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ABSTRACT
Ruzigrass [Urochloa ruziziensis (R. Germain &
Evrard) Crins, syn. Brachiaria ruziziensis Germain
& Evrard] is a tropical forage native to Africa,
first introduced in Brazil in the 1960s. Ruzigrass
is diploid, presents sexual reproduction, and is
a model species for the generation of genomic
resources in the Brachiaria genus. Brachiaria
species are the most important livestock forage
in the tropics, covering more than 70 million ha
in Brazil alone. We have used multiplex panels of
microsatellite markers to characterize the genetic
diversity of ruzigrass germplasm collected in
Africa, and of a local population collected in Brazil, to obtain information for its conservation and
use in breeding programs. Fifteen SSR markers were used to Genotype 114 ruzigrass samples. Summary statistics, as well as estimates
of FST and partitioning of genetic diversity were
obtained. Clustering and genetic structure analyses were performed. Results showed high values of heterozygosity in the African and Brazilian
populations. Although African and Brazilian samples formed distinct groups in clustering analyses, and Bayesian analysis of genetic structure
distributed samples into three clusters, estimates
of pairwise FST values showed no differentiation
between African and Brazilian groups of samples. Results indicated that the introduction of
ruzigrass in Brazil did not cause a major decrease
in genetic diversity. Brazilian local populations
might harbor favorable alleles that will be useful
for ongoing and future breeding programs. They
offer great opportunities for ruzigrass germplasm
collection and conservation of genetic diversity,
before attempts to access germplasm in its center of diversity are undertaken.
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R

uzigrass is a tropical forage native to Africa, found in
regions such as the Ruzizi Valley, in the Democratic
Republic of the Congo and Burundi. Germplasm of this species
was originally obtained from Rwanda, multiplied in Kenya in the
early 1960s, and then spread to continental Africa and Madagascar. From Madagascar, it was sent to Australia (Keller-Grein et
al., 1996). Reports mention its first introduction in Brazil also in
the 1960s, probably after its release in Australia as cultivar Kennedy, by the Queensland Herbage Plant Liaison Committee, in
1966 (Keller-Grein et al., 1996).
Early reports of germplasm collections of ruzigrass date back
to the 1950s, led by the National Agricultural Research Station
in Kitale, Kenya (Keller-Grein et al., 1996). A second initiative
took place in eastern Africa, in 1984 and 1985. It was supported
by the International Board for Plant Genetic Resources (IBPGR,
now Bioversity International), and the International Livestock
Centre for Africa (ILCA, which took part on the foundation of
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the International Livestock Research Institute, ILRI).
These accessions were deposited in the germplasm collection of the International Center for Tropical Agriculture
(CIAT) and, in 1987, were brought to Brazil for agronomic evaluations performed by the Brazilian Agricultural Research Corporation (Empresa Brasileira de Pesquisa Agropecuária, Embrapa), for their use as forage in
the new agricultural frontier of the Brazilian Cerrados.
Currently, a small number of ruzigrass accessions are
kept in a few gene banks, either as seed or as plants in the
field. Embrapa keeps only 13 accessions in long-term preservation conditions at its Base Collection, and a few more
accessions are kept in vivo in active germplasm collections.
At the time of writing, a search on Genesys, a database
designed to provide access to information about worldwide
gene bank accessions (http://www.genesys-pgr.org, last
accessed on 28 Jan. 2015), lists only 80 ruzigrass entries in
three gene banks. The ILRI, in Ethiopia, holds 30 accessions; CIAT, in Colombia, keeps 42 accessions; and the
USDA-ARS Plant Genetic Resources Conservation Unit
at the University of Georgia, in the United States, harbors
five ruzigrass accessions. Since some of these accessions are
certainly duplicates, and most of them were collected in
the expedition that took place in the mid-1980s, mentioned
above, the number of unique ruzigrass accessions kept in
gene banks will probably not reach more than 50 samples.
Although it is known for its high nutritional quality
and palatability, ruzigrass use has been historically hindered due to its high susceptibility to spittlebugs (Mahanarva spectabilis and Deois schach), and to its lower yields
when compared to cultivars from other Brachiaria species, such as B. brizantha cultivar Marandu and B. decumbens cultivar Basilisk (Keller-Grein et al., 1996). Recent
growth in the use of integrated crop–livestock systems in
the tropics, and in Brazil in particular, has raised interest in ruzigrass. An expected area of 15 million ha of
degraded pastures should be recovered in the country for
use in integrated systems in the next few years (Kichel
et al., 2014). Consequently, the opportunity for ruzigrass
breeding, cultivar development and seed production has
also increased. Ruzigrass use in integrated crop–livestock
systems has been successful due to its small tussock architecture, its low herbicide need for desiccation, as well as
its good adaptation to overseeding (Azevedo et al., 2011).
In contrast to apomictic species in the genus that are
used as tropical forages (namely B. brizantha, B. decumbens,
and B. humidicola), ruzigrass presents sexual reproduction.
This allows and calls for the use of breeding methods to
obtain diverse cultivars improved for traits of interest.
A breeding program for ruzigrass using recurrent selection has been recently initiated at Embrapa Dairy Cattle
(Souza Sobrinho et al., 2009b), based on crossings among
accessions collected in pastures established decades ago,
in southeastern Brazil. To our knowledge, this is the only
crop science, vol. 55, november– december 2015 	

breeding program for a diploid species of Brachiaria being
currently conducted in Brazil and, perhaps, in other parts
of the world. One of its first goals is to obtain an improved
population for the species, while maintaining genetic
diversity for different important forage traits. Intrapopulation recurrent selection has been applied to increase the
frequency of favorable alleles for traits such as forage yield,
nutritional quality, spittlebug resistance, aluminum toxicity tolerance, and shading tolerance (Souza Sobrinho et
al., 2009a). Results from the first selection cycle showed
that there is genetic diversity for several economically
important traits (Souza Sobrinho et al., 2009a). Heritability, genetic gains, and correlations among traits have been
evaluated, indicating great potential for genetic improvement of this species (Borges et al., 2011).
Microsatellites have long been the standard class of
molecular markers for genetic characterization of germplasm accessions. In forage grasses, for instance, microsatellites have been used for the characterization of genetic
diversity in perennial ryegrass (Lolium perenne L.) (Kubik et
al., 2001; Brazauskas et al., 2011), Paspalum (Cidade et al.,
2013), napier grass (Pennisetum purpureum Schum.) (Azevedo et al., 2012), guineagrass (Panicum maximum Jacq.) (de
Sousa et al., 2011), tall fescue (Festuca arundinacea Schreb.),
and meadow fescue (F. pratensis Huds.) (Hand et al., 2012),
bermudagrass (Cynodon spp.) (Jewell et al., 2012), and Kentucky bluegrass (Poa pratensis L.) (Honig et al., 2012; Bushman et al., 2013). Among the four commercially important Brachiaria species, microsatellites have been developed
for B. brizantha and B. humidicola (Jungmann et al., 2009a,
2009b; Vigna et al., 2011a). Some of these markers have
been used to characterize germplasm collections of these
species kept in Brazil (Jungmann et al., 2010; Vigna et al.,
2011b). Recently, we developed a first set of 500 microsatellite markers for ruzigrass using Illumina sequencing data
and a draft de novo genome assembly (Silva et al., 2013).
We tested 269 of these markers, 198 of which were polymorphic for 11 ruzigrass samples (Silva et al., 2013). Based
on this initial test, multiplex panels were set up for microsatellite markers with the highest values of polymorphism
information content (PIC) (Silva et al., 2013).
Use of molecular markers in assessments of genetic
diversity of ruzigrass germplasm and breeding populations has been so far limited to dominant markers such as
RAPDs (Ambiel et al., 2008, 2010) and ISSRs (Azevedo
et al., 2011). The present study uses microsatellite markers for the characterization of germplasm of this species.
Our objectives were to evaluate the genetic diversity and
structure of germplasm accessions originally collected in
Africa, and of samples of a local population of its commercially available open-pollinated variety, collected in a
ruzigrass production site in Brazil.
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MATERIALS AND METHODS

Table 1. List of analyzed ruzigrass accessions, their corresponding accession codes, countries of origin, collector’s
information, and year of collection.

Plant Material and DNA Extraction
African Germplasm
Thirteen accessions of B. ruziziensis were kindly provided by
Dr. Juliano Gomes Pádua (Embrapa Genetic Resources and
Biotechnology, Brasilia, DF, Brazil). These accessions were
originally collected in Africa, and maintained as frozen seed for
the last 30 yr in the long-term Base Collection kept at Embrapa
Genetic Resources and Biotechnology. Their identification
codes and countries of origin are listed on Table 1. Five plants
of each accession were used in this study, totaling 65 samples.

Brazilian Local Population

Country
of origin

Collector’s
information

Year of
collection

AG-01

BRA-005541
(CIAT 16551)

Kenya

1984

AG-02

BRA-005550
(CIAT 26162)
BRA-005568
(CIAT 26163)
BRA-005576
(CIAT 26167)
BRA-005584
(CIAT 26168)
BRA-005592
(CIAT 26170)
BRA-005606
(CIAT 26171)
BRA-005614
(CIAT 26174)
BRA-005622
(CIAT 26175)
BRA-005631
(CIAT 26177)
BRA-005649
(CIAT 26178)
BRA-005665
(CIAT 26347)
BRA-005673
(CIAT 26350)

Burundi

Gerhard KellerGrein, Salomon
Mengitsu
Gerhard KellerGrein
Gerhard KellerGrein
Gerhard KellerGrein
Gerhard KellerGrein
Gerhard KellerGrein
Gerhard KellerGrein
Gerhard KellerGrein
Gerhard KellerGrein
Gerhard KellerGrein
Gerhard KellerGrein
Gerhard KellerGrein
Gerhard KellerGrein

AG-03
AG-04
AG-05

Young leaves of 51 plants selected at random across a ruzigrass
field in the municipality of Chapada Gaucha, Minas Gerais,
were collected for DNA analysis. They represent a sample of
the ruzigrass variety commercially available in Brazil, locally
known as cultivar Kennedy, an open-pollinated variety which
is extensively planted in the country. It is believed that the current open-pollinated variety traces back to the cultivar released
in Australia as cultivar Kennedy (Keller-Grein et al., 1996).
Seeds were immersed in H 2SO4 for 15 min to overcome
seed dormancy, and then rinsed in distilled water for 5 min.
Treated seeds were sown in trays containing potting soil, and
kept in the greenhouse. DNA was extracted from young leaves
of germinated plantlets or, otherwise, from young leaves of
plants collected in the field, using a standard CTAB protocol
(Doyle and Doyle, 1987) with modifications, as described in
Ferreira and Grattapaglia (1998). DNA concentrations were
measured on a Nanodrop 2000 spectrophotometer (Thermo
Scientific, Waltham, MA), and samples were diluted on TE
buffer pH 8.0 to a concentration of 2 ng/mL.

Genotyping with Multiplex Panels
of SSR Markers
Fifteen SSR markers described in Silva et al. (2013) were used
in this study. Polymerase chain reaction (PCR) mixtures contained 15 ng of genomic DNA, 0.7 U of Taq DNA polymerase,
0.2 mM of each dNTP, 0.2 mM of each primer, 1.5 mM of
MgCl 2, 20 mM Tris-HCl pH 8.3 and 50 mM KCl, in a final
volume of 8 mL. Cycling parameters consisted of an initial step
at 94°C for 5’, 30 cycles of 94°C for 30”, 52°C for 90”, 72°C for
60”, and a final extension step at 60°C for 60’. Forward primers were 5’-end labeled with fluorescent dyes (6-FAM, HEX,
or NED). The amplification reactions were performed with a
GeneAmp PCR-System 9700 (Applied Biosystems, Foster City,
CA). The PCR products were precipitated, suspended in 10 mL
of Milli-Q water, and kept frozen until use. Products were denatured at 94°C for 5 min. Denatured products were injected in a
MegaBACE 1000 (GE Healthcare Life Sciences, Pittsburgh, PA)
automated sequencer. Allele size calling and genotyping were
carried with Fragment Profiler v1.2. Automated allelic binning
was performed with AlleloBin [http://www.icrisat.org/bt-software-d-allelobin.htm, last accessed on 28 Jan. 2015], based on
an algorithm described by Idury and Cardon (1997).
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Accession
no.

Sample

AG-06
AG-07
AG-08
AG-09
AG-10
AG-11
AG-12
AG-13

Burundi
Burundi
Burundi
Burundi
Burundi
Burundi
Burundi
Burundi
Burundi
Rwanda
Rwanda

1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985

Statistical Analyses
Individuals and loci with more than 20% missing data were
excluded from the database to avoid potential distortions in the
statistical analysis. PowerMarker v. 3.25 (Liu and Muse, 2005)
was used to generate a table of summary statistics for all loci, as
well as estimates of the total number of alleles (A), observed heterozygosity (HO), expected heterozygosity (H E), and PIC. The
expected gene diversity was calculated based on the unbiased estimator formed by the ratio between the expected heterozygosity
(1- S i pi 2) and the factor (2n)/(2n – 1); being pi the frequency of
the ith allele for each locus and n the number of analyzed samples
(Nei, 1987); the coefficient of endogamy f was estimated according to the method of moments (Weir, 1996). Genetic distance
values were based on the coefficient of Shared Allele Distance
(Bowcock et al., 1994). Principal component analysis was performed with NTSYSpc version 2.10z (Rohlf, 2005).

Genetic Structure Analyses
Analysis of molecular variance (AMOVA) was used to evaluate
the partitioning of diversity within populations, between populations, and between groups of samples using Arlequin (Excoffier
and Lischer, 2010). Groups were defined as African germplasm
and Brazilian local population. Arlequin extends F statistics to
include groups as the highest hierarchical level. Groups are represented by the subscript C, resulting in the following indexes:
FST, for the variance among subpopulations (S) relative to the
total variance (T); FSC, for the variance among subpopulations
(S) within groups (C); and FCT, for the variance among groups
(C) relative to the total variance (T) (Excoffier et al., 1992).
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Table 2. Summary statistics for 15 microsatellite markers used for genotyping of 114 ruzigrass samples. Results for African
germplasm accessions, Brazilian local population samples, and for the complete dataset are shown separately (n = number of
samples, A = number of alleles, He = expected heterozygosity, Ho = observed heterozygosity, PIC = polymorphism information
content, f = inbreeding coefficient).
African germplasm

Brazilian local population

Complete dataset

n

A

HE

HO

PIC

f

n

A

HE

HO

HE

HO

Brz0075
Brz0017
Brz0116
Brz0047
Brz0087
Brz0130
Brz0131
Brz0147
Brz0031
Brz0004
Brz0156
Brz0180
Brz0089
Brz0038
Brz0015

62
62
63
60
63
63
63
63
62
61
53
40
47
61
63

13
13
16
13
17
14
6
18
9
15
12
10
14
6
9

0.866
0.891
0.903
0.852
0.906
0.892
0.621
0.900
0.839
0.901
0.819
0.830
0.869
0.744
0.802

0.710
0.903
0.921
0.883
0.810
0.714
0.476
0.889
0.661
0.754
0.811
0.775
0.766
0.787
0.825

0.862
0.889
0.903
0.844
0.908
0.892
0.596
0.900
0.829
0.903
0.806
0.822
0.869
0.714
0.784

0.196
0.002
–0.004
–0.020
0.123
0.214
0.249
0.028
0.227
0.179
0.028
0.091
0.140
–0.041
–0.013

49
42
49
45
51
51
51
46
51
48
51
51
45
51
50

20
17
18
22
23
19
8
13
28
28
14
15
14
6
14

0.920
0.886
0.904
0.889
0.898
0.912
0.690
0.928
0.852
0.891
0.836
0.776
0.818
0.678
0.857

0.837
0.810
0.956
0.796
0.765
0.784
0.451
0.863
0.630
0.646
0.843
0.578
0.725
0.627
0.860

0.926 0.111
0.889 0.110
0.907 –0.035
0.891 0.125
0.902 0.168
0.917 0.159
0.655 0.364
0.935 0.090
0.850 0.280
0.897 0.295
0.826 0.011
0.768 0.277
0.811 0.132
0.632 0.095
0.851 0.017

111 20
104 18
108 23
109 21
114 27
114 20
114
9
114 30
108 14
109 31
104 16
85 16
98 19
112
7
113 15

0.915
0.910
0.921
0.895
0.935
0.923
0.664
0.932
0.870
0.923
0.842
0.889
0.832
0.725
0.853

0.766
0.865
0.935
0.844
0.789
0.746
0.465
0.877
0.648
0.706
0.827
0.745
0.671
0.714
0.841

0.914 0.172
0.909 0.059
0.921 –0.006
0.891 0.066
0.937 0.165
0.923 0.200
0.632 0.308
0.934 0.068
0.862 0.264
0.924 0.244
0.829 0.028
0.886 0.205
0.821 0.172
0.688 0.024
0.841 0.023

Mean
Total

– 12.3 0.842
63 185
–

0.780
–

0.835
–

0.092
–

– 17.3 0.849
51 259
–

0.745
–

0.844
–

– 19.1 0.869
114 286
–

0.763
–

0.861
–

Marker

Structure version 2.3.4 (Pritchard et al., 2000) was used
to infer the population structure and ancestry of samples based
on Bayesian statistics. At first all samples were analyzed with
no prior assignment to populations or information about their
sampling location. The parameter set for this analysis used the
admixture model, and batch runs with correlated and independent allele frequencies among inferred populations were tested
(burn-in 350,000; run-length 500,000). All other parameters
were set to default values. A batch job with values of K ranging
from 1 to 11 was set up, with 20 independent runs for each K.
Groups of samples of the African germplasm and Brazilian
local population were then analyzed separately, with the same
simulation parameters described above. For African germplasm
samples, a batch job testing values of K ranging from 1 to 15
was carried, with 10 independent runs for each K; for Brazilian
local population samples, runs with K values ranging from one
to six, with 10 independent runs for each K were performed.
The most probable value of K for each test was detected
by DK (Evanno et al., 2005), using Structure Harvester (Earl
and vonHoldt, 2011). CLUMPP v.1.1.2 ( Jakobsson and Rosenberg, 2007) was used to find the best alignments of replicate
analyses from Structure, using the FullSearch Method, G’ pairwise matrix similarity statistic, and weighing for the number
of individuals in each population. Bar plots were generated
with average results of runs for the most probable K value using
distruct v.1.1 (Rosenberg, 2003). Samples were included in a
cluster defined by Structure when a Q value for any cluster was
equal to or larger than 0.70. Samples with Q values smaller than
0.70 were defined as admixed.
Structure was also used with prior information regarding
population origin to test for migrants in the African germplasm
group of samples. This analysis shows the posterior probabilities
that individuals are correctly assigned to their given populations, assuming that each accession is a population (K = 13). In
crop science, vol. 55, november– december 2015 	

PIC

f

0.143
–

n

A

PIC

f

0.131
–

addition, it shows the probabilities that individuals are in fact
from other populations, or have ancestry in other populations.
Parameters GENSBACK and MIGRPRIOR were set to 2 and
0.05, respectively. These runs also had a burn-in of 350,000
iterations and a run-length of 500,000 repetitions.

RESULTS
Descriptive Statistics
Descriptive statistics were gathered for all markers and
samples (Table 2) and for subsets of data, considering their
sampling origin (African germplasm and Brazilian local
population) (Table 3). Of the original 116 samples analyzed, two were excluded from the African germplasm
group due to a high number of missing data.
The 63 samples belonging to 13 accessions of African
germplasm included 185 alleles, with an average of 12.3
alleles per locus (Table 2). These values were lower than
those found for the Brazilian local population. However,
no significant differences in mean values of He, Ho, and
PIC between the two groups of samples were found. The
mean inbreeding coefficient f for African germplasm accessions had a value of 0.092, also lower than the value for the
Brazilian local population ( f = 0.143). Exact tests for Hardy
Weinberg Equilibrium proportions (⍺ < 0.01) showed that
eight and six out of the 15 SSR markers significantly deviated from expectations for African germplasm and Brazilian local population groups of samples, respectively.

Population-specific Alleles
To investigate whether there was a significant loss of
alleles in the Brazilian local population when compared to
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Table 3. Analysis of molecular variance (AMOVA) and corresponding fixation indices between African and Brazilian
samples, and among African germplasm accessions alone.
Source of
variation

Sum of
squares

Variance
components

African accessions vs. Brazilian accessions
Between groups
29.4
–0.14
Among accessions
144.70
0.68
within groups
Within accessions
1166.84
5.69
Total
1341.00
6.23
African germplasm accessions
Among accessions
144.71
Within accessions
574.92
Total
719.63

0.72
5.34
6.05

Percentage of Fixation
variation index
–2.34
10.94

–0.02
0.09

91.40

0.11

11.90
88.10

0.12

African germplasm, we looked for exclusive alleles in the
different groups of ruzigrass samples. There were more
alleles that were exclusive to the population collected
in Brazil (120 in total) than to all of the African germplasm accessions (19 exclusive alleles) considered together.
Approximately 87% of the alleles that were only found
in the population collected in Brazil were rare (with a
frequency <0.05), while the remaining 13% were of
intermediate frequency (0.05 < frequency < 0.30). In the
African accessions, ~68% of the exclusive alleles were rare,
and 32% were of intermediate frequency.

Analysis of Molecular Variance
For the purpose of analysis, samples were first divided into
two major groups, namely those from African germplasm
accessions and those collected in Brazil. When grouped
under such categories, no significant structure was detected
(slightly negative values both for the variance component
of variation among groups and its corresponding fixation
index FCT were found) (Table 3). Variation among accessions
within groups accounted for 10.94% of the total variation
(FST = 0.09, significant at ⍺ < 0.01, p = 0.0000), while
variation within accessions explained 91.4% of the total
variation (FSC = 0.11, significant at ⍺ < 0.01, p = 0.0000).
Genetic structure analyses including only the African
accessions showed an average FST value of 0.12 over all loci
(significant at ⍺ < 0.01, p = 0.0000) (Table 3). Partitioning of
the variation verified by AMOVA showed that 11.9% of the
variation was caused by differences among accessions. Differences within accessions accounted for 88.1% of the variation.

Genetic Structure of Ruzigrass Populations
Initial tests using the Structure program showed that analyses using independent allele frequencies among inferred
populations yielded more consistent results for the definition of the most probable value of K. When the entire
set of 114 samples was subjected to population structure
analysis, DK for these runs detected a peak at K = 3 (Fig.
2740

1a). The Q values assigning samples to the three clusters
were depicted in red, green, and blue (Fig. 1b). The first
51 columns in Fig. 1b correspond to the Brazilian local
population, and the remaining 63 to African germplasm
accessions. Cluster 1 in Fig. 1b, with Q values represented
in red, included 34 African germplasm samples (of a total
of 63), and one sample from the Brazilian local population (sample no. 9). Cluster 2 in Fig. 1b, shown in green,
included 22 African germplasm samples. Therefore, most
of the African germplasm accessions showed greater proportions of ancestry for Clusters 1 and 2 (88.9%, or 56
out of 63 samples, with the remaining seven samples from
this group being admixed–each of them identified with
an asterisk on Fig. 1b). Cluster 3, shown in blue in Fig. 1b,
included 47 out of 51 samples of the Brazilian local population. Three samples collected in Brazil showed admixed
ancestry (sample no. 14, 15, and 48–also identified with
asterisks), while one, as already mentioned (sample no. 9),
showed a higher Q value for Cluster 1. Net nucleotide distance values (Falush et al., 2003) in pairwise comparisons
between clusters presented average values of 0.05 between
Clusters 1 and 2, 0.04 between Clusters 1 and 3, and 0.04
between Clusters 2 and 3. This can be interpreted as the
average probability that a pair of alleles from two clusters
is different, less their respective within-population heterozygosities (Pritchard et al., 2010).
When only the African ruzigrass samples were subjected to population structure analysis, DK showed a higher
peak for K = 2 (Fig. 1a). The Q values assigning African
germplasm samples to the two clusters were depicted again
in red and green (Fig. 1c). Cluster 1 (in red) included 23
samples, Cluster 2 included 33 samples (in green), and the
remaining seven samples were admixed (Fig. 1c–identified with asterisks). Four accessions included only samples
whose ancestry was inferred as being from a single Cluster:
accessions BRA-005541 (samples 1–5) and BRA-005665
(samples 54–58), with all individuals belonging to Cluster
1; BRA-005592 (samples 25–30), and BRA-005614 (35–
39), with all individuals belonging to Cluster 2.
We then checked whether samples from the African
germplasm group would be correctly assigned to their
respective accessions, using prior information regarding
population origin, under the assumption that each accession
represents a distinct population. Out of 63 individual plants,
47 would more probably belong to their assumed population (i.e., the analysis showed high probabilities that they
would belong to the accession they were initially assigned
to). Sixteen samples, however, showed higher probabilities
of being from another accession. The African germplasm
accessions to which each sample most probably belongs and
the respective probability values are presented on Table 4.
Finally, runs that included only the Brazilian local
population showed no signs of structure for this group of
samples (data not shown).
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Figure 1. (a) Estimates of K for all 114 ruzigrass samples considered in the study (left) and for the African germplasm accessions (right);
(b) Proportion of ancestry of ruzigrass samples based on Structure analysis for K = 3 (African germplasm accessions and Brazilian local populations) and (c) K = 2 (only African germplasm accessions). Samples were allocated to clusters based on Q values (Q > 0.70).
Admixed samples identified with an asterisk.

Clustering Analyses
We used the same colors of the ancestry groups inferred by
Structure in Fig. 1b and 1c to identify samples in a principal component analysis (PCA) plot (Fig. 2). The PCA plot
shows that the samples from African germplasm accessions
(red and green dots) were spread out over the PCA plane
(Fig. 2), with some overlapping with accessions from the
Brazilian local population (blue dots). While the former
composed two groups, the latter appeared to be more
crop science, vol. 55, november– december 2015 	

constrained to the upper right quadrant of the PCA plane.
The Brazilian local population was also mainly composed
of one ancestry group (Fig. 2), as previously inferred by
Structure, with four exceptions: samples 14, 15, and 48
were admixed (black dots), and sample 9 most probably
belonged to Group 1. Seven admixed samples from African germplasm accessions are also shown in black (Fig. 2).
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Table 4. List of ruzigrass samples of African germplasm
which more probably belong to a different accession. Codes
in parenthesis show the accession that would most likely
include these samples.

Sample

Probability of being
from assumed
accession

Probability of being
from other
accession

0.006
0.267
0.008
0
0
0.001
0.048
0
0.136
0.016
0.039
0.003
0.001
0
0.058
0.076

0.984 (AG-03)
0.287 (AG-10)
0.914 (AG-03)
0.651 (AG-01)
1.000 (AG-12)
0.902 (AG-01)
0.886 (AG-04)
1.000 (AG-12)
0.598 (AG-03)
0.958 (AG-08)
0.878 (AG-08)
0.996 (AG-01)
0.996 (AG-01)
0.239 (AG-03)
0.632 (AG-03)
0.510 (AG-01)

AG-02 sample 3
AG-04 sample 1
AG-04 sample 3
AG-04 sample 4
AG-05 sample 1
AG-05 sample 2
AG-05 sample 3
AG-05 sample 4
AG-05 sample 5
AG-07 sample 1
AG-07 sample 2
AG-07 sample 4
AG-07 sample 5
AG-09 sample 4
AG-11 sample 5
AG-12 sample 3

DISCUSSION
Ruzigrass is the only diploid species with sexual reproduction among those in the Brachiaria genus currently used as
tropical forages. The fact that it presents sexual reproduction
makes it particularly interesting from a breeder’s perspective, since methods based on recombination and selection
can be applied on breeding programs. The fact that it is
diploid makes the investigation of its genome a task that is
easier to attain than in other polyploid Brachiaria forages,
such as B. brizantha, B. decumbens, and B. humidicola, which
have much larger and certainly more complex genomes.
This is the first report of the use of microsatellite markers
on the analysis of genetic diversity and structure of ruzigrass
germplasm. It provides a first look at how diverse a sample
of the African populations collected in the mid-1980s are. It
is also the first time a population of the ruzigrass open-pollinated variety commercially available in Brazil was analyzed
with this type of molecular marker. It brings a perspective
on how the genetic diversity of the crop was affected after
its introduction in Brazil, and after countless recombination
events took place in seed production fields.
Comparisons of levels of genetic diversity in ruzigrass
presented here with those from previous studies are not
reasonable at this moment. Published studies in ruzigrass
were based on dominant markers such as RAPDs (Ambiel
et al., 2008, 2010) and ISSRs (Azevedo et al., 2011).
Ambiel et al. (2008, 2010) used RAPDs to assess dissimilarity between 44 germplasm accessions and cultivars of
different Brachiaria species, not focusing on one species in
particular. Azevedo et al. (2011) used ISSR markers to
genotype a set of 93 samples of the ruzigrass breeding program carried by Embrapa, also assessing genetic distance
2742

between these samples and those from other Brachiaria
species. Even though these studies did present results from
AMOVA, they primarily focused on how diversity was
partitioned within and between species (Ambiel et al.,
2008, 2010; Azevedo et al., 2011).
Other Brachiaria species used as tropical forages also
had samples of their germplasm collections characterized
with microsatellite markers, with available studies for B.
brizantha (Vigna et al., 2011b) and B. humidicola ( Jungmann et al., 2010). However, due to the polyploid nature
of these species, authors interpreted SSRs as dominant
markers, based on the presence or absence of alleles ( Jungmann et al., 2010; Vigna et al., 2011b). Notwithstanding,
they performed diversity and structure analyses of these
germplasm collections. Due to this different interpretation of molecular markers, and to the fact that they dealt
with different species, with a different reproductive mode
(mostly apomicts with one or two sexual accessions), we
believe that comparing their results with those presented
here would not be reasonable.
The multiplex panels of SSR markers used in this
study are a subset of the panels that had been proposed as
a result of an effort for the development of SSR markers
for ruzigrass using a draft genome assembly generated by
next-generation sequencing of single-end reads (Silva et
al., 2013). This was the first time these markers were tested
on a large number of samples, being successfully used for
the characterization of ruzigrass germplasm accessions and
its commercially available cultivar. Marker amplification
and interpretation was reproduced in a different laboratory, by a different team, and allowed the use of all of the
markers included in the subset.
The predominantly outcrossing nature of ruzigrass
was evident in the low values of the inbreeding coefficient
( f ), and high values of H E and HO for all groups of samples.
However, values of f indicate that a low level of self-pollination, or crossing between closely related plants, might
occur ( f was 0.092 for African germplasm accessions, and
0.143 for the Brazilian local population). The frequency
of null alleles in this experiment was not estimated, and
their occurrence could also be one of the causes for the
observed excess of homozygotes in these ruzigrass samples
(DeWoody et al., 2006). Outcrossing rates for ruzigrass
have never been properly measured, and we are currently
addressing this question with SSR markers.
The Brazilian local population presented more alleles
per locus, but similar values of HO and He when compared to African accessions. It also presented more exclusive alleles than the African accessions considered as a
group. The fact that more exclusive alleles were found
in the samples collected in Brazil was surprising since
the African accessions were collected in natural fields of
three different countries (Burundi, Kenya, and Rwanda)
included in the center of diversity of the species. However,
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Figure 2. Principal component analysis plot based on Shared–Allele Distances of ruzigrass samples. Colors of the dots refer to Clusters 1
(red), 2 (green), and 3 (blue), defined based on Q values estimated for each ruzigrass sample. Dots colored in black had admixed ancestry
as inferred by Structure. AG = African germplasm.

considering that only a few plants from each germplasm
accession were genotyped, it is possible that the sample of
African accessions studied here do present some of these
alleles, but they have gone undetected due to small sample
sizes. There is also the possibility that some of these exclusive alleles are due to multiple introductions of ruzigrass
in Brazil from different locations in Africa followed by
intercross. Another possibility is that the original African
population from which this open pollinated population
originated was genetically distinct (and more diverse) than
the samples of African Germoplasm analyzed here. Unfortunately, the accession corresponding to the Kennedy cultivar (BRA-000281, CIAT 605, originally collected in
Rwanda) was not available for this study so that some of
these possibilities could be properly addressed. Genotyping a sample from this accession kept at long-term storage
conditions would provide a good reference for comparisons with the commercial open-pollinated variety being
currently produced in Brazil.
crop science, vol. 55, november– december 2015 	

Clustering analysis using PCA allowed for the observation of distinct clusters, and a clear separation between
African and Brazilian accessions, with a few exceptions.
Different types of analyses on the genetic structure of
these groups of samples showed that although population
structure was detected by the Bayesian approach implemented in the software Structure, it was not significant
between African accessions and Brazilian samples (as seen
by the slightly negative values of FCT between groups in
Table 3). This was corroborated by the net nucleotide distance value estimated (0.05 between the three inferred
clusters). Finally, AMOVA showed that 10.94% of the
total variation was caused by differences among accessions
within groups, and 91.4% explained by differences within
accessions. Such partition of genetic diversity is expected
from a typically outcrossing species (Loveless and Hamrick, 1984; Hamrick and Godt, 1996; Booy et al., 2000).
When only African accessions were analyzed, FST
values indicated a moderate level of genetic structure (FST
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= 0.12). This was confirmed by AMOVA, with 11.90%
of the variation caused by differences among accessions.
Structure population analysis, on the other hand, detected
only two main clusters subdividing the African accessions,
and seven admixed samples. Out of 63 samples of African accessions, 16 would more probably belong to different populations. If one assumes that these samples are still
representative of the original genetic structure of African
ruzigrass populations, this could be caused by gene flow
between original populations, before they were collected.
However, contamination during seed regeneration, with
crosses between accessions and genetic recombination
taking place in the field before depositing the accessions
in the long-term Base Collection, is also a possibility.
Altogether, our data indicates that the introduction of
ruzigrass populations in Brazil, tracing back to the cultivar
Kennedy from Australia (Keller-Grein et al., 1996), did not
necessarily cause a significant loss of alleles or decreases in
genetic diversity as compared to a sample of the original
African accessions kept for the last 30 yr in the long-term
Base Collection. These accessions seem as diverse as samples of local populations collected in ruzigrass-producing
regions of Brazil, such as Minas Gerais. Although not as
widespread as B. brizantha, which covers approximately 70
million hectares of pasture in Brazil, ruzigrass also covers
some million hectares in tropical regions. Ruzigrass was
introduced in Brazil by farmers decades ago, recombining and being naturally selected in the field for years, in
pastures that have either been abandoned or are not yet
renewed. It is likely that some of these small populations
include individuals especially adapted to environmental
conditions and stresses to which they have been submitted in Brazil for all these years. These populations offer
great opportunities for germplasm collection to increase
the number of conserved ruzigrass accessions kept in gene
banks, while also bringing higher chances of harboring
favorable alleles that will be useful for ongoing and future
breeding strategies in the species. Conservation efforts,
therefore, should capitalize on local collection of ruzigrass
populations, before attempts to access germplasm in its
center of diversity are undertaken.

Conclusions
Similar levels of genetic diversity were observed between
ruzigrass samples collected in Africa and in Brazil. In addition, the absence of genetic structure between these two
groups of samples indicate that conservation efforts focused
on the enrichment of germplasm collections of ruzigrass
can be directed at local populations of this species, established in Brazil several decades ago. Recombination and
selection for environmental conditions taking place at
these local populations may have contributed to the occurrence of traits that will be useful for breeding programs for
this species. These breeding programs will benefit from a
2744

broader genetic base and from the introgression of useful
phenotypic traits both at a diploid level (for instance, in
the recurrent selection programs), and for the generation of
inter-specific hybrids after chromosome doubling.
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