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Abstract – Elionurus muticus is a native aromatic grass from the Pampa biome that produces an essential oil that is rich in citral. 
Despite the importance of citral, few studies have examined this species. The aims of this work were to evaluate the genetic structure 
and to characterize cytogenetically natural populations collected from Brazil. Genetic characterization was performed using AFLP 
markers, and cytogenetics assessed the chromosome number, karyotype and meiosis. The studied populations had genetic variability, 
especially within populations, indicating the possibility of selecting plants with relevant characters. High variability also suggests 
the preferential occurrence of outcrossing in natural populations. Regular meiosis was observed in the cytogenetic analysis with 
chromosome number 2n=20. The karyotype of the species is presented for the first time, with the karyotype formula 3sm + 4a + 1saSAT. 
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INTRODUCTION

The demand for natural products is growing, and essential 
oils are among the most popular natural products. The 
species Elionurus muticus has great potential in producing 
the main essential oils economically important for grass. 
This species is highlighted by the presence of an essential 
oil rich in citral, which is one of the most commercialized 
essential oil compounds (Castro and Ramos 2003). 

E. muticus, popularly known as lemon grass, belongs 
to the Poaceae family and is native to the Pampa biome, 
comprising Brazil, Argentina and Uruguay, where it is 
present in abundance (Welker and Longhi-Wagner 2007). 
Thus, this grass demands little or no-demand management, 
which makes it a potential resource of an essential oil 
(Castro and Ramos 2003). Despite the presence of essential 
oils and the growing demand, few studies have been 
conducted, and knowledge of the biology and agronomy 
of this species is reduced. However, recent analyses have 
indicated the presence of genetic and chemical variability 
in populations from southern Brazil (Füller et al. 2014), 
Argentina (Cacciabua et al. 2005) and Africa (Mevy et al. 
2002, Silou et al. 2006).

Currently, many aromatic plants are collected from 
wild populations; consequently, demand for wild plants 
can affect species occurrence and distribution. Therefore, 
the development of cultivation techniques is required 
to obtain high-quality products without jeopardizing 
natural populations (Lyke 2001, Small et al. 2011). Thus, 
characterization and evaluation, both in terms of qualitative 
and quantitative traits, are essential and should be priorities 
considering genetic resource management strategies (Neitzke 
et al. 2010). It is necessary great efforts to increase knowledge 
about E. muticus to determine the best way to explore the 
potential of this species. Hence, the aims of this study 
were to evaluate the genetic structure of natural E. muticus 
populations and to characterize the specie cytogenetically.

MATERIAL AND METHODS

Plant material
Natural populations of E. muticus were collected from 

Rio Grande do Sul, Brazil. The populations were Águas 
Claras (lat 26° 29’ S, long 49° 4’ W), Fontoura Xavier (lat 
28º 53’ S, long  52º 24’ W), São Borja (lat 28º 47’ S, long 
56º 05’ W), São Francisco de Paula (lat 28º 47’, long 56º 
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05’ W), Uruguaiana (lat 29º 29’ S, long 56º 45’ W) and the 
two mountains in Porto Alegre city: Morro Santana (lat 
30º  03’ S, long 51º07’ W) and Morro São Pedro (lat 29º 
20’ S, long 50º 31’ W). The collected herbarium material 
was assembled and cataloged in the Herbário ICN of the 
Departamento de Botânica/UFRGS (Águas Claras- ICN 
152283, Morro Santana – ICN 152281, São Borja – ICN 
152282, São Francisco de Paula – ICN 152279 and 
Uruguaiana – ICN 152280). The harvested plants were 
transplanted to 5 liters pots containing substrate and kept 
outdoors at the Departamento de Horticultura e Silvicultura 
of Faculdade de Agronomia/UFRGS.

Molecular analysis
DNA was extracted from the leaves of ten individuals 

from each population, except for the São Borja population, 
from which 19 individuals were evaluated. Extractions were 
performed following the method described by Harberer 
(1998). The evaluated molecular markers were AFLP, and the 
amplification reactions followed a method adapted from Vos 
et al. (1995). Genomic DNA (250 ng) was digested with the 
restriction enzymes MseI and PstI. Specific adapters to the 
restriction sites were added to the digested DNA. The PCR 
reaction for pre-amplification consisted of 10 ng of ligated 
DNA, 37.5 ng of each initializer with an added nucleotide 
sequence (MseI + C and PstI + A), 0.8 mM dNTP, 1× buffer 
and one unit of Taq DNA polymerase. Pre-amplification 
was performed in 20 cycles under the conditions of 94 °C 
for 30 sec, 56 °C for 1 min and 72 °C for 1 min. The PCR 
reaction for amplification contained 20 ng of pre-amplified 
DNA, 30 ng of both MseI and PstI primers plus three 
nucleotides, 1.5 mM MgCl2, 0.8 mM dNTP, 1× buffer and 
one unit of Taq DNA polymerase. Selective amplification 
was carried out with touchdown a PCR program with cycles 
of 94 °C for 60 s, 65 °C for 60 sec and 72 °C for 90 sec. 
The pairing temperature started at 65 °C and was decreased 
by 1 °C until 56 °C, which was maintained for 23 cycles. 
The amplification reactions were performed with the primer 
sequences P_ACT + M_CTA, P_AAC + M_CAC, P_ACT 
+ M_CCG and P_AAA + M_CCG. The amplified fragments 
were separated by electrophoresis in a 5% denaturing 
polyacrylamide gel at 85 W for approximately 3 hours. A 
100-bp DNA Ladder-marker was used as molecular weight 
standard. The gels were stained with silver nitrate. A visual 
analysis of the fragments was performed on a fluorescent 
light table by two readers. The size of the fragments was 
estimated by comparing the migration of molecular weight 
marker fragments (DNA ladder), as determined from the 
application point of each gel.

The individuals were genotyped based on the presence/

absence of bands, permitting the observance of recessive 
allele frequencies assuming Hardy-Weinberg equilibrium. 
From the allele frequencies, an analysis of similarity was 
obtained based on Euclidean distance. The clustering was 
performed by the UPGMA method using the R program. The 
partition of the variability among and within populations was 
performed by a molecular analysis of variance (AMOVA) 
also using the R program. Wright’s Fst value (1943) was 
calculated to verify the population genetic structure. This 
analysis followed the model of Lynch and Milligan (1994). 
The genetic variability for each population was estimated 
according to the proportion of polymorphic loci (P: 0.95), 
the observed (Ho) and expected (He) average heterozygosity 
per locus, and the inbreeding coefficient. This analysis and 
Wright’s Fst were performed using the UPGMA program 
(Miller 1997).

Cytogenetic analysis
The cytogenetic characterization of the chromosome 

number, meiosis and karyotype were all performed with the 
São Borja population, and an analysis of pollen fertility was 
performed for Morro Santana, São Borja and Uruguaiana. 
The somatic chromosome number was determined in the 
root tip cells of ten individuals. The collected roots were 
pretreated with a saturated solution of paradichlorobenzene 
(PDB) for 24 h at 4 °C. After the root tips were fixed in 
a solution with 60% ethanol, 30% chloroform and 10% 
acetic acid for 24 h at room temperature. The roots were 
then stored in 70% alcohol at -20 °C. The slides were 
prepared via the hydrolysis of the root tips in an 1 N HCl 
in water bath at 60 °C for 10 min, after which the root tips 
were stained with Feulgen for approximately 3 h. Then, an 
enzyme treatment was carried out with 2% pectinase for 
approximately 20 min. The root tips were then macerated in 
2% propionic carmine. The slide was covered with a cover 
slip and sealed with mourning 3: 1 (pitch: wax). For each 
individual, ten cells were analyzed with a good scattering of 
chromosomes and equivalent contraction stages. All of the 
analyses were carried out under an optical Nikon microscope 
with a traditional photography system.

Karyotype analyses were carried out as follows: the 
number of chromosomes; the length of the long (L) and 
short (S) arms; the total length (TL = L + S); the centromeric 
index (CI = S.TL-1 ·100); the mean value of the total length 
of the whole chromosome (TLG); the sum of the total length 
(RTL); and the ratio between the length of the longest 
pair/and the shortest pair (R). The centromere position 
was expressed as arm ratio values (r=long/short arm). The 
chromosomes were classified based on their centromere 
position, considered metacentric (m) (where CI was greater 
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than 0.40), submetacentric (sm) (between 0.36 and 0.40) 
acrocentric (a) (0.25 to 0.35) and subacrocentric (s) (CI less 
than 0.25). The results were represented in an idiogram. 
The degree of symmetry of the karyotype was calculated 
according to Stebbins (1971).

The meiotic behavior was observed in young 
inflorescences. The inflorescences were collected and 
immediately fixed in a solution of absolute ethanol: acetic 
acid (3:1) for 24 h at room temperature and were then 
stored in 70 % ethanol in the freezer for further analysis. To 
prepare the slides, the anthers were separated using tweezers 
and a histological needle. After the anthers were crushed, 
they were stained with 2 % propionic carmine and pressed 
lightly with a glass rod. The slides were analyzed using an 
optical microscope. At least ten cells with good chromosome 
spreading and with chromosomes in equivalent degree of 
contraction were analyzed per plant. All available cells 
were analyzed and all stages from meiosis I, where bivalent 
associations occurs, were observed; however, for meiosis 
II, it was not possible to observe metaphase or anaphase.

RESULTS AND DISCUSSION 
AFLP variation in band profiles of the 85 genotypes 

resulted in 133 consistent markers, all polymorphic. The 
dendrogram showed that, in general, the markers grouped 
the populations according to geographic location (Figure 
1). The cluster among the populations Morro Santana and 
Morro São Pedro, as well as the cluster between São Borja 
and Uruguaiana, reflected their geographical origin. Morro 
Santana and Morro São Pedro are both mountains in the 
same city and have similar characteristics, such as high 
altitudes. The Uruguaiana and São Borja cluster also reflects 
this geographical similarity, as both cities are located on 
the border with Argentina, separated by approximately 160 

km from each other. However, when considering cluster of 
Fontoura Xavier, Águas Claras and São Francisco de Paula, 
it was not possible to assign a geographical origin similarity. 
The group that was formed by populations of Uruguaiana 
and São Borja was further related to other populations, which 
also reflects the geographical distance of these populations 
relative to the other populations. The results indicate that 
differences in ecosystems may reflect the molecular analysis 
and that the variation may be attributed to differences in 
the number of alleles per locus and their distribution within 
the population. The relationship between genetic variability 
and geographic distribution has been observed in various 
aromatic plants (Füller et al. 2010, Zhang et al. 2013).

The estimated percentage of polymorphic loci revealed 
that the populations São Borja, Uruguaiana and Fontoura 
Xavier had more genetic variability compared to that of 
the other populations (Table 1). The populations Fontoura 
Xavier and São Borja had larger samples, which may be 
reflected in the more-pronounced variability. 

The observed heterozygosity ranged from 0.10 to 0.29 
between populations, with an overall heterozygosity of 0.36. 
The values that were reported for observed heterozygosity 
were similar to the expected heterozygosity values, 
indicating a tendency for cross-pollination (Table 1). The 
inbreeding coefficient showed that, overall, there is reduced 
homozygosity, with values less than 0.1, again suggesting 
cross-pollination. Águas Claras and São Francisco de Paula 
populations had the highest inbreeding coefficient (0.1), 
indicating that these populations present a higher frequency 
of homozygotes compared with other populations. Wright 
Fst value was 0.28, indicating a differentiation between the 
populations (Wright 1943). This differentiation was expected, 
as it is a reflection of the geographic distance between 
populations, preventing gene flow between them. The analysis 
of molecular variance revealed greater intrapopulational 
(76%) than interpopulational (24%) variability. 

Figure 1. Cluster of Elionurus muticus natural populations that were 
obtained by AFLP molecular markers, based on Euclidean distance.

Table 1. Proportion of polymorphic loci (P), observed (Ho) and expected 
(He) heterozygosity and inbreeding coefficient (f) of seven Elionurus 
muticus populations

Population N* P (95%) Ho He f
Águas Claras 10 24.13 0.10 0.11 0.10
Fontoura Xavier 17 72.41 0.27 0.28 0.06
Morro Santana 10 51.72 0.19 0.20 0.05
Morro São Pedro 10 55.17 0.25 0.26 0.04
São Borja 18 82.75 0.29 0.30 0.04
São Francisco de Paula 10 51.72 0.20 0.22 0.10
Uruguaiana 10 72.41 0.26 0.28 0.07
Total 85 89.65 0.36 0.36 0.00

* number of individuals.
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The evaluated individuals had 10 pairs of chromosomes 
each (2n = 20), all homogeneous. In general, grasses 
have a greater diversity of chromosome number, and 
their basic chromosome number ranges from x = 2-18. E. 
muticus belongs to the subfamily Panicoideae, which has 
a basic number x = 9 and 10 (Hilu 2004). The number of 
chromosomes that were found in this study is consistent with 
previous studies of other species of the genus Elionurus, 
which also reported the presence of ten pairs of chromosomes 
(Brown 1951, Gould and Soderstrom 1967). The exception 
is an African species, E. argenteus, which presents basic 
number x = 5 (Celarier 1957).

The E. muticus chromosomes measured between 3 and 
6 microns and were considered relatively large compared to 
those of other plants (Table 2). The size of the chromosomes 
shows a wide variation between species, including plants with 
very small chromosomes, such as Leucaena (approximately 
1 micron) (Schifino-Wittmann 2004), Jatropha genus (1 
to 2 microns) (Dahmer et al. 2009) and Maytenus species 
(approximately 0.5 microns) (Lunardi et al. 2004); with 
average-sized chromosomes, such as Trifolium argentinense 
species (1.6 to 2.8 microns) (Conterato et al. 2010) and the 
Elytrigia genus (ca 2 microns) (Mao et al. 2010); and with 
large chromosomes, such as Lathyrus genus (4-7 microns) 
(Klamt and Schifino-Wittmann 2000) and the species Cipura 
paludosa (approximately 9.5 microns) (Alves et al. 2011).

The E. muticus karyotype showed a predominance 
of submetacentric chromosomes, including four pairs of 
chromosomes (1, 3, 4 and 5), and also presented three pairs 
of acrocentric chromosomes (6, 8 and 9), a subacrocentric 

chromosome (7) and two metacentric chromosomes (2 and 
6) (Figure 2). The karyotype analysis also permitted the 
observation of the presence of a satellite chromosome pair 
(7). The karyotype formula was determined as 2m + 3sm 
+ 4a + 1saSAT and TCL = 48.3 microns. The chromosomal 
location of the satellites is always constant in individuals, 
except in the case of structural alterations, and thus can be 
used as morphological chromosome markers. In general, 
there is a pair of chromosomes with satellites in diploid 
species (Klamt and Schifino-Wittmann 2000, Conterato et 
al. 2010, Alves et al. 2011).

The E. muticus karyotype could be classified as 2A type 

Table 2. Elionurus muticus karyotype data: mean length and centromeric index (CI) of each pair of chromosomes and the total length of the haploid 
complement (TCL)

Chromosome 1 2 3 4 5 6 7 8 9 10
Total length (μm) 6.25 5.64 5.50 5.12 5.00 4.55 4.54 4.09 3.86 3.71
CI 0.38 0.40 0.39 0.39 0.38 0.44 0.20 0.30 0.35 0.33
TCL (μm) 48.3

Figure 2. Idiogram of the chromosome complement of Elionurus muticus. 
The scale bar corresponds to 10 μm. 

Figure 3. Elionurus muticus’ cells in meiosis. (A-B) diakinesis cells, (c) 
cell in anaphase I, (D) cell bridged in anaphase I (E) cell in telophase I, 
and (F) tetrads. The scale bar corresponds to 10 μm.
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by the Stebbins (1971) karyotype symmetry index. According 
to Stebbins (1971), there is an evolutionary trend toward 
karyotype asymmetry. However, as there is no information 
on the karyotype of other species of Elionurus, due to the 
lack of comparison, we cannot assume this trend.

The large size of the chromosomes allowed an accurate 
view of chromosomal associations. All of the individuals 
showed n = 10 in diakinesis (Table 3, Figure 3) with no 
variation and agreed with the assessed somatic number (2n 
= 20). Every phase of the meiosis I was observed; however, 
for meiosis II, it was not possible to observe metaphase or 
anaphase. The cells that presented 10 bivalents or those 
that did not present chromosome bridges were considered 
normal chromosomes.

In general, E. muticus has a regular meiotic division. 
Bivalent associations were prevalent, appearing in all 
individuals. In the individuals SB45, SB46 and SB47, 
univalents were observed in some cells. The individual SB43 
showed approximately 5% of the cells with chromosomal 

bridges (Figure 3). In natural populations, the occurrence of 
meiotic irregularities in general is not common, although there 
are exceptions, such as some species of the genus Scenecio 
(Lopes et al. 2002) and Onobrychis chorassanica (Ranjbar 
et al. 2010). The low frequency of meiotic abnormalities 
that was observed in E. muticus agrees with that observed 
in most natural populations of plant species (Fachinetto et 
al. 2008, Palma-Silva et al. 2008).

The results obtained contribute for germplasm 
characterization and for plant breeding, improving our 
understanding of the evolution of the genus.

ACKNOWLEDGMENTS
The authors acknowledge the Coordenação de 

Aperfeiçoamento de Pessoal de Ensino Superior (Capes) 
and the Conselho Nacional de Desenvolvimento Científico e 
Tecnológico (CNPq) for financial support and Dr. Fernanda 
Bered, Dr. Magnólia Silva, and Dr. Geraldo Soares for 
valuable suggestions.

Table 3. Analysis of the meiotic behavior of Elionurus muticus 

Individual Meiosis I
association diakinesis and metaphase I Anaphase segregation and telophase I Others Telophase II Total cells

SB01 10II (78)1 10-10 (07) - 85
SB02 10II (87) 10-10 (13) - 100
SB20 10II (06) 10-10 (20) Normal (2) 32
SB25 10II (42) 10-10 (31) Normal (1) 75
SB33 10II (17) 10-10 (24) Normal (4) 45
SB43 10II (84) 10-10 (53)(3) P - 140
SB44 10II (43) - - 43
SB45 10II (43)8II + 2I (1) 10-10 (1) - 45
SB46 10II (33)8II + 2I (1) 10-10 (11) - 45
SB47 10II (49)8II + 2I (1) 10-10 (14) Normal (3) 66

1I = univalent; II = bivalent, P = cells with chromosomal bridges. In parentheses, the number of cells that were analyzed.

Estrutura genética e citogenética de populações naturais de capim-limão 
(Elionurus muticus)
Resumo – Elionurus muticus é uma gramínea aromática nativa do bioma Pampa, que produz um óleo essencial rico em citral. 
Apesar da importância do citral, poucos estudos têm sido realizados para esta espécie. Os objetivos deste trabalho foram avaliar a 
estrutura genética e caracterizar citogenéticamente populações naturais de E. muticus do sul do Brasil. A caracterização genética 
foi realizada utilizando marcadores AFLP e a citogenética avaliou o número de cromossomos, cariótipo e meiose. As populações 
estudadas apresentaram variabilidade genética, especialmente dentro das populações, indicando a possibilidade de seleção de plantas 
com caracteres relevantes. A alta variabilidade também sugere a ocorrência preferencial de alogamia nas populações naturais. A 
meiose observada na análise citogenética foi regular, com número cromossômico 2n=20. O cariótipo da espécie é apresentado pela 
primeira vez, com a fórmula cariotípica 3sm + 4a + 1saSAT. 
Palavras-chave: Cromossomo satélite, cariótipo, diversidade genética, distância euclideana.
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