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ABSTRACT. Genome size and chromosome number are basic
biological characteristics that reveal a wide diversity in plants. The
most widely used method to estimate genome size is flow cytometry;
however, genomic estimation is only available for a small number of
species. In this context, the DNA content of plants distributed in
areas rich in species and endemism, such as the Brazilian Cerrado,
remains little known. We examined genome size and number of
chromosomes for the legume Dipteryx alata (popularly known as
“baru”), a tree used for food, medicine, forage, recovery of degraded
areas, landscaping and wood extraction. Dipteryx alata showed 2n =
16, with small chromosomes. Genome size or C-value was estimated
at 1C = 0.825 pg which corresponds to 807.2 Megabases. This
species is an important genetic resource, though it has a very small
genome. In addition, this species is phylogenetically positioned in the
first diverging lineage of Papilionoideae. Therefore, D. alata is a
strong candidate among the tree species of the Brazilian Cerrado to
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be a model species in studies of comparative genomics of
Leguminosae.
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INTRODUCTION

The genome size, commonly referred to as C-value, and the chromosome number
are parameters that shows a wide diversity in plants (Dolezel and Barto§ 2005; Hidalgo et
al., 2015; Veleba et al., 2017). Among angiosperms, the variation in genome size is about
2,400-fold, from 1C = 0.06 pg (Genlisea margaretae) to 1C = 152.23 pg (Paris japonica)
(Greilhuber et al., 2006; Pellicer et al., 2010). The variation in chromosome number is also
large, the smallest number 2n = 4 found in species such as Brachyscome dichromosomatica
and the largest number in fern species Ophioglossum reticulatum 2n = 1,400 (Castiglione
and Cremonini, 2012; Dyer et al., 2013). The investigation of genome size and 2n of a
species is relevant for many areas of plant biology, especially in plant genomics (Tyagi et
al., 2019). In genomics, knowledge of genome sizes has practical implications because it
allows us to estimate the coverage and cost of whole genome sequencing projects (Garcia et
al.,, 2014; Wang et al., 2015; Pati et al., 2019). Despite this, genome size estimates are
available for only ca. 7500 angiosperms, i.e. 2% of known species (Wang et al., 2015).

The Cerrado is a savannah-type biome that occurs in Central Brazil and is
considered a biodiversity hotspot (Mendonga et al., 2008). Among the endemic species of
the Cerrado is Dipteryx alata (Leguminosae), a tree popularly known as “baru”. Dipteryx
alata has potential for economic use due to its pulp and seeds that can be used fresh or in
the manufacture of ice cream, cream, liqueur, roasted nuts, medicinal, forage, the recovery
of degraded areas, landscaping and wood extraction (Sano et al., 2004). This species
belongs to the earliest-branching papilionoids within clade ADA, which includes the
reorganized monophyletic tribes Angylocalyceae, Dipterygeae, and Amburanae (Cardoso et
al., 2013). Papilionoids include most model species of Leguminosae (Schmutz et al., 2010;
Varshney et al.,, 2013; Schmutz et al., 2014; Tang et al., 2014). In this sense, the
characterization of genomes of species of its first lineages (ADA clade) may help in future
studies of comparative genomics. We examined genome size and number of chromosomes
for D. alata, a genetic resource of the Brazilian Cerrado and a candidate for genomic
sequencing. This work is the first report of genome size and a confirmation of chromosome
number for D. alata.

MATERIAL AND METHODS

Samples of leaves of D. alata were collected from three specimens of the
germplasm collection maintained by the Agronomy School of the Federal University of
Goias. This germplasm collection was planted in 2011 (latitude 16°35'58.96 S, longitude
49°16'49.55” W, altitude 736 m) and has 600 individual accesses from 25 populations of D.
alata sampled in Cerrado regions in the Brazilian states of Goids, Mato Grosso, Tocantins,
Bahia and Minas Gerais (Guimardes et al., 2019a). For an internal standard, leaves of
Glycine max (2C-Value = 2.5 pg, Graham et al., 1994) from germinated seeds supplied by
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Dr. Jaroslav Dolezel (Experimental Institute of Botany, Czech Republic) were used to
obtain a genome size estimation.

The estimation of nuclear DNA content (C-value) was performed according to the
protocol described by Dolezel and Gohde (1995). Small fragments of leaf tissue (40 mg)
from the sample and the standard were co-minced with a razor blade in a petri dish
containing 0.75 mL of WPB buffer (Tris-HCL 0.02 M, MgCl,-6H,0 4 mM, Triton X 100
1%, EDTA Na, 2H,0 2 mM, NaCl 86 mM, sodium metabisulfite 10 mM 2 PVP-10 1%).
The samples were fragmented quickly to minimize the release of cytosolic compounds.
Then, the contents of the petri dish were filtered using a mesh with 30 um pores in a flow
cytometry tube to remove cell debris and large debris. Cell nuclei were stained with
propidium iodide 50 pL (1 mg/mL). This preparation was repeated in triplicate for each
sample of D. alata and three measurements were carried out on consecutive days. Samples
were analyzed on a Partec CyFlow Space (Partec, Muenster, Germany) equipped with an
argon laser operating at 488 nm. The fluorescence intensity of 10,000 particles was
recorded. The results, number of cores and coefficient of variation (CV) were obtained for
D. alata and internal standard (G. max) samples using a Partec FloMax software (Version
2.4). For this, the sample and standard peaks were manually defined in the histograms. The
nuclear DNA content (2C value) of Dipteryx alata was determined according to the
following formula: (average peak sample / average standard x standard peak 2C-value in
pg)-

The determination of the chromosome number was performed from roots of
germinated seeds. The seeds were obtained from the plants of the aforementioned
germplasm collection. Root tips were pretreated with 0.002 M 8-hydroxyquinoline at room
temperature for 20h, fixed overnight in ethanol / glacial acetic acid 3: 1 (v / v) and stored at
-6°C. Root tips were digested using 18 U/mL cellulase and 18 U/mL pectinase for 120 min
at 37°C. The meristem was dissected in acetic acid (45%) and crushed under a coverslip.
Conventional staining was performed with Giemsa 10%. Capture was done under a Leica
microscope and with the LAS EZ software (Leica). Diploid information was determined by
counting chromosomes from four individuals. The proposed chromosome order was done
using Photoshop CS5.

RESULTS AND DISCUSSION

The C-value of the genome size of D. alata was 1C = 0.825 pg corresponding to
807.2 Megabases (Table 1, Figure 1). The coefficient of variation for samples and standard
were less than 5%, indicating that the results are consistent. In all prometaphases and
metaphases analyzed, D. alata showed 2n = 16 chromosomes (Figure 2).

Table 1. Genome size and chromosome number of Dipteryx alata and other species of Dypterygeae.

Specie 2n 1C-value (pg) 1C-value (Mpb) Reference
Dipteryx alata 16 0.82 807.2 This study
Dipteryx magnifica - 0.98 958.4 Madrigal (2018)
Dipteryx odorata 32 1.63 1594.1 Madrigal (2018)
Dipteryx oleifera - 1.93 1887.5 Madrigal (2018)
Dipteryx rosea - 1.26 1.232.28 Madrigal (2018)
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Figure 1. Cytogenetic characterization of Dipteryx alata. Relative fluorescence histogram obtained by flow

cytometry. a = D. alata peak (2C = 1.64 pg) and b = internal standard peak (2C = 2.5 pg).
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Figure 2. Cytogenetic characterization of Dipteryx alata. Metaphase stained with Giemsa 10% (A) and pairing
showing 2n = 16 chromosomes (B). Bar =2 um.

The chromosome number reported here for D. alata (2n = 16) confirmed the result
obtained by Torres (2001). The only other species of Dipteryx with a known chromosome
number is D. odorata with 2n = 32 (Federov, 1969). The genome size estimate for D. alata
(0.825 pg) can be considered very small, both considering flowering plants as a whole
(Leitch et al., 2005) and other Leguminosae of the Dipterygeae clade (Madrigal, 2018)
(Table 1). Because of its small and diploid genome, in addition to its phylogenetic position
in Papilionoideae (Cardoso et al., 2013) the species D. alata becomes a strong candidate
among the tree species of the Brazilian Cerrado to start sequencing projects of its nuclear
genome. Currently, studies of discovery and characterization of microsatellite markers and
studies of population genetics are found in the literature for D. alata (Soares et al., 2012,
2015; Collevatti et al., 2013; Guimaraes et al., 2017, 2019b). Genomic studies for D. alata
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include the assembly and characterization of the chloroplast genome (Antunes et al.,
2020b). Despite advances in sequencing technology, smaller genomes have been prioritized
due to lower costs for obtaining the total sequences set, which in plant includes sequences
from the nuclear and organellar genomes. In addition, small nuclear genomes facilitate
assembly of the sequences, a complex and difficult computational job for large genomes
(Kelly et al., 2012). Dipteryx alata genome size is close to other legume species sequenced
as Medicago sativa (1C = 0.86 pg - Blondon et al., 1994) and Cajanus cajan (1C = 0.90 pg -
Bennett and Smith, 1976) and it is the first species of the ADA clade and endemic of the
Cerrado that to be sequenced. From the results of the present study, the species D. alata was
selected for a genomic sequencing project. A draft of the species genome has already been
sequenced and annotated (Antunes et al., 2020a) and there is a prospect of generating more
sequences to increase the coverage and depth of the D. alata genomic assembly.
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