cc/) and 
Canadian Food Inspection Agency (http://www.inspection.gc.ca/plants/plants-with-novel-traits/notices-of-
submission/eng/1300143491851/1300143550790). 
bReports that reflect individual reviewer opinions are excluded from evaluation because they are considered when 
developing the official final opinion of the agency. 
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3.2.2 Web-based search engines and databases 

General search engines such as GOOGLE Scholar and web-based databases known to 
contain information specifically on effects of GMOs were not searched.  The search of the 
databases and key organization websites is considered to provide an adequately 
comprehensive search of literature. 

3.2.3 Manual searches 

3.2.3.1 Checking reference lists 

If any reviews, methodological publications, guidelines and scientific opinions from 
regulatory agencies were retrieved using the search strategy and classified as relevant to the 
review question, then the reference lists from those records were manually searched for new 
records within the relevant time period (2019 through the date the search was conducted) and 
that meet the eligibility/inclusion criteria. 

3.2.3.2 Hand searching 

Hand searching was not conducted.  The search of the databases and key organization 
websites is considered to provide an adequately comprehensive search of literature. 

3.2.3.3 Citation searching 

Citation searching was not conducted.  The search of the databases and key organization 
websites is considered to provide an adequately comprehensive search of literature. 

3.3 Constructing the Search Strategy 

3.3.1 Database searching 

3.3.1.1 Approaches to develop searches 

The “lumping” approach was utilized.  A single search strategy was developed to capture all 
categories of information of interest in one search.  This strategy was used because previous 
experience indicates that a manageable number of studies was returned. 

3.3.1.2 Search terms 

Identifying search terms 
Search terms were identified by: 

• Assessing subject indexing terms of relevant publications recorded in those electronic 
bibliographic databases that use thesauri 
o All publications returned from literature search reports that aim to comply with 

the EFSA explanatory note and deemed relevant to the review questions were 
examined to determine the subject indexing terms associated with it. 
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• Seeking suggestions from experts and stakeholders 
o The search terms were developed using a multi-disciplinary team (i.e., risk 

assessors, information specialists, regulatory affairs managers). 

Free-text terms and subject indexing terms 
The searches with the Ovid platform utilized the keyword search in the advanced search 
window.  The keyword search uses a default set of fields designated “.mp”, which vary by 
database.  Therefore, Ovid uses the term “keyword” to indicate that it is executing a multi-field 
search.  In each database the specific fields searched are a different combination of free-text 
and controlled vocabulary fields, with Ovid switching automatically to the appropriate fields 
when a database is selected.1 

In Ovid, the fields used in the .mp keyword search are word searchable, therefore any search 
only has to find a single word in a controlled vocabulary field that contains phrases to return 
as search results all references indexed to that subject heading.  Thus, a search strategy which 
includes “genetic*” will return the following (highlighted below): 

• Genetically modified foods or genetic engineering in the Subject Headings field in 
Agricola, 

• Zea mays:  species, maize, common, genetically modified, strain-Bt10 [Gramineae] 
in the Organism field in BIOSIS Previews, 

• Genetically engineered organisms in the Subject Headings field in CAB Abstracts, 

• Plants, Genetically Modified / ge [Genetics] or Genetic Engineering in MeSH 
Subject Headings in Medline 

Subsequent combining of terms, (genetic* AND (modif* OR engineer*)) (in bold), yields all 
references with these headings to be in the final results for that search set.  Therefore, it is not 
necessary to search each exact controlled phrase in order to return all references for each of 
the specific headings. 

1 In Agricola the .mp fields are: free-text—abstract; geographic area; identifier; meeting information; map 
information; note; original title; personal name as subject; title—and controlled vocabulary—category code; 
subject heading. 
In BIOSIS Previews the .mp fields are: free-text—abstract; book title; gene name; miscellaneous descriptors; 
methods & equipment; original language book title; title—and controlled vocabulary—biosystematic codes; 
chemicals & biochemicals; concept codes; diseases; geopolitical locations; major concepts; organisms; parts, 
structure & systems of organisms; sequence data; super taxa; taxa notes; time. 
In CAB Abstracts the .mp fields are: free-text—abstract; identifiers; original title; title—and controlled 
vocabulary—broad terms; geographic location; organism descriptors; subject headings. 
In Medline the .mp fields are: free-text—abstract; keyword heading word; original title; synonyms; title; unique 
identifier—and controlled vocabulary—floating sub-heading word; name of substance word; organism 
supplementary concept word; protocol supplementary concept word; rare disease supplementary concept word; 
subject heading word. 
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Appendix A provides 1) the search history (including the full strategy used and fields 
searched as run in the database) and number of publications identified (line by line) for each 
bibliographic database prior to de-duplication and 2) the subject indexing used by each 
database as shown within the brackets after each search term. 

3.3.1.3 Free-text searching functions 

The search terms were selected to incorporate a wide variety of synonymous and related 
terms.  Truncation and wildcards were used where appropriate to capture different 
conventions in spelling and variation in the endings of terms. 

3.3.1.4 Search strings 

Search strings were combined with Boolean and proximity operators appropriate for the 
scope of the review. 

3.3.1.5 Key elements of review questions to use for best result 

A very large number of publications were returned using only the four key elements of Event, 
Intended trait, newly expressed protein(s), and Trade Name.  To prevent a very large number of 
publications from being returned while still achieving sensitivity, additional key elements were 
added to the search strategy.  Sensitivity was defined as the ability to return the previously 
deemed relevant articles with the new search string.  ‘A very large number’ is not defined in the 
Explanatory Note (EFSA 2019); however, the number returned with other search strategies  
(e.g., (Event OR Intended Trait OR Newly Expressed Protein(s) OR Trade Name) or (Event OR 
Trade name OR ((Intended Trait OR Newly Expressed Protein(s)) AND (Plant Species or 
GMO)))) was so large that it could not be de-duplicated by the search platform. 

Therefore, the search structure included the following search concepts/key elements:  Event, 
Trade Name, Newly Expressed Protein(s), or Intended Trait in the same publications as terms 
describing plant species and/or GMO general terms.  The search strategy employed was: 

• Event OR Trade name OR (Newly Expressed Protein(s) AND (GMO general OR 
Plant Species)) OR (Intended Trait – Insecticidal AND (GMO general AND Plant 
Species)) OR GMO general × Intended Traits 

The search strategy employed captured literature relevant to MIR604 maize and is provided 
in Table 5.  The same search string was used in all databases.  Since the Ovid search platform 
simultaneously searches free-text and subject headings there is no disadvantage to using all 
search terms in all databases.  For example, if ‘Genetically engineered organisms’ is a subject 
heading in CAB Abstracts but not in Agricola including this term in the search of the 
Agricola databases still allows for free-text searching of this term. 
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TABLE 5 Search string strategy 

Set Field Search string Concepts/Key elements 
1 Topic MIR604 OR MIR 604 OR SYN-IR6?4-5 Event MIR604 

2 Topic Agrisure* ADJ2 RW* Trade name for Event 
MIR604 

3 Topic mCry3A* OR mCry 3A* OR mCry 3 A* OR Cry3A* OR Cry 
3A* OR Cry 3 A*  

Newly expressed protein in 
MIR604 

4 Topic 
Phosphomannoisomerase OR Mannose 6-phosphate isomerase 
OR Phosphomannoseisomerase OR Phosphomannose isomerase 
OR 9023-88-5 OR AAA24109 OR EC 5.3.1.8 OR E.C. 5.3.1.8 

Newly expressed protein in 
MIR604 (selectable 
marker) 

5  #3 OR #4  

6 Topic 

((Insect OR Insects OR coleoptera* OR pest OR pests OR 
rootworm* OR root worm* OR Diabrotica OR D virgifera OR D 
barberi OR MCR OR MCRW OR NCRW OR WCRW OR WCR) 
ADJ2 (toleran* OR resistan* OR protect* OR control*)) OR 
Bacillus thuringiensis OR B thuringiensis 

Intended traits (insecticidal) 

7 Topic 
GMO* OR LMO* OR GM OR GE OR transgen* OR ((genetic* 
OR living OR biotech*) ADJ3 (modif* OR transform* OR 
manipulat* OR improv* OR engineer* OR deriv*)) 

GMO general 

8 Topic Maize* OR corn* OR Zea mays OR Z mays Plant species 

9 Topic ((Bt OR Bacillus thuringiensis OR B thuringiensis) ADJ5 (maize* 
OR corn* OR mays)) OR Btmaize* OR Btcorn*  

GMO general × intended 
traits  

10  #5 AND (#7 OR #8) 
Newly expressed proteins 
AND (GMO general OR 
plant species) 

11  #6 AND (#7 AND #8) 
Intended trait- insecticidal 
AND (GMO general AND 
Plant species) 

12  #1 OR #2 OR #10 OR #11 OR #9 

Event OR Trade name OR 
(Newly expressed proteins 
AND (GMO general OR 
plant species)) OR 
(Intended trait -insecticidal 
AND (GMO general AND 
Plant species)) OR GMO 
general x intended traits  

 
3.3.1.6 Use of multiple languages 

The search terms used were in the English language or utilized the Roman alphabet.  For the 
event name and trade name it is unlikely that there are translations because they are not 
words in the English language. 

3.3.1.7 Time period 

Due to the use of multiple (i.e., 4) multi-disciplinary databases and redundancy in coverage it 
is unlikely that late addition of a publication would be missed.  Therefore, the returned 
literature was limited to that which was published between January 1, 2019 (Ovid only 
allows for limiting search by year) and the date of the last database update prior to the search. 
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The records returned from the search of the regulatory agency webpages were manually 
excluded if they were dated prior to 2019.  If a date could not be determined for the record 
then the record was reviewed for relevance using the criteria in Tables 2 and 3. 

3.3.1.8 Internet searching of regulatory agency webpages 

The search terms selected are the event and protein names from the International Service for 
the Acquisition of Agri-Biotech Applications (ISAAA) (Table 6).  The descriptions and 
information for the top 50 hits or 10% of the total hits (whichever is greater) for each search 
term/web page were collected. 

TABLE 6 Nomenclature for the single event and newly expressed protein(s) from 
the ISAAA database for use in searching regulatory agency web pages 

Event Search term Concepts/Key elements 

MIR604 MIR604 Event name 
MIR604 mCry3A Newly expressed protein 
MIR604 Phosphomannose isomerase Newly expressed protein 

 
3.4 Reference Publications 

The search strategy is the same as the one that was previously validated with reference 
publications ( . 2019). 

4.0 SUMMARIZING AND REPORTING THE DATA, AND 
CONSIDERING THE IMPLICATIONS OF THE FINDINGS 

4.1 Selecting Publications 

4.1.1 Database records 

The process for selecting relevant publications was conducted in two stages.  The first stage 
required a rapid assessment of titles and abstracts.  Those records that were clearly not 
relevant from reviewing the title only were excluded from further review.  For those records 
that appeared relevant or had unclear relevance the abstracts were reviewed.  Those records 
that were clearly not relevant from reviewing the abstract were excluded from further review, 
while records that are relevant or have unclear relevance were reviewed in Stage 2. 

Full-length articles were reviewed in Stage 2.  An explanation of exclusion is provided for 
any full-length records that were deemed irrelevant in Stage 2.  Any relevant records 
identified in Stage 2 were subjected to a reliability assessment and evaluation of the 
implications of the record on the food and feed or environmental risk assessments. 

Two independent reviewers examined the records for inclusion/exclusion for each eligible 
information/data requirement at all stages of review.  Reviews and selections were conducted 
independently.  During the rapid assessment process (Stage 1), only records that were 
deemed clearly not relevant by both reviewers were excluded from further review.  This 
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conservative approach ensures that all potentially relevant records are evaluated until they are 
deemed to be either relevant or clearly irrelevant in Stage 2.  Following the Stage 1 reviews, 
reviewers scored the records as either 1) relevant or unclear relevance, 2) clearly irrelevant. 

A kappa test was performed after the Stage 1 review and before any discussion of abstracts 
over which there was disagreement by the reviewers.  Of the 202 records reviewed from the 
databases at Stage 1 there were 200 agreements to exclude, 0 records where both reviewers 
agreed to include it for Stage 2 review, and 2 disagreements:  for one record reviewer A 
selected to include it while reviewer B selected to exclude; for one record reviewer A selected 
to exclude it while reviewer B selected to include.  This yielded a kappa test score of 0. 

Subsequently, the reviewers met to discuss the abstracts in which they disagreed and moved 
both records over which there was disagreement forward to full-length review in Stage 2.  
There was no disagreement among the reviewers after Stage 2 therefore no tie breaker review 
was needed. 

Because of the format of document retrieved from internet searching of key organizations 
(i.e., title and abstract is not often provided) the kappa test was conducted only on the output 
of the database search. 

4.1.2 Records from key organizations 

The records returned from searching the websites of key organizations were considered 
relevant if they were risk assessments, scientific opinions/reports concerning the commercial 
release of GMO being examined or documents on the biology of the crop of interest.  The 
regulatory agency webpages that were searched do not post primary data; therefore all other 
document types are not considered relevant. 

The format of records returned from regulatory agency websites did not meet the format 
required to assess them using the two stage process followed for the database records.  Those 
websites where the records are published in English were assessed by two independent 
reviewers.  Due to format full-text documents were assessed to determine relevance.  For 
those websites where the records are not published in English, the results were reviewed by a 
native speaker.  If the document was deemed to be a relevant document type then it was 
translated into English and two independent reviewers determined if it met the criteria for 
inclusion.  The rationale for record exclusion is provided only if the record was classified as 
a relevant document type and was then excluded based on other eligibility criteria. 

The Intersecretarial Commission on Biosafety of GMOs and National Advisory Commission 
on Agricultural Biotechnology do not post the relevant document types on their websites; 
therefore those agency websites were not searched. 

For the purposes of generating the statistics related to the records returned from the search of 
the regulatory agency websites certain assumptions were made.  A unique internet record was 
defined as a unique URL.  If the URLs for two documents were identical except for the file 
format (e.g., pdf versus .doc or .docx), one of the documents was considered a duplicate and 
excluded from statistical accounting.  Documents that were classified as relevant were 
manually examined to determine if there were any duplicates among them.  If a duplicate was 
identified then it was excluded. 
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Documents that are clearly labeled as draft or with a line for a signature that is blank were 
not reviewed for relevance. 

4.2 Results of the Publication Selection Process 

For electronic bibliographic databases, the date on which the search was conducted, the date 
of the most recent update of the database, the service provider used, date span of the search, 
any limits applied to the search (e.g., study types, dates, languages) and the total number of 
records retrieved before and after removing duplicates were recorded (Table 7).  
Additionally, the line by line strategy with the number of publications identified per line is 
presented.  See Appendix A.
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4.5 Unobtainable Publications 

No publications were considered unobtainable. 

4.6 Unclear Publications 

No publications were classified as unclear. 

4.7 Full-Text Documents 

Full text documents for all relevant publications were compiled using a reference 
management software (.RIS format) and accompany this final report. 

4.8 Narrative Synthesis/Summary of Relevant Publications 

A narrative synthesis/summary of the relevant studies describing their overall volume, 
strength and direction per main category of information/data requirements was not reported 
because this literature review was conducted for annual PMEM reports on GMOs authorized 
in the EU market and therefore it is not required. 

4.9 Implications of Relevant Publications on Risk Assessment 

The implications of the relevant publications on the risk assessment was assessed by 
considering whether the record presents new hazards, modified exposure pathways or new 
scientific uncertainties. 

The record reliability and its implication on the risk assessment are recorded in  
Tables 14 and 15.
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5.0 RECORDS TO BE MAINTAINED 

Records maintained include, but are not be limited to, documentation of database search 
dates, database update dates, resolution of differences of opinion on records, the protocol, 
and any protocol amendments or deviations. 

6.0 ARCHIVING OF STUDY RECORDS 

The protocol amendments, deviations, raw data, related documentation, and final report are 
archived at Syngenta in Research Triangle Park, NC, USA. 
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APPENDIX A Search history and subject indexing 
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