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INTRODUCTION

In terms of global production, maize (Zea mays.L. 2n=20) is
the third most important cereal crop after wheat and rice. The
center of origin is Mexico. According to the Food and
Agriculture Organization (FAO) (FAOSTAT, 2003), out of 593
million tons of maize produced from 142.3 million hectares
globally, 17 percent is used as food for humans and 66
percent as feed for animals. It has been cultivated in a wide
range of environmental conditions from sea level to over 3000-
4000 m for more than 5000 years. Maize plays many varied
and important roles in society and has broad economic
impacts. Maize is an important crop in many developing and
developed nations (Corn India, 2008). It is not only a major
livestock feed crop and an important source of industrial
products, but also an important experimental model plant
(Haberer et al., 2005).

The process of domestication of all major crops has taken
place during a brief period of 10,000 years (Harlan, 1992).
Domestication is a complex process, which leads to the
evolution of a crop with morphological and physiological
changes that make it different from the wild ancestors
(Purugganan et al., 2009). Maize is one such crop which is
structurally different from its wild ancestors, teosinte, which
has tiny unsheathed cobs (IENICA, 2009). During the process
of domestication maize was subjected to strong selective
pressure on the genes controlling traits of agronomic
importance.  The adaptation of maize to a wide range of
ecological zones led to the evolution of various traits like
stress tolerance, photoperiod insensitivity, grain yield, etc.
(Dhillon et al., 2002).  Maize has advantages over other cereals
in its wide tolerance to different climates and highest yield of

grain compared to major cereals such as wheat and rice (Corn
India, 2008).

Cereals have a common ancestor 50 million years ago, but
their genome size varies considerably. The genome map
organization is highly conserved among the cereals (Wei et
al., 2007). Maize is a good model for study due to its adaptive
ability and genetic plasticity with the contributing factors of
outcrossing mating system, C4-associated physiological
efficiency and immense genetic diversity (Dhillon et al., 2002).
Maize, with a 2.3 gigabase genome, has a long history as a
model organism in genetic studies. The combination of
economic and genetic importance has made maize an
important organism in genomic studies (Massing 2005;
Schnable et al., 2009). Maize also has larger sized organs like
leaf primordia and shoot apical meristems which make it a
better system for the study of developmental genetics and
genomics (Scanlon and Strable, 2009).

Organization of the maize genome is quite complex, even
though it has a simple diploid genome with 10 pairs of
chromosomes (Wei et al., 2007). Knowledge of the variability
present in the crop helps identify alleles which give better
agronomic performance (Mackay 2009; Kumar et al., 2013).
Domestication and crop improvement has led to the selection
of specific genes controlling morphological and agronomic
traits (Yamasaki et al., 2007). Flowering time is one such trait
that allows the plant to adapt to the environment by modifying
the vegetative and reproductive stages to local climatic
conditions (Buckler et al., 2009). Flowering time is of
fundamental adaptive importance because it determines when
the reproductive switch occurs and resources begin to be
allocated towards reproduction and yield, and the optimal
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timing of this switch may differ between environments (Wei et
al., 2007). Maize genetic architecture for flowering time has
evolved under an outcrossing mating system in a species with
little population differentiation (Hamblin, 2007; Lui, 2003).
Ultimately, the identification of desirable flowering time
quantitative trait loci (QTLs) will allow the development of
varieties with improved yield parameters across different
environments.

Recently, the whole genome of maize inbred line B73 (2,300
Mb) has been sequenced and over 32,000 genes have been
annotated. These data will help to identify the genes related to
traits for domestication and adaptability of maize like flowering
time (Rayburn et al., 1993; Schnable et al., 2009).  So far, 313
QTLs have been identified for the flowering time trait, and
among these 6 QTL had major effects (Chardon et al., 2004).
For example, vegetative to generative transition 1 (vgt1),
located on chromosome 8, is a major flowering time QTL that
functions as a cis-acting regulatory element of an AP2 gene.
This locus has also been identified as one of the key
components of flowering time that is involved in plant genetic
adaptation to environments (Salvi et al., 2007).

Work conducted previously with 5000 recombinant inbred
lines (RILs) between B73 and 25 other diverse inbred parents
identified several QTLs responsible for flowering time variation
(Buckler et al., 2009; McMullen et al., 2009). Subsequently,
near-isogenic lines (NILs) were also produced from these same
parents for QTL validation and fine mapping. For the flowering
time QTL study the assumption was that B73 and the other
parental lines were significantly different from each other with
respect to both flowering time and the number of stem nodes.
The number of nodes is an important trait for tracking the
transition from the vegetative to reproductive stages.  In the
present study, single nucleotide polymorphisms (SNPs) and
indels in or near suspected flowering time-containing QTL
regions were assayed both to determine if flowering time and
node number were affected by the introgressions found in
NIL069 and whereas not for NIL005 and to identify
recombinants to narrow the QTL region. Correlation of
flowering time phenotypes in segregating NIL families and
recombination events across these regions will enable the
refinement of QTL positions and aid in the development of
genetic markers predictive of flowering time.

MATERIALS AND METHODS

Genetic Stocks, Planting and Phenotyping
Maize recombinant inbred lines (RILs) had been developed
by crossing B73 to each of 25 diverse inbred parents (i.e.,
NAM panel; see Buckler et al., 2009).  Progeny of each
generation were then backcrossed to B73 a total of five times
to produce NILs (near isogenic lines). At each backcross
generation, individuals with non-B73 genotypes were selected
for regions containing QTLs of interest. Progeny of the BC5
generation were then selfed to create segregating populations
(BC5S1).   NILs were developed based on locations of flowering
time QTL in the joint linkage model across 26 families (Buckler
et al., 2009). However, the selection of families to create NILs
at each QTL was constrained and arbitrary since full data is
not available at the time of establishment of this experiment

(Buckler et al., 2009).

In this study, two NILs expected to carry flowering time QTLs
introgressed from one of the diverse inbred parents into a B73
background were selected for detailed analysis.  NIL069
contained a 4Mb introgression on chromosome 6 from
CML52 at 106.33-110.52 Mb, and NIL005 with a 7 Mb
introgression from CML333 on chromosome 2 at 192.60-
201.95 Mb. Later it was inferred that only the introgression
from CML52 carried the QTL under study; the introgression
in NIL069 was expected to carry the QTL at 108.2 Mb reported
by Buckler et al. (2009). The above NILs were planted and
grown on field plots located at the Robert Musgrave Research
Farm in Aurora, NY, approximately twenty miles north of
Cornell University, Ithaca, NY. In May 2009, seeds from NIL069
and NIL005 were planted in 15-foot rows with 18 seeds per
row.

During the month of August, tissue samples were collected
from all plants for genotyping, and during September
phenotypic data were also collected for two flowering time-
related traits: days to flowering, or the number of days from
planting to when the anthers are 50% dehisced; number of
leaves / node number, the total number of nodes on the plant
as calculated by adding the number of nodes below the
primary (largest and highest) ear to the number of nodes above
the primary ear.  To check for Mendelian segregation within
NIL069, a simple trait, anther color, or the color of the anthers
when 50% of the anthers have dehisced, was also recorded.

Genotypic Analyses
Genomic DNA was extracted from leaf samples from NILs 069
and 005 using the Extract-N-Amp® protocol (Sigma Adrich,
2010). The indel and SNP markers were developed to genotype
the segregating NIL families at the introgressed chromosomal
regions on chromosomes 6 and 2. All primers were designed
from the maize sequence flanking specific genomic regions
(http://www.maizesequence.org/index.html ) using the software
Primer 3 (http://frodo.wi.mit.edu/primer3/ ). All primers were
20-22 base pairs in length, had a G/C base composition of 50-
60% and an optimal annealing temperature of 64C.  To
increase annealing efficiency, primers were also selected so
that the 3‘ base was always a G or C.

For the BC5S1 segregants of the NIL069 (n=153), indel-
containing loci located on both sides of the CML52
introgression were assayed.  Initially two primers were used to
assay locus AC211685 but these failed to amplify the large
CML52 allele (i.e., the insertion-containing allele).  Therefore,
a third primer located within the insertion was added to the
assay so that the CML52 allele would produce a small product
that could be easily distinguished from the B73 allele.

Each 20 micro litre PCR reaction contained GreenTaq DNA
polymerase master mix (2x), 4 micro mole M of each primer
and 20ng/micro mole DNA. The PCR temperature regimen
consisted of:  95ºC for three minutes; 35 cycles of 95ºC for 20
sec; 600C for 20 sec and 72ºC for 45 sec; and a final extension
at 72ºC for five minutes.  PCR products were run on 3% agarose
/ TBE gels and bands were visualized by staining with ethidium
bromide and documented with an Alpha imagerTM 1200  (Alpha
Innotech Corporation, California, USA).  A molecular weight
standard (100 bp ladder; Promega, USA) was used for
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estimating the size of PCR products.

To genotype the BC5S1 segregants of the NIL005, two SNP loci
were assayed using the KBioscience competitive allele-specific
PCR genotyping system (KASPar). Briefly, KASPar is a microtiter
plate-based SNP assay that uses two allele- specific primers
with identical DNA sequence except for the 3’ nucleotide, the
site of the SNP polymorphism and a 5’ “tail” that is homologous
to oligos carrying different fluorescent dye labels.  A third
primer that annels downstream from the SNP was also added
to the reaction mixture.  During PCR, differentially labeled
fluorescent dyes were incorporated into PCR products
depending on which allele-specific primer binds to the
template DNA.  After completion of the PCR, fluorescent signal
was detected and differentiated using a plate reader.

DNAs from the BC5S1 segregants of the NIL005 individuals
(n=183) were diluted 10x with sterile water and 10µl
dispensed into each well of a 384 well plate and dried.  The
following assay mix was prepared: 46µl of sterile water, 30µl
of (100µM) common primer and 12µl each of the allele-specific
primer. Reaction mix (2x) was then added in the following
ratio: 1075µl of 2x reaction mix, 30µl of assay mix, 17µl of
MgCl2, and 1028µl of sterile water.  An aliquot (4.8µl) of the
430x reaction mix was used in each well and run with a two
step cycling program. The temperatures and time used for two
step cycling program was:  hot start Taq activation for 15
minutes at 94ºC, followed by 20 cycles of 94ºC for 10 sec,
57ºC for 5 sec and 72ºC for 10 sec; then 28 cycles of 94ºC for
10 sec, 57ºC for 20 sec, and 72ºC for 40 sec; and finally the
product was held at 4ºC until termination.

After PCR, an ABI-7900 HT plate reader was used to quantify
light emitted by fluors 6-FAM and VIC to distinguish between
the genotypes based on the different colors being assigned to
different genotypes

RESULTS

The whole analysis was carried out based on the assumption
that both the NILs possessed the desired QTLs of interest, but

in the later stage only we could identify that only NIL069
carried the QTL of interest. Analyses were carried out to test
the null hypothesis that genotypes were not different from
each other with respect both to flowering time and the number
of stem nodes. That is, B73/B73, CML333/CML333, CML52/
CML52 (homozygous) and B73/CML333 or B73/CML52
(heterozygous) (see Table 1) genotypes were not expected to
be different from each other.  This occurs when trait variation
is influenced not by the genotype but is mostly due to
environmental effects or residual error. The theoretical parental
and recombinant genotypes of the NIL BC5S1s are shown, by
locus, in Table 1.

Genotypic data for both NIL069 and NIL005 are summarized
in Table 2.  For NIL069 the recombination frequency was
8.6% whereas for NIL005 the frequency was 4.5%.   It should

Table 1: Theoretical genotypes present on parental and recombinant
chromosomes
Locus 1 Locus 2 Genotype
Aa Bb B73/CML333 (Nonrecombinant)B73

/CML52 (Nonrecombinant)
Aa Bb B73/B73(Parental)
AA BB CML333/CML333 (Parental)CML52/

CML52 (Parental)

Table 2: Genotypic Data of NILs 005 and 069

NIL069 (Indels) Genotype Plants with Percent
thespecific
genotype

B73 38 24.8
CML333 26 16.9
Heterozygotes 82 53.5
Recombinants 7 4.5
Missing 0 0

NIL005 (SNPs) B73 34 18.3
CML52 24 12.9
Heterozygotes 75 40.5
Recombinants 16 8.6
Missing 36 19.4

Table 3: ANOVA for flowering time for NIL069
Single Factor ANOVA (NIL069)
Source of Variation SS Df MS F P-value F crit
Between Genotypes 2.66 2 1.33 0.28 0.74 3.06
Within Genotypes 639.69 139 4.60
Total 642.36 141

Table 4: ANOVA for flowering time for NIL005
Single Factor ANOVA (NIL005)

Source of Variation SS Df MS F P-value F crit
Between Genotypes 12.65 2 6.32 1.27 0.28 3.06
Within Genotypes 631.87 127 4.97
Total 644.53 129

Table 5: ANOVA for total number of nodes for NIL069
Single Factor ANOVA for NIL069
Source of Variation SS Df MS F P-value F crit
Between Genotypes 1.69 2 0.84 1.25 0.28 3.07
Within Genotypes 76.61 114 0.67
Total 78.30 116     
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be noted that a fairly large number of missing data (~20%)
were observed in the KASPar analysis (Table 2) and this can
lead to issues with interpretation of results.

Flowering time Analysis on NIL 069 and NIL 005
For validating the presence of flowering time QTLs in these
lines, only homozygotes (B73/B73, CML333/CML333,
CML52/CML52) and heterozygous (B73/CML333 or B73/
CML52) genotypes were considered. The flowering time trait
was analyzed using single factor ANOVA. The introgressions
found in the two NILs did not significantly affect flowering
time. For each NIL, the variation in flowering time was much
higher within genotypes than between genotypes. (See Tables
3 and 4) .

Number of Nodes Trait Analysis on NIL069 and NIL005
The ANOVA analyses for the number of nodes (Tables 5 and
6) had the same results as that shown by days to flowering,
indicating that the genotypes for both traits were not
significantly different. The variation found within the genotypes
is greater than those found between genotypes in both NIL069
and NIL005. Therefore, for both flowering time and node
number we accept the null hypothesis that there is no variation
between the genotypes and they have no effect on the
expression on these traits.

Anther Color Analysis for NIL069
Anther color was studied in the NIL069. The NIL069
introgression encompasses the pl1 locus, which is known to
effect anther color through anthocyanin biosynthesis (Pilu et
al., 2003). Anther color showed a 3:1 Mendelian ratio with
110 red and 39 yellow colored anthers in the plants grown for
NIL069. Because anther color is tightly linked to one of the
indel loci surveyed, we can be confident that the genotypic
data is scored correctly in this chromosomal region.

Regression Analysis
Regression Analysis gives an idea about the correlation
between two traits under consideration, in this study the
correlation was looked at for days to flowering and the total
number of nodes. Regression analysis on both the BC5S1
segregants of the NILs showed that the traits flowering time
and total number of nodes are not significantly correlated (R2).
The BC5S1 segregants of the NIL069 have an R2 value of 0.07
where as for the BC5S1 segregant of the NIL005 has 0.79.

DISCUSSION

The maize inbred lines CML333 and CML52 are two of the 25
diverse parents crossed to B73 for studying flowering time
traits in maize and the NILs developed from these specific
crosses and studied here to validate the presence of QTLs
were NIL069 and NIL005, respectively. The BC5S1 data from
both lines show no significant variation in flowering time
between the genotypes surveyed. The variation noticed within

particular genotypes was very high, and little variation was
detected between genotypes. The days to flowering for B73 is
79 days where as for CML333 and CML52 is 92 and 104 days
respectively (Peter Balint-Kurti via R.J.Nelson, personal
communication; observation from Andrews, North Carolina,
2005). Even though the parents differ for days to flowering, it
is not necessary the case that the NILs differ at for QTL at the
loci of interest. The fairly large differences between the NAM
parents are mainly due to the combined effect of several QTL.
For the NIL069, the chromosome 6 QTL from CML52 has an
additive effect of 0.33 days only (Buckler et al., 2009; Allam et
al., 2015). There are two main possibilities for this finding;
either the flowering time QTLs were never present or have
small effects in these chromosomal regions, or environmental
effects precluded identification of the flowering time QTLs.
Based on observations of the original QTL dataset (P.J. Brown
and R.J.Nelson, personal communication), the former
explanation is probably most likely. The original QTL data set
shows that the CML333 introgression on NIL005 falling
between 192.6 to 202 Mb was not able to capture the QTL
specific for Chromosome 2 from CML333 where as the
Chromosome 6 QTL was found at 108.2 Mb in the CML52
introgression on NIL069 (106.3 to 110.5 Mb). So only one
NIL could capture the desired QTL.

Although less probable, the lack of significant differences for
the trait under consideration might also be due to epistasis or
background effects. The NILs have same, mostly identical
background (>95% B73) except for their respective
introgressions, which originated from different donors and
are located on different chromosomes. If a flowering time QTL
requires the presence of a specific allele at a second locus to
exert its effect, then this allele may not be present in the B73
background. In practice epistasis was not detected much
epistasis. However, it is common for QTL effects to change
drastically when introgressed from diverse genetic
backgrounds.  In general, epistasis reduces the equilibrium
genetic variance in complex traits.

Node number also showed no significant variation between
genotypes for both NILs. This trait is often correlated with days
to flowering. Based on the studies of vgt1, for example, one to
more than four weeks delay in flowering time leads to an
increase in number of leaves from 2-5, indicating that flowering
time and number of nodes are correlated (Salvi et al., 2007).
The fact that no significant variation for flowering time and
node number was found in this study is perhaps not surprising,
particularly given the fact that both traits seem to share a
common pathway.  Although unlikely based on previous
observations, the absence of correlation could also be due to
completely separate control by genes that are unrelated and
unlinked and, therefore, are expected to segregate
independently.

Table 6: ANOVA for total number of nodes for NIL005

Single Factor ANOVA for NIL005
Source of Variation SS Df MS F P-value F crit
Between Genotypes 0.04 2 0.02 0.03 0.97 3.10
Within Genotypes 65.80 88 0.74
Total 65.84 90     
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