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ABSTRACT

Maize landraces diversity is important for many smallholder and indigenous populations. Gene flow constitutes a
threat to the genetic conservation of several locally adapted maize landraces and, risk management depends on monitoring
transgenic occurrence in non-GM maize. This study evaluated the occurrence of exogenous proteins from GM-maize in
maize landraces and teosinte cultivated in the Alto Jequitinhonha region, State of Minas Gerais. Gene flow from GM
maize to non-transgenic varieties was evaluated in eight maize groups and one teosinte variety. A transgenic maize
variety was used as a positive control. Proteins Cry1F and Cry2 Ab2 were monitored using the Protein Detection Assay kit

(Envirologix QuickStix® kit protocols for detecting Cry1F and Cry2Ab2 proteins). Transgenic proteins were not detected

in the leaves of landraces and teosinte cultivated in the Alto Jequitinhonha region.
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INTRODUCTION

The Brazilian territory has one of the largest areas
cultivated with Bt maize in the world. This technology was
first grown commercially in 2008 with Bt maize varieties
expressing CrylF and CrylAb proteins (Parentoni et al.,
2013). More than one decade after their introduction, maize
expressing Cry1F and Cryl Ab have been widely cultivated
in the Brazilian agroecosystem (Marques et al., 2019).
However, adverse impacts are still not entirely known,
particularly about the flow of these proteins to the maize
landraces cultivated by small farmers.

Maize landraces include several locally adapted pheno-
types and constitute an important component of the genetic
diversity within the genus Zea, particularly in domesticated
subspecies Zea mays ssp. mays. Plants in this group are
open-pollinated with no restriction to gene flow via pollen,

contributing to genetic variability and phenotypic adapta-
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tion under different edaphoclimatic conditions (Arteaga
et al., 2016). Adverse effects on morpho-agronomic traits,
reduced fitness, and potential extinction are the main issues
of scientific debate related to the risks of unintended gene
flow from GM maize to non-genetically modified maize
(non-GM maize) and its wild relatives (Agapito-Tenfen &
Wickson, 2018; Bauer-Panskus et al., 2020). Pollen flow
between maize plants is the main form of gene flow in this
species (Zhang et al., 2020). A spatial or temporal separa-
tion distance between GM maize and maize landraces can
reduce the risks of pollen-mediated gene flow (Baltazar et
al., 2015). On the other hand, these strategies are ineffective
if the contamination of landraces seeds by transgenic seeds
occurs during the social practices of seed exchange, which
are common among traditional family farmers (Bellon &
Berthaud, 2006).
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The Alto Jequitinhonha is a geographic region of the
State of Minas Gerais, where agricultural systems are
predominantly composed of small-scale food producers
in family farming systems. This region contributes with
less than 1% of the total area occupied by maize crops
in the State of Minas Gerais (907,347.00 ha), according
to the Agricultural Census carried out in 2017 (IBGE,
2017; Parentoni et al., 2013). In situ/on-farm conservation
strategies can substantially contribute to maize landraces
conservation in secondary centers of diversity such as
Brazil (Guzzon et al., 2021). Additionally, genetic diversity
conservation of maize landraces is an important issue for
food security. In this context, the present work evaluated if
GM maize’s CrylF and Cry2Ab2, the two most common
proteins, occur in teosinte and maize landraces cultivated

in the Alto Jequitinhonha region, State of Minas Gerais.

MATERIAL AND METHODS

Maize landraces used in this study were: Amarelo Bate-
ias, Avermelhado Amendoim and Vicente Avermelhado
from the local communities of Fazenda Bateias, Agua Es-
palhada and Abdboras, respectively. All seeds were donat-
ed by family farmers from these communities, all located
in Couto de Magalhaes de Minas, State of Minas Gerais.

Teosinte
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These family farmers have cultivated these seeds for over
30 years on their rural properties (Figure 1). The variety
known as Crioulo Branco was obtained in the municipality
of Carbonita and the variety Pipoca Preto obtained in Sdo
Gongalo do Rio Preto, both regions belong to the Alto
Jequitinhonha region (Figure 1). The cultivation history of
these varieties is currently unknown. The landraces Rajado
and Roxo, were obtained from a Landraces Seed Exchange
Fair in the city of Vicosa, State of Minas Gerais (Figure 1).
The UFVM 200 variety, registered under number 12,379 in
the National Cultivar Registry of the Ministry of Agricul-
ture, Livestock, and Supply (MAPA-Brazil), was developed
from genetic improvement Federal University of Vigosa
(Brasil, 2002). The ancestor teosinte was obtained from
the municipality of Venancio Aires - State of Rio Grande
do Sul and, it was not possible to determine how long this
seed has been cultivated in that region (Fig. 1). Seeds of
maize landraces (Rajado and Roxo) were planted for more
than five years in the municipality of Couto de Magalhdes
de Minas. Maize and teosinte seeds were obtained directly
from family farmers and grown only once in a greenhouse
in the experimental field (Fazenda Rio Manso) of the Uni-
versidade Federal dos Vales do Jequitinhonha and Mucuri
- UFVIM.

Branco

(2

Pipoca Preta

(3]

Vicente Avermelhado
Avermelhado Amendoim

Amarelo Bateias

Roxo
UFVM 200

Figure 1: Maize varieties and teosinte origin. (1)The landrace Crioulo Branco was rescued in the municipality of Carbonita-MG
(17°31°59.62S e 43° 0°56.82”W); (2) Landrace Pipoca preta in Sdo Gongalo do Rio Preto-MG (18° 0°11.78”S e 43°22°47.96”W);
(3) Landrace Vicente Avermelhado, Avermelhado Amendoim and Amarelo Bateias from the municipality of Couto de Magalhaes
de Minas-MG (18°10°07,2” S e 43°25°18,6” W); (4) The landrace Rajado, Roxo and the improved variety UFVM200 from munic-
ipality of Vigosa-MG (20°45°28.85”S e 42°52°56.37”°W); (5) Teosinte was obtained from Venancio Aires — RS (29°36°55.94”S e

52°11°37.61”"W).
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To assess the possible gene flow from GM maize to
non-transgenic varieties, nine groups were evaluated: Am-
arclo Bateias, Avermelhado Amendoim, Crioulo Branco,
Pipoca Preta, Rajado, Roxo, UFVM 200, Vicente Aver-
melhado and a teosinte variety. A transgenic maize variety
with PowerCore® technology (pyramided transgenic maize
that encodes the proteins Cry1F, CrylA.105 and Cry2Ab2)
was used as a positive control. The seeds were planted in
pots with a volumetric capacity of 0.5 dm?. Irrigation and
fertilization were carried out following technical recom-
mendations (Cruz, 2010). Plant treatments with fungicides,
herbicides, and insecticides were not carried out.

Leaf samples of teosinte and maize varieties were
collected 20 days after germination. All leaf samples were
collected with 1.0 cm in diameter. The occurrence of Cry1F
and Cry2Ab2 proteins were evaluated using the protein de-
tection assay kit (Envirologix QuickStix® kit protocols for
detection of CrylF and Cry2Ab2 proteins). Leaf samples
were harvested from a total of 60 plants. Six replicates per
variety were used for the analysis of leaf proteins (each
replicate corresponds to a single plant). Six leaf disks of
1.0 cm diameter were obtained from each plant and used
for protein detection bioassay. The leaf samples were
transferred and macerated into 1.5 mL microtubes using
plastic pistils and homogenized by adding 0.5 mL of lysis
buffer solution for one minute. For detection of transgenic
proteins, samples were submitted to lateral flow immu-
nochromatography. Envirologix QuickStix® lateral flow
strips were incubated at room temperature for 5 minutes.
Subsequently, the presence of proteins CrylF and Cry2Ab2
was evaluated according to the Envirologix QuickStix®

protocol.

RESULTS

In this study, qualitative results were obtained through
the immunochromatographic detection technique for the
presence or absence of CrylF and Cry2Ab2 in maize
leaves (transgenic and non-transgenic) and teosinte. Cry1F
and Cry2Ab2 proteins were detected in all leaf samples of
transgenic maize, used as a positive control. On the other
hand, the expression of Cry1F and Cry2Ab2 was not found
in all landraces from the Alto Jequitinhonha region and
Rajado and Roxo varieties. These proteins were also not
detected in the improved variety UFV200 (collected from

Vigosa) and in the leaves of teosinte (Table 1).

DISCUSSION

The genetic composition of maize landraces cultivated
in traditional or family farming is influenced mainly by
two factors: pollen flow (environmental) and social fac-
tors related to seed sharing (Behn ez al., 2016). In many
geographic regions where family farming predominates,
contamination of local varieties with exogenous genes
from transgenic crops can occur inadvertently through seed
exchange among smallholders farmers (Van Heerwaarden
et al., 2012). Thus, maize landraces may be more exposed
to hybridization and introgression when cultivated nearby
areas with significant adoption of GM maize by farmers
(Nascimento et al., 2012; Chaparro-Giraldo et al., 2015).
The method applied in this study did not detect Cry!F, and
Cry2Ab2 proteins in all non-GM maize evaluated. Hybrid-
ization between transgenic maize and landraces can occur
more efficiently when compared to the ancestral teosinte
(Baltazar et al., 2005; Rojas-Barrera et al., 2019). Unin-

tentional gene flow through pollination has been observed

Table 1: SImmunochromatographic strip test results for the presence of CrylF and Cry2Ab2 proteins

Cry2Ab2

CrylF

Varieties

Samples with six replicates (%)

Avermelhado Amendoim
Vicente Avermelhado
Amarelo Bateias

Pipoca Preta

Crioulo Branco

Rajado

Roxo

Teosinte

UFVM200

PowerCore®
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in Brazil between transgenic and non-transgenic varieties
(Nascimento ef al., 2012). Another study reported the gene
flow from GM maize to maize landraces and non-genet-
ically modified hybrids (Chaparro-Giraldo et al., 2015).
Introgression between GM crops and landraces may affect
genetic diversification at a regional scale, with risks related
to reducing the genetic diversity of landraces (Rojas-Bar-
rera et al., 2019). Thus, continuous monitoring to detect
possible gene flows between GM, and non-GM maize con-
stitutes an important piece of ecological risk management
for the genetic conservation of maize landraces.

Unintentional hybridization followed by introgression
from GM maize to their wild relative (teosinte) or landraces
may have ecological and agronomic risks whose implica-
tions are poorly understood (Todesco et al., 2016; Hernan-
dez-Teran et al., 2017). In our study, proteins CrylF and
Cry2Ab2 were not observed in teosinte leaves. According
to Baltazar et al. (2005), gene flow occurs asymmetrically
between maize and teosinte due to morphological and phe-
nological differences. The direction of gene flow is more
likely from teosinte to maize, and this asymmetry contrib-
utes to the coexistence of teosinte as a separate entity from
maize. The introgression between maize and teosinte is an
event that occurs in low frequency, but it is a significant
environmental risk factor, mainly for the primary center of
origin of maize species (Chavez et al., 2012; Todesco et
al., 2016).

On the other hand, GM maize introgression into teo-
sinte has the potential to cause the emergence of teosinte
varieties as a noxious weed that, in addition, can express
herbicide resistance genes (Le Corre et al., 2020). We attri-
bute the lack of expression of CrylF and Cry2Ab2 proteins
in landraces evaluated to the low density of cultivated areas
with transgenic varieties. Our results may indicate that the
Alto Jequitinhonha region presents favorable conditions
for in situ conservation of maize landraces. However, risk
management depends on continuously monitoring possible
introgressions between GM maize and teosinte in geo-

graphical locations of coexistence between these species.

CONCLUSIONS
We evidenced the absence of CrylF and Cry2Ab2

in landraces and an improved maize variety. This fact is
positive, as it indicates no gene flow in natural conditions
where these genotypes are cultivated for CrylF and
Cry2Ab2. We emphasize the importance of more studies,

mainly using DNA-based approaches for transgenic de-

tection. In addition, adequate sampling methods to offer
representative results for the region must be developed and
applied in new studies to monitor transgenic DNA in maize
landraces. The results may be a starting point for monitor-
ing maize landraces to guarantee the absence of gene flow
that may cause loss of genetic characteristics essential for
maize landraces. These results could be used to certify the
non-presence of CrylF and Cry2Ab2 for landrace maize in
the studied regions.
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