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ABSTRACT

This study analyzed grain anthocyanin contents of an Elotes Occidentales (EO) maize
population subjected to recurrent selection to stabilize grain color and increase anthocyanin
content. The original EO population was derived from native varieties collected in Jalisco,
Mexico. This original (0) population contributed three subpopulations selected for grain
color: a) light (OPL), b) intermediate (OPI), and c¢) dark (OPD). Recurrent selection cycles of
S, lines within each subpopulation allowed selecting grain color in each selfing generation.
Grains of the synthetic populations of each grain color, (FPL, FPI, and FPD) were analyzed
for color, size, total anthocyanin content (TAC), and pigment profile. After one cycle of
recurrent selection, grains of OPL were lighter, while OPD hue changed from orange-yellow
to purple-red. Grain size decreased in all subpopulations, whereas TAC was not significantly
affected. The anthocyanin profile was modified for relative proportions of some pigments.
Selection cycles stabilized grain color in the subpopulations, decreased grain size, and did
not affect anthocyanin content.
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Color Stabilization and Anthocyanins in Elotes Occidentales

RESUMEN

El grano de la raza de maiz Elotes Occidentales (EO) se consume como elote y pozole,
este ultimo es un platillo tipico de la cocina mexicana. El objetivo del estudio fue analizar las
antocianinas del grano de una poblacidon de maiz EO mejorada por seleccion recurrente para
estabilizar el color del grano y aumentar el contenido de antocianinas. La poblacién original
EO se formd a partir de variedades nativas colectadas en Jalisco, México. De la poblaciéon
original (0) de EO se seleccionaron, por color de grano, tres subpoblaciones: a) claros (OPL),
b) intermedios (OPI), y c) oscuros (OPD). En cada subpoblacidn se hizo un ciclo de seleccion
recurrente de lineas S,, seleccionando por color de grano en cada generacion de autofe-
cundaciodn. El grano de las subpoplaciones finales (F), FPL, FP1 y FPD se analiz6 por color,
tamafio, contenido de antocianinas (TAC) y perfil cromatografico de antocianinas. Al final
del ciclo de seleccion recurrente, el grano de la subpoblaciéon OPL se tornd mas claro, en
tanto que en la poblaciéon OPD el tono de color del grano cambi6 de naranja amarillento a un
tono rojo morado. El tamafio del grano se redujo en las tres subpoblaciones, mientras que
el TAC no fue afectado. El perfil de antocianinas no se modifico, solo la proporcion relativa
de algunos de los pigmentos. La seleccidn estabilizd el color en las subpoblaciones, pero
disminuy? el tamafio del grano sin aumentar el contenido de antocianinas.

Palabras clave
Zea mays L. « seleccion recurrente » pigmentos ¢ calidad e pozole

INTRODUCTION

Mexico has a high maize (Zea mays L.) diversity, with 64 documented races (16). This
diversity stems from agroecosystemic variation and unique connections between each
race and traditional Mexican dishes (32). The Elotes Occidentales race, distributed from
100-to1500 m a. s. 1. in the states of Michoacan, Jalisco, Guanajuato, and Nayarit México
(31), is primarily used for pozole preparation due to its floury endosperm and large
cherry-red grain (30). Although grain color is not a primary consumer preference, deep-red
grains are favoured.

Recurrent selection is a cyclical breeding method used to improve quantitative traits by
repeatedly selecting superior individuals from a population, intermating them, and selecting
again from the progeny (11, 12,21). This method has successfully increased carotenoid content
in orange waxy maize grain (17). Rodriguez et al. (2013) conducted three cycles of recurrent
selection on a maize population with red, purple, and blue grains by visually selecting grains
with intense color. However, anthocyanin content only increased in the first cycle.

Anthocyanins are water-soluble pigments produced by plants via the phenylalanine
pathway (33). In maize, these pigments are in vegetative or reproductive tissues,
accumulating in grain pericarp, aleurone layer, or both (25). The number of genes involved
in anthocyanin synthesis and accumulation in grain tissues ranges from 15 (5) to 32 (4),
including structural, regulatory, and transport/storage genes. Anthocyanin accumulation
is a quantitative trait influenced by genetic and environmental factors (22). High altitude
and luminosity, and low night temperatures generally enhance pigment accumulation in a
genotype-dependent manner. Anthocyanin levels in 34 Elotes Occidentales landraces grown
in differentlocations in Mexico ranged from 39.6 to 266.4 mg pelargonidin 3-glucoside (P3G)
equivalents/kg dry weight (DW) (6). A non-conventional hybrid derived from the Elotes
Occidentales race showed an anthocyanin content of 160-180 mg cyanidin-3-glucoside
equivalents (CGE)/kg DW across two growing cycles (9).

Landraces of Elotes Occidentales maize are cultivated by small farmers in different
regions of Mexico. Grains are commercialized in regional markets or in small enterprises.
Consumers demand big, deep cherry grains for pozole preparation. However, no variety
or cultivar fulfils these requirements, thus this study used the recurrent selection method
for stabilizing grain color and increasing anthocyanin content in a population of Elotes
Occidentales maize race.
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MATERIALS AND METHODS

Genetic Material

The original germplasm consisted of a population of Elotes Occidentales (EO) maize
designated Purple Eight-Row Pozole Maize (PM8H12T), generated in 2009 through genetic
recombination of several landraces of the same maize race collected in Jalisco, Mexico. This
original population (OP) derived by visual selection of color intensity, in three groups or
subpopulations: light (OPL), pale pink to deep purple seeds; intermediate (OPI), cherry red
to deep red seeds; and dark (OPD), blue-purple to deep blue seeds.

Genetic Methodology

Maize inheritance of aleurone color involves up to 15 genes, including seven structural
genes, six regulatory factors, and two genes for pigment transport (5). Color was fixed and
stabilized in the three selected subpopulations via the pedigree method, selecting progenies
with the defined color categories (light, intermediate, and dark). Selection was conducted at
the experimental station of the Centro Universitario de Ciencias Bioldgicas y Agropecuarias,
de la Universidad de Guadalajara, in Zapopan, Jalisco, Mexico (20°43’ N, 103°23’ W; 1650 m
altitude; 18°C average annual temperature; 950 mm annual precipitation).

During Spring/Summer 2013 (2013 S/S), 30 plants (S) of each color category were
planted in two-row plots (5 m length, 0.75 m inter-row spacing, 0.33 m plant distance, =
40, 000 plants ha™). S, lines were obtained via the pedigree method at flowering. Twenty S,
lines were selected based on color and desirable agronomic traits: plant height, cob height,
lodging, and fungal cob damage. During Fall-Winter 2013-2014, the experiments were
conducted under greenhouse conditions. The selected S, families were planted in trays
(10 seeds per family). When seedlings reached a height of 15-20 cm, they were transplanted
to the field, in the greenhouse, and self-pollinated to obtain the S, generation, from which
20 families were re-selected. During Fall-Winter 2014-2015 (2014-2015 F/W), these S,
families were grown, self-pollinated, and 20 S, families with desired color intensity and
desirable agronomic traits were again selected per subpopulation.

IntheS/S2015 cycle, the20S, lines from each subpopulation were planted ina greenhouse
as described for S, generation. During flowering, plant-to-plant crosses were performed
between families, avoiding intra-family crosses. The resulting F, from each subpopulation
(OPL, OPI, and OPD) was harvested and shelled in masse. In the Fall/Winter 2017 cycle
(2017 F/W), F, seed samples from each population were sown in the greenhouse, followed
by plant-to-plant crosses within each population, obtaining F, seeds. This completed the first
selection cycle (Cl) derived from the S, OPL, OPI, and OPD populations, designated as FPL,
FPI, and FPD, respectively (“F” indicating the populations). Figure 1 (page 4), summarizes
the self-pollination and plant-to-plant cross processes.

Grain Variables by Color Subgroups of the Original and Selected Final Populations

Grain Color

Grain color was measured with a colorimeter (Hunter Lab MiniScan XE Plus Model
45/0-L), on a Cielab scale with illuminant D/65 and 10°angle. Readings were taken on grain
surfaces. Grains were placed on a gray plasticine base to simulate their real position in the
cob (28). Parameters were: Luminosity (L *), a*, and b*. The L* indicates the capacity to
reflect light, from zero for black to 100% for perfect white. The “a*” measures red in positive
values (+ a*) and green in negative values (-a*). The “b*” varies from yellow on the positive
side (+ b *) and blue on the negative side (- b *). Both a* and b*were used to calculate tone
angle or tint “hue” (h°) expressed in degrees, and color saturation or color purity “chroma”
(chroma), dimensionless. These variables were calculated according to McGuire (1992).

Weight of 100 Seeds

One hundred grains were manually counted and weighed on a semi-analytical balance
(Sartorius, model BL610), in triplicate for each subgroup of the original and final populations.
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Figure 1. Schematic stages followed from the original population of Elotes Occidentales
maize to obtain the final selected population.

Figura 1: Esquema de las etapas seguidas desde la poblacién original de maiz de la raza
Elotes Occidentales, para llegar a la poblacién final seleccionada.

Total Anthocyanins Content (TAC)

A sample of 25 grains from each color subgroup, from the original and final
populations, was crushed and defatted using petroleum benzene in a Soxhlet system
for 8 hours. The defatted samples were oven-dried at 37 + 2°C for 14-16 hours, ground
to 0.5 mm to determine moisture content. For anthocyanin extraction, 1 g of flour was
mixed with 20 mL of methanol acidified with 1% trifluoroacetic acid (TFA), sonicated for
15 minutes, refrigerated for 105 minutes, and centrifuged. The supernatant was filtered and
stored at -20°C. Total anthocyanin content (TAC) was measured using a spectrophotometer
at 520 nm with a pelargonidin 3-glucoside (P3G) standard curve. Results were expressed in
mg P3G equivalents per 100 g of dry weight (DW). Both extraction and quantification were
done in duplicate.

HPLC Anthocyanin Analysis

Anthocyanin extracts were concentrated in a rotary evaporator (R-215 BUCHI, SW)
and purified on an Amberlite XAD-7 resin column (Sigma-Aldrich, MN, USA). The resin
was activated with methanol for 24 hours under refrigeration before use. The anthocyanin
sample was applied to the column and washed repeatedly with 5% acetic acid. The column
was then eluted with 5% methanol acidified with acetic acid. Before to HPLC analysis, the
purified extract was concentrated with nitrogen gas and filtered with a 0.45 pm Millex filter
(Millipore Corporation, M.A.). We used a Perkin Elmer series 200 (USA) equipped with
a quaternary pump, degasser, UV-Vis detector with diode array (DAD), and autosampler,
controlled by the TotalChrom® program. A Hypersil ODS-2 analytical column (250 x 46 mm)
with 5 pm particle size, was used. Analysis followed the method described by Fossen et al.
(2001), adjusted by Salinas et al. (2005). We applied a gradient system with two solvents:
phase A: formic acid-water (HCOOH/H20), in a 1:9 (v/v) ratio, and phase B: formic
acid-water-methanol (HCOOH/H20/MeOH), in a 1:4:5 (v/v/v) ratio. A linear gradient from
10% B to 100% B for 17 min was used, an isocratic elution for 4 min (100% B), and a linear
gradient from 100% B to 10% B for 1 min. We used 20 pL samples, 1.2 mL min flow rate,
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and 21 min run time. Column temperature was maintained at 25°C. This analysis was run
in duplicate.

Commercial standards of cyanidin 3-glucoside (C3G), P3G, peonidin 3-glucoside (P3G),
and malvidin 3-glucoside (M3G) (Polyphenols, Nw) were used for anthocyanin identification
by comparing retention times with commercial standards. Spectra were obtained with the
diode array detector and checked with previously reported information (14, 22, 35).

Statistical Analysis

A paired means analysis was carried out (t-Student, p<0.05) with grain color, weight of
100 seeds, and total anthocyanin content from original and final populations, considering
three replicates. Analyses were performed with Statistical Analysis System, SAS 9.2.

RESULTS AND DISCUSSION

Grain Color and Weight of 100 Seeds

Table 1 shows color parameters of the original and final subpopulations of EO maize.
In the light-colored subpopulations (OPL), luminosity (L*) and chroma increased after the
selection cycle, indicating that FPL grains were lighter than those of the original population.
Hue angle (h°) differences were not statistically significant.

Table 1. Student’s t-test for paired means of grain color in light (PL), intermediate (PI),
and dark (PD) subpopulations of the original (OP) and final (FP) maize populations of
Elotes Occidentales.

Tabla 1. Prueba t-Student para medias pareadas para color del grano en las
subpoblaciones de color claro (PL), intermedio (PI) y oscuro (PD) de las poblaciones
original (OP) y final (FP) de maiz de la raza Elotes Occidentales.

Subpopulations by grain color in the original and final populations

Color
variables OPL FPL OPI FPI OPD FPD
Luminosity (L%, %) | 34.56 | 43.69** | 4120 | 3254 | 3444 | 33.88
Hue (h°) 4309 | 2807 5273 | 3067 | 6118 23.64 **
Chroma 1163 | 2168 | 1744 | 2321 9.06 7.01

In the intermediate-colored subpopulation (OPI), both L* and h° significantly decreased.
These changes indicate that FPI grains were darker, with hue turned from orange
(52.73°) to red-orange (30.67°). Selection cycles in the dark subpopulation (OPD), did not
significantly affect L* or chroma, but decreased h° to a red-purple tone.

After selection, color was visually evaluated. All subpopulations achieved color stabili-
zation. Color parameters in the light colored subpopulations with respect the OP are typical
of the Elotes Occidentales maize race. Garcia-Cruz et al. (2023) reported L* values ranging
from 41.9 to 49.9%, h° from 51.4 to 65.0°, and chroma between 12.1 and 17.8 for grains of
non-conventional maize hybrids of this race. In contrast, h°® obtained for color subgroups
of the FP were lower than those reported (9), indicating a more reddish grain tone in the
studied hybrids.

Figure 2 (page 6), shows visual grain-color changes among the three subgroups of OP
and FP. Interestingly, in FPI only the pericarp was brick-orange, whereas the aleurone
retained its characteristic cherry red of Elotes Occidentales. Even though this result is not
relevant for pozole preparation -the process includes pericarp removal- the color perceived
by consumers combines aleurone and pericarp colors. Grain reddish tones in FPI (figure 2,
page 6) are not appreciated by consumers.
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Subpopulations |Original population | Final population

S —— Grain and pericarp FP

Light color

Intermediate
color

Dark color

Figure 2. Different grain color subpopulations in the original (OPL, OPI, and OPD) and
final populations (FPL, FPI, and FPD) of Elotes Occidentales race, and grain and pericarp of
final subpopulations (FP).

Figura 2. Fotografias de las diferentes subpoblaciones por color de grano de maiz en
las poblaciones originales (OPL, OPIy OPD) y finales (FPL, FPl y FPD) de la raza Elotes
Occidentales y grano y pericarpio en los granos de las subpoblaciones finales (FP).

The 100-seed weight (100SW) was affected by the selection cycle, stabilizing grain
color. In the OP, 100SW was similar among the three grain color subpopulations, averaging
60 g, similar to pevious reports Vazquez-Carrillo et al. (2024). Grain size of the three FP,
was smaller than in OP (figure 3, page 7). This reduction likely occurred because visual
selection of color intensity indirectly favored smaller grains, since the pigment is located in
the aleurone, where higher anthocyanin content produces a more intense color. Grain size
differences between OP and FP were greater in the intermediate and dark grain groups.

In maize, grain size is mainly controlled by genetic factors, particularly from the
maternal parent (34). However, environmental factors such as plant density, fertilizer rate,
and irrigation also influence grain size (1). We minimized this influence by conducting all
experiments under standardized conditions.

The primary culinary use of the Elotes Occidentales maize race in western Mexico
is for pozole, a traditional Mexican dish. Large grains are highly valued for an earlier
“grain flowering” during cooking (3). Therefore, the reduced 100-seed weight in the
subpopulations after inbreeding is an unfavorable outcome. Since our study included only
two recombination cycles, additional cycles may recover the original grain size.

Total Anthocyanins Content (TAC)

Grain anthocyanins in maize can accumulate in the pericarp, aleurone layer, or both
(25). In the cherry-red grains of the EO population used in this study, anthocyanins only
accumulate in the aleurone layer. After the selection cycle, no significant differences
were observed between paired means of each grain color subpopulation. However, there
was a non-significant tendency to reduce total anthocyanin content (TAC) among the
subpopulations atthe end of the selection cycle (figure 4, page 7). The original subpopulations
had TAC values by grain color of 28.47,44.58, and 47.31 mg PGE/100 g DW, for OPL, OPI and
OPD, respectively. The final subpopulations had TAC levels of 22.73, 32.79, and 38.34 mg
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PGE/100 g DW, for FPL, FPI, and FPD, respectively. TAC values observed in the different
grain colors of the EO maize subpopulations are similar to those reported for maize with
similar pigmentation (6, 22).
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Figure 3. Weight of 100 grains in the color subpopulations of the original and final
populations of the Elotes Occidentales maize race.

Figura 3. Peso de 100 granos en las subpoblaciones por color de grano de las poblaciones
original y final de la raza de maiz Elotes Occidentales.
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Figure 4. Total grain anthocyanin content (TAC) in the subpopulations with different color
intensities in the original and final populations of Elotes Occidentales maize race.
Figura 4. Contenido total de antocianinas (TAC) en el grano de las subpoblaciones con
diferentes intensidades de color de las poblaciones originales y finales de la raza de maiz
Elotes Occidentales.
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During the recurrent selection cycle on the OP, pigment location was maintained in the
aleurone layer for the subpopulation with light grain color, characteristic of maize with
cherry red grains (22, 25). Maize with anthocyanin accumulation in this tissue (blue/purple
and cherry red grains), start anthocyanin synthesis around 20 days after pollination (DAP),
with exponential increase until approximately 56 DAP (24). In the intermediate-colored
grains of both OP and FP, pigment accumulation was observed in aleurone and pericarp.

References on the use of recurrent selection to increase anthocyanin content in maize
are limited. Rodriguez et al. (2013) applied three recurrent selection cycles to a maize
population containing a mixture of black, purple, blue, and pink grains. Although pigment
location was not specified, it was likely in the aleurone layer, given the grain colors
mentioned. They reported increasing anthocyanin contents after the first selection cycle,
followed by reductions in the two subsequent cycles.

Eightstructural genes (PAL, CHS, CHI, F3H, DFR, ANS, UFGT, and GST) encode key enzymes
for anthocyanin biosynthesis, while 36 to 79 transcription factors are involved, depending
on the tissue (pericarp or aleurone layer, 19). Recent studies have also highlighted the role
of microRNAs modulating transcription factors and affecting gene expression and antho-
cyanin synthesis and accumulation in plants (33).

The genetic control of anthocyanin accumulation depends on the tissue - pericarp (2n)
or aleurone (3n). More genes encode anthocyanin biosynthesis in the aleurone layer (29).
Khamphasan etal. (2020) successfully used modified mass selection to increase anthocyanin
content in leaves and cob of five purple maize populations. They applied five visual selection
cycles, choosing color intensity in the target tissue in each cycle. Consistent increases in
anthocyanin content were observed across cycles, attributed to allele fixation and genetic
correlation between the target traits.

Anthocyanin accumulation is affected by biotic and abiotic factors. Among abiotic
factors, low temperatures increase accumulation, whereas high temperatures decrease
anthocyanin concentration in plant tissues. Regarding light, quality is more important than
intensity (15). Although our experiments were conducted in the same location across years,
those performed during the Summer/Winter season were carried out under greenhouse
conditions, which may have affected grain anthocyanin concentration.

Anthocyanins Profile

Figures 5a, 5b, and 5c¢ (page 10), show the HPLC chromatograms of the OPL, OPI, and OPD
subpopulations of EO maize. The raw OPL chromatogram representing the characteristic
anthocyanin profile of EO grain displayed 15 peaks. Peaks 3 and 10 were the most abundant,
with relative area percentages of 14.5% and 35.1%, respectively (table 2, page 9). These
peaks correspond to pelargonidin 3-glucoside (P3G) and pelargonidin 3-malonyl glucoside
(P3MG), consistent with prior findings (Paulsmeyer et al, 2017). Barrientos-Ramirez et al.
(2018) also reported Pg3G as the predominant non-acylated grain anthocyanin of pink EO
maize. However, they identified cyanidin malonyl glucoside as the predominant acylated
anthocyanin. Conversely, Paulsmeyer et al. (2017) reported P3MG as the predominant
acylated anthocyanin in cherry-red maize grain, agreeing with our results.

The OPL (figure 5a, page 10) and OPI (figure 5b, page 10) subpopulations had
similar anthocyanin profiles but were different from OPD (figure 5c, page 10). OPD had
predominant peaks 1 (13.3%) and 8 (28.6%), corresponding to cyanidin 3-glucoside (C3G)
and cyanidin 3 malonyl glucoside (C3MG), respectively (table 2, page 9).

Anthocyanin profiles of the three subpopulations indicate that native populations
represent a complex mixture of genes, expressed in various grain colors as a result of
segregation. Mixed-color grain samples yield non-representative chromatograms, as the
profile changes with the relative proportion of each color. Anthocyanin profile of OPD grain
(figure 5c¢, page 10) corresponds to that reported for blue-purple maize races such as Elotes
Conicos and Chalqueiio (27).

We differentiated acylated from non-acylated anthocyanins by treating the raw extract
from OPL with KOH 10% (7). The chromatogram of the raw alkaline-treated sample showed
four peaks (figure 5b, page 10). Missing peaks corresponded to acylated anthocyanins,
predominant in cherry red maize grain. Peaks 1 and 3 correspond to C3G and P3G,
while peaks 1’ and 2’ may represent condensed forms of anthocyanins (10, 22). These
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forms could originate from acylated anthocyanins like catechin-(4,8)-pelargonidin-3-ma
lonylglucoside-5-glucoside, described in maize aleurone layer (4), losing the acyl radical,
but retaining the flavanol moiety (catechin or epicatechin) (10).

Figure 5c (page 10), shows the chromatogram of the acid hydrolysis extract of OPL
sample, revealing the aglycones or anthocyanidins. In the OPL subpopulation, 90.1% of the
total anthocyanins were pelargonidin derivatives, while 9.9% were cyanidin derivatives.
Cyanidin, characterized by two OH groups in the B ring, gives a blue-purple hue, whereas
pelargonidin, with one OH group, is associated with red hues (13). These results align
with findings by Salinas et al. (1999) and Paulsmeyer et al. (2017) for maize grain with
pink aleurone.

Table 2. Anthocyanin retention time, area (relative percentage), and identity in grains of
the subpopulations.
Tabla 2. Tiempo de retencién, porcentaje relativo de area e identidad de las antocianinas
presentes en el grano de las subpoblaciones.

Rt Relative percentage of area (%) .
Peaks X Identity
(min) | op. | FPL | OPI | FPI | OPD | FPD
1 10.09 2.2 0.8 1.6 1 133 | 129 Cy 3-G
2 10.83 NP NP NP NP 3.3 NP CMG
3 11.16 | 142 | 109 | 155 | 139 5.5 3.7 Pg 3-G
4 11.3 NP NP NP NP 3.9 3.9 CMG
5 11.88 0.5 0.7 0.7 0.4 5.5 NP Pn 3-G
6 12.15 48 7.7 5.3 6.9 1.3 2.4 NI
7 12.55 4.5 5.2 3.1 4 1.3 NP NI
8 12.77 5 3.8 4.6 4.8 28.6 | 29.8 CMG
Aglycones 9 13.55 2.2 0.7 2.1 2 6.1 10.4 CMG o PnMG
10 1383 | 351 | 375 | 348 | 385 | 114 | 134 PgMG
11 14.37 1.4 0.9 2.3 1.7 3 2.7 NI
12 14.59 2.9 4 3.5 3.9 1.3 1.4 NI
13 14.82 5.7 8.2 7 8.4 1.5 1 NI
14 15.08 10.4 12.4 8.8 10 3 3 NI
15 15.48 2.5 1.9 2.8 1.3 0.7 0.9 PnDMG
16 Cyanidine
17 Pelargonidine
Condensed
anthocyanins
v NI
z NI
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Light color (OPL), intermediate color (OPI), and dark color (OPD) of the Elotes Occidentales race. a) OPL, b) OP], and c) OPD. Raw
extract anthocyanin chromatogram from OPL (Aa), alkaline hydrolysis extract (B), and acid hydrolysis extract (C). Peak identities are:
peak 1 =Cy 3-G; 3 = Pg 3-G; 5= Pn 3-G; 2, 4, 8=: isomer of cyanidin malonyl glucoside; 1’ 2’, 6, 7, 11-14= not identified; 16= Cyanidine;

17= Pelargonidine.

Color claro (OPL), color intermedio (OPI) y color oscuro (OPD) de la raza Elotes Occidentales. a) OPL, b) OPI'y c) OPD. Cromatograma de
antocianinas del extracto crudo de OPL (Aa), del extracto sometido a hidrdlisis alcalina (B) y del extracto sometido a hidroélisis acida (C). Las
identidades de los picos son: pico 1 = Cy 3-G; pico 3 = Pg 3-G; pico 5 = Pn 3-G; picos 2, 4 y 8 = isémero de cianidina malonil glucésido; picos 1’
2',6,7y 11-14 = no identificados; pico 16 = cianidina; pico 17 = pelargonidina.

Figure 5. HPLC chromatograms of grain anthocyanin extracts of the original subpopulations.

Figura 5. Cromatogramas de HPLC de los extractos de antocianinas del grano de maiz de las
subpoblaciones originales.

The HPLC chromatograms of grain from the final subpopulations, grouped by color tone
and intensity, are shown in Figure 6. The anthocyanin profile of the FPL (figure 6a, page 11)
and FPI (figure 6b, page 11) subpopulations was similar, despite the visual color differences
between them. The brick orange color of the FPI grains originates in the pericarp, and is due
to the presence of phlobaphene pigments, while the aleurone remains cherry red (figure 2,
page 6). Phlobaphenes are polymers of the flavonoids luteoforol and apiforol, which share
the same initial precursor, naringenin, in the anthocyanin biosynthetic pathway. These
pigments did not appear in the anthocyanins chromatogram because they are insoluble in
the solvent used for anthocyanins extraction (4).

Both the FPD (figure 6¢, page 11) and OPD (figure 5C) subpopulations had similar
anthocyanin profiles, only differing in relative percentages of each anthocyanin according
to grain color tones of initial and final populations (table 2, page 9). Notably, the selection
methodology led to predominance of blue/purple grains in the FPD subpopulation, enriched
with cyanidin derivatives.

Anthocyanin accumulation in the aleurone layer requires expression of R1 and C1 genes
(Sharma et al,, 2011). Red or purple aleurone in maize grain is due to cyanidin (purple)
or pelargonidin (red) (24), with chemical structures differing by the number of hydroxyl
groups controlled by a present Pr1 or absent pr1 allele of a single gene. The expression of
prl1 requires the actions of c1 and r1 regulatory genes (29).
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Figure 6. HPLC chromatograms of the anthocyanin extracts from grains of the final
subpopulations.

Figura 6. Cromatogramas de HPLC de los extractos de antocianinas del grano de maiz de
las subpoblaciones finales.

CONCLUSIONS

After one cycle of recurrent selection of S, lines for grain color fixation, applied to three
subpopulations of the original Elotes Occidentales population, selection favored color
fixation with less segregation. Still, it reduced grain size in the three final subpopulations.
The selection methodology used did not favor grain cherry red color intensity in the Elotes
Occidentales population, which only accumulates anthocyanins in the aleurone layer. After
the breeding procedure, the grain anthocyanin concentrations was not augmented and the
qualitative anthocyanin profiles were maintained, but the relative abundance of some peaks
was modified, particularly in the subpopulation with dark grain color.
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