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ABSTRACT. The Asteraceae have high ecological importance in the 

threatened Atlantic Forest biome, as most species are pioneers and 

nectar-producing plants. Using population genetic data could help 

develop adequate conservation strategies for species and biomes. 

However, no genetic data or microsatellite markers are available for 

most Atlantic Forest native Asteraceae species. In their absence, 

heterologous microsatellite markers could help conduct population 

genetic studies of less studied species. We evaluated the transferability 

and utility for population studies of 15 anonymous microsatellite primers 

pairs developed from other Asteraceae to four others, three of which are 

important in folk medicine (Baccharis milleflora, Baccharis articulata, 

Baccharis dracunculifolia) and a toxic species of veterinary importance 

(Senecio brasiliensis). We found that the microsatellite primers had high 

transferability to phylogenetically close Asteraceae species. 

Transferability rates were below those reported for other plant families. 

The transferred microsatellite primers gave low polymorphism 

frequencies and high null allele frequencies in the populations. A major 

factor contributing to this low transferability and high frequency of null 

alleles is probably the high genetic variation of tropical Asteraceae. 

 
Key words: Atlantic Forest; Null alleles; SSR cross-amplification; 

Transferability; Conservation 

http://dx.doi.org/10.4238/gmr185


©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 19 (2): gmr18546 

 
 

 

 

 
 

 

 

G.G. Weber
 
et al.                                                                          2 

 

INTRODUCTION 
 
The Atlantic Forest is one of the most biodiverse tropical biomes on the planet and 

is also one of the most threatened (Mittermeier et al., 2004; Liebsch et al., 2008). From the 

time of the European colonization of Brazil in the fifteenth century, the lands occupied by 
this biome went through successive cycles of economic exploitation and urban and 
agroindustrial expansions. These interferences have reduced the vegetation of this biome to 

only 11% of the area that it originally occupied (Ribeiro et al., 2009). 
Currently, about 70% of the Brazilian population (120 million people, responsible 

for 80% of the country's gross domestic product), live in an original Atlantic Forest domain 
(MMA, 2018). This extensive occupation and exploitation of this biome have led to the 
reduction and degradation of habitats, putting the native species at risk. This is even more 

evident considering the fact that although the Atlantic Forest occupies only 15% of the 
Brazilian territory, 60% of the endangered species in Brazil are from this biome (MMA, 
2018). One of the most serious effects of the long history of occupation of the Atlantic 

Forest has been the isolation of the species affected by the fragmentation and destruction of 
habitats. This fragmentation may result in loss of genetic variability due to genetic drift, 

reduced gene flow and inbreeding (Zuchi et al., 2003). 
Genetic variability is one of the fundamental characteristics of a population; it is 

what makes possible the evolutionary process (Sala et al., 2000). Decreasing the genetic 

variability of a population can diminish its adaptive capacity, thus putting the species at the 
risk of extinction. Therefore, knowledge of the genetic variability in natural populations is 
an important step to assist in the decision-making process for the implementation of 

conservation and management strategies (Lynch and Milligan, 1994; Bittencourt and 
Sebbenn, 2009; Brandão et al., 2011; Lopez and Gonzaga, 2014). 

Several techniques have been developed over time to quantify the genetic 

variability of populations. Currently molecular markers are the most commonly used, 
especially microsatellites, also known as SSRs (simple sequence repeats). These markers 

can be developed using both genomic DNA and expressed sequences; the latter are termed 
EST-SSRs (expressed sequence tag- simple sequence repeats) and have been reported to be 
transferable to a wider range of species (Ellis and Burke, 2007). The use of this type of 

marker is mainly because of its practicality, robustness, and reliability. In addition, these 
markers are codominant, multi-allelic, highly reproducible, and PCR-based (polymerase 
chain reaction) (Oliveira et al., 2006). However, because the amount of investment and 

work required to develop microsatellite primers are high, priority has been given to species 
with greater economic importance. Thus, microsatellite primers have been developed for a 

limited number of native species.  
An important solution to the lack of microsatellite markers specific to native species 

is the transfer of the primer pairs originally designed for a particular taxon to other 

phylogenetically related species (Kuleung et al., 2004; Ellis and Burke, 2007; Varshney et 
al., 2007). The transferability of markers depends on the conservation of flanking regions on 
primer binding sites in different taxa (Da-Silva et al., 2011). Several studies have shown 

high degrees of conservation of these flanking regions in tree species, mainly in species of 
Myrtaceae, which explains the high transferability rate of microsatellite primers designed 

for this taxon (Miwa et al., 2000; Rosseto et al., 2000; Zuchi et al., 2003; Faria et al., 2010; 
Ferreira-Ramos et al., 2014; Nogueira et al., 2015; Fagundes et al., 2016). Thus, this 
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approach has been suggested as an alternative to obtain genetic data from native species that 
lack clear economic importance (Ellis and Burke, 2007). For some species of Asteraceae 
microsatellite primers have been developed, among which we can mention Chromolaena 

odorata (Yu and Li, 2013), Erigeron lemmonii (Lindsay et al., 2012), Hieracium s.s. 
(Jonsson et al., 2010), Ambrosia artemisiifolia (Genton et al., 2005), Solidago gigantea 
(Beck et al., 2014), Erigeron (Takayama et al., 2012), Ligularia hodgsonii (Mao et al., 

2009), Hypochaeris salzmanniana (Ruas et al., 2009) and Baccharis dracunculifolia (Belini 
et al., 2016). Among these, three species are native to the Atlantic forest C. odorata, A. 
artemisiifolia and B. dracunculifolia. Therefore, primers developed for these species can be 

used for transferability to tropical species of Asteraceae. 
A 2009 survey of the Atlantic Forest species cataloged 15,782 plant species, of 

which 7,155 (45%) are endemic (Stehmann et al., 2009). However, these numbers are likely 
to increase, as much of the flora of this biome is still unknown to the scientific community. 
A search of the PUBMED database (https://www.ncbi.nlm.nih.gov/pubmed/) in May 2019 

showed that there are microsatellites developed for less than 50 plant species that occur in 
the Atlantic Forest.  

The Asteraceae families are highly represented in the Atlantic Forest with the third 

highest number of species (910) (Stehmann et al., 2009). Many of the species are herbs or 
shrubs that are dominant in open areas and / or the forest edges. Most of the Asteraceae are 

nectar- and pollen-producing plants whose intense flowering aids in the maintenance of 
pollinating insects, mainly bees. Therefore, in a highly fragmented biome that is in need of 
conservation efforts, such as the Atlantic Forest, these families are key to the success of 

efforts in recovering degraded areas and maintaining the fauna. The management and 
conservation of species in this family can influence several other species, aiding in the 
maintenance of the ecological stability of the biome. In addition to their ecological 

importance, many tropical Asteraceae species have medicinal importance and are widely 
used by the population. Among these species, we can highlight Baccharis milleflora, and 
Baccharis articulata, popularly known as carqueja (Agostini et al., 2005; Heiden et al., 

2009), and B. dracunculifolia, known as alecrim-do-campo, which has a protective action 
against gastric ulcers (Lemos et al., 2007). Other species are highly toxic and when 

occurring in pastures pose risks to livestock. One of these species is the Senecio 
brasiliensis, which is common in Brazilian pastures and causes animal poisoning problems 
(Habermehl et al., 1988). The use of genetic data, when available, is of great value for the 

implementation of management and / or conservation strategies. However, for most Atlantic 
Forest species of Asteraceae, there are no available genetic-population data. 

Based on this background, our work had the following objectives: Evaluate the 

transferability of nuclear microsatellite primers developed from Asteraceae to other 
Asteraceae species native to the Atlantic Forest; evaluate the usefulness of transferred 

primers in obtaining genetic and population data of the species. 

MATERIAL AND METHODS 

Plant material and DNA extraction 
 
Four Asteraceae species, all tropical species native to the Atlantic Forest, were used 

for the transferability tests. The samples were collected from 19 individuals of B. milleflora 
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and from 25 individuals of each other species (B. articulata, B. dracunculifolia, and S. 
brasiliensis). The samples from the population of B. milleflora were collected in the county 
of Santos, São Paulo, Brazil, and the other species in the county of Guarapuava, Paraná. 

Brazil. For each species, leaves and / or stems of plants that were spaced at least 10 m apart 
were collected. All collected plant materials were stored in silica gel until DNA extraction. 

DNA extraction of all species was performed following the protocol of Doyle and 

Doyle (1987). After extraction, the DNA concentration and quality of each sample were 
analyzed by 0.9% agarose gel electrophoresis followed by staining with ethidium bromide. 
DNA was quantified by comparing their band intensities with a known amount of λ phage 

DNA (50, 100, 200, and 400 ng) as standards. 

Microsatellite primers 
 
A literature review using the PUBMED database 

(https://www.ncbi.nlm.nih.gov/pubmed/) was carried out to identify studies that had known 
microsatellite primers in Asteraceae species and performed transferability tests. Among the 
primers found, preference was given to those that had amplified the highest number of 

alleles because, once transferred, they have greater potential to differentiate populations. All 
15 selected primer pairs (Table 1) were designed to amplify regions of genomic DNA. 

 

 

Table 1. The 15 nuclear microsatellite loci used to evaluate transferability to the tropical Asteraceae 

species native to the Atlantic Forest. AT: annealing temperatures according to the original literature. 

 

Loci Primers Sequence (5’- 3’)  AT °C Source 

SS20E 
CACACAGACACTCAAAGCTTCA 

50°C Wieczorek and Gerber (2002) 
ACCCGCCCTAAAAATAAAGA 

SS24F 
AGCTTTTCTTCGCCATTTCCTTCC 

59°C Wieczorek and Gerber (2002) 
AATTTGGTTACTGGGTTTTCTTGA 

Eari4–5 
ATGATGGTGGTGATGAGAAGTC 

59°C Lindsay et al., (2012) 
TGGGTTTCAATGGATTCAAAG 

Eari4–6 
GCGGTTTGTGTAGAAGTCC 

57°C Lindsay et al., (2012) 
ATCTCACTGGTGAATTTCAGAG 

19 
TTACCCGACTTGCTGAAAGG 

55°C Yu and Li (2013) 
CCTTGCGTATTTGCACTCCT 

CO189 
AGAGTAAGCACGAGACCG 

60°C Yu and Li (2013) 
AGAACTTTACCTCCCACA 

CO227 
GTTCGTCACCCTTTTCTC 

62°C Yu and Li (2013) 
ATCTGCACTTCATCTTCTTC 

23_(TG)3+7st 
AACCCTAAATCGTATGTGTCTAGTG 

58.2°C Jonsson et al., (2010) 
CCTCCTTCCGAGCTATGTAGA 

Amb82 
AAACAACTAGTGTGTGTTTCAGTGTG 

60°C* Genton et al., (2005) 
GTCTTCGGCCGTAAAATGAC 

Sg_2 
TCTAAACTGTAAGTCTTTGATGAAACC 

65°C* Beck et al., (2014) 
GCCGTCAATCCTTACAATCC 

Sg_6 
TTTACCTTTGAATTGCGGC 

65°C* Beck et al., (2014) 
GTTTAGTACCAATCAACCATGGGC 

Sg_8 
TCCCTCTTTATTCTTTCAACAAACC 

65°C* Beck et al., (2014) 
GTTT AACACCAACATTGCAATCCC 

ER-HAJZC 
GGATATCGGTTTGGCTTGA 

63°C* Takayama et al., (2012) 
GGAATCCCTTCTCTTTCTGA 

Lho35 
AACCATCGCTGCACATTC 

57°C Mao et al., (2009) 
GCAACACCACCACTGACG 

Hsalz-12 
AAGCATCTATGAGGGGACAAA 

53.9°C Ruas et al., (2009) 
AAAAATATGCTGCTGGAAGTT 

* PCR touchdown 
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DNA amplification using microsatellite primers 
 

Before the evaluation of the DNA sample with the microsatellite primers, the 

quality of the DNA was confirmed by the amplification using the ISSR (inter-simple 

sequence repeat) primer UBC808 following the protocol proposed by Rosa et al., 

(2017). Each DNA was only used for amplification with the microsatellite primers after 

successful amplification with the ISSR primers. 

PCR amplification of DNA from each Asteraceae species using the 

heterologous microsatellite primer pairs was conducted in a final volume of 10 μL 

containing: 1X PCR buffer, 3 mM MgCl2, 0.2 mM dNTP, 0.8 mM of each primer 

(forward and reverse), 0.04 U of Taq DNA polymerase and 20 ng of DNA, and 

ultrapure water to complete the volume. The amplification cycles were programmed as 

described in the original studies that first described each primer pair. In the first 

amplification test using each primer pair in each species, the annealing temperature 

described in the literature was used (Table 1). However, when non-specific 

amplification occurred using the temperatures proposed in the literature, the 

hybridization temperature was gradually increased by 2°C until specific amplification 

was obtained or until it reached 65°C. Conversely, when there was no amplification, the 

temperature was gradually decreased by 2°C until amplification was obtained or until 

45°C was attained. 

The amplification products of all the species were separated by electrophoresis 

on 3% high resolution agarose gel at a constant voltage of 110 V for 4 h and then 

visualized under UV light by staining with ethidium bromide (0.5 μg/mL
-1

). The 

agarose used (Sigma-Aldrich, catalog number A4718) is ideal for the separation of 

small DNA fragments (e.g., PCR products) differing in size by as little as 2% and 

compares to the resolution of DNA in polyacrylamide gels. The size of the amplified 

fragments was determined using a standard molecular weight DNA ladder of 100 bp 

increments. 

After obtaining the results, all individuals that presented null alleles were 

submitted to a second analysis to confirm the null alleles. Also, the amplification 

product of at least three primers of each species which was monomorphic on the 

agarose gel was evaluated on polyacrylamide gels to confirm the monomorphic pattern 

of the locus. The 6% polyacrylamide gel was submitted to electrophoresis at a constant 

current of 1500 V for 4 h and the amplification products visualized by silver nitrate 

staining. 

Data analysis 
 

The gels were visually evaluated for the presence or absence of alleles. The 

percentage of amplification per species was calculated based on the number of primers 

pairs that amplified products in each species out of the total number of markers. From 

the matrices generated, we calculated the percentage of null alleles and polymorphisms.  

The markers that amplified fragments of the expected sizes were considered 

transferred, but only those that presented polymorphism and absence of null alleles 
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were considered useful for genetic-population studies. Primers were considered non-

transferrable when PCR resulted in non-amplification or non-specific amplification 

after testing several annealing temperatures. 

RESULTS 
 

For most of the microsatellite markers, it was necessary to change the annealing 

temperature to obtain higher quality amplification products. The temperatures varied 

between 48 and 55°C for different loci and species (Table 2). Based on the criteria for 

data analysis, the highest percentage of transferability was 66.6% for B. articulata, and 

the lowest was 26.6% for S. brasiliensis (Table 2). The primer pairs SS20E, SS24F, 

Eari4-5, and Eari4-6 were transferred to all four species tested (Table 2). In contrast, 

markers 23(TG) 3+7st, Amb82, and Sg-6 were not transferred to any species (Table 2). 

The markers 19 and CO227 were transferred only to B. articulata and presented 

monomorphic and polymorphic amplification products, respectively (Table 2). 
 

 

Table 2. Parameters of the 15 microsatellite loci for four tropical Asteraceae species. FR: fragment range in 

base pairs; T °C: annealing temperature in degrees Celsius; NA: number of alleles; -: Not amplified; %T: 

Percentage of transferability; % P: Percentage of polymorphic loci. 

 

Loci FR Baccharis 

articulata 

Baccharis 

milleflora 

Baccharis 

dracunculifolia 

Senecio 

brasiliensis 

T °C NA T °C NA T °C NA T °C NA 

SS20E 273-299 48 2b 48 2b 48 1a 48 2b 

SS24F 156-222 55 2b 55 1a,b 55 1a,b 55 2b 

Eari4-5 212-362 50 1a,b 50 1a,b 50  2b 50 1a,b 

Eari4-6 207-295 55 1a,b 55 3b 55 1ª 55 2b 

19 148-160 50 1a,b 50 - 50 - 50 - 

CO189 159-173 55 1a,b 55 - 55 1a,b 55 - 

CO227 193-219 55 2b 55 - 55 - 55 - 

23_(TG)3+7st 153-207 50 - 50  - 50 - 50 - 

Amb82 120-150 * - * - * - * - 

Sg-2 167-248 * 1a,b * - * - * - 

Sg-6 200-244 * - * - * - * - 

Sg-8 126-172 * - * 2b * 1a,b * - 

ER-HAJZC 179-195 * 3b * 2b * 2b * - 

LHO35 170-210 57  - 57 - 57 2b 57 - 

HSALZ-12 100-350 50 1a,b 50 - 50 - 50 - 

%T   66.6  40.0  53.3  26.6 

%P   40.0  66.7  37.5  75.0 
a Monomorphic; b Presence of null alleles; * touchdown PCR. 

 

The percentage of polymorphic loci ranged from 37.5% in B. dracunculifolia to 

75.0% in S. brasiliensis. The amplification patterns of some of the primers evaluated in 

Asteraceae species are shown in Figure 1. The polyacrylamide gel analysis confirmed 

the amplification pattern observed on 3% high resolution agarose gel for all primers 

tested. 
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Figure 1. Agarose gels with amplification patterns of some microsatellite primers tested in Asteraceae. (a) 

Amplification pattern in Baccharis dracunculifolia. (b) Amplification pattern in Baccharis milleflora. (c) 
Amplification pattern in Baccharis articulata. The arrows indicate the null alleles. M indicates the molecular 

weight marker DNA Ladder valid for all gels in the row. The arrowheads to the left of the figures indicate the 

200-bp band of the DNA Ladder. 

DISCUSSION 

Transferability 
 
The use of microsatellite primers designed for a certain taxon as successful 

alternative markers in other species for which no primers are available has already been 
evaluated (Barbará et al., 2007; Varshney et al., 2007; Santos et al., 2010). This strategy has 
been applied in different taxa, and the results show that the closer related the species, the 

higher is the rate of transferability (Rosseto et al., 2000; Barbará et al., 2007; Ellis and 
Burke, 2007). The data obtained in our study suggests that this assessment is also valid for 
Asteraceae. In Asteraceae, the tribe level, which was the lowest taxonomic level evaluated 

among the species, had the highest rate of transferability. 
In the eudicotyledons, the average rate of transferability has been estimated at 

approximately 70% within genera, which decreases to approximately 55% within the family 
(Barbará et al., 2007). However, among the species of the Asteraceae tested in our work, the 
transferability rates were lower than these values for most species. Of the seven Asteraceae 

species evaluated, only two had transfer rates greater than 50% (B. articulata and B. 
dracunculifolia). Few genetic-population studies have used transferred markers to study the 
native tropical species of Asteraceae (Genton et al., 2005; Yu and Li, 2013; Belini et al., 
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2016). Most of the primers developed for this family are for species of economic interest 
(Rakoczy-Trojanowska and Bolibok, 2004; Parmar et al., 2015); however, transferability 
has also been evaluated for cultivated species (Ellis and Burke, 2007). The first works that 

evaluated the transferability of markers for native species of Asteraceae reported the 
difficulty of heterologous amplification with microsatellite markers (Whitton et al., 1997), 
which may have discouraged more systematic transferability works with the native species 

of this family. 
Heterologous amplification of microsatellites may be affected by a number of 

factors, such as genome size and complexity, life forms and reproduction, and each species 

different evolution rates (Whitton et al., 1997; Barbará et al., 2007); all of these factors 
influence how much each species differs in its DNA sequences when compared to another 

species within its group. In addition, transferability rates may also be determined by other 
factors. In a review of studies on the cross-species transfer of nuclear microsatellite primers 
in plants, transferable markers were found for only 88 tropical species while 243 were 

found for temperate species, despite the fact that approximately half of the source species in 
the reviewed studies were tropical (Barbará et al., 2007). This observation may be because 
tropical species are more genetically divergent from each other than temperate species 

(Hamrick,1996; Barbará et al., 2007) making marker transferability more difficult in the 
former. Thus, differentiated characteristics of tropical plant species probably play a role in 

the low transferability rates we observed in tropical Asteraceae species. 
The evolution of herbaceous plants is considered one of the main innovations in the 

evolution of angiosperms; within the evolutionary timescale, they may be in a phase of 

early and faster diversification (Eriksson and Bremer, 1992; Hamrick, 1996). In such a 
phase, even if they are phylogenetically closely related species may be undergoing 
expressive differentiation of their DNA sequences. Specifically, the Asteraceae has been 

reported to have an excessively high diversification rate which provides high diversity in 
species (Kuzoff and Gasser, 2000). These characteristics suggest that the low transferability 
observed in our study has a contribution of the higher differentiation in DNA sequences in 

the Asteraceae when compared to the families compiled by Ellis and Burke (2007) that 
presented high transferability rates. 

Utility of transferable markers 
 

For transferred microsatellite markers to be useful for genetic-population studies, 
they need to show consistent amplification and polymorphism when used to evaluate 
populations (Fagundes et al., 2016; Rosa et al., 2017). We used 19 to 25 plants from each 

Asteraceae species and observed that even when the primers yielded amplification products 
(positive transferability), these were either monomorphic or included a high number of null 
alleles (Table 2). The presence of null alleles is a serious problem when interspecific 

primers are used. These alleles are not amplified via PCR and therefore are not detected in 
genotyping, leading to an overestimation of homozygotes (Aldrich et al., 1998; White et al., 

1999; Pashley et al., 2006). Moreover, when the only type of polymorphism observed is in 
null alleles, the calculation of the genetic diversity indexes of a population is imprecise. In 
this case, the marker starts behaving like a dominant marker, where only two alleles are 

observed (presence or absence of a band). 
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The main feature of microsatellite markers explored in population genetic studies is 
codominance; thus, this type of marker is used to estimate the levels of heterozygosity and 
gene flow, important genetic indexes in population genetics studies. If microsatellite marker 

are unable to identify heterozygotes, then the use of dominant markers such as ISSR (Inter-
Simple Sequence Repeat) or AFLP (Amplified Fragment Length Polymorphism) are 
indicated. These markers are universal and have low development costs (Nybom, 2004). 

Furthermore, they amplify several loci with the same amplification cost of a microsatellite 
marker that in the case of null allele, amplifies only one locus. Therefore, to obtain genetic-
population data of native tropical species of Asteraceae, we suggest that either specific 

microsatellite primers be developed, or dominant markers be used, as the current set of 
markers is not transferable. 

Null alleles have rarely been detected when few individuals were used in 
transferability tests. Notably, in most studies that developed microsatellite primers, the 
authors tested these primers on a small number of samples from other species, which may 

falsely confirm their transferability. In our work, as discussed earlier, when transferability is 
based only on successful amplification, many primers were concluded to be transferred. 
However, further analysis of these transferred primers in populations showed high rates of 

monomorphism and / or null alleles. This behavior of heterologous microsatellite primers in 
tropical Asteraceae species has already been observed in Achyrocline flaccida (Weinm.) 

DC. (Rosa et al., 2017). 
The overall analysis of our data lead us to conclude that the use of a low number of 

individuals (less than five) in transferability tests may lead to misleading conclusions 

regarding the usefulness of a transferred microsatellite marker for population genetic studies 
in related species. 
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