Endosperm genotyping as a strategy to differentiate
the allele source in maize heterozygous progeny
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Abstract — The objective of this work was to distinguish the parental source of alleles in heterozygous progeny
using semiquantitative polymerase chain reaction (PCR) in maize endosperm. Endosperms derived from
direct and reciprocal single-cross hybrids between maize inbred lines L3 and L1113-01 were genotyped by
semiquantitative PCR methodology (SQ-PCR) using fluorescent microsatellite primers. The amplification
products were evaluated by the ratios of fluorescence intensity (RFI), calculated between the peaks corresponding
to the alleles derived from each parental line. Based on the statistically significant contrast between RFI mean
values of direct and reciprocal single-cross hybrids, it was possible to distinguish the number of alleles received
from each parental line and, ultimately, to determine the origin of the alleles of each cross. Thus, endosperm
genotyping using SQ-PCR is a promising strategy to map QTL in maize outbred populations.

Index terms: Zea mays, allelic origin, heterozygote, natural populations, polygenes, semiquantitative PCR.

Genotipagem do endosperma como estratégia para diferenciar
a origem de alelos em progénies heterozigoéticas de milho

Resumo — O objetivo deste trabalho foi distinguir a origem de alelos em progénies heterozigéticas usando
reagdo em cadeia da polimerase (PCR) semiquantitativa em endosperma de milho. Endospermas derivados
de hibridos simples diretos e reciprocos entre as linhagens de milho L3 e L1113-01 foram genotipados pela
metodologia de PCR semiquantitativa (PCR-SQ) com uso de primers microssatélites fluorescentes. Os produtos
de amplificagdo foram avaliados por meio da razdo de intensidade de fluorescéncia (RIF), calculada entre os
valores de intensidade dos picos correspondentes aos alelos derivados de cada genitor. Com base no contraste
estatisticamente significativo dos valores médios das RIF entre os hibridos simples direto e reciproco, foi
possivel distinguir o nimero de alelos recebidos de cada genitor e, finalmente, determinar a origem dos alelos
de cada hibrido. Assim, a genotipagem de endosperma utilizando PCR-SQ ¢ uma estratégia promissora no
mapeamento de QTLs em populagdes exogamicas de milho.

Termos para indexacdo: Zea mays, origem alélica, heterozigoto, populacdes naturais, poligenes, PCR
semiquantitativa.

Introduction

Mapping quantitative trait loci (QTL) is the first
step towards identifying specific genes and ultimately
understanding gene action (Gilmour, 2007). The
simplest procedure to detect QTL is the single-marker
analysis, which is based on statistical comparison
between phenotypic mean values of the trait on each
genotypic class of the marker. A significant result
describes the existence of linkage between the marker
and the QTL related to the trait (Coelho, 2000).

The segregating population has a critical importance
for the success in map construction, thus the
importance of parental selection and the crossing-type
determination (Carneiro & Vieira, 2002). Lynch &
Walsh (1998) distinguished the mapping populations
in terms of inbred line crosses and outbred populations.
The latter category can be divided into crosses
deliberately performed to maximize the efficiency on
QTL detection (e.g. half-sib and full-sib populations),
and the crosses done in natural populations.
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The main difference between inbred and outbred
crossings is that the parentals of the latter generally
have unknown genotypes (Slate, 2005). This fact
has serious consequences, since only a fraction of
the offspring is informative in an outbred population
(Lynch & Walsh, 1998). An informative genotype must
contain at least one informative gamete, which allows
the identification of the origin of its alleles (Da &
Lewin, 1995). The frequency of informative genotypes
is a feature of each population type directly linked to
the allelic frequency and crossing type, and relies on
previous knowledge of the parental genotype (Guo &
Elston, 1999).

Endosperm is a reserve tissue that guarantees the
nutrition of the developing embryo which has several
unique genetic properties. This tissue originates from
the fusion between a polar male gamete and two
female gametophyte nuclei. This fusion generates the
triploid endosperm nucleus, which develops by mitotic
divisions, carrying two copies of the maternal alleles
and one copy of the paternal allele in its genome (Wu
et al., 2002; Wang et al., 2008). Therefore, for a locus
with two alleles (M, and M), four genotypes (M, M M,,
MM ;M,, M;M>M, and M,M,M,) are possible, whereas
in a diploid plant only three genotypes are possible (Xu
et al., 2003). So, the endosperm genotype of direct or
reciprocal crosses between two different genotypes will
be different (Wu et al., 2002), and the endosperm, as
well as the whole plant, represents the next generation
(Wen & Wu, 2007).

These attributes make the endosperm a very
interesting tissue source, especially for QTL
mapping and detection in outbred populations in
which heterozygotic genotypes are excluded from
the analyses due to the lack of information on the
origin of their alleles. A feasible way to include the
heterozygotes in this analysis would be genotyping
the endosperm, since it is expected that a M;M,
heterozygote presents M;M;M, or M;M,M, endosperm
genotypes when the female parent donates the M,
or M, allele respectively. Thus, independently of
knowing the parental genotypes, the origin of both
alleles could be determined in the heterozygotic
offsprings, and their phenotypic information could
be used to compose the mean values in the contrast
to test the association between the M locus and the
0O QTL. Based on endosperm genotyping, two groups
could be identified for the M locus in the offspring: one
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group composed by individuals carrying the M, allele
(MMM, and M,;M;M;), and a second group formed
by the M,M,M, and M,M,M; genotypes that received
the M, allele from the female parent. The association
hypothesis between Q and M can then be evaluated
by the contrast between the phenotypic mean values
of groups 1 and 2 using t-statistic. By including the
heterozygous progenies in the mean values calculation,
higher accuracy is expected for QTL detection.
Semiquantitative  polymerase chain reaction
(SQ-PCR) has results for gene expression analysis
highly correlated with Northern blot (Dutta et al., 2007)
and in situ hybridization (Tao et al., 2007). Recently, a
combination of simple sequence repeat (SSR) markers
and semiquantitative PCR in agarose gel has been
proposed to evaluate allele dosage in maize endosperm
(Martins et al., 2009). The advent of automated DNA
sequencers has significantly improved the precision
and the resolution in polymorphism detection, mainly
considering differences lower than ten base pairs, which
is the case of the polymorphisms revealed by SSRs.
The objective of the present work was to implement
semiquantitative PCR using fluorescently labeled
SSR primers, in order to identify the allelic origin in
heterozygous maize progenies by means of endosperm

genotyping.

Materials and Methods

Maize seeds of the L3 and L1113-01 inbred lines,
as well as their direct and reciprocal crosses, were
supplied by the Maize Breeding Program of Embrapa
Milho e Sorgo. The hybrids were named after the first
line’s female parent.

DNA extraction proceeded according to the
protocol suggested by Leiva (2006). After removing
the pericarp with aid of a razor blade, approximately
100 mg of endosperm (one third of the seed weight)
were ground to yield a fine powder. Then, 600 pL of
extraction buffer (1% sarcosyl; 100 mmol L' Tris-HCl
pH 8; 100 mmol L' NaCl; 200 mmol L' EDTA pH 8.0)
were added, vortexed vigorously for 20 s and mixed by
continuous inversions at room temperature for 15 min.
Anequal volume of phenol:chloroform:isoamyl alcohol
(25:24:1) was added to the mixture, mixed gently and
centrifuged at room temperature for 5 min at 15,000 g.
The aqueous phase was removed to a new tube, an
equal volume of chloroform:isoamyl alcohol (24:1) was
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added, and the previous procedure was repeated. The
DNA was precipitated by adding 450 pL of isopropanol
to the supernatant at -80°C for 30 min and centrifuged
at 15,000 g for 10 min. The pellet was washed with
70% ethanol for 5 min, dried at room temperature for
24 hours and ressuspended in distilled water. DNA was
quantified in 0.8% agarose gel with a DNA standard
of known concentration. After electrophoresis at 60 V
for 30 min, the gel was treated with ethidium bromide
(1 mg mL") and visualized under ultraviolet light with
the Eagle Eye II system (Stratagene Cloning System:s,
Inc., La Jolla, CA, USA).

Two microsatellite primers bnlgi208 and umc2025
were fluorescently labeled with 6-FAM and previously
selected due to the polymorphism between the inbred
lines L3 and L1113-01. The primer umc2025 amplifies
a tetra-nucleotide repeat SSR and is located at bin
1.05, while bnigi208 is a di-nucleotide repeat locus
mapped at bin 5.03. Additional information about the
loci is available in the Maize Genetics and Genomics
Database (2006).

Amplification reactions were carried out individually
for each primer following the parameters described by
Martins et al. (2009). The PCR cycles consisted of an
initial denaturation at 95°C for 2 min, nine cycles at
94°C for 20 s, 68°C for 20 s with a decrease of 1°C per
cycle, and 72°C for 20 s, followed by 21 amplification
cycles at 94°C for 20 s, 60°C for 20 s and 72°C for
20 s. The number of amplification cycles was defined
by Martins et al. (2009) as being the best representation
of the exponential phase. The PCR products were
evaluated in the ABI Prism 377 (Applied Biosystems
Incorporation, Foster City, California, USA) genetic
analyzer following the manufacturer protocols
with a GS500-ROX size standard in each line. The
electropherogram was generated by the GeneScan 2.1
software (Applied Biosystems do Brasil, Sdo Paulo,
Brazil); each peak represents the relative fluorescence
of the detected fragment (y-axis) over the number of
scans per hour converted in base pairs according to the
size standard (x-axis).

The ratios of fluorescence intensity (RFI) were
calculated based on the peak area among the
amplified fragments that correspond to the alleles
derived from the parental lines L3 and L1113-01.
For each L3 x L1113-01 and L1113-01 x L3 hybrid,
DNA was extracted from three different samples,
which constituted the biological replicates, and three
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amplification reactions were carried out for each
sample. RFI values were subjected to analysis of
variance, at 5% probability. When homogeneity of
variance was observed, all observations of each primer
for each hybrid were jointly evaluated in a completely
randomized design, with two fixed treatment effects
(L3 x L1113-01 and L1113-01 x L3 hybrids) and nine
replicates each. Amplification products of the parental
DNA were used as positive or negative controls
throughout the analyses.

Results and Discussion

The protocol used for DNA isolation from endosperm
yielded DNA with adequate quality to perform the
PCR reactions, but for some extractions the amount
was not enough to be visualized in agarose gel stained
with ethidium bromide. The average DNA yield was
250 ng per seed, which is sufficient for approximately
ten amplification reactions.

The low yield of endosperm DNA extraction in
comparison to that commonly obtained from leaf tissue
canbeexplained by specifictissue variations, such as cell
size and number, rate of cell division and concentration
of extracellular DNA, or even by differences in the
chemical and structural composition of these tissues
(Ramos et al., 2006). This lower efficiency can also
be attributed to DNA loss by the endospermatic tissue
during the reserve accumulation phase in the seeds.
When starch is formed, organelles rupture and the
cellular content is modified, with expressive reduction
in nucleic acid amount, culminating in cell death and
total filling of the starch reserves (McDonald et al.,
1994).

Seeds are plant reproduction structures, with reserve
tissues rich in carbohydrates, lipids and proteins
that are responsible for embryo maintenance during
the germination process (Carvalho & Nakagawa,
2000). These molecules hamper DNA isolation, and
require more washes with organic solvent (isoamylic
chloroform-alcohol) in the extraction protocol.
This also reduces the total amount of isolated DNA,
since, according to Ramos et al. (2006), part of these
molecules cannot be separated from other organic
compounds and are thus discarded. However, in a
protocol developed by Gao et al. (2008) for maize
seed DNA extraction, 30 mg of endosperm fragment
yielded enough high-quality DNA for around 200 PCR
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reactions. Therefore, DNA extraction from seeds may
not be a critical issue for the wide utilization of this
genotyping strategy.

The amplified fragments of the bnlg/208 and
umc2025 primers were plotted on electropherograms
(Figure 1), where the inbred lines L1113-01 or L3
presented one peak, and both L1113-01 x L3 and
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L3 x L1113-01 hybrids showed two peaks with
different relative fluorescence intensities, indicating
the differences in the original concentration of both
alleles in the endosperm, as expected. The bnigi208
primer amplified the alleles of 104 ¢ 97 bp (Figure 1 A),
while the alleles amplified by the umc2025 primer
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Figure 1. Electropherograms showing alleles amplified using the SSR bnlg/208 (A) and umc2025 (B) primers
labeled with 6-FAM. The horizontal axis corresponds to the number of scans per hour, where the position of
the detected fragments is converted in base pairs according to the GS500-ROX size standard. Inbred lines L3
and L1113-01 show one allele, and both L1113-01 x L3 and L3 x L1113-01 hybrids showed two alleles.
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were of 130 and 123 bp for the L.1113-01 and L3 lines
(Figure 1 B), respectively.

The amplification conditions defined by Martins
et al. (2009) and applied in the present work were
also suitable for allelic dosage discrimination using
fluorescently labeled SSR primers, and allowed the
discrimination of the two reciprocal hybrids. The
significant contrast (p<0,05) between the mean
values of RFI for both direct and reciprocal hybrids
using the fragments amplified by the bnig/208 and
umc2025 primers enabled assuming the different
contributions of the two parental alleles in the
endosperm of the direct and reciprocal hybrids
(Table 1). The differentiation of the initial number
of DNA molecules by PCR has been demonstrated
since the 1990’s, assessing the amplified products
during the exponential phase (Ferre, 1992).

SSRs are usually good choices of markers for
mapping studies due to their multiallelic nature,
which maximizes the proportion of informative
parents in outbred crosses (Slate, 2005). However,
the methodology proposed in the present work can be
applied irrespective of the chosen marker. While using
dominant markers such as Amplified Fragment Length
Polymorphism (AFLP), the ratios of fluorescence
intensity must be calculated between the intensity
value of the band amplified in the sample and the
intensity value of the band of a standard sample
containing defined amounts of the allele. Thus, the
semiquantitative PCR using fluorescent SSR markers
in maize endosperm genotyping allows inferences
regarding the origin of each parental allele in a
heterozygous progeny. This establishment will permit
the inclusion of the heterozygous individuals in the
QTL analyses, significantly increasing the accuracy
in outbred-population mapping studies.

Table 1. Summary of analysis of variance of contrasts
between RFI mean values of the L3 x L1113-01 and L3 x
L1113-01 hybrids for the amplification products using the
SSR bnlgi208 and umc2025 primers.

Source of variation df Mean square
bnlgl1208 umc2025
Contrast 1 6.9364* 6.8508%*
Residual 16 0.0151 0.0326
L3xL1113-01 1.795 1.765
L1113-01 x L3 0.554 0.531

CV (%) 15.73
*Significant at 5 % probability.

Conclusions

1. Endosperm genotyping by semiquantitative PCR
methodology using fluorescent microsatellite markers
permits the identification of different allelic origins in
maize heterozygotes.

2. The proposed methodology is applicable to any
population type and can be tested for other marker
systems.
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