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1.  Summary

An updated systematic search of peer-reviewed literature in line with the EFSA Guidance on
conducting a systematic review (EFSA, 2010) and taking into account the explanatory note on
literature searching conducted in the context of GMO applications (EFSA, 2019), was
conducted with the following review question “Does 281-24-236 x 3006-210-23 cotton or 281-
24-236 x 3006-210-23 x MON 88913 cotton and derived food/feed products, or the intended
traits (the newly expressed proteins or their combination) have adverse effects on human and
animal health and the environment in the scope of their authorisation?”,

The current systematic search complements the searches previously performed in 2019. Unless
outlined below, all portions of the search were conducted according to the methodologies
outlined in the previous search.

The outcome of this analysis showed that no new publications relevant for the review question
were identified during the selected time period. No safety concerns were identified for 281-24-
236 x 3006-210-23 or 281-24-236 x 3006-210-23 x MON 88913 cotton by this literature search
exercise.

2. Confirmation of the Suitability of the Search Strings

All portions of the search were conducted according to the methodologies outlined in the
previous searches. It was confirmed that the search strategy utilized in the previous literature
search report (2019) is still relevant and no updates were identified.

3. Results of the Scoping Exercise

3.1. Outcome of literature searches

In October 2020, searches against electronic bibliographic databases and manual searches in
view of screening of reference lists were performed. The search process is reported in line with
EFSA guidance (EFSA, 2010 Appendix B4(2)) in Table 2.

Table 2. Documenting and reporting the search process

Date of _ . Number
Resources Period searched Other restrictions | of records

search :

retrieved

Web of Science Core 7 Oct 2020 | 2019-7 Oct 2020 | None 274
collection”®
CAB Abstracts™ 7 Oct 2020 | 2019-7 Oct 2020 | None 134
MEDLINE" 7 Oct 2020 | 2019-7 Oct 2020 | None 154
Europe PMC# 7 Oct 2020 | 2019-7 Oct 2020 | None 4
Screening reference lists | 7 Oct 2020 | - 2019-7 Oct 20208 0 **

# A justification for chosing these databases was provided in Section 2.2 of the previous literature search
report (2019). The combination of these sources allows having a broad coverage of publications related to
GMO risk assessment.

$ The search syntaxes used are reported in Appendix 1 for electronic bibliographic databases.

§ The time period was applied post-hoc.

** Number of records screened on full text.
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The publications retrieved across all methods of searching (Web of Science Core collection,
CAB Abstracts, MEDLINE, Europe PMC, and screening of reference lists) can be found in
Appendix 3.

In the framework of the reference list screening exercise, no detailed risk assessments regarding
the 281-24-236 x 3006-210-23 x MON 88913 or 281-24-236 x 3006-210-23 cotton nor any
reviews were retrieved that contained information on food and feed safety. Considering that no
opinions were published within the selected time period no further screening was performed.

The publications grouped in the Endnote® library were deduplicated. Publications retrieved
by the previous searches conducted in the frame of the 2019 annual monitoring report were
also removed (see Appendix 3, Section 6).

The results of the publication selection process are presented in Table 3.

Table 3. Results of the publication selection process, for the review question

Review question: “Do the authorised cotton events® and derived food/feed products,
or the intended traits (the newly expressed protein(s) or their combination), have | Number of
adverse effects on human and animal health and the environment in the scope of their | records
applications?”

Total number of publications retrieved after all searches of the scientific literature
(excluding duplicates and publications retrieved by the previous searches conducted | 158
in the frame of the 2019 monitoring reports)

Number of publications excluded from the search results after rapid assessment for
relevance based on title and abstract

Total number of full-text documents assessed in detail 2
Number of publications excluded from further consideration after detailed

156

assessment for relevance based on full text 2
Total number of unobtainable/unclear publications 0
Total number of relevant publications 0

The 158 unique entries present in the Endnote database (Table 3) were manually screened
for relevance to the review question by two independent reviewers using the a priori
eligibility/inclusion criteria described in Appendix 2.

Entries that are deemed to be irrelevant based on title/abstract were not further retained. In
cases where the title/abstract did not contain sufficient information, the publication was
progressed to the second stage and assessed for relevance at the level of the full text (as
listed in Appendix 4). The reason for excluding a result from the second screening is
documented and a justification for not further assessing a reference is provided in Table 4.2
in Appendix 4.

No publications were considered relevant (see Appendix 4, Table 4.1). No
unobtainable/unclear publications were identified (see Appendix 4, Table 4.3).
4.  Conclusion

No publications were identified as relevant for the molecular characterisation, food/feed and
environmental safety of the 281-24-236 x 3006-210-23 or 281-24-236 x 3006-210-23 x MON

1 Authorised cotton events include 281-24-236 x 3006-210-23 and 281-24-236 x 3006-210-23 x MON 88913
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88913 cotton within the scope of the authorisations for the defined time period. No safety
concerns have been identified for the authorised cotton by this literature search exercise.
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Appendix 1. Detailed search syntaxes for the authorised cotton events

Web of Science Core collection

Set

Search query

Event
#1

TS=(DAS24236* OR DAS-24236 OR DAS-24236-5 OR 281-24-236
OR DAS21023* OR DAS-21023 OR DAS-21@23-5 OR DAS-21-circle-
divide-23-5 OR DAS-21empty set23-5 OR 3006-210-23 OR 281-24-
236x3006-210-23 OR DAS-24236-5xDAS-21@23-5 OR DAS-24236-
5XDAS-21-circle-divide-23-5 OR DAS-24236-5xDAS-21empty-set23-5
OR *281x3006* OR WideStrike* OR MXB-13)

Stack
#2

TS=(DAS-24236-5xDAS-21@23-5xMON-88913-8 OR DAS-24236-
5XDAS-21-circle-divide-23-5xMON-88913-8 OR DAS-24236-5xDAS-
21empty-set23-5xMON-88913-8 OR 281-24-236x3006-210-
23XxMON88913 OR *281x3006x88913* OR *281x3006XxMON%*)

#3

#1 OR #2

Proteins
#4

TS=((crylf OR cry-1f OR cryif OR "cry-if" OR Cryl-f OR Cry-1-f OR
(phosphinothricin AND (acetyltransferase OR acetyl-transferase)) OR
(pat AND phosphinothricin) OR crylAc OR Cryl-Ac OR cryla-c OR
cryiAc OR Cryi-Ac OR cryia-c OR (cry AND (1Ac or 1-Ac or iAc or i-
Ac))) AND (Streptomyces OR viridochromogenes OR Bacillus OR
thuringiensis OR bt OR cotton OR gossypium OR hirsutum OR
(((herbicid* AND (genetical* NEAR/3 modif*)) OR GMHT) AND
(crop OR plant OR food OR feed)) OR gmo OR gmos OR Imo OR Imos
OR gm OR ge OR stack))

Traits
#5

TS=((lepidopter* OR bollworm* OR pectinophora OR gossypiella OR
corn-earworm* OR sorghum-headworm* OR helicoverpa OR armigera
OR tobacco-budworm* OR heliothis OR virescens OR glufosinate* OR
gluphosinate* OR (liberty* AND herbicid*)) AND (toler* OR resist*
OR protec*) AND (cotton OR gossypium OR hirsutum) AND (gmo OR
gmos OR Imo OR Imos OR living-modified OR transgen* OR GMHT
OR ((GM OR GE OR genetic*) NEAR/5 (modif* OR transform* OR
manipulat* OR engineer* OR stack))))

#6

#3 OR #4 OR #5

Reporting Period
#7

PY=(2019-2100)

Final Results
#8

#6 AND #7
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CAB Abstracts
Set Search query
Event TS=(DAS24236* OR DAS-24236 OR DAS-24236-5 OR 281-24-236
#1 OR DAS21023* OR DAS-21023 OR DAS-21@23-5 OR DAS-21<0>23-

5 OR 3006-210-23 OR 281-24-236x3006-210-23 OR DAS-24236-
5xDAS-21@23-5 OR DAS-24236-5xDAS-21<0>23-5 OR *281x3006*
OR WideStrike* OR MXB-13)

Stack #2 TS=(DAS-24236-5xDAS-21023-5xMON-88913-8 OR DAS-24236-
S5XDAS-21<0>23-5XMON-88913-8 OR 281-24-236x3006-210-
23xMONB88913 OR *281x3006x88913* OR *281x3006XxMON*)

#3 #1 OR #2
Proteins TS=((crylf OR cry-1f OR cryif OR "cry-if* OR Cryl-f OR Cry-1-f OR
#4 (phosphinothricin AND (acetyltransferase OR acetyl-transferase)) OR

(pat AND phosphinothricin) OR crylAc OR Cryl-Ac OR cryla-c OR
cryiAc OR Cryi-Ac OR cryia-c OR (cry AND (1Ac or 1-Ac or iAc or i-
Ac))) AND (Streptomyces OR viridochromogenes OR Bacillus OR
thuringiensis OR bt OR cotton OR gossypium OR hirsutum OR
(((herbicid* AND (genetical* NEAR/3 modif*)) OR GMHT) AND
(crop OR plant OR food OR feed)) OR Imo OR Imos OR ge OR
"genetically engineered foods" OR stack))

Traits TS=((lepidopter* OR bollworm* OR pectinophora OR gossypiella OR

#5 corn-earworm* OR sorghum-headworm* OR helicoverpa OR armigera
OR tobacco-budworm* OR heliothis OR virescens OR glufosinate* OR
gluphosinate* OR (liberty* AND herbicid*)) AND (toler* OR resist*
OR protec*) AND (cotton OR gossypium OR hirsutum) AND (GMHT
OR transgen* OR engineer* OR Imo or Imos OR ge OR manipulat* OR
transform* OR stack OR "genetically engineered foods"))

#6 #3 OR #4 OR #5
Reporting Period | PY=(2019-2100)
#7

Final Results #8 | #6 AND #7
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MEDLINE
Set Search query
Event TS=(DAS24236* OR DAS-24236 OR DAS-24236-5 OR 281-24-236
#1 OR DAS21023* OR DAS-21023 OR DAS-21@23-5 OR 3006-210-23

OR 281-24-236x3006-210-23 OR DAS-24236-5xDAS-21323-5 OR
*281x3006* OR WideStrike* OR MXB-13)

Stack #2 TS=(DAS-24236-5xDAS-21023-5xMON-88913-8 OR 281-24-
236x3006-210-23xMON88913 OR *281x3006x88913* OR

*281x3006XxMON*)
#3 #1 OR #2
Proteins TS=((crylf OR cry-1f OR cryif OR "cry-if" OR Cryl1l-f OR Cry-1-f OR
#4 (phosphinothricin AND (acetyltransferase OR acetyl-transferase)) OR

(pat AND phosphinothricin) OR crylAc OR Cryl-Ac OR cryla-c OR
cryiAc OR Cryi-Ac OR cryia-c OR (cry AND (1Ac or 1-Ac or iAc or i-
Ac))) AND (Streptomyces OR viridochromogenes OR Bacillus OR
thuringiensis OR bt OR cotton OR gossypium OR hirsutum OR
(((herbicid* AND (genetical* NEAR/3 modif*)) OR GMHT) AND
(crop OR plant OR food OR feed)) OR Imo OR Imos OR ge OR "Food,
Genetically Modified" OR stack))

Traits TS=((lepidopter* OR bollworm* OR pectinophora OR gossypiella OR

#5 corn-earworm* OR sorghum-headworm* OR helicoverpa OR armigera
OR tobacco-budworm* OR heliothis OR virescens OR glufosinate* OR
gluphosinate* OR (liberty* AND herbicid*)) AND (toler* OR resist*
OR protec*) AND (cotton OR gossypium OR hirsutum) AND (GMHT
OR transgen* OR engineer* OR Imo or Imos OR ge OR manipulat* OR
transform* OR stack OR "Food, Genetically Modified"))

#6 #3 OR #4 OR #5
Reporting Period | PY=(2019-2100)
#7

Final Results #8 | #6 AND #7

Europe PMC

(“DAS-24236-5xDAS-21023-5xMON-88913-8" OR “281-24-236x3006-210-
23xMON88913” OR 281x3006x88913 OR 281x3006xMON OR DAS24236 OR “DAS-
24236” OR “281-24-236” OR DAS21023 OR “DAS-21023”" OR DAS21223 OR “DAS-
21@323” OR “3006-210-23" OR “281-24-236x3006-210-23" OR “DAS-24236-5xDAS-21323-
5” OR 281x3006 OR WideStrike) AND (FIRST_PDATE:[2019-01-01 TO 2100-12-31])
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Appendix 2. Eligibility/Inclusion Criteria

Concept

Criteria

Population (taking into
account scope of the
authorisation)

Publication addressing human and animal health, and/or the environment
relevant for the scope of the authorisation.

The pathways and level of exposure to the GMO, derived food/feed
products, and the intended traits addressed in the study (as assessed under
the Intervention/exposure part) are relevant for the intended uses of the
GMO and derived food/feed products under regulatory review (e.g. in case
of an authorisation for food, food, import, efficacy of the traits, pest
susceptibility, etc. are not considered relevant).

Intervention/exposure

Publications addressing the authorised GM cotton and derived food/feed
products, and/or the intended traits (newly expressed protein(s) or their
combination, when applicable).

Intervention/exposure
Plant species

In case of studies using GM plants, only studies using cotton are
considered eligible. This criterion is not employed for studies regarding
the newly expressed proteins.

Intervention/exposure
Source organism of the
protein

In case of publications using the protein of interest, only publications with
the protein from the specific source organism will be considered eligible.

Comparator If the study is a comparative study that uses plant material as test material,
eligible publications must report a non-GM variety.
Outcomes Effects/impacts on human and animal health, and/or the environment are

addressed.

Publications addressing other issues such as benefits, socio-economics,
ethics, crop protection, detection methods, efficacy, public perception and
risk communication are to be excluded using this criterion, as they are not
relevant to the risk assessment of GMOs.

Reporting format

Original/primary data are presented in the study. This permits the
exclusion of publications that do not present original/primary data (e.g.,
reviews, editorial, position papers).

However, risk assessments from relevant risk assessment bodies
(excluding EFSA) will not be excluded.
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Appendix 3. Entries retrieved by the performed searches to literature databases for the
authorised cotton events within the indicated search period

Note: the numbering of the references in the different appendixes is independent of each other (e.g. a certain
reference might be called EFSA 2019a in one appendix and EFSA 2019b in another)

1. Entries retrieved using Web of Science Core collection

Abdelgaffar H, Tague ED, Gonzalez HFC, Campagna SR and Jurat-Fuentes JL, 2019.
Midgut metabolomic profiling of fall armyworm (Spodoptera frugiperda) with field-
evolved resistance to Cry1F corn. Insect Biochemistry and Molecular Biology 106,
1-9.

Abdelgaffar HM, Oppert C, Sun XC, Monserrate J and Jurat-Fuentes JL, 2019. Differential
heliothine susceptibility to CrylAc associated with gut proteolytic activity.
Pesticide Biochemistry and Physiology 153, 1-8.

Agrawal A, Venkatesan T, Ramasamy GG, Syamala RR, Muthugounder M and Rai A,
Transcriptome  alterations of  field-evolved resistance  inPectinophora
gossypiellaagainst Bt Bollgard Il cotton in India. Journal of Applied Entomology
12.

Ahmad S, Cheema HMN, Khan AA, Khan RSA and Ahmad JN, 2019. Resistance status of
Helicoverpa armigera against Bt cotton in Pakistan. Transgenic Research 28, 199-
212.

Ai XY, Ren SW, Liu N, Huang LN and Liu XN, 2019. Transgenic tobacco expressing
dsRNA of the arginine kinase gene exhibits enhanced resistance against Helicoverpa
armigera. Bulletin of Insectology 72, 115-124.

Akhtar MN and Faroog A, 2019. Predator Prey Interaction between Lepidopteran Pests and
Coccinellids Insects of Cotton in Southern Punjab Pakistan. Pakistan Journal of
Zoology 51, 583-589.

Akhtar ZR, Rasul A, Sagheer M, Ali A, Ashraf |, Saddig B and Mansoor ul H, 2020.
CHARACTERIZING THE MODE OF RESISTANCE INHERITANCE AND
CROSS RESISTANCE IN PINK BOLLWORM AGAINST CRY1AC TOXIN
AND ORGANOPHOSPHATE PESTICIDES IN PAKISTAN. Pakistan Journal of
Agricultural Sciences 57, 1101-1106.

Alok D, Annapragada H, Singh S, Murugesan S and Singh NP, 2020. Symbiotic nitrogen
fixation and endophytic bacterial community structure in Bt-transgenic chickpea
(Cicer arietinum L). Scientific Reports 10, 12.

Alvarado DI, Vigil KIS, Jacobo ISB and Morenofierros L, 2019. Bacillus thuringiensis
CrylAc toxin induces MAPKSs activation and allergenic effects in intestinal and
immune cells. European Journal of Immunology 49, 1356-1356.

Amaral FSA, Guidolin AS, Salmeron E, Kanno RH, Padovez FEO, Fatoretto JC and Omoto
C, 2020. Geographical distribution of Vip3Aa20 resistance allele frequencies in
Spodoptera frugiperda (Lepidoptera: Noctuidae) populations in Brazil. Pest
Management Science 76, 169-178.

Amin MR, Oh SD, Bae E, Park SY and Suh SJ, Impact of insect-resistant transgenic rice
on above-ground non-target arthropods in Korea. Entomological Research 14.

Amin MR, Oh SD and Suh SJ, 2020. Comparing the effects of GM and non-GM soybean
varieties on non-target arthropods. Entomological Research 50, 423-432.

Anderson JA, Ellsworth PC, Faria JC, Head GP, Owen MDK, Pilcher CD, Shelton AM and
Meissle M, 2019. Genetically Engineered Crops: Importance of Diversified
Integrated Pest Management for Agricultural Sustainability. Frontiers in
Bioengineering and Biotechnology 7, 14.
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Anderson JA, Mickelson J, Challender M, Moellring E, Sult T, TeRonde S, Walker C,
Wang YW and Maxwell CA, 2020. Agronomic and compositional assessment of
genetically modified DP23211 maize for corn rootworm control. Gm Crops & Food-
Biotechnology in Agriculture and the Food Chain 11, 206-214.

Anjum R, Baloch MJ, Baloch GM and Chachar Q, 2019. SIGNIFICANCE OF CROSS
COMBINATIONS FOR DEVELOPING Bt COTTON VARIETIES FOR
OPTIMUM GENE (CRY1AC) EXPRESSION LEVEL REQUIRED FOR
BETTER BOLLWORM CONTROL. Journal of Animal and Plant Sciences 29,
531-538.

Aziz E, Batool R, Akhtar W, Rehman S, Gregersen PL and Mahmood T, 2019. Expression
analysis of the polyphenol oxidase gene in response to signaling molecules,
herbivory and wounding in antisense transgenic tobacco plants. 3 Biotech 9, 13.

Bahar MH, Stanley J, Backhouse D, Mensah R, Del Socorro A and Gregg P, 2019. Survival
of Helicoverpa armigera larvae on and Bt toxin expression in various parts of
transgenic Bt cotton (Bollgard 1) plants. Entomologia Experimentalis Et Applicata
167, 415-423.

Bally J, Fishilevich E, Doran RL, Lee K, de Campos SB, German MA, Narva KE and
Waterhouse PM, 2020. Plin-amiR, a pre-microRNA-based technology for
controlling herbivorous insect pests. Plant Biotechnology Journal 18, 1925-1932.

Bel Y, Zack M, Narva K and Escriche B, 2019. Specific binding of Bacillus thuringiensis
CrylEa toxin, and CrylAc and CrylFa competition analyses in Anticarsia
gemmatalis and Chrysodeixis includens. Scientific Reports 9, 7.

Bilbo TR, Reay-Jones FPF, Reisig DD and Greene JK, 2019. Susceptibility of Corn
Earworm (Lepidoptera: Noctuidae) to Cry1A.105 and Cry2Ab2 in North and South
Carolina. Journal of Economic Entomology 112, 1845-1857.

Bilbo TR, Reay-Jones FPF, Reisig DD, Greene JK and Turnbull MW, 2019. Development,
survival, and feeding behavior of Helicoverpa zea (Lepidoptera: Noctuidae) relative
to Bt protein concentrations in corn ear tissues. Plos One 14, 25.

Bilbo TR, Reay-Jones FPF and Greene JK, 2020. Evaluation of Insecticide Thresholds in
Late-Planted Bt and Non-Bt Corn for Management of Fall Armyworm (Lepidoptera:
Noctuidae). Journal of Economic Entomology 113, 814-823.

Boaventura D, Ulrich J, Lueke B, Bolzan A, Okuma D, Gutbrod O, Geibel S, Zeng Q,
Dourado PM, Martinelli S, Flagel L, Head G and Nauen R, 2020. Molecular
characterization of CryiF resistance in fall armyworm, Spodoptera frugiperda from
Brazil. Insect Biochemistry and Molecular Biology 116, 11.

Bonilla-Barrientos O, Hernandez-Leal E, Verastegui-Chavez J, Maltos-Buendia J, Bautista-
Ramirez E, Hernandez-Bautista A and Isidro-Requejo LM, 2020. PRODUCTIVITY
AND FIBER QUALITY OF CONVENTIONAL COTTON VARIETIES AT THE
COMARCA LAGUNERA, MEXICO. Revista Fitotecnia Mexicana 43, 3-9.

Boonchaisri S, Rochfort S, Stevenson T and Dias DA, 2019. Recent developments in
metabolomics-based research in understanding transgenic grass metabolism.
Metabolomics 15, 19.

Boonmee K, Thammasittirong SNR and Thammasittirong A, 2019. Molecular
characterization of lepidopteran-specific toxin genes in Bacillus thuringiensis
strains from Thailand. 3 Biotech 9, 11.

Botha AS, Erasmus A, du Plessis H and Van den Berg J, 2019. Efficacy of Bt Maize for
Control of Spodoptera frugiperda (Lepidoptera: Noctuidae) in South Africa. Journal
of Economic Entomology 112, 1260-1266.

Bowling AJ, Sopko MS, Tan SY, Larsen CM, Pence HE and Zack MD, 2019. Insecticidal
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Activity of a Vip3Abl Chimera Is Conferred by Improved Protein Stability in the
Midgut of Spodoptera eridania. Toxins 11, 17.

Braswell LR, Reisig DD, Sorenson CE and Collins GD, 2019. Helicoverpa zea
(Lepidoptera: Noctuidae) Preference for Plant Structures, and Their Location,
Within Bt Cotton Under Different Nitrogen and Irrigation Regimes. Journal of
Economic Entomology 112, 1741-1751.

Braswell LR, Reisig DD, Sorenson CE and Collins GD, 2019. Helicoverpa zea
(Lepidoptera: Noctuidae) Oviposition and Larval Vertical Distribution in Bt Cotton
Under Different Levels of Nitrogen and Irrigation. Journal of Economic
Entomology 112, 1237-1250.

Braswell LR, Reisig DD, Sorenson CE and Collins GD, 2019. Development and Dispersal
of Helicoverpa zea (Lepidoptera: Noctuidae) on Non-Bt and Bt Pyramided Cotton.
Environmental Entomology 48, 465-477.

Britz C, Van den Berg J and Du Plessis H, 2020. Susceptibility of Spodoptera littoralis
(Boisduval) (Lepidoptera: Noctuidae) to Bt cotton, expressing CrylAc and Cry2Ab
toxins, in South Africa. African Entomology 28, 182-186.

Campos SO, Santana IV, Silva C, Santos-Amaya OF, Guedesa RNC and Pereira EJG, 2019.
Bt-induced hormesis in Bt-resistant insects: Theoretical possibility or factual
concern? Ecotoxicology and Environmental Safety 183, 8.

Caprio MA, Kurtz R, Catchot A, Kerns D, Reisig D, Gore J and Reay-Jones FPF, 2019. The
Corn-Cotton Agroecosystem in the Mid-Southern United States: What Insecticidal
Event Pyramids Should be Used in Each Crop to Extend Vip3A Durability. Journal
of Economic Entomology 112, 2894-2906.

Carriere Y, Degain B, Unnithan GC, Harpold VS, Li XC and Tabashnik BE, 2019. Seasonal
Declines in CrylAc and Cry2Ab Concentration in Maturing Cotton Favor Faster
Evolution of Resistance to Pyramided Bt Cotton in Helicoverpa zea (Lepidoptera:
Noctuidae). Journal of Economic Entomology 112, 2907-2914.

Carriere Y, Yelich AJ, Degain B, Harpold VS, Unnithan GC, Kim JH, Mathew LG, Head
GP, Rathore KS, Fabrick JA and Tabashnik BE, 2019. Gossypol in cottonseed
increases the fitness cost of resistance to Bt cotton in pink bollworm. Crop
Protection 126, 8.

Carriere Y, Brown ZS, Downes SJ, Gujar G, Epstein G, Omoto C, Storer NP, Mota-Sanchez
D, Sogaard Jorgensen P and Carroll SP, 2020. Governing evolution: A
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