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Abstract. Genome size variation accompanies the diversification and evolution of many plant species. Relation-
ships between DNA amount and phenotypic and cytological characteristics form the basis of most hypotheses that
ascribe a biological role to genome size. The goal of the present research was to investigate the intra-specific variation
in the DNA content in maize populations from Northeastern Argentina and further explore the relationship between
genome size and the phenotypic traits seed weight and length of the vegetative cycle. Moreover, cytological para-
meters such as the percentage of heterochromatin as well as the number, position and sequence composition of
knobs were analysed and their relationships with 2C DNA values were explored. The populations analysed presented
significant differences in 2C DNA amount, from 4.62 to 6.29 pg, representing 36.15 % of the inter-populational vari-
ation. Moreover, intra-populational genome size variation was found, varying from 1.08 to 1.63-fold. The variation in
the percentage of knob heterochromatin as well as in the number, chromosome position and sequence composition of
the knobs was detected among and within the populations. Although a positive relationship between genome size and
the percentage of heterochromatin was observed, a significant correlation was not found. This confirms that other
non-coding repetitive DNA sequences are contributing to the genome size variation. A positive relationship between
DNA amount and the seed weight has been reported in a large number of species, this relationship was not found in
the populations studied here. The length of the vegetative cycle showed a positive correlation with the percentage of
heterochromatin. This result allowed attributing an adaptive effect to heterochromatin since the length of this cycle
would be optimized via selection for an appropriate percentage of heterochromatin.
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parameters.

Introduction et al. 2005; Gregory et al. 2007; Leitch and Leitch 2013;
It is well known that genome size varies among species Poggio et al. 2014). The increase of genome size arises
and their diversification accompanies the evolution of predominantly through polyploidy and amplification
many groups of plants (Bennett and Leitch 2005; Leitch of non-coding repetitive DNA, heterochromatin and

* Corresponding author’s e-mail address: floreal@ege.fcen.uba.ar

Published by Oxford University Press on behalf of the Annals of Botany Company.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http:/creativecommons.org/
licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly
cited.

AoB PLANTS www.aobplants.oxfordjournals.org © The Authors 2015


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Realini et al. — Genome size: cytological and phenotypic correlates

retrotransposons. These mechanisms are counterba-
lanced by mechanisms of decrease in genome size,
genome downsizing, and have been shown to involve
recombination-based processes (Soltis et al. 2003; Wicker
et al. 2003; Bennetzen et al. 2005; Grover and Wendel
2010). Several studies demonstrated that there exists
intra-specific and even intra-populational genome size
variations (revisited in Greilhuber and Leitch 2013). Zea
is an interesting model because it shows both inter-
and intra-specific variations in DNA amount (Poggio
et al. 1998; Rosato et al. 1998; SanMiguel and Bennetzen
1998; Bennett and Leitch 2005; Meagher and Vassiliadis
2005; Diez et al. 2013). It was proposed that this variation
is principally due to differences in the heterochromatin
amount, mainly located in chromosome blocks, named
knobs, as well as the presence of B-chromosomes (Laurie
and Bennett 1985; Rayburn et al. 1985; Tito et al. 1991;
Poggio et al. 1998; Rosato et al. 1998; Gonzalez and Pog-
gio 2011). The variation in the DNA content has also been
attributed to differences in the interspersed DNA amount,
such as the retrotransposon families, which in maize
make up over 70 % of the nuclear genome (SanMiguel
and Bennetzen 1998; Meyers et al. 2001). In Zea, genome
size is highly related to the inter- and intra-specific varia-
tions in the number and size of heterochromatic knobs
(revisited in Poggio et al. 1998). These knobs occur in all
Zea species with 2n = 20 and have been observed in 34
distinct cytological locations, varying in size and number
across maize races and their wild relatives (Kato 1976;
McClintock et al. 1981; Tito et al. 1991; Rosato et al.
1998; Gonzdalez and Poggio 2011; Gonzdlez et al. 2013).
They are composed primarily of two tandem-repeated
sequences, the 180-bp and TR-1, varying between a few
thousand to millions of repeats (Peacock et al. 1981;
Ananiev et al. 1998). 4',6-Diamidino-2-phenylindole
(DAPI) staining and fluorescent in situ hybridization
(FISH) allowed us to reveal the chromosome location and
the sequence composition of the knobs (Albert et al. 2010;
Gonzdlez and Poggio 2011; Mondin et al. 2014).

Several studies reported positive relationships between
the DNA amount and phenotypic characteristics such as
seed mass and plant flowering time (Bennett 1987; Grime
and Mowforth 1982; Ohri and Pistrick 2001; Knight
et al. 2005; Beaulieu et al. 2007; Greilhuber et al. 2007,
Greilhuber and Leitch 2013). These correlations form the
basis of most hypotheses that ascribe a biological role
to genome size. It was Bennett who coined the term
‘nucleotype’ to describe ‘that condition of the nucleus
that affects the phenotype independently of the infor-
mational content of the DNA’ (Bennett 1971, 1972). The
correlation between genome size and ecological vari-
ables in maize and its wild relatives has been examined
(Laurie and Bennett 1985; Rayburn et al. 1985; Rayburn

and Auger 1990q, b; Diez et al. 2013). A negative correl-
ation between genome size and altitude/latitude has
been reported, suggesting that genome size could be
related to the rapid growth and early flowering in the
shorter growing seasons, typical of cool regions (Laurie
and Bennett 1985; Rayburn 1990; Rayburn and Auger
1990aq, b; Rayburn et al. 1994; Rosato et al. 1998: Poggio
et al. 1998; Bennett and Leitch 2005).

In northern Argentina, more than 60 morphological
native maize races have been described, and up to 15 of
these can be found in indigenous settings from the subtrop-
ical forests of the Misiones Province (Melchiorre et al. 2006;
Camara Herndndez et al. 2011). In this restricted geographic
area, Guarani’s indigenous communities cultivate maize
landraces with little or no input from commercial germ-
plasm (Bracco et al. 2012). It is interesting to point out
that these Guarani’s landraces show remarkable phenotypic
differences and high genetic diversity (Melchiorre et al. 2006;
Camara Hernandez et al. 2011; Bracco et al. 2012).

In the present work in maize Guarani’s landraces, the
variation in 2C values was measured by flow cytometry
and knob heterochromatin was evaluated using DAPI
banding and FISH. The goal of the present research was
to investigate intra-specific variation in the DNA content
and further explore the relationship between genome
size and cytological parameters such as the percentage
of heterochromatin, number, position and sequence com-
position of knobs, as well as the relationships with pheno-
typic traits such as seed weight and the length of the
vegetative cycle. The inter-populational genome size var-
iations and their correlation with cytogenetic and pheno-
typic traits could shed light on the biological importance
of such variation and their potential adaptive significance.

Methods

Plant materials

Twenty populations of maize all belonging to Guarani’s
maize landraces described from Northeastern Argentina
(NEA) were collected from original indigenous populations
in Misiones Province, Argentina (Table 1). The specimens
were deposited at the seed bank of the Vavilov Laboratory
(Facultad de Agronomia, Universidad de Buenos Aires).

Methods

Seeds were germinated at 28 °C, for 2-3 days, in Petri
dishes containing wet filter paper. Primary root tips, 0.5-
1 cm in length, were pre-treated with 8-hydroxiquinoline
(0.02 M) for 5h at room temperature. Then they were
fixed in 3:1 (ethanol : acetic acid) and stored at 4 °C until
use. Seedlings were grown until adult leaves are produced
for genome size measurement.

AoB PLANTS www.aobplants.oxfordjournals.org

© The Authors 2015



Realini et al. — Genome size: cytological and phenotypic correlates

Table 1. Local names, VAV and collection sites and altitude of cultivation. Ref.! Corneal grains (popcorn); ? floury grains (floury); * floury grains

with corneal periphery.

Maize landraces (local names) VAV Collection sites Altitude
(m a.s.l)

Rosado(Avat|Yu|) ...................... 65652 ..... C olon|aJeJ|,DeptoGuqran|329 ........
Variegado (Avati Tové) 6557>  Paraje Paraiso, Depto. San Pedro. 525
Overo (Avati Pard) 65592  Paraje Paraiso, Depto. San Pedro. 525
Tupi Amarillo (Avati Tupi) 6563  Aldea Pindé Poty, Depto. Guarani. 329
Tupi Blanco (Avati Tupi) 6592  Pozo Azul, Depto. San Pedro. 211
Tupi Blanco (Avati Tupi) 6851  Aldea Kaqvy Mitad Rupd, Ruiz de Montoya, Depto. Libertador General San Martin. 240
Pororé Chico (Avati Pororo) 6575  Aldea MBY’A Guarani, Guavyra Pory, Paraje Paraiso, Depto. San Pedro. 525
Pipoca Colorado 6607'  Aldea Alecrin, Depto. Eldorado. 211
Pipoca Colorado 6567  Aldea Pozo Azul, Depto. Eldorado. 211
Colorado (Avati Pytd i) 6837°  Aldea Peruti, El alcdzar, Depto. Libertador General San Martin. 591
Colorado (Avati Pytd i) 6573  Comunidad Miri, Aldea MBYA Guarani, Depto. Candelaria (Municipio de Sta. Ana). 98
Azul (Avati Ovy) 65642  Colonia Jeji, Depto. Guarani. 329
Pipoca Amarillo 6568'  Aldea Pozo Azul, Depto. Eldorado. 211
AmarilloAngosto (Avati Mitd i) 6556°  Aldea MBYA Guarani, Guavyra Pory, Paraje Paraiso, Depto. Eldorado. 535
Amarillo Ancho (Avati Yu) 65692  Pozo azul, Depto. Eldorado. 211
Blanco Angosto (Avati Parad i) 6574  Comunidad Miri, Aldea MBYA Depto. Guarani. 98
Blanco Ancho (Avati Moroti) 65602  Aldea Chiripa Guarani, Pindé Poty, Depto. Guarani. 329
Pororé Grande (Avati Pororo) 6827'  Aldea Guavyra Pory, Paraje Paraiso, Depto. San Pedro. 535
Porord Grande (Avati Porord) 6826  Aldea Guavyra Pory, Paraje Paraiso, Depto. San Pedro. 535
Pororé Grande (Avati Pororo) 6562'  Aldea Chiripa Guarani, Pindé Poty, Depto. Guarani. 329

DNA content measurement

The 2C DNA content was measured in three to five in-
dividuals of each corncob and two to five corncobs per
population, with thee replicates per individual. The cell
nucleus were stained with propidium iodide (PI). Pisum
sativum cv. citrad (9.09 pg), used as internal standard,
was kindly provided by Dr J. DoleZel from the Institute
of Experimental Botany, Sokolovskd, Czech Republic
(Dolezel et al. 2007). For each individual, 100 mg of
fresh leave samples were co-chopped with 50 mg of
P. sativum leaves in a Petri dish with 0.5 mL of buffer
Otto I (citric acid 0.1 M and 0.5 % v/v of Tween 20), using
a stainless-steel razor blade. The sample was filtered
through a nylon mesh (45 pum pore size) and then 0.5 mL
of buffer Otto II (0.4 M Na,HPO, - 12H,0) supplemented
with PI (50 pg mL~? final concentration) and RNase
(50 g mL ! final concentration) were added. The sam-
ples were incubated in the dark for 40 min. Flow cytometry
was performed at Instituto Nacional de Tecnologia Agro-
pecuaria (INTA-Catelar) with a CyFlow Ploidy Analyzer Cyt-
ometer (Partec). We adjusted the gain to 400 and the

sample speed to 0.4 uL s 1. The samples were run until
5000 nuclei were scored. The DNA content was estimated
from gated fluorescence histograms of the PI area (Fig. 1).
Data analysis was performed using the software Flowing
2.5.0 (www.flowingsoftware.com). Genome size (2C DNA,
in picograms) was determined comparing the peak
of the sample to the peak of the standard according to
DolezZel et al. (2007). All samples with a coefficient of vari-
ance <5 were included in the present study. Conversion
from picograms to megabase pairs was done according
to Dolezel et al. (2003).

Chromosomal preparations

In 12 populations, mitotic metaphase preparations were
performed. Fixed root tips were treated with an enzym-
atic solution (2 % cellulose Onozuka R10 and 20 % Pecti-
nase) for 1 h at 37 °C. Slides with well-spread metaphases
were selected by contrast-phase microscopy. After freez-
ing to remove the coverslips, the slides were air-dried and
stored at 4 °C until use.
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Figure 1. Fluorescence histograms of individuals of six maize populations. Histograms of (A and B) VAV6557, (C and D) VAV6568, (E and F)
VAV6556, (G and H) VAV6569, (I and J) VAV6574 and (K and L) VAV6592. 2C indicates GO/G1 peaks from maize samples and Std indicates

GO/G1 peaks from the standard P. sativum.

4',6-Diamidino-2-phenylindole staining

This technique was carried out according to Summer
(1990). Slides were washed in Mcllvaine buffer (citric acid-
NaHPO buffer, pH 7), and then stained with 1 ug mL™~* DAPL.
Slides were incubated in a moist box at 20 °C, in the dark,
for 25 min. After staining, the preparations were briefly
washed with distilled water, Mcllvaine buffer and then
distilled water again. Slides were mounted in Mcllvaine
buffer and sealed with rubber solution.

DNA probes

For FISH analysis, the maize knob sequences, 180-bp
and TR-1(350 bp), were used as probes. Sequences were
obtained from GenBank (http:/www.ncbi.nlm.nih.gov/),
and were isolated and amplified from total genomic DNA
of maize by polymerase chain reaction (PCR) methods.
The primers were designed using the Primer3 program
(version 0.6) provided by the Whitehead Institute for

Biomedical Research & Howard Hughes Medical Institute,
USA (http:/frodo.wi.mit.edu/primer3/primer3_code.html).

Theses probes were biotin and digoxigenin-labelled, by
PCR, using fluorescently conjugated nucleotide 16-biotin-
dUTP (Sigma) and 11-digoxigenin-dUTP (Roche).

Fluorescence in situ hybridization

The technique was carried out according to Cuadrado and
Jouve (1995), with minor modifications (Poggio et al.
1999). Slide preparations were incubated in 100 pg mL™?
of RNAse in 2 x saline sodium citrate (2 x SSC) for 1 h at
37 °C in a humidified chamber and washed three times
in 2 x SSC for 5 min each at room temperature. The slides
were post-fixed in freshly prepared 4 % (w/v) paraformal-
dehyde in distilled water for 10 min and then washed in
2 x SSC for 15 min at room temperature. Then, the pre-
parations were dehydrated in a graded ethanol series
and air-dried. The hybridization mixture consisted of 50 %
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(w/v) deionized formamide, 10 % (w/v) dextran sulfate,
0.1 % (w/v) sodium dodecyl sulfate and 0.3 mg mL~?! of
salmon sperm in 2 x SSC, then 100 ng of labelled probe
was added to 30 plL of hybridization mixture for each
slide. The hybridization mixture was denatured for 15 min
at 75 °C, loaded onto the slides and covered with a plastic
coverslip. The slides were placed on a thermocycler at 75 °C
for 7 min, 45 °C for 10 min and 38 °C for 10 min. Then the
slides were incubated overnight at 37 °C. Following hybrid-
ization, coverslips were carefully floated off by placing the
slides in 2 x SSC at 42 °C for 3 min each and then given an
astringent wash in 20 % formamide in 0.1 x SSC at 42 °C
for 10 min. The slides were washed in 0.1 x SSC at 42 °C
for 5 min, 2 x SSC at 42 °C for 5 min, and then transferred
to buffer (4 x SSC, 0.2 % (v/v) Tween 20) at 42 °C for 5 min
and at room temperature for 1 h in the same buffer. The
slides were incubated in the detection buffer containing a
solution of 2.5 % bovine serum albumin and the cor-
responding detection antibody [Cy3 conjugate or anti-
digoxigenin-fluorescein isothiocyanate (FITC)] for 1 h at
37 °C and washed three times in 4 x SSC/Tween buffer
for 10 min each at room temperature. Slides were counter-
stained with 1 g mL ™! of DAPI in 4 x SSC/Tween buffer
for 40 min at room temperature and then mounted in anti-
fade solution (Vector Lab). Slides were examined with a
Carl Zeiss Axiophot epifluorescence microscope with
appropriate Carl Zeiss filters coupled with a Leica DC 250
digital camera and with an image analyser Leica IM
1000. The location of hybridization signals and DAPI-
positive zones were based on the observation of 10 com-
plete metaphases for each analysed individual.

Karyotypic parameters

The percentage of knob heterochromatin was calculated
in 12 populations as the percentage of total chromosome
length, using the freeware program MicroMeasure3.3
(http://www.colostate.edu/Depts/Biology/MicroMeasure).
Measurements were based on at least 10 cells from each
individual and at least 12 individuals of each population.
For the elaboration of a representative idiogram of
chromosome knob positions, the identification and local-
ization of the knobs were performed in nine populations.

Phenotypic parameters

The seed mass was calculated as the average weight
of 10 kernels of each corncobs of each population. The
seeds were weighed in a digital scale, performing three
replicates per corncob.

The length of the vegetative cycle was estimated by Ing
Pedro Melchiorre as in Melchiorre et al. (2006).

Statistical analysis

The analysis of variation of 2C values among populations
was performed by analysis of variance with full nesting
using generalized linear mixed models. The variance
was modulated with VarExp. Multiple comparisons test
was performed by Fisher’s least significant difference
test (Fisher 1932).

2C DNA intra-populational variation was analysed. The
intervals of confidence (ICs) for corncobs and individuals
were obtained. The intra-populational variability was con-
sidered significant when 0 was not included in the IC. The
data of percentage of heterochromatin and the number
of knobs were correlated. The means of the percentage
of knob heterochromatin and 2C DNA amount were corre-
lated. The means of vegetative cycle and seed mass were
correlated with the mean of genome size. The means of
percentage of knob heterochromatin and vegetative
cycle were also correlated. All correlations were per-
formed using the Spearman coefficient. These statistical
analyses were considered significant at P-values <0.05,
and were performed using the program Infostat, FCA,
National University of Coérdoba (Di Rienzo et al. 2012).
For the nested and unbalanced design, the R package
(R Development Core Team 2012) was used.

Results

In the 20 populations of the Guarani’s maize studied, the
DNA amount (2C value) varied from 4.62 to 6.29 pg, repre-
senting 36.15 % of inter-populational variation. Significant
differences in the 2C DNA content (P = <0.0001; F1g 437 =
8.29) were detected among populations (Table 2). The
minimum and maximum values of 2C DNA content
(pg, fold) from each population are given in Table 2. A sig-
nificant intra-populational variability was detected among
corncobs (IC: 0.12-0.34) and individuals from the same
corncobs (IC: 0.26-0.36).

Data of vegetative cycle (from sowing to anthesis of
tassel flowers) were taken from Melchiorre et al. (2006).
Data of seed mass (means weight of kernels) were esti-
mated. Several data of seed mass were kindly donated
by Ing. Agr. P. Melchiorre. The studied populations pre-
sented variations in their vegetative cycle (64-89 days)
and seed mass (1.04-2.67 g) (Table 2).

&' 6-Diamidino-2-phenylindole staining performed
on mitotic metaphases showed variations in knob num-
ber (10-22), percentage of heterochromatin (5.30-
16.10 %) and size and position of knobs (Fig. 2, Table 2).
The population with the highest number of knobs was
VAV6563 (14-22 knobs) on 11 different chromosome
positions (Fig. 2, Table 3). Figure 2A and B shows a meta-
phase from VAV6565 with 10 conspicuous knobs and 1 lit-
tle knob on the short arm of chromosome 1. Metaphases

AoB PLANTS www.aobplants.oxfordjournals.org

© The Authors 2015


http://www.colostate.edu/Depts/Biology/MicroMeasure
http://www.colostate.edu/Depts/Biology/MicroMeasure
http://www.colostate.edu/Depts/Biology/MicroMeasure

Realini et al. — Genome size: cytological and phenotypic correlates

Table 2. Mean (+SD) 2C genome size (in pg) of each maize population, 1C value (in Mbp), range of genome size, percentage of knob
heterochromatin, vegetative cycle and seed mass. Populations with different letters have significantly different means of genome size
(P < 0.05) *Data of vegetative cycle and seed mass were kindly donated by Ing. Agr. Melchiorre from the Facultad de Agronomida,

Universidad de Buenos Aires.

Maize landraces/vouchers  2C DNA (pg) 1Cvalue  Minimum and maximum Percentage of knob  Vegetative Seed
mean (+ SD) (Mbp) 2C DNA content (pg)/folds  heterochromatin cycle (days)* mass (g)
) .T.L.lp.).i“A.r.r;;J.r.i'l s R T 'bé'/'l' S O OPORHLRES Lo S
Tupi Blanco/VAV6851 6.07 + 0.21°8 2968 5.79-6.35 pg/1.10-fold - 2.38
Porord Grande/VAV6826 6.04 + 0.128 2953 5.89-6.27 pg/1.06-fold - 1.48
Tupi Blanco/VAV6592 6.03 + 0.50"® 2949 4.88-6.45 pg/1.32-fold 12.15-14.77 % - 2.51
Porord Grande/VAV6827 5.98 + 0.09%8 2924 5.85-6.11 pg/1.04-fold - 1.43
Azul/VAV6564 5.84 + 0.435¢ 2856 5.08-6.98 pg/1.37-fold 5.57-7.02 % 75 2.31*
Porord Grande/VAV6562 579 + 0.09%® 2831 5.68-6.01 pg/1.06-fold 83 1.41*
Overo/VAV6559 579 + 0.655® 2831 4.52-7.37 pg/1.63-fold 5.98-8.41% 76 2.67*
Pipoca Colorado/VAV6567  5.74 + 0.32%¢P 2807 5.02-6.38 pg/1.27-fold 7.97-13.46 % 89 1.60*
Pipoca Colorado/VAV6607  5.69 + 0.24%C 2782 5.21-6.08 pg/1.17-fold 9.72-11.42 % - 1.04
Colorado/VAV6573 5.68 + 0.185°F 2777 5.23-5.97 pg/1.14-fold 7.27-9.76 % 64 1.85*
Blanco Ancho/VAV6560 5.64 + 0.228P°F 2758 5.01-6.10 pg/1.21-fold 77 2.38*
Rosado/VAV6565 5.58 + 0.508PFF 2729 4.58-6.19 pg/1.35-fold 7.10-8.24 % 76 1.96*
Blanco Angosto/VAV6574 5.47 + 0.13PEF 2675 5.29-5.75 pg/1.08-fold 75 2.19*
Colorado/VAV6837 541+ 0.32°FF 2645 4.93-5.86 pg/1.19-fold 6.76-9.07 % - 2.52
Amarillo Ancho/VAV6569 537 + 0.21%F 2626 5.01-5.80 pg/1.16-fold 6.00-9.19 % 80 2.38*
Pororé Chico/VAV6575 5.36 + 0.24%F 2621 4.67-5.72 pg/1.22-fold 10.88-14.44 % 85 1.08
Amarillo Angosto/VAV6556  5.25 + 0.167 2567 4.91-5.62 pg/1.14-fold 66 217
Pipoca Amarillo/VAV6568 4.83 +0.72¢ 2362 3.96-5.92 pg/1.50-fold 85 1.18
Variegado/VAV6557 462 + 0.66° 2259 3.81-5.81 pg/1.52-fold 5.30-8.63 % 74 2.37

of VAV6575 and VAV6563 presented 16 conspicuous
knobs with positive hybridization signal for both probes
(Fig. 2D and G). Heterozygosis for the presence of knobs
was detected (Fig. 2B and C). The studied populations
presented knobs in 17 different chromosome positions
(Table 3) that were schematized in a representative
idiogram (Fig. 3).

In FISH experiments, 180-bp and TR-1 knob sequences
were probed on mitotic metaphases and both probes hybri-
dized in very close juxtaposition in almost all knobs (Fig. 2,
Table 3). Some individuals of VAV6607, VAV6575 and
VAV6569 showed several knobs with hybridization signals
with only TR-1 or 180-bp probes (Fig. 2D and H, Table 3).

A significant positive relationship between the number
of knobs and the percentage of heterochromatin was
found (P < 0.0001; Spearman coefficient = 0.88; df =
55). In Fig. 4 the percentage of heterochromatin and
the 2C DNA amount were plotted; a significant correlation
between both parameters was not found (P = 0.2380;
Spearman coefficient = 0.35; df = 11).

The length of the vegetative cycle showed a significant
correlation with the percentage of heterochromatin (P =
0.0498; Spearman coefficient = 0.63 df = 7) (Fig. 5). The
2C DNA content did not show a significant correlation nei-
ther with the length of the vegetative cycle (P = 0.6409;
Spearman coefficient = 0.13; df = 11) or with the seed
mass (P = 0.4190; Spearman coefficient = 0.19; df = 18).

Discussion

In this work, genome size variation (2C value) and cyto-
logical parameters (percentage of heterochromatin,
number, positions and sequence composition of knobs)
were studied in 20 populations of Guarani’s maize land-
races from NEA. Moreover, the relationship between
these parameters and the vegetative cycle and seed
mass were discussed. These relationships leave room
for interpretations about the causes of genome size
variation.
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Figure 2. Fluorescent in situ hybridization on maize mitotic metaphases probed with 180-bp and TR-1. Rosado, VAV6565 (A and B); Overo,
VAV6559 (C); Pipoca Colorado, VAV6607 (D); Poror6 Chico, VAV6575 (E); Azul, VAV6564 (F); Tupi Amarillo, VAV6563 (G); Amarillo Angosto,
VAV6569 (H); Variegado, VAV6557 (I). (A) DAPI staining. (B-I) Double exposure DAPI staining-FISH. Fluorescent in situ hybridization probes
detected with Cy3 (red) and probes detected with anti-digoxigenin-FITC (green). (B and C) 180-bp (red). (D) TR-1 (green) and 180-bp (red).
(E) TR-1 (green). (F) 180-bp (red). (G) 180-bp (red). (H) TR-1 (red) and 180-bp probe (green). (I) 180-bp (red). Green arrows indicate knobs com-
posed only by TR-1 or 180-bp. White arrows show the satellites on the short arm of chromosome 6. Yellow arrows indicate heterozygosis for

presence of knobs. Scale bars = 10 pm.

The 2C value varied from 4.62 to 6.29 pg, representing
36.15 % of inter-populational variation (1.98-fold). A
similar variation was found in populations with a wide
range in altitude of cultivation by Rosato et al. (1998) in
northwestern Argentinean landraces and by Diez et al.
(2013) in Mexican landraces. The variation in genome
size was also reported in populations from the USA and
Mexico (Laurie and Bennett 1985; Rayburn et al. 1985;
Porter and Rayburn 1990; Rayburn and Auger 1990aq, b).
In the present study, significant intra-populational

genome size variations were also found, being 1.63-fold
and 1.08-fold, the maximum and the minimum, variation
detected among populations. In a recent review of
Greilhuber and Leitch (2013), the existence of intra-
specific genome size variation was discussed. These
authors pointed out that flow cytometry is the appropri-
ate method for detecting intra-specific genome size
variation. DoleZel et al. (1998) found a linear significant
relationship between the data measured by flow cytome-
try and that acquired by Feulgen densitometry.
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Table 3. Ranges of numbers and chromosome positions of knobs. S, short arm; L, long arm; -sat, satellite; *detected in few individuals of each
populations. Few individuals showed hybridization signals with only TR-1 sequence. 2Few individuals showed hybridization signals with only

180-bp sequence.

Maize landraces/vouchers

Range of numbers of knobs

Knob chromosome positions

Rosado/VAV6565 11-13 1S, 25, 3L, 4S, 4L, 5L, 6L, 6-sat, 7L, 8L, 10L*
Variegado/VAV6557 11-13 1S, 3L, 4L, 5L, 6L, 6-sat, 7L, 8L
Overo/VAV6559 10-13 1S, 2L, 3L, 5L, 6L, 6-sat, 7L, 8L
Tupi Amarillo/VAV6563 14-22 1S, 2L, 3L, 4L, 4S, 6L, 6-sat, 7L, 7S, 8L, 9L
Porord Chico/VAV6575 15-17 1S, 2L, 3L, 4L, 5L, 6L*, 6-sat, 7L, 7S, 9S, 10L*
Pipoca Colorado/VAV6607 15-19 1S, 2L, 3L, 4L, 4S*, 58, 6L, 6-sat, 7L, 95, 10L*
Amarillo Ancho/VAV6569 10-12 1S, 2L, 3L, 4L%, 4S, 5L, 55, 6L, 6-sat?, 7L, 8L, 9L, 95
Azul/VAV6564 10-13 1S, 3L, 4L, 4S*, 5S, 6L, 6-sat, 7L, 10L*
Colorado/VAV6837 11-13 1S, 2L, 3L, 4L, 6L, 6-sat, 7L, 8L*

B . alow number of knobs and low percentage of heterochro-

[ ]
1
-1

R\

;// L
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]
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Figure 3. Representative idiogram of knob chromosome positions in
maize. The hatched blocks indicate the knob chromosome positions
that were always present. The black blocks depict the knob positions
with inter- and intra-populational variations.

Previous studies reported that, in Zea, the differences
in the DNA content were related with variations in the
number and size of knobs/heterochromatic bands (Laurie
and Bennett 1985; Rayburn et al. 1985; Tito et al. 1991,
Poggio et al. 1998). In the present work, DAPI staining
and FISH allowed us to detect inter- and intra-
populational variations in the number, size and sequence
composition of the knobs. The inter-populational vari-
ation in the number of knobs (10-22) and the percentage
of heterochromatin (5.3-16.1 %) were found, and a sig-
nificant relationship between these parameters was
also detected. The population VAV6563 with the max-
imum number of knobs and the greater percentage of
heterochromatin possesses the highest genome size
(2C = 6.29 pQ). Besides, the population VAV6557 with a
low number of knobs and low percentage of heterochro-
matin possesses the lowest genome size (2C = 4.62 pq).
However, two populations (VAV6559 and VAV6564), with

matin, presented intermediate 2C values (5.7-5.9 pg).
While genome size increases in populations with a high
percentage of heterochromatin, a significant correlation
between these parameters was not found. This indicates
that satellite DNA, which conforms the heterochromatin
and contributes to the genome size of maize, is not the
only source of variation. The amplifications or deletions
of dispersed sequences of genome, such as retroele-
ments and other repetitive sequences, which in maize
makes up over 70 % of the nuclear genome, are also
relevant (SanMiguel and Bennetzen 1998; Meyers et al.
2001).

The intra-populational variation in the number of
knobs and the percentage of heterochromatin was
also detected. Major intra-populational variation was
observed in VAV6563 (14-22 knobs; 10.33-16.10 % of
heterochromatin). This variation between individuals
of the same population could be explained by the hetero-
zygosity for the presence/absence observed in each knob
chromosome position, although the variation in other
repetitive DNA sequences could not be discarded.

Another source of intra-specific variation was the
chromosome position and sequence composition of the
knobs. 4/,6-Diamidino-2-phenylindole staining allowed
us to detect that the knobs are located not at random,
in 17 different chromosomal positions, which varied
among the populations. Moreover, the FISH experiments
demonstrated that while, in most of the analysed popula-
tions, the knobs comprise 180-bp and TR-1 sequences in
very close juxtaposition, several populations presented
knobs with only one knob sequence. Therefore, the knob
positions and their sequence composition are useful tools
for the cytological characterization of the landraces here
studied.
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Figure 4. The relationship between the percentage of knob heterochromatin and the amount of 2C DNA (in pg), in each of the studied popula-
tions. The dots show the means values of the percentage of heterochromatin of each population. The whiskers represent the standard deviation.
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Figure 5. The relationship between the percentage of heterochromatin and the vegetative cycle length (in days). The dots show the means
values of the percentage of heterochromatin of each population. The whiskers represent the standard deviation.

Many works focused on the relationships between gen-
ome size and phenotype at whole plant levels (Bennett
and Leitch 2005; Greilhuber and Leitch 2013). Genome
size and vegetative cycle or flowering time were related
in several groups of plants (revisited in Greilhuber and
Leitch 2013). In the populations analysed here, a sig-
nificant correlation between the DNA content and vege-
tative cycle was not found. Interestingly, the increase

in the length of the vegetative cycle was positively
related with the increase in the percentage of heterochro-
matin. These results could be explained if the knob
heterochromatin is the last component to complete
DNA replication as it was postulated (Pryor et al. 1980;
Greilhuber and Leitch 2013). These authors consider
that the increased packaging of heterochromatin leads
to a longer DNA synthesis phase and hence longer cell
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cycle time. Several authors determined that, in maize, the
percentage of heterochromatin is positively correlated
with the vegetative period and considered that the de-
crease in heterochromatic knobs could be an adaptation
to a shorter growing season and the result of the artificial
selection by man (Rayburn et al. 1985; Price 1988; Tito et al.
1991). The populations analysed in this work grow in a
small and restricted eco-geographical area, without sig-
nificant differences in altitude, climatic or biological condi-
tions, but they are isolated by temporal reproductive
barriers due to differences in their flowering time. This iso-
lation would be maintained by the artificial selection by
man, because the farmers select against corncobs with
an intermediate morphology among landraces. In fact,
when the artificial selection against hybrids between two
varieties of maize was performed, the level of spontaneous
inter-varietal hybridization decreases and the reproductive
isolation was enhanced, mainly due to greater differences
between varieties in their flowering time (Grant 1981).

Since the vegetative cycle time would be optimized via
selection for an appropriate percentage of heterochro-
matin, the positive correlations found between them
allows to propose an adaptive effect to heterochromatin.

Another phenotypic characteristic that has been related
to genome size is the seed mass (Bennett 1987; Bennett
and Leitch 2005; Knight et al. 2005; Beaulieu et al. 2007).
Positive relationships between the DNA amount and seed
weight have been reported in a large number of species
(Bennett 1972, 1987; Caceres et al. 1998; Knight and
Ackerly 2002; Bennett and Leitch 2005). In the landraces
of maize here studied, a relationship between the DNA
content and seed weight was not detected, because
numerous other factors could influence the seed weight
independently of genome size. In fact, Knight et al.
(2005) point out that not in all cases this relationship
could be linear.

Multivariate analysis including morphological, pheno-
logical and reproductive traits (Melchiorre et al. 2006)
and nuclear microsatellite characterization (Bracco et al.
2009, 2012) were performed in the NEA landraces here
studied. Both studies allowed us to distinguish two groups
of landraces, the popcorns and the flourys. In the present
work, popcorn populations showed higher percentage of
heterochromatin, whereas the floury populations had
the lowest. Therefore, the percentage of heterochromatin
could be another discriminating character between pop-
corn and floury landraces.

Conclusions

The maize Guarani’s landraces from NEA have inter-
population and even intra-population variations in their
genome size, as well in the percentage of heterochromatin,

the number, and position of chromosomes and sequence
compositions of the knobs. The variation found in 2C
values could be due to the heterozygosity for the pres-
ence/absence observed in each knob chromosome pos-
ition and percentage of heterochromatin variation,
however the variation in other repetitive DNA sequences
could not be discarded.

The positive correlations between the length of the
vegetative cycle and percentage of heterochromatin,
found in the present work, allowed attributing an adap-
tive effect to heterochromatin since vegetative cycle
time would be optimized via selection for an appropriate
percentage of heterochromatin.

Sources of Funding

The funding was provided by the grants from the Consejo
Nacional de Investigaciones Cientificas y Técnicas
(CONICET-PIP 00342), Universidad de Buenos Aires (UBA-
CYT) and the Agencia Nacional de Produccién Cientifica y
Tecnoldgica-SECYT (PICT 1665).

Contributions by the Authors

All authors contributed to the experimental design, data
analysis and manuscript preparation.

Conflict of Interest Statement

None declared.

Acknowledgements

We thank Ing. Agr. P. Melchiorre for ceding us the vegeta-
tive cycle and seed mass data, Dr DoleZel for providing the
DNA content standard and Mr D. Fink for assisting us with
the image analysis.

Literature Cited

Albert PS, Gao Z, Danilova TV, Birchler JA. 2010. Diversity of chromo-
somal karyotypes in maize and its relatives. Cytogenetic and
Genome Research 129:6-16.

Ananiev EV, Phillips RL, Rines HW. 1998. A knob-associated tandem
repeat in maize capable of forming fold-back DNA segments: are
chromosome knobs megatransposons? Proceedings of the
National Academy of Sciences of the USA 95:10785-10790.

Beaulieu JM, Moles AT, Leitch 1J, Bennett MD, Dickie JB, Knight CA.
2007. Correlated evolution of genome size and seed mass. New
Phytologist 173:422-437.

Bennett MD. 1971. The duration of meiosis. Proceedings of the Royal
Society B: Biological Sciences 178:277-299.

Bennett MD. 1972. Nuclear DNA content and minimum generation
time in herbaceous plants. Proceedings of the Royal Society of
London Series B: Biological Sciences 181:109-135.

AoB PLANTS www.aobplants.oxfordjournals.org

© The Authors 2015



Realini et al. — Genome size: cytological and phenotypic correlates

Bennett MD. 1987. Variation in genomic form in plants and its
ecological implications. New Phytologist 106:177-200.

Bennett MD, Leitch IJ. 2005. Nuclear DNA amounts in angiosperms:
progress, problems and prospects. Annals of Botany 95:45-90.

Bennetzen JL, Ma J, Devos KM. 2005. Mechanisms of recent genome
size variation in flowering plants. Annals of Botany 95:127-132.

Bracco M, Lia VV, Gottlieb AM, Camara Herndndez J, Poggio L. 2009.
Genetic diversity in maize landraces from indigenous settle-
ments of Northeastern Argentina. Genetica 135:39-49.

Bracco M, Lia VV, Herndndez JC, Poggio L, Gottlieb AM. 2012. Genetic
diversity of maize landraces from lowland and highland agro-
ecosystems of Southern South America: implications for the conser-
vation of native resources. Annals of Applied Biology 160:308-321.

Caceres ME, De Pace C, Scarascia Mugnozza GT, Kotsonis P,
Ceccarelli M, Cionini PG. 1998. Genome size variations within
Dasypyrum villosum: correlations with chromosomal traits, envir-
onmental factors and plant phenotypic characteristics and
behaviour in reproduction. Theoretical and Applied Genetics 96:
559-567.

Camara Herndndez J, Miante Alzogaray AM, Bellon R, Galmarini AJ.
2011. Razas de maiz nativas de la Argentina. Facultad de Agrono-
mia, Universidad de Buenos Aires Press.

Cuadrado A, Jouve N. 1995. Fluorescent in situ hybridization and
C-banding analyses of highly repetitive DNA sequences in the
heterochromatin of rye (Secale montanum Guss.) and wheat
incorporating S. montanum chromosome segments. Genome
38:795-802.

Diez CM, Gaut BS, Meca E, Scheinvar E, Montes-Hernandez S,
Eguiarte LE, Tenaillon MI. 2013. Genome size variation in wild
and cultivated maize along altitudinal gradients. New Phytologist
199:264-276.

Di Rienzo JA, Casanoves F, Balzarini MG, Gonzalez L, Tablada M,
Robledo CW. 2012. InfoStat version 2012. Argentina: Grupo Info-
Stat, FCA, Universidad Nacional de Cérdoba. http://www.infostat.
com.ar (17 August 2012).

Dolezel J, Greilhuber J, Lucretti S, Meister A, Lysak MA, Nardi L,
Obermayer R. 1998. Plant genome size estimation by flow cyto-
metry: inter-laboratory comparison. Annals of Botany 82:17 - 26.

DoleZel J, Bartos J, Voglmayr H, Greilhuber J. 2003. Nuclear DNA con-
tent and genome size of trout and human. Cytometry A 51:
127-128.

DoleZel J, Greilhuber J, Suda J. 2007. Estimation of nuclear DNA content
in plants using flow cytometry. Nature Protocols 2:2233-2244.
Fisher RA. 1932. Statistical methods for research workers, 4th edn.

Edinburgh: Oliver and Boyd.

Gonzdlez GE, Poggio L. 2011. Karyotype of Zea luxurians and Z. mays
subsp. mays using FISH/DAPI, and analysis of meiotic behavior of
hybrids. Genome 54:26-32.

Gonzdlez GE, Fourastié MF, Poggio L. 2013. Nimero y composicion de
secuencias de los knobs (DAPI-FISH) y su utilidad en la caracter-
izaciéon de accesiones de maiz y teocintle. Revista Fitotécnica
Mexicana 36:127-135.

Grant V. 1981. Plant speciation, 2nd edn. New York: Columbia Univer-
sity Press.

Gregory TR, Nicol JA, Tamm H, Kullman B, Kullman K, Leitch 1J,
Murray BG, Kapraun DF, Greilhuber J, Bennett MD. 2007.
Eukaryotic genome size databases. Nucleic Acids Research 35:
D332-D338.

Greilhuber J, Leitch 1J. 2013. Genome size and the phenotype. In:
Leitch 1J, Greilhuber J, Dolezel J, Wendel JF, eds. Plant genome
diversity, Vol. 2. Vienna: Springer, 323 -340.

Greilhuber J, Temsch EM, Loureiro J. 2007. Nuclear DNA content
measurement. In: Dolezél J, Greilhuber J, Suda J, eds. Flow cyto-
metry with plant cells. Berlin: Weinheim-Wiley, 67-102.

Grime JP, Mowforth MA. 1982. Variation in genome size—an eco-
logical interpretation. Nature 299:151-153.

Grover CE, Wendel JF. 2010. Recent insights into mechanisms of
genome size change in plants. Journal of Botany 2010:8.

Kato YTA. 1976. Cytological studies of maize (Zea mays L.) and
teosinte (Zea mexicana Schrader Kuntze) in relation to their
origin and evolution. Massachusetts Agricultural Experiment
Station Bulletin 635:1-185.

Knight CA, Ackerly DD. 2002. Variation in nuclear DNA content across
environmental gradients: a quantile regression analysis. Ecology
Letters 5:66-76.

Knight CA, Molinari NA, Petrov DA. 2005. The large genome con-
straint hypothesis: evolution, ecology and phenotype. Annals of
Botany 95:177-190.

Laurie DA, Bennett MD. 1985. Nuclear DNA content in the genera Zea
and Sorghum: intergeneric, interspecific and intraspecific vari-
ation. Heredity 55:307-313.

Leitch 1J, Leitch AR. 2013. Genome size diversity and evolution in
land plants. In: Leitch 1J, Greilhuber J, Dolezel J, Wendel JF, eds.
Plant genome diversity, Vol. 2. Vienna: Springer, 307-322.

Leitch IJ, Soltis DE, Soltis PS, Bennett MD. 2005. Evolution of DNA
amounts across land plants (Embryophyta). Annals of Botany
95:207-217.

McClintock B, Yamakake T, Blumenschein A. 1981. Chromosome con-
stitution of races of maize: its significance in the interpretation of
relationships between races and varieties in the Americas. Mexico
Chapingo: Colegio de Postgraduado.

Meagher TR, Vassiliadis C. 2005. Phenotypic impacts of repetitive
DNA in flowering plants. New Phytologist 168:71-80.

Melchiorre P, Bartoloni N, Camara-Hernandez J. 2006. Phenetics relation-
ships among native races of maice (Zea mays ssp. mays) from North-
eastern Argentina (Misiones). Genetics and Breed 60:173-186.

Meyers BC, Tingey SV, Morgante M. 2001. Abundance, distribution,
and transcriptional activity of repetitive elements in the maize
genome. Genome Research 11:1660-1676.

Mondin M, Santos-Serejo JA, Bertdo MR, Laborda P, Pizzaia D,
Aguiar-Perecin MLR. 2014. Karyotype variability in tropical
maize sister inbred lines and hybrids compared with KYS stand-
ard line. Frontiers in Plant Science 5:544.

Ohri D, Pistrick K. 2001. Phenology and genome size variation in
Allium L.—a tight correlation? Plant Biology 3:654-660.

Peacock WJ, Dennis ES, Rhoades MM, Pryor AJ. 1981. Highly repeated
DNA sequence limited to knob heterochromatin in maize.
Proceedings of the National Academy of Sciences of the USA 78:
4490- 4494,

Poggio L, Rosato M, Chiavarino AM, Naranjo CA. 1998. Genome size
and environmental correlations in maize (Zea mays ssp. mays,
Poaceae). Annals of Botany 82:107-115.

Poggio L, Confalonieri V, Comas C, Gonzalez G, Naranjo CA. 1999.
Genomic dffinities of Zea luxurians, Z. diploperennis, and
Z. perennis: meiotic behavior of their F1 hybrids and genomic in
situ hybridization (GISH). Genome 42:993-1000.

AoB PLANTS www.aobplants.oxfordjournals.org

© The Authors 2015

11


http://www.infostat.com.ar
http://www.infostat.com.ar
http://www.infostat.com.ar

12

Realini et al. — Genome size: cytological and phenotypic correlates

Poggio L, Realini MF, Fourastié MF, Garcia AM, Gonzdlez GE. 2014.
Genome downsizing and karyotype constancy in diploid and
polyploid congeners: a model of genome size variation. AoB
PLANTS 6:plu029; doi:10.1093/aobpla/plu029.

Porter HL, Rayburn AL. 1990. B-chromosome and C-band heterochro-
matin variation in Arizona maize populations adapted to differ-
ent altitudes. Genome 33:659-662.

Price HJ. 1988. Nuclear DNA content variation within angiosperm
species. Evolutionary Trends in Plants 2:53-60.

Pryor A, Faulkner K, Rhoades MM, Peacock WJ. 1980. Asynchron-
ous replication of heterochromatin in maize. Proceedings
of the National Academy of Sciences of the USA 77:6705-
6709.

Rayburn AL. 1990. Genome size variation in Southern United States
Indian maize adapted to various altitudes. Evolutionary Trends in
Plants 4:53-57.

Rayburn AL, Auger JA. 1990a. Nuclear DNA content variation in the
ancient indigenous races of Mexican maize. Acta Botanica Neer-
landica 39:197-202.

Rayburn AL, Auger JA. 1990b. Genome size variation in Zea mays ssp.
mays adapted to different altitudes. Theoretical and Applied
Genetics 79:470-474.

Rayburn AL, Dudley JW, Biradar DP. 1994. Selection for early flower-
ing results in simultaneous selection for reduced nuclear-DNA
content in maize. Plant Breeding 112:318-322.

Rayburn AL, Price HJ, Smith JD, Gold JR. 1985. C-band heterochroma-
tin and DNA content in Zea mays. American Journal of Botany 72:
1610-1617.

R Development Core Team. 2012. R: a language and environment for
statistical computing. Vienna, Austria: R Foundation for Statistical
Computing.

Rosato M, Chiavarino AM, Naranjo CA, Camara Hernandez J, Poggio L.
1998. Genome size and numerical polymorphism for the B
chromosome in races of maize (Zea mays ssp. mays, Poaceae).
American Journal of Botany 85:168-174.

Sanmiguel P, Bennetzen JL. 1998. Evidence that a recent increase in
maize genome size was caused by the massive amplification of
intergene retrotransposons. Annals of Botany 82:37 - 44.

Soltis DE, Senters AE, Zanis MJ, Kim S, Thompson JD, Soltis PS, Ronse
De Craene LP, Endress PK, Farris JS. 2003. Gunnerales are sister to
other core eudicots: implications for the evolution of pentamery.
American Journal of Botany 90:461-470.

Summer AT. 1990. Chromosome banding. London: Unwin Hyman, 434.

Tito CM, Poggio L, Naranjo CA. 1991. Cytogenetic studies in the genus
Zea: DNA content and heterochromatin in species and hybrids.
Theoretical and Applied Genetics 83:58 - 64.

Wicker T, Yahiaoui N, Guyot R, Schlagenhauf E, Liu ZD, Dubcovsky J,
Keller B. 2003. Rapid genome divergence at orthologous low
molecular weight glutenin loci of the A and Am genomes of
wheat. The Plant Cell 15:1186-1197.

AoB PLANTS www.aobplants.oxfordjournals.org

© The Authors 2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


