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ABSTRACT 

 

Genome size variations are very helpful to provide an understanding of the diversification, evolution and 

ploidy screening of germplasm and investigate the aneuploidy, cell cycle kinetics, and reproductive pathways 

for the plants. It is observed that variation in the DNA content has a direct effect on the phenotype of a plant. 

Flowering time is considered one of the critical adaptation parameters for maize (Zea mays L.), and this study 

aimed to investigate the DNA content and its relationship with the flowering time in this crop. A total of 19 

inbred lines and three hybrids adapted to temperate and tropical regions with early, late and very late 

flowering were used as plant material. Their DNA content was determined using flow cytometry, and Vicia 

sativa as standard for the comparison of DNA content. The DNA content of the studied material of corn 

ranged from 5.508 pg to 6.285 pg, with an average value of 5.817 pg. The Highest DNA content was 

determined in the Tzi8 inbred line belonging to a group of very late flowering. A highly significant and positive 

correlation was found between DNA content and flowering time, which was confirmed with a regression 

analysis. The results of the study revealed that increasing the DNA content resulted in delayed flowering, and 

inbred lines adapted to tropical regions had a higher DNA content.   
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INTRODUCTION 

The DNA content of any organism offers valuable data 

on the various foundational aspects of its biology and 

different characteristics, which can be practically utilized 

for different purposes (Janoušek et al., 2012; Leitch and 

Leitch, 2012). It is universally proved that a significant 

level of variation is present in the nuclear DNA content or 

genome size within plants. It is believed that eukaryotes 

contain more than 200,000-fold and plants contain more 

than 1,000-fold variation (Knight et al., 2005). DNA 

content varies from species to species, and variations have 

been observed even between very closely related species. 

Such differences have been associated with the various 

types of repetitive sequences, including transposable 

elements (TEs) (Kidwell and Lisch, 2002), which 

comprise a large fraction of genome (Nadeem et al., 2017; 

Wessler, 2006). Variations in the amount of TEs could be 

interpreted as differential amplification of TEs between 

lineages. One of the most striking examples is considered 

to be maize with a DNA content that doubled over a few 

million years due to burst of retrotransposon transposition 

(SanMiguel et al., 1996). This strengthens the hypothesis 

that genome can only increase in size (Bennetzen and 

Kellogg, 1997). Now it is fully established that increased 

DNA content through the amplification of various 

repeated sequences is a reversible illegitimate 

recombination process (Devos et al., 2002). Various 

phylogenetic approaches reveal that an increase/decrease 

in the DNA content occurs in any organism at the time of 

its evolution (Ma et al., 2004; Wendel et al., 2002). 

C-value, representing the number of base pairs or 

picograms of DNA existing in a gametic nucleus or un-

replicated haploid (Bai et al., 2012), is considered one of 

the most important criteria upon which DNA content is 

characterized. It Greilhuber et al. (2005) comprehensively 

described C-value and presented it to be equal to the 

haploid DNA content. A fair number of studies have been 

conducted to explore the C-value data for various 

organisms. For example, since 1976, Bennett and his team 

have published nine compilations of C-value data (Bennett 

and Leitch, 2011; Zonneveld et al., 2005). After 1997, 

further efforts were made to access data much easily, and 

the Angiosperm DNA C-values Database was used to 

share this data (Bennett and Leitch, 1997). As a result of 

various studies all over the world, the C-values of 7,058 

plant species have been reported (Bennett and Leitch, 

2011). This database mainly summarizes taxonomic, 

statistical, cytological, technical and bibliographic 

information.  

Population-level analysis facilitates selection on the 

basis of DNA content (Petrov, 2001); however, most 
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analyses exploring the evolutionary process based on 

DNA content have been conducted on an inter-species 

scale. DNA content has been studied more efficiently for 

the genus Zea compared to other genera within the plant 

kingdom. Zea contains the species Zea mays, which is 

represented by domesticated subspecies maize (Zea mays 

ssp. mays) and two prominent wild subspecies, Zea mays 

ssp. mexicana and Zea mays ssp. parviglumis (Díez et al., 

2013). Greilhuber and Leitch (2013) suggested that 

variations in the percentage of heterochromatin and 

absence or presence of B chromosomes (Bs) were the two 

main factors for DNA content variation in maize. 

Heterochromatic knobs, varying in size and number, play 

an effective role in 2C variations (Fourastié et al., 2018). 

Previous studies revealed a positive correlation between 

DNA content, heterochromatin (%), and number of knobs 

(Realini et al., 2016). DNA C-values have been 

successfully used by various researchers to provide an 

understanding of the evolution, ecology, developmental, 

cellular and molecular biology of plants (Bennett et al., 

2000; Bennett and Leitch, 2011; Leitch and Bennett, 

2007). However, there the debate concerning whether 

DNA content varies within all species continues (Knight 

et al., 2005), but only little doubt is present about the 

DNA content variations within Zea mays (Díez et al., 

2013). It is observed that DNA content varies by at least 

30% in accessions containing both inbred lines and open 

pollinated landraces of this crop (Díez et al., 2012).  

There are two types of phenomenon that result in a 

strong interaction between phenotype and DNA content 

(Möller, 2018): physical phenomenon, which depends on 

the physical properties of DNA, affecting the phenotype 

through effects on cell volume and cell replication time, 

and regulatory phenomenon, which refers to the effects of 

repetitive DNA sequences on the regulation of gene 

expression (Meagher and Vassiliadis, 2005). Previous 

studies confirmed that increased DNA content rather than 

the parental midpoint is related with the lack of heterosis 

(Rayburn et al., 1993), and DNA content is negatively 

correlated with growth and yield parameters by increasing 

the growth period and leading to a longer life cycle in 

maize (Rayburn et al., 1994). It is also believed that some 

of the variations in the maize DNA content may be 

associated with the B chromosomes (Poggio et al., 1998); 

however, there is only limited evidence implicating 

repetitive DNA (Meagher and Vassiliadis, 2005). Rayburn 

et al. (1994) stated that early-flowering maize accessions 

reflected a correlated response of reduced DNA content. 

The results of Rayburn et al. (1994) clearly indicate a 

causal relationship between plant growth and DNA 

content. Other studies presented a negative correlation 

between altitude/latitude and maize DNA content, 

suggesting that DNA content could be related with fast 

growth and early flowering in areas with shorter growing 

periods (Bennett and Leitch, 2005; Rayburn et al., 1994). 

Furthermore, some scientists stated that DNA content was 

positively associated with various physiological features, 

such as flowering interval, and cold and freeze tolerance 

(Greilhuber and Leitch, 2013; Poggio et al., 1998; Realini 

et al., 2016). For soybean, the DNA content reflected a 

positive correlation with growth habit (Graham et al., 

1994), while Chung et al. (1998) found a very positive 

correlation between DNA content and leaf and seed size 

of soybean. Minelli et al. (1996) reported highly 

significant and positive correlations in Vicia faba for 

DNA content, embryo size, and seed size, and there were 

also negative correlations of DNA content with various 

adult plant traits; e.g., plant height and fresh weight. DNA 

C-values have been successfully utilized to investigate the 

evolution, ecology, development, physiology and 

molecular biology of plants (Bennett et al., 2000; Bennett 

and Leitch, 2005, 2011; Leitch and Bennett, 2007). 

Recently, there has been a growing interest in the 

relationship between DNA content and seed mass 

(Beaulieu et al., 2007), and between DNA content and 

environment (Li et al., 2018). The current study aimed to 

determine the DNA content of maize lines and investigate 

its relationship with flowering time.  

MATERIALS AND METHODS 

Plant materials 

  A total of 19 maize inbred lines and three hybrids 

belonging to different maturity zones and different groups 

of flowering time (early, late and very late) were used as 

plant material in this study (Table 1). The flowering data 

of inbred and hybrids were obtained from experiments 

conducted over three years under first-crop conditions in 

the experimental field of the East-Mediterranean 

Agricultural Research Institute in Adana, Turkey   

Estimation of DNA content 

 For the estimation of nuclear DNA content, a total of 

105 samples, 21 genotypes with five repetitions for each 

genotype, were analyzed. The plants from the samples of 

each line were randomly selected. Fresh healthy leaf 

tissues from three- to five-week-old seedlings were 

collected in Adana and transferred to the Plant Genetics 

and Cytogenetics Laboratory of Agricultural Faculty of 

Namik Kemal University located in Tekirdag, Turkey. 

The materials were kept at 4° C between two layers of 

moisture filter paper placed in a disposable Petri dish until 

analysis. Approximately 40 mg of leaf tissue from the 

maize plants and 20 mg of leaf tissue from Vicia sativa 

(cultivar Orak-Efe) as internal standard were chopped at 

the same time to prepare samples. The samples were 

prepared using the ‘CyStain PI absolute P’ nuclei 

extraction and a staining kit (Partec GmbH, Munster) 

according to the manufacturer’s instructions. The absolute 

DNA content of the maize plants was calculated based on 

the ratios of the G1 peak means of the sample and the 

reference standard.  
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Table 1. Nuclear DNA content and its standard deviation, maturity zones, season type, and days to flowering of genotypes. 

No Name  
Status of 

genotype 
Maturity Zone Season Type 

Mean 2C value 

(pg) 

Days to 

Flowering   

1 Lp5 Inbred line Temperate Early 5.726 ± 0.079 52 

2 PHDD6 Inbred line Temperate Early 5.720 ± 0.033 50 

3 3IBZ2 Inbred line Temperate Early 5.508 ± 0.094 53 

4 PHFA5 Inbred line Temperate Early 5.576 ± 0.172 54 

5 PHGG7 Inbred line Temperate Early 5.660 ± 0.170 54 

6 PHKM5 Inbred line Temperate Early 5.704 ± 0.040 54 

7 OQ403 Inbred line Temperate Early 5.610 ± 0.125 55 

8 PHAA0 Inbred line Temperate Early 5.748 ± 0.066 55 

9 PHM81 Inbred line Temperate Early 5.848 ± 0.147 56 

   Early flowering group Mean  5.677***± 0.025 C 53.67±1.803 

10 DKC6590 Hybrid Temperate Late 5.734 ± 0.121 63 

11 KEBEOS Hybrid Temperate Late 5.892 ± 0.056 65 

12 P2088 Hybrid Temperate Late 5.896 ± 0.075 65 

13 BCC03 Inbred line Temperate Late 5.948 ± 0.213 69 

14 LH159 Inbred line Temperate Late 5.680 ± 0.094 70 

15 LH208 Inbred line Temperate Late 5.702 ± 0.069 70 

16 LH212Ht Inbred line Temperate Late 5.886 ± 0.064 72 

17 LH156 Inbred line Temperate Late 5.940 ± 0.056 73 

   Late flowering group Mean  5.835*** ± 0.027 B 68.38±3.623 

18 Tx303 Inbred line Tropical Very late 5.818 ± 0.038 80 

19 NC304 Inbred line Tropical Very late 5.902 ± 0.183 80 

20 Tzi15 Inbred line Tropical Very late 6.143 ± 0.130 85 

21 Tzi8 Inbred line Tropical Very late 6.285 ± 0.252 85 

22 Tx601 Inbred line Tropical Very late 6.224 ± 0.190 90 

   Very late flowering group Mean  6.062*** ± 0.035 A 84.00±4.183 

 Overall Mean 5.817± 0.221 65.91±12.386 

 Median 5.790  

 Mode 5.850  

 LSD0.001 0.738  

 Coefficient of variance  2.075  
± standard deviation of five repetitions of DNA content results 

***Significant difference at a P value of 0.001  

 

Statistical analysis 

 The analysis of the variation of nuclear DNA content 

values among the genotypes grouped by flowering time 

(early, late and very late) was performed using a standard 

one-way ANOVA with a generalized linear model. The 

comparison between the groups was undertaken by the 

least significant difference test if the F-test produced 

significant results at P < 0.05. Pearson’s correlation 

coefficient was calculated to investigate the correlation 

between nuclear DNA content and flowering time. To 

analyze the variation more comprehensively, a regression 

analysis of DNA content and flowering time was also 

performed. All statistical analyses were conducted using 

JMP statistical package ver. 7 (SAS Institute, Cary, NC, 

USA). 

RESULTS AND DISCUSSION 

Results 

Twenty-one genotypes of maize with five repetitions 

were analyzed for nuclear DNA content variation. Clearly 

defined histograms for various genotypes were obtained 

from the flow cytometry analysis of the DNA content 

analysis (Figure 1). The mean nuclear DNA content and 

flowering time of the genotypes are presented in Table 1. 

The studied material reflected a good level of variation in 

terms of flowering time and grouped as early, late, and 

very late according to this parameter. The result of 

variance analysis showed that the mean DNA values 

obtained from the maize genotypes significantly differed 

with a P value of 0.0001. In the early flowering group, 

PHDD6 was the inbred line having the lowest number of 

days (50) to flowering, while PHM81 had the highest 

DNA content (5.848 ± 0.147 pg). In this group, the 

average number of days to flowering was 53.67, and the 

mean DNA content was 5.677 pg. In the late flowering 

group, which containing both inbred lines and hybrids of 

maize, DKC6590 had the lowest number of days (63) to 

flowering, BCC03 had the highest DNA content (5.948 ± 

0.213pg), and the mean DNA content and average number 

of days to flowering were 5.835 pg and 68.38 days, 

respectively. For the very late flowering group comprising 

inbred lines of tropical origin only, Tx601 had the highest 

number of days (90) to flowering, and the highest DNA 

content (6.285± 0.190 pg) was obtained from the Tzi8 

inbred line. The average DNA content for the early, late 
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and very late flowering groups was 5.677 pg, 5.835 pg and 

6.062 pg, respectively, and the overall averages of the 

three groups in terms of DNA content and number of days 

to flowering were calculated as 5.817 ± 0.221 pg and 

65.91 days, respectively. The distribution frequency of 

DNA content is presented in Figure 2. 

 
Figure 1. The results of DNA content variation in different genotypes using flow cytometry 

 

To explore the relationship between DNA content and 

flowering time, Pearson’s correlation coefficient analysis 

was performed (Figure 3). A highly significant and very 

positive correlation (0.712**) was observed for DNA 

content and days to flowering. To offer a better 

understanding of the relationship between both variables, 

a regression analysis was also undertaken, which clearly 

discriminated the three groups (Figure 4) revealed that 

DNA content continued to increase with the increase in 

the number of days to flowering.   

 
Figure 2. The distribution of DNA content of maize genotypes 

investigated in this study 

 

Regression is an important statistical tool that allows 

identification and characterization of relationships 

between two or more factors (Schneider et al., 2010). Our 

regression analysis reflected a highly positive association 

between DNA content and days to flowering, confirming 

the results obtained from the correlation analysis (Figure 

4). As the DNA content increased, the number of days to 

flowering also increased. The results of regression 

analysis also made a clear discrimination between the 

three groups having different flowering times.  

 
Figure 3. Correlation between DNA content and flowering time 
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Figure 4. The results of regression analysis of DNA content and 

flowering time 

 

Discussion 

Crop improvement is an important approach that has 

remained the central focus of human beings to overcome 

challenges raised by biotic and abiotic stress. There is a 

need to boost breeding activities to mitigate these 

challenges by characterizing germplasm and identifying 

variations in DNA content. It has been proven that 

variation in DNA content differs from species to species 

and even within the same species. Earlier studies have 

confirmed that the phenotype of a plant is affected by the 

variation in the DNA content of that plant, and DNA 

content has been observed to affect seed size, vegetative 

growth, and flowering (Beaulieu et al., 2007; Tenaillon et 

al., 2016). Flowering time is considered an important 

character that plays a significant role in maize yield, and 

previous studies have revealed the correlation of this 

parameter with DNA content (Jian et al., 2017). Flowering 

time reflects the adaptation of a plant to its environment 

by tailoring its different growth stages according to the 

local climate. Researchers confirmed the presence of 

variation in flowering time in maize, ranging between 35 

and 120 days (Colasanti et al., 2009). Alter et al. (2016) 

described the various factors affecting flowering time in 

maize. According to Díez et al. (2012), the DNA content 

of Zea changes within species, as well as between species. 

Changes in the DNA content are correlated with different 

phenotypic traits, such as seed size, growth rate, and 

flowering time (Beaulieu et al., 2007; Rayburn et al., 

1994; Tenaillon et al., 2016).  

In the current study, the accessions were grouped 

according to their flowering time, and all three groups 

reflected reasonable diversity in DNA content (Table 1). 

The mean DNA content of the early flowering group was 

5.677± 0.025 pg, and PHM81 was the inbred line with the 

highest DNA content. The late flowering group was 

diverse, containing both inbred lines and hybrids, and the 

average DNA content for this group was 5.835 ± 0.027 pg. 

Among the three groups, the highest average of DNA 

content was determined in the very late flowering group 

containing inbred lines only. This study clearly reflected 

that DNA content continuously increased as the flowering 

time was delayed. Figure 2, presenting the distribution of 

DNA content in the three flowering groups, clearly reveals 

that most of the genotypes had a DNA content of around 

5.8 pg. The range and average of DNA content obtained in 

this study were higher than previously reported (Rayburn 

et al., 1993; Jian et al., 2017). Furthermore, hybrid maize 

accessions had a higher DNA content than the early 

flowering group containing inbred lines only and most 

individuals in the late flowering group. A possible reason 

for this may be the higher vigor of hybrids as a result of 

heterosis. Inbred lines are obtained by recurrent selfing of 

the heterozygote material, and the two best performing 

inbred lines are crossed to create a hybrid cultivar. The 

average DNA content determined in this study was much 

higher than that obtained by Lee et al. (2002), who 

investigated eight inbred lines and eight maize hybrids. 

Such variations in the DNA content of maize have 

previously been attributed to the number and size of 

heterochromatic knobs (Jian et al., 2017; Lee et al., 2002). 

Repetitive sequences comprise 85% of genome, of which 

9.4% is found in knobs (Piegu et al., 2006). Knobs are 

considered one of the major components of 

heterochromatic regions (Díez et al., 2013; Schnable et al., 

2009). These variations in the DNA content of maize 

inbred lines can be associated with environmental factors 

and loss or gain of repetition in the genome which occurs 

during selection and selfing of inbred lines.  

Correlation coefficient is the most important 

multivariate measure for assessing associations between 

various traits (Rana et al., 2015). In this analysis, if two 

traits have a significantly positive correlation, the 

selection of one trait will result in variation in the mean 

values of the associated trait through the additive gene 

effects of the selected individuals (Krasteva et al., 2008; 

Mudasir et al., 2012). Maize accessions used in this study 

were grouped separately according to their DNA content 

and days to flowering. A highly significant and positive 

correlation was observed between these two parameters, 

and the DNA content increased with the increasing in the 

number of days to flowering. The results of this study are 

in agreement with those reported by Jian et al. (2017), 

who revealed even a higher correlation between DNA 

content and days to flowering. The authors also stated that 

inbred lines obtained from a tropical region had higher 

DNA content compared to those from a temperate climate, 

as confirmed by our findings. Bilinski et al. (2018) and 

Rayburn et al. (1994) found a negative correlation 

between flowering time and DNA content. According to 

both studies, altitude/latitude is an important factor for 

flowering, and the DNA content of maize is lower due to 

its shorter life cycle. Our study provided different results 

compared to both studies because we used inbred lines 

and hybrids, rather than wild genotypes. Furthermore, 

Bilinski et al. (2018) and Rayburn et al. (1994) conducted 

their studies at higher altitude, which results in a shorter 

life cycle and lower DNA content, whereas the current 

study was conducted under near sea level conditions, 

increasing flowering time and ultimately leading to higher 

DNA content. Realini et al. (2016) stated that there was no 

correlation between DNA content and vegetative cycle of 

maize. Very recently, Akbudak et al. (2018) investigated 

the DNA content and its relationship with altitude for 
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Turkish oat genotypes and found a negative correlation 

between these two variables. The authors utilized natural 

landraces and concluded landraces comprising huge 

human breeding efforts might have affected both DNA 

content and location of cultivation.  

CONCLUSIONS 

This study comprehensively investigated the level of 

variation in the DNA content of maize genotypes and 

revealed its positive association with days to flowering. 

From the results of the study, it was concluded that DNA 

content of maize plants can be used as a selection criterion 

for flowering time, which is an important characteristic for 

adaptation and agronomy in this crop.   
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