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Mikania glomerata Sprengel and Mikania laevigata Schultz Bip. ex Baker are native Brazilian lianas, 
popularly known as guaco and mainly used as bronchodilators. Based on morphological and 
anatomical leaf features, preliminary data indicate substantial similarity between the two species, 
requiring further studies to increase the accuracy of their diagnosis. However, it is still unclear which of 
the two species is commercially sold. Therefore, in the anatomical analysis, three individuals of each 
species were treated according to the usual methodology for stem anatomy. Molecular analysis was 
performed on four specimens of M. glomerata and six of M. laevigata, using three plastid loci (matK, 
rbcL and trnH-psbA) and the ITS2 locus, which have been proposed as plant barcodes. Our results, 
including anatomical descriptions and statistically derived quantitative data, show that the anatomical 
structural standard is very similar between the species. Molecular data corroborate the morphological 
data in pointing to the total similarity between the two species observed in the loci used. Based on 
these results, we conclude that M. laevigata and M. glomerata could be unified in terms of 
nomenclature. 
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INTRODUCTION 
 
Leaves and young stems of several species of the 
genera Mikania Willd. (Eupatorieae, Asteraceae), 
commonly called guaco (Pio Corrêa, 1931) are used by 
the Brazilian population because of their known medicinal 
effects. Officially, according to Santos (2005), Mikania 
glomerata Sprengel was part of the Brazilian 
Pharmacopeia of 1929, and Mikania laevigata Schultz 
Bip. ex Baker was only recently included in the 2005 
version of that publication (Gasparetto et al., 2010). Both 
species are native lianas from Brazil, and their leaves 
and stems are popularly used in “natura” for the 
treatment of influenza and common cold symptoms, 
based on their bronchodilation and expectorant 
properties  (Castro  et  al.,  2005;  Neves  and  Sá,  1991;  
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Oliveira et al., 1986a, b). Such properties are commonly 
associated with the presence of Coumarin (1,2-
benzopirona) in the extracts (Do Amaral et al., 2003), but 
other metabolics probably contribute to the 
pharmacologic effect (Gasparetto et al., 2010). M. 
laevigata and M. glomerata are interchangeably used due 
to their morphological similarity (Gasparetto et al., 2010). 
Morphologically difficult to distinguish, these two species 
present flowers with similar corolla, cypselae and pappus. 
According to Barroso (1958) and Ritter and Miotto (2005), 
flower morphology differs in quantitative and inconsistent 
characteristics [corolla tube size (ca. 1 mm) and pappus 
size (ca. 2 mm)]; both studies suggested that only the 
shape of basal leaves could be used to segregate these 
taxa. 

Microscopic analysis may be used as a tool to assist in 
discriminating the species. Studies reporting the 
micromorphology of fruits and the anatomy of leaves, 
reproductive  axis,  roots and  stems  have  already  been 
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Table 1. Studied species with number of collector, collection and accession numbers. 
 

Species Collector number Collection number matK 
GenBank accession number 

rbcL trnH-psbA ITS2 

M. laevigata A.C.Rabonato 2 RB 490677 JF826298 JF826311 JN052778 JN083864 

M. laevigata A.C.Rabonato 3 RB 490679 JF826299 JF826310 JN052779 JN083855 

M. laevigata A.C.Rabonato 4 RB 490680 JF826300 JF826305 JN052780 JN083863 

M. laevigata A.C.Rabonato 5 RB 490681 JF826301 JF826313 JN052781 JN083860 

M. laevigata A.C.Rabonato 8 RB 490685 JF826302 JF826304 JN052782 JN083862 

M. laevigata A.C.Rabonato 9 RB 490686 JF826303 JF826306 JN052783 JN083857 

M. glomerata A.C.Rabonato 10 RB 490673 JF826297 JF826309 JN052774 JN083856 

M. glomerata A.C.Rabonato 11 RB 490674 JF826294 JF826312 JN052775 JN083859 

M. glomerata A.C.Rabonato 12 RB 490672 JF826295 JF826308 JN052776 JN083858 

M. glomerata A.C.Rabonato 13 RB 490675 JF826296 JF826307 JN052777 JN083861 

 
 
 
carried out (Ceolin et al., 2006; Ritter and Miotto, 2006; 
Santos, 2005; Neves and Sá, 1991; Oliveira et al., 1986a, 
b). In spite of the obvious morphological similarity of 
these species, no comparative stem anatomy, performed 
in a way that yields conclusive results, has been done.  
DNA barcoding, which is the use of short, highly variable 
and universally amplified DNA sequences, has also been 
employed as a tool for discriminating species. It has been 
successfully applied in many animal groups (Smith et al., 
2006; Herbert et al., 2003, 2004). The mitochondrial 
cytochrome c oxidase I [cox1 or CO1] gene is variable 
enough to allow discrimination among closely related 
species, and yet it possesses highly conserved regions 
that can be easily sequenced with standard protocols. In 
plants, however, slower substitution rates (Mower et al., 
2007) and rapidly changing gene content and structure 
(Adams and Palmer, 2003) have led to the search for 
alternative barcoding regions outside the mitochondrial 
genome. 

Therefore, selecting a similar general barcode for 
plants has proven to be more challenging. After 
evaluating the performance of seven leading candidate 
plastid DNA regions (atpF–atpH spacer, matK gene, rbcL 
gene, rpoB gene, rpoC1 gene, psbK–psbI spacer, and 
trnH–psbA spacer), the consortium for the barcode of life 
(CBOL) plant working group recommended the two-locus 
combination of rbcL + matK as the plant barcode (CBOL 
Plant Working Group, 2009). This dual-locus combination 
was considered the best option to meet the requirements 
of universality, sequence quality, discrimination and 
costs. The authors pointed out that species discrimination 
was successful in 72% of cases in the sample set 
examined. 

However, further resolution be could achieved by using 
supplementary loci as non-coding plastid regions and/or 
internal transcribed spacers of nuclear ribosomal DNA, 
when direct sequencing of this locus is possible. Among 
non-coding plastid regions, the trnH-psbA spacer remains 
the leading candidate as a source of additional data 
(CBOL Plant Working Group, 2009). 

The purpose of this study is to investigate 
characteristics that can be used to distinguish M. 
glomerata from M. laevigata, using an anatomical 
approach corroborated by a molecular study with recently 
proposed plant plastid barcoding loci. 

 
 
MATERIALS AND METHODS 
 
Plant material  
 
Four specimens of M. glomerata and six of M. laevigata were used 
for all analysis. They were collected from the experimental field of 
the Research Center for Chemistry, Biology and Agriculture 
(CPQBA, State University of Campinas, São Paulo, Brazil) (Table 
1). The vouchers of each specimen were deposited in the 
herbarium of the Botanical Garden of Rio de Janeiro (RB). 

 
 
Anatomical procedures 

 
Stem samples with ca. 0.5 cm were selected and fixed in FAA 
(Formaldehyde, acetic acid and ethyl alcohol 70%, 18:1:1). After 
suitable trimming, they were stored in 70% ethanol. The mature 
portion of the stem was processed according to the usual methods 
for Hydroxyethylmethacrylate (Gerrits and Smid, 1983) in order to 
obtain transversal sections between 3 and 7 µm in thickness using 
a rotary microtome. The sections were stained with 0.05% toluidine 
blue (O’Brien and McCully, 1981). The dissociation of the xylem 
cellular elements was performed according to Franklin (1945). 
Descriptions and measurements of cellular elements followed the 
recommendations of the IAWA Committee (1989). Measurements 
were made using Image Pro Plus 4.5 software. 

 
 
Statistical analyses 

 
The following species variables were quantified: vessel diameter, 
vessel length, fiber diameter, fiber length and fiber wall thickness. 
For each variable, 25 measurements from three individuals for each 
species were made. Statistical descriptive analysis and variance 
analysis (Kruskal-Wallis, ANOVA) were carried out using Statistica 
for windows software, version 7.0.  
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Figure 1. Transverse sections of mature stem showing similar structural patterns. A: Mikania glomerata. B: Mikania 

laevigata. Epidermis (EP), collenchyma (CO), parenchyma (PA), perivascular fibers (PF), phloem (PH), primary 
xylem (PX), secondary xylem (SX), secretory ducts (arrows), cambium (CA), pith (PI). Bar = 100 µm. 

 
 
 
DNA extraction, amplification and sequencing 
 
Young leaves dried in silica were disrupted in individual lysing tubes 
with a bead-mill (Mixer Mill 301 Confort, Retsch). Total genomic 
DNA was isolated using modified Doyle and Doyle (1987). The two 
proposed plastid barcoding loci for plants, matK and rbcL (CBOL 
Plant Working Group, 2009), were evaluated using available sets of 
primers (Cuénoud et al., 2002; Fay et al., 1997) respectively. The 
non-coding trnH-psbA spacer was also tested using primers 
described by Kress et al. (2005). Internal transcribed spacer 2 
(ITS2) was amplified according to Chen et al. (2010). PCR 
reactions contained 1 µl of 30 to 40x diluted DNA template, 1x 
reaction buffer, 1.5 mM MgCl2, 10 mM dNTPs, 10 pmol of each 
primer and 2.5 units of Taq DNA polymerase in a final volume of 25 
µl. The following PCR profiles and modifications were used: 
 
1) matK (modified RBG Kew protocol): 94°C, 5 min; [40 cycles: 
94°C, 30 s; 46°C, 40 s; 72°C, 1 min]; 72°C, 7 min. 
2) rbcL: 94°C, 5 min; [30 cycles: 94°C, 1 min; 50°C, 30 s; 72°C, 1 
min]; 72°C, 7 min. 
3) trnH-psbA: 94°C, 5 min; [35 cycles: 94°C, 30 s; 48°C, 30 s, 72°C, 
30 s]; 72°C, 5 min. 
4) ITS2: 94°C, 5 min; [40 cycles: 94°C, 30 s; 56°C, 30 s; 72°C, 45 
s]; 72°C, 10 min. 
 
The same primers were used for amplifications and sequencing. 
PCR   products  were  purified  and  sequenced  at  Macrogen  Inc., 

Seoul, South Korea, using ABI3730XL. Sequences were edited and 
aligned with Geneious Pro, version 4.8.2. 
 

 
RESULTS 
 
As shown in Figures 1a and b, the stem structure of both 
M. glomerata and M. laevigata is very similar; therefore, a 
single description will suffice for both. The epidermis is 
comprised of a single layer of cells, mostly rectangular, 
and is covered by a thin cuticle. The vascular bundles are 
collateral type. The cortex is comprised of several 
collenchyma layers, between 5 and 7; parenchyma cells, 
from 6 to 7 layers; and secretory ducts. The fibers of 
pericyclic origin form a fragmented ring. The secondary 
phloem is comprised of sieve-tube elements, companion 
cells and axial parenchyma. The secondary xylem is 
comprised of elements of solitary and multiple vessels, 2 
to 4, with simple perforation plate, wide rays comprised of 
up to 12 cells, scanty axial parenchyma and fibers of 
medium thickness. Secretory ducts are observed in the 
peripheral pith. Significant quantitative difference 
(p<0.05)  was  recorded for vessel diameter and fiber wall
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Table 2. Means values and standard deviation of stem anatomical features analyzed in Mikania glomerata and 
Mikania laevigata. Distinct letters indicate significant differences at P<0.05 level among the species. 
 

Stem anatomical features M. glomerata M. laevigata 

Vessel diameter 64 ± 26 a 55 ± 25 b 

Vessel length  372 ± 102 a 359 ± 72 a 

Fiber diameter 20 ± 3.47 a 20 ± 3.72 a 

Fiber length  544 ± 185 a 538 ± 121 a 

Fiber wall  thickness 4 ± 1 a 3 ± 1 b 

 
 
 
thickness (Table 2).  

In molecular analysis, average sequence lengths were 
877, 701, 480 and 228 bp for matK, rbcL, trnH-psbA and 
ITS2, respectively (Table 1 for GenBank acession 
numbers). The four loci exhibited exactly the same 
sequences in all individuals tested, showing no variation 
within or between the two Mikania species 

 
 
DISCUSSION 
 
Anatomically, the morphological similarity among the two 
species was confirmed, and no qualitative attribute was 
identified in the stem that could separate the species. 
The quantitative data, obtained by measuring the xylem 
cells, represent the first approach of this type carried out 
for M. glomerata and M. laevigata. The comparison of 
statistical averages showed that the xylem elements of 
the two species are very similar. Comparing the P values, 
we observed that stem anatomy did not show statistically 
significant differences between the species, except for 
vessel diameter and fiber wall thickness, thus making it 
difficult to differentiate the species.  

Considering that (1) qualitative characters are similar 
between these two species and (2) the literature points to 
similarities in both flowers and leaves, we can conclude 
that it is impossible to separate the two species using 
only two quantitative characters: vessel diameter and 
fiber wall thickness. In the present work, the material from 
both species was collected in the same region, having 
the same climatic conditions, thus avoiding the influence 
of environmental conditions. Some previous papers show 
that the vessel diameter is a character that varies 
depending on the environment where the plant grows, 
with narrower vessels being found in xeric environments 
(Baas et al., 1983), while larger vessels are found in the 
regions of mesic habitats (Baas et al., 1983; Barajas-
Morales, 1985). Some authors associate fiber wall 
thickness with humidity (Alves and Angyalossy, 2002; 
Fahn et al., 1986). These authors observed a tendency 
toward thicker fibers in drier environments. Considering 
that guaco has a large amplitude of occurrence, it would 
be necessary to analyze samples from various regions to 
verify if ecological trends can be established based on 
stem anatomical features and if fiber walls  and  diameter 

of vessels have good taxonomic value in the genus. The 
high degree of anatomical and morphological similarity 
between the two species prompted us to test the recently 
proposed barcoding loci, matK and rbcL, and 
supplementary markers, trnH-psbA and ITS2 (CBOL 
Plant Working Group, 2009), as a species discriminating 
tool for the group. 

Comprehensive studies revealed that adding more 
plastid markers provided clear benefits for resolving 
species (Fazekas et al., 2008; Newmaster and 
Ragupathy, 2009). In spite of paralogy issues, ITS2 has 
been reported as the best marker for discriminating 
species in Asteraceae (Gao et al., 2010). In our study, we 
aimed to use the molecular-based approach to 
corroborate morphological and anatomical findings, and 
we found that all four M. glomerata and six M. laevigata 
individuals exhibited exactly the same sequences for 
each locus. It is well known that Asteraceae have been 
recently radiated (Holmes, 1995) which could explain the 
lack of variation in the sequences reported here, as well 
as in morphological and anatomical characters. 

In conclusion, the observed similarities might suggest 
that both species could be treated as one. 
Notwithstanding the results of the present study, 
delimitation could be better resolved with population 
genetics and reproductive biology studies, which have, 
thus far, not been carried out for these species. 
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