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Research 
 

Abstract 
Background: In Peru, ethnomedicinal plants have not been extensively assessed in the current context of DNA-
based techniques. In the Amazonas region, medicinal plants use for diarrhea and fever treatment are mainly known 
by local or traditional names, while their phenotypic plasticity limits their proper morphological identification. 
 
Methods: In this regard, selected plants with ethnomedicinal uses in the Amazonas region were confirmed and 
characterized using morphology and multilocus phylogenies based on three molecular markers (ITS, matK, and 
rbcL).  
 
Results: This study reported four species with ethnomedicinal uses [Disciphania ernstii (Menispermaceae), Psidium 
fulvum (Myrtaceae), Styloceras penninervium (Buxaceae), Ugni myricoides (Myrtaceae)] distributed in humid forest, 
at 1,000–3,800 masl in the Amazonas region. The genetic markers that showed better resolution to distinguish 
species of the genera were ITS (Disciphania) and matK (Psidium, Ugni, and Styloceras).  
 
Conclusion: An initial screening regarding the diversity of plants with ethnomedicinal uses in the Amazonas region 
was needed and should include DNA-based techniques using these molecular markers to correctly identify them. 
This approach will facilitate further evaluation of the ancestral knowledge on the use of medicinal plants in Peru. 
 
Keywords: Amazonas, Buxaceae, DNA barcoding, ethnomedicine, Myrtaceae, Ranunculaceae 
 

Background 
Plants have been used as a source of natural medicine for thousands of years by many cultures (Zhang et al. 2021). 
Many medicinal plants have gained popularity as sources of phytochemical compounds that play a key role in the 
prevention and treatment of various diseases (Hao et al. 2017; Zhou et al. 2021, Machmudah et al. 2022). Most 
medicinal plants are based on the traditional knowledge of natural resources and are widely used by developed 
and developing countries due to their accessibility (Barrera & Kindelán 2014, Bailon et al. 2015, de Oliveira 2018). 
Spending on pharmacological drugs in 2017 reached $455.9 million in the United States (Schumock et al. 2018) 
and in 2019 was $1.25 billion worldwide (Mikulic 2020). About thirty percent of these therapeutic drugs were 
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isolated from plants and microorganisms (Newman & Cragg 2012), confirming their medicinal importance due to 
their bioactive phytochemical content (Ricardo et al. 2015, Machmudah et al. 2022).  
 

The ethnobotanical use of plant-based substances has proven to be efficient in the prevention and treatment of 
multiple diseases in the Andean region (Barrera & Kindelán 2014, Bailon et al. 2015) since the access to conventional 
medicine is limited (Bailon et al. 2015, Gonzales & Valerio 2006, Irl et al. 2015, Tuaza 2020). This ancestral knowledge 
is recognized and supported by the World Health Organization (WHO) to treat various diseases (WHO 2019). 
Around 17000 taxa of spermatophytes have been described in the Andean forests of Peru (Brako & Zarucchi 1993, 
WCVP 2022), of which only 60% were studied and at least 1 400 species were confirmed with medicinal properties 
(Brack Egg 2004, Bussmann 2013, WCVP 2022). However, many of these are poorly known species, and their 
ancestral knowledge of traditional medicine is undervalued (Kor et al. 2021). 
 

In recent years, exploring biodiversity using DNA-based techniques have proven to be valuable tools, especially in 
northern Peru, where DNA-barcoding and high-throughput sequencing have confirmed new reports and new 
species with economic and ecological importance from Amazonas region (Bustamante et al. 2019–2020, Tineo et 
al. 2020). In addition, computational advances have facilitated the proper classification of species (Kriebel et al. 
2017), using ideal loci for a wide range of taxa that can be informative on different evolutionary time scales (Hilu 
et al. 2008), and helping to uncover the species diversity (Carrive et al. 2020, Maurin et al. 2021). For instance, the 
markers matK, atpB-rbcL spacer, and nuclear ITS regions have been traditionally used to reclassify taxa that are not 
well defined morphologically since these markers allow the establishment of species boundaries based on specific 
genetic distances (Hilu et al. 2008, Hoot et al. 2012, Zhai et al. 2019).  
 

Some of the best-known medicinal plants from Amazonas region, northeastern Peru, are locally known as “verbena” 
(Verbena litoralis Kunth, Verbenaceae), “achiote” (Bixa orellana L., Bixaceae), “molle” (Minthostachys mollis (Benth.) 
Griseb., Lamiaceae), and “llanten” (Plantago major L., Plantaginaceae). These plants are used against stomach 
cramps, kidney disorders and diuretics, intestinal parasites, and prostate and menstruation disorders (Ramírez et 
al. 2020, Corroto et al. 2021). Other species such as “granadilla” (Passiflora ligularis Juss., Passifloraceae), 
“elderberry” (Sambucus peruvianus L., Adoxaceae), “guasú” (Desmodium uncinatum (Jacq.) DC, Fabaceae), “nettle” 
(Urtica dioica L., Urticaceae), “mallow” (Malva sylvestris L., Malvaceae), and “chishca” (Lomatia ligularis Juss., 
Proteaceae) are used in the treatment of various ailments and urinary infections for their antibacterial activity 
(Bussmann & Sharon 2016).  
 

In this region, other four plants with ethnomedicinal potential have not been properly identified with a scientific 
name due to their phenotypic plasticity. The leaves of these plants are used in the preparation of extracts as a 
hypoglycemic agent and to combat diarrhea and fever, since they possess antispasmodic and antimicrobial 
properties (Gutiérrez et al. 2008). The fruits of these plants are also used to make necklaces for traditional festivities 
in the Amazonas region (Gutiérrez et al. 2008). Therefore, it is difficult to determine whether the knowledge of the 
use of these medicinal plants is being lost in the Amazon region (Corroto & Macia 2021), based on the low 
appreciation of this heritage by the new generations (Gupta et al. 2021). WHO has already highlighted the dire 
consequences of the loss of this traditional knowledge of medicinal plants worldwide (WHO, 2002).  
 

Accordingly, these four species, locally used in the Andean communities of the Amazonas region for their 
pharmacological value, were identified using morphological observations, DNA-barcodes genetic divergences [i.e., 
maturase K gene (matK), internal transcribed spacer (ITS), and ribulose-bisphosphate carboxylase gene (rbcL)], and 
phylogenetic analyses. This study aims to properly identify theses four species on the basis of DNA-based 
techniques in order to make their taxonomy available to the scientific community and facilitate further evaluation 
of the ancestral knowledge on the use of medicinal plants in the Amazonas region. 
 

Materials and Methods 
Specimen collection 
Four specimens were collected from remote villagers' plots placed in the provinces of Chachapoyas, Luya, and 
Rodríguez de Mendoza in the Amazonas region (Figure 1). A permit for scientific research on wild flora (RDG N° 
D000394-2020-MIDAGRI-SERFOR-DGGSPFFS, with authorization code N° AUT-IFL-2020-061) was provided by 
Servicio Nacional Forestal y de Fauna Silvestre (SERFOR). Tissue samples of approximately 50 mm2 were taken from 
leaf tips for molecular analyses and placed in prelabeled 1.5 ml Safelock Eppendorf tubes. Date, time, and GPS 
coordinates were recorded for each location. Photographs were taken to document sampling locations and site 
features. In addition, inflorescences, leaves, and fruits were sampled for morphological characterization. Samples 
were morphologically evaluated according to McVaugh (1958), Köhler (2007) Brako and Zarucchi (1993), and Ulloa-
Ulloa et al. (2004), and were deposited in the herbarium of Universidad Nacional Toribio Rodríguez de Mendoza 
(KUELAP), Peru (Table 1) (Thiers 2016).  



Ethnobotany Research and Applications 

 

3 

 
Figure 1. Map showing the sampling of specimens from Region Amazonas, northern Peru. 
 

Table 1. List of samples of ethnomedicinal plants collected in northern Peru.  

Species 
Voucher; 
collection 

code 
Collection place Altitude UTM Coordinates 

Disciphania 
ernstii 

KUELAP–
314; 

IARAN053 

Nuevo Chirimoto, 
Rodríguez de Mendoza, 

Amazonas, Peru 
1914 18 6°35'33" 77°16'10" 

Psidium 
fulvum 

KUELAP–
294; 

IARAN033 

Chachapoyas, 
Amazonas, Peru 2618 18 6°15'26.56" 77°47'50.47" 

Styloceras 
penninervium 

KUELAP–
2551; PIC01 

San Jerónimo, Luya, 
Amazonas, Peru 2583 18 6° 5'40.86" 78° 0'6.01" 

Ugni 
myricoides 

KUELAP–
276; 

IARAN015 

Molinopampa, 
Chachapoyas, 

Amazonas, Peru 
2538 18 6°13'07.52" 77°40'51.89" 

 

DNA sequencing and alignment preparation 
Genomic DNA was extracted from leaf samples using the NucleoSpin Plant II Kit (Macherey-Nagel, Düren, Germany) 
following the manufacturer’s instructions. DNA concentration was quantified by a Quantus™ Fluorometer 
(Promega, Madison, USA), and quality was measured by 1% agarose gel electrophoresis and visualized on a 
photodocumenter (SmartView Pro UVCI-1000, Major Science, Saratoga, USA). Two chloroplast markers (matK, 
maturase K; rbcL, ribulose 1,5-biphosphate carboxylase) and one nuclear marker (nrITS, Internal transcribed spacer) 
were sequenced. Each marker was amplified using polymerase chain reaction (PCR) with MasterMix (Promega, 
Wisconsin, USA) in the following reaction mixture: 10 ng of DNA and 0.25–0.5 pmol of forward and reverse primers 
for a total volume of 10 μL. The PCR protocols and primer combinations are summarized in Table 2. Amplicons 
were purified using the NucleoSpin™ Gel and PCR Clean-up Kit protocol (Macherey-Nagel™, Düren, Germany). The 
sequences of the forward and reverse strands were determined commercially by Macrogen Inc. (Macrogen, Seoul, 
Korea). The sequences were manually edited with Chromas V.2.6.6 software. The newly generated sequences (DNA-
barcodes) from the four markers (matK, rbcL, nrITS) were deposited in GenBank. The newly generated sequences 
and others obtained from GenBank, after using blast tool and having as far as 98% of genetic similarity (Table 3), 
were initially aligned with Muscle algorithms (Thompson et al. 1994) and were adjusted manually with MEGA10 
software (Kumar et al. 2018). 
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Table 2. Sets of primer combinations for matK, rbcL and nrITS markers used for specimens from Buxales, Myrtales 
and Ranunculales (listed 5′→ 3′). 
 

Gene or spacer 
region  

Amplified 
length (bp) 

Primers sequence (5′–3′) References 

ITS 650 F: 5'–GGAAGTAAAAGTCGTAACAAGG–3' White et al., 1990 
R: 5'–TCCTCCGCTATATGATATGC–3' White et al., 1991 

rbcL 1600 F: 5'–ATGTCACCACAAACAGAAACTAAAGC–3' Chase et al. (1993) 
R: 5'– CTTTTAGTAAAAGATTGGGCCGAG–3' Chase et al. (1993) 

matK 1500 
F: 5'–CTATATCCACTTATCTTTCAGGAGT–3' Ooi et al. (1995) 
R: 5'–AAAGTTCTAGCACAAGAAAGTCGA–3' Ooi et al. (1995) 

 

Phylogenetic analysis of concatenated sequence data 
Single marker phylogenies were analyzed; however, conclusive phylogenies were based on concatenated data of 
the three molecular markers (Table 3). For this, each marker was aligned independently, then this alignment was 
trimmed and finally the three independent alignments were concatenated. Separate phylogenies for Buxaceae 
(including 26 species and having Didymeles integrifolia and D. perrieri as outgroup), Myrtaceae (including 22 
species and having Syzygium lateriflorum and S. laxeracemosum as outgroup), and Ranunculaceae (including 19 
species and having Sargentodoxa cuneata and Kingdonia uniflora as outgroup) were evaluated. The best-fitting 
nucleotide substitution model was selected for each lineage with the three partitions matK, rbcL, and nrITS using 
PartitionFinder (Lanfear et al. 2012) (Table 4). The best partition strategy and model of sequence evolution were 
selected based on the Bayesian information criterion (BIC) for each phylogeny (Table 4). Maximum likelihood (ML) 
analyses were conducted using the RAxML HPC-AVX program (Stamatakis 2014), implemented in the raxmlGUI 
1.3.1 interface (Silvestro & Michalak 2012) using Table 4 models with 1000 bootstrap replications. Bayesian 
inference (BI) was performed with MrBayes v.3.2.6 software (Ronquist et al. 2012) using Metropolis-coupled MCMC 
and the Table 4 models. Two runs, each with four chains (three hot and one cold) were conducted for 10000000 
generations, sampling trees every 1000 generations.3. Finally, because of the limited available accessions in 
Genbank for the studied genera, the identification was completed by comparing the records and morphologies of 
our samples to databases and collections such as the Global Biodiversity Information Facility 
(https://www.gbif.org/), Tropicos from Missouri Botanical Garden (http://www.tropicos.org), the New York Botanical 
Garden Steere herbarium (http://sweetgum.nybg.org/science), and JSTOR Global Plants (https://plants.jstor.org). 
 

Results and Discussion 
A total of eight DNA-barcodes were newly generated for the three molecular markers (1 for ITS, 4 for matK and 3 
for rbcL) that allowed the construction of multilocus phylogenies (Table 3). The analyzed data matrix included a 
total of 3 879 base pairs (bp) (2 511 bp for matK, 695 bp for rbcL and 673 bp for ITS) from 72 individualsThe 
exploratory phylogenetic tree obtained from the ML and BI analyses showed four monophyletic lineages belonging 
to Buxaceae [Styloceras Kunth ex A. Juss], Myrtaceae [Ugni Turcz. & Psidium L.] and one belonging to 
Ranunculaceae (Disciphania Eichle).The single locus phylogenies that better resolved species relationship were 
based on ITS for Ranunculaceae (Figure S1, S3) and matK for the Myrtaceae and Buxaceae (Figures S2, S4; Figure 
2). 
 

Buxaceae 
The phylogeny of Buxaceae included 2511 bp for matK containing 26 species. Based on the integration of 
morphological and molecular analyses,the specimen KUELAP-2551 was recognized as Styloceras penninervium A.H. 
Gentry & Aymard. The genetic divergence of this species with Styloceras laurifolium (Willd.) Kunth were 0.08% for 
matK (Figure 2). S. penninervium was founded around 1 700–1800 m.a.s.l. and characterized by having berries with 
2 styles separated by 1 cm (Figure 3D–E, Table 5). 
 

Remarks: The genus Styloceras is composed of six species distributed in Bolivia, Ecuador and Peru (Torrez & 
Jørgensen 2010, Ulloa-Ulloa et al. 2004, WCVP 2022). In Peru, four species have been recorded S. Brokawii, S. 
columnare, S. laurifolium and S. penninervium (Brako & Zarucchi 1993, Ulloa-Ulloa et al. 2004). These species have 
been reported from Amazonas, San Martin, Cusco and Madre de Dios regions (León 2006, Torrez & Jørgensen 
2010). This study confirms the presence of S. penninervium (KUELAP-2551) in humid forest habitats in the 
Amazonas region. S. penninervium was already recorded from central (Junín and Pasco) and northern Peru (San 
Martin) at 1000–3800 m.a.s.l, forming sympatric populations with S. laurifolium (Gentry & Aymard 1993). S. 
penninervium fruits are mainly consumed to improve digestion, as well as to treat ulcerative lymphangitis (Tamiru 
et al. 2013).  
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Table 3. List of taxa used in molecular analyses along with voucher numbers followed by GenBank accession numbers. Sequences generated in the present study are in bold. 

Species Voucher, collection code, collection place ITS matK rbcL 

Buxus arborea Braimbridge sn, Jamaica   LN877445   

Buxus balearica B#13477, Spain   LN877446   

Buxus bissei HFC 77565–A, Cuba   LN877404  

Buxus brevipes HFC 87054, Cuba  LN877486  

Buxus cacuminis HFC 75299, Cuba  LN877466  

Buxus crassifolia 1001, Cuba  LN877479  

Buxus gonoclada HFC 86133, Cuba  LN877437  

Buxus hildebrandtii YP 2144, Yemen   LN877463   

Buxus jaucoensis HFC 72333, Cuba  LN877409  

Buxus marginalis 925, Cuba  LN877477  

Buxus mexicana Koehler sn (B), Mexico   LN877442   

Buxus microphylla Ackermann & Gonzalez sn, Japan  LN877448  

Buxus pilosula HFC 78358, Cuba  LN877416  

Buxus rotundifolia HFC 63382, Cuba  LN877470  

Buxus sclerophylla HFC 72282, Cuba  LN877418  

Pachysandra axillaris CPG03495, China   KX526614   

Pachysandra procumbens VPI:Hinkle 399, China   GU266592   

Pachysandra terminalis 74825, China   AF542581   

Styloceras laurifolium J. L. Clark 7721, Ecuador   LN877480   

Styloceras penninervium KUELAP–2551, PIC1, Peru   OP153823   

Sarcococca confusa Ra 280, China   LN877482   

Sarcococca conzattii 9759, Mexico  LN877481  

Sarcococca hookeriana 22670, China   LN877488   

Sarcococca saligna 21283 B, China   LN877483   

Didymeles integrifolia Rabenantoandro et al. 916, (Outgroup)  AM396505  

Didymeles perrieri Andrianantoanina 387, (Outgroup)  DQ401354  

Disciphania lobata Ortiz 266, Peru  – KX384070 – 
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Disciphania calocarpa Ortiz et al. 374, Peru  – KX384068 – 

Disciphania domingensis Ortiz & Pruski 354, Peru  – KX384069 – 

Disciphania ernstii KUELAP–314, Peru ON854131 OP153819 OP153818 

Disciphania killipii Ortiz & Zarate 310, Peru KY365645 JN051826 HQ260779 

Fibraurea tinctoria 461588 FJ603110 JN051828 FJ026485 

Paratinospora sagittata 648882 KY365668 KY365687 KY365715 

Burasaia madagascariensis R.1262 KY365641 JN051813 HQ260767 

Penianthus longifolius 461618 KY365654 KC494046 FJ026499 

Sphenocentrum jollyanum Daramota 30, Peru KY365656 – JN051687 

Aspidocarya uvifera Hong YP 99190, Peru KY365639 EF143853 HQ260765 

Borismene japurensis 461557 KY365640 KC494024 JN051675 

Arcangelisia flava 461553 MG832411 JN051810 LC461723 

Anamirta cocculus KK–AC–08 LC506378 LC506379 LC506380 

Tinospora smilacina 461643 KY365675 JN051865 KF496604 

Coscinium blumeanum F Jacques 27  – JN051822 JN051679 

Odontocarya tamoides 1504190/1961252  – KX384075 KJ594378 

Sargentodoxa cuneata Hong YP 99238, (Outgroup)  – FJ626515 FJ626605 

Kingdonia uniflora 39325, (Outgroup)  – FJ626519 MN185268 

Ugni myricoides KUELAP–276, Peru   OP153822 OP153817 

Psidium fulvum KUELAP–294, Peru   OP153821 OP153816 

Ugni molinae Conti 110, WIS – AY525142 – 

Pimenta racemosa 260139 – DQ088554 – 

Calyptranthes pallens 178121   AF368201   

Psidium cattleyanum 375274 – AB354959 GU135194 

Psidium guajava 120290 – AB354958 KY988321 

Psidium environmental DNAS–EB–121614 – – KU887742 

Psidium appendiculatum HUEFS108073 – – MT304290 

Psidium robustum ALCB129059 – – MT304281 

Psidium guineense 260140 – – MT708806 

Psidium sartorianum ESA:109980 – – MG718504 
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Plinia pseudodichasiantha ESA:109393 – – MG718205 

Archirhodomyrtus beckleri UNSW23517 – AF368197 – 

Eugenia reinwardtiana 262459 – KU945995 KM895822 

Eugenia myrcianthes 260132 – AY525131 MG718303 

Eugenia supra–axillaris ESA:109396 – – MG718114 

Pimenta dioica Lucas 212 (K) – AM490011  – 

Siphoneugena reitzii ESA:119328 – – MG833636 

Uromyrtus australis Conti s.n., WIS – AY527230 – 

Eugenia platysema ESA:109827 – – MG718110 

Pimenta guatemalensis BioBot01807 – – JQ592971 

Myrcia venulosa ESA:91792 – MG718858 MG718335 

Myrcianthes fragrans Conti 108, WIS – – U26328 

Myrciaria vexator 260137 – AY521544 – 

Syzygium laxeracemosum 334486, (Outgroup) – DQ088586 – 

Syzygium lateriflorum 334485, (Outgroup) – DQ088585 – 
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Figure 2. Phylogenetic tree of the Buxaceae lineage based on maximum likelihood inference of matK data. 
Maximum likelihood bootstrap values (BS; ≥ 50%)/Bayesian posterior probabilities (BPP; ≥ 0.9) are indicated above 
branches. Values lower than 50% (BS) or 0.90 (BPP) are indicated by hyphens (-). The scale bar indicates the number 
of nucleotide substitutions per site. 
 
Table 4. Evolutionary models for phylogenetic analyses of specimens from Ericales and Rosales. 
 

Group Bayesian inferences Maximum likelihood 
Buxaceae GTR GTR + G 

GTR + G K80 +G 
K80+I+G  K80+I+G 

Myrtaceae GTR+G GTR+G 
GTR GTR 

Ranunculaceae GTR+G GTR+G 
 

 
Figure 3. Morphology of Styloceras penninervium. Stem (A); Branch (B); Fruitful branch (C); Inmature fruit (D); Mature 
fruit (E); Longitudinal cut of the fruit (F); Seed (G). 
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Table 5. Morphological comparisons among species of the genus Styloceras. 

Species Habit 
Altitude 
(masl) 

Height 
(m) 

Leaves 
Fruit 

diameter 

Number 
seeds/Fr

uit 
Styles Flowers 

anteras 
(mm) 

Localization References 

S. brokawii subshrub 350–800 2.5–4 
Pariraceae to 

membranaceae 
- - 

2 styles 
separated from 

the base by up to 
7 mm 

Yellow 
with 

green 
receptacl

e 

3 Peru/Ecuador/Bolivia 
Gentry & Aymard, 1993; Torrez & 
Jørgensen, 2010 

S. columnare shrub 
2533 – 
3800 

 10 – 
11 

- 1.5– 3  - 
2 fused styles, 
departing from 
the same point 

Glabrous 2 Bolivia/Peru 
Gentry & Aymard, 1993; Torrez & 
Jørgensen, 2010 

S. connatum subshrub 1532 3 semicoriaceus - - 
2 styles fused 
from the base 

0.7–1 mm 
-  1.5–2.6  Bolivia  

Gentry & Aymard, 1993; Torrez & 
Jørgensen, 2010 

S. kunthianum 
shrub – 
single 

monoecious 
3208 - - - - - 

Monoecio
us 

infloresce
nce, 

apical 
female 
flowers 

(botryoid
es) 

3 Ecuador 
Gentry & Aymard, 1993; Torrez & 
Jørgensen, 2010 

S. laurifolium shrub 
2200 – 
3800 

 4–16 

coriaceous, 
strongly 3–
veined from 
near base 

1.5–2 4 

2 styles 
separated from 
the base more 

than 3 mm apart 

-  1.5–3  
Peru/Bolivia/Ecuador/
Colombia/Venezuela 

Gentry & Aymard, 1993; Torrez & 
Jørgensen, 2010 

S. 
penninervium 

shrub 
1700–
1800 

 4–5 
oblong–

lanceolate, 
coriaceous 

 -  2–4 
2 styles 

separated by 1 
cm 

 - 2–2.6  Peru  
Gentry & Aymard, 1993; Torrez & 
Jørgensen, 2010; this study 
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Myrtaceae 
The phylogeny of Myrtaceae included concatenated data (1152 bp for matK and 695 for rbcL) from 27 species. Two 
specimens were recognized as Ugni myricoides (Kunth) O. Berg, (KUELAP-276) and Psidium fulvum Mc Vaugh 
(KUELAP-294). The former species is sister to Ugni molinae Turcz (BS/BPP= 88/1.0) and is characterized by black 
dots on the back of the leaf, white flowers and purple filaments (Figure 5A, Table 6). The genetic divergence 
between U. myricoides and U. molinae were 0.1% for matK. Additionally, P. fulvum (KUELAP-294) was characterized 
by elliptic leaves and petiole puberulent and pubescent (Figure 5b; Table 7), and it was sister to P. robustum Berg 
(BS/BPP= 56/0.6) (Figure 4).  
 

 
Figure 4. Phylogenetic tree of the Myrtaceae lineage based on maximum likelihood inference of combined matK 
and rbcL data. Maximum likelihood bootstrap values (BS; ≥ 50%)/Bayesian posterior probabilities (BPP; ≥ 0.9) are 
indicated above branches. Values lower than 50% (BS) or 0.90 (BPP). are indicated by hyphens (-). The scale bar 
indicates the number of nucleotide substitutions per site. 
 

 
Figure 5. Morphology of Ugni myricoides (A) and Psidium fulvum (B). 
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Table 6. Morphological comparisons among species of the genus Ugni. 

Species Habit 
Altitude 
(m above 
sea level) 

Height 
(m) Calix Filaments Anther 

Fruit 
mature: 

color 
Leaves Flowers Corolla Distribution References 

U. molinae subshrub 100–400  2–3  - Reddish Introrse, 
whitish Red  -  

Pink to pink–
purple 

white to 
rose Chile Landrum, 

1998 

U. candollei shrub 200 – 
1000  1–3 Red White White Red Small and 

coriaceous 
Pure white, 

campanulate White Peru Baxter et al., 
1998 

U. myricoides subshrub 1000–3000 0.5 – 5 Green Purple  -  Black 

Black 
spots on 

the 
underside 

White White Peru 
(Amazonas) 

Landrum, 
2011; this 
study 

U. selkirkii Tree 200–500 60  -  -  -  Yellowish Papery to 
thinly 

Buds, brown, 
white White Chile Breteler, 1999 

 
Table 7. Morphological comparisons among species of the genus Psidium. 

Species Altitude 
(masl) Height (m) Number 

sepals Leaves Calix Petiole Flowers Presence of 
stipulations Distribution References 

P. acidum  200–500 10−18  4 – 5 Elíptica closed channeled Pyriforme Caedizas Peru 
(Amazonas/Pasco) 

Landrum, 
2016; Rivero 
et al., 2012 

P. fulvum 1000–1900  12 5 Elíptica Green puberulent, 
pubescent Solitaire  – Peru (Amazonas) 

Kawasaki & 
Holst, 2006; 
this study 

P. guajava 2000–3100  – 4 

Oval or 
elliptic with 

dense 
pubescence 

Brown  without 
pubescence Solitaire Caedizas Peru (San Martin) Rivero et al., 

2012 

P. guineense 1000 – 2400 15 m 5 Oval or 
elliptical 

splitting 
into 

irregular 
 – –  Persistent Peru 

(Amazonas/Cusco) 

Lim, 2012; 
Rivero et al., 

2013 

P. huanucoense  200–1250 1.5–6 m 6 
Elliptic/large 

medium 
pubescence 

  
puberulento 
escasamente 

apresado 

Buds 
pyriform Caedizas Peru (Pasco) Landrum, 

2005 

P. robustum ∼1000 –  –  

coriaceous, 
with 

rounded 
apices 

Short lobed Short and 
robustus White White  Bolivia 

Soares & 
Proença, 

2008 
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Remarks: The genus Ugni is composed of four species [U. candollei (Barnéoud) Berg, U. molinae Turcz, U. myricoides 
(Kunth) O. Berg and U. selkirkii (Hook. & Arn.) O. Berg] distributed in South and Central America (WCVP 2022). U. 
candollei shares habitats in South America (Chile) and North America (USA) (WCVP 2022). In Peru, two species have 
been reported U. molinae and U. myricoides (Brako & Zarucchi 1993, Ulloa-Ulloa et al. 2004) and with this study 
the presence of both species have been confirmed using molecular data (Wilson et al. 2005).  
 
These species were previously recorded in the Amazonas region (northern Peru) in montane climates in tropical 
and subtropical at 2150 m.a.s.l (Landrum & Donoso 1990). This study confirms the distribution of these species in 
similar habitats (i.e., temperate to humid tropical environments, (Table 6). In the Amazonas region, the fruit of U. 
myricoides is mainly used to improve vision, although the essential oil rich in α-Pineno has also been shown to 
have analgesic and anti-inflammatory effects (Weston-Green et al. 2021). 
 
The genus Psidium is composed of 150 species of small trees and shrubs but only 20 species produce edible fruits 
while the rest are considered wild with inferior quality fruits (Mani et al. 2011, Landrum 2016, WCVP 2022). Ten 
species have been reported in Peru (Brako & Zarucchi 1993, Ulloa-Ulloa et al. 2004, Kawasaki & Holst 2006), and 
three of them have been recorded in the Amazonas region: P. acidum (Mart. ex DC.) Landrum, P. guineense Sw. and 
P. fulvum Mc Vaugh (Brako & Zarucchi 1993, Ulloa-Ulloa et al. 2004, Kawasaki & Holst 2006, WCVP 2022).  
 
Psidium fulvum was found in cold to humid tropical environments at 1000–1900 m.a.s.l (Table 7). In the Amazonas 
region, leaves of P. fulvum are consumed for their anti-inflammatory effect and their high polyphenolic and 
isoflavonoids (Hussain et al. 2021). In contrast, extracts are efficacious for the prevention of tumor development 
(Sato et al. 2010). 
 
Ranunculaceae 
The phylogeny of Ranunculaceae included concatenated data (1236 bp for matK, 695 for rbcL and 673 bp for ITS) 
from 19 species. One specimen was recognized as Disciphania ernstii Eichler (KUELAP-314). D. ernstii characterizes 
by their greenish-cream flowers and red fruits (Figure 7C, Table 8). Genetically, D. killipii and D. ernstii were sister 
species (BS/BPP= 91/0.9), differing by 0.3% for matK, 12.8% for rbcL and 6% for ITS. These two species were closely 
related to D. calocarpa Standl (Figure 6). 
 
Remarks: The genus Disciphania is composed of 26 species distributed from central Mexico to northern Argentina 
with a notable concentration of diversity in the upper Amazon basin (Kessler 1993, WCVP 2022). Four out of the 10 
species distributed in Peru have been recorded in the Amazonas region (D. convolvulacea Barneby, D. 
dioscoreoides Barneby, D. ernstii Eichler and D. heterophylla Barneby) (Brako & Zarucchi 1993, Ulloa-Ulloa et al. 
2004, Ortiz-Gentry 2006). This study extends the distribution of D. ernstii from Madre de Dios region (southeastern 
Peru) to Amazonas region (northeastern Peru) (Ortiz-Gentry 2006). D. ernstii is a false grape and was found in the 
cold to humid tropical environments at 400–1914 m.a.s.l (Table 8).  
 
In the Amazonas region, the fruits of D. ernstii are consumed for their anti-inflammatory and anti-wrinkle 
properties; however, more scientific evidence is needed to support these information. 
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Figure 6. Phylogenetic tree of the Ranunculaceae lineage based on maximum likelihood inference of combined 
matK, rbcL and ITS data. Maximum likelihood bootstrap values (BS; ≥ 50%)/Bayesian posterior probabilities (BPP; 
≥ 0.9) are indicated above branches. Values lower than 50% (BS) or 0.90 (BPP). are indicated by hyphens (-). The 
scale bar indicates the number of nucleotide substitutions per site. 
 

 
Figure 7. Morphology of Disciphania ernstii. Habit (A); Morphology leaf (B); Mature fruit (C); morphology seeds (D).  
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Table 8. Morphological comparisons among species of the genus Disciphania. 

Species Habit 
Altitude 
(m above 
sea level) 

Height 
(m) 

Leaves 
Fruit 

mature: 
color 

Flowers Sepals Corolla Distribution in Peru References 

D. 
convolvulacea 

 – 100–1000 20  –  – Sessile, yellow 
Introrsun 

inflexa  
 – Amazonas, Cusco 

Ortiz–Gentr, 2006; 
WCVP, 2022 

D. cubijensis Lianas ∼260 1   Green  Small green     Madre de Dios WCVP, 2022 
D. 
dioscoreoides 

climber 400 –700 6 
Green 
darck 

–  
green, reddish 

powder 
Ligth 

yellow 
 – 

Amazonas/Cusco/San 
Martin 

WCVP, 2022 

D. ernstii 
variable, 

long 
creeping 

400–1914    – Black Cream grenish  –  – Madre de Dios 
WCVP, 2022; this 

study 

D. heterophylla 
vine or 
slender 
Lianas 

1700–
2000 

4 –  
shiny 
black–
purple 

Pale green Green Orange Madre de Dios WCVP, 2022 

D. killipii Lianas 160–270 –  Fleshy –  Greenish red  – 
Greenish red, 

anthers 
brownish 

Loreto Pilger, 1933 

D. lobata Lianas ∼200 2 Bullate Black 
Red–brown or 

pink 
 – Rose–orange Loreto WCVP, 2022 

D. remota Herbaceous 100–250 –  Leathery  – 
Flowers 

removed, 
glabrous 

Elliptical–
ovata 

6 petals 
crassiuscula 

Loreto Pilger, 1933 

D. tessmannii 
Herbaceous 

climber 
100 – 200  – Glabrous –  

Glabrous sessile 
flowers 

Yellow–
green 

6 petals, 
narrow 

decorated 
reed 

Ucayali 
Sleumer, 1967; 

León, 2006 
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Conclusions 
Using morphological, DNA-barcodes genetic divergences and phylogenetic analyses based on three molecular 
markers (i.e., ITS, matK, rbcL); four species with ethnomedicinal uses from humid forest (at 1000–3800 m.a.s.l) in the 
Amazonas region were properly identified (i.e., Disciphania ernstii, Psidium fulvum, Styloceras penninervium, Ugni 
myricoides). The genetic markers that showed better resolution to distinguish species of the genera were ITS 
(Disciphania) and matK (Psidium, Ugni, and Styloceras). Accordingly, an initial screening regarding the diversity of 
plants with ethnomedicinal uses in the Amazonas region is needed and should include DNA-based techniques 
using these molecular markers. Further studies regarding morphological and molecular analyses of plants with 
ethnomedicinal uses should be performed in different regions in Peru in order to make their taxonomy available. 
This approach will facilitate further evaluation of the ancestral knowledge on the use of medicinal plants in Peru. 
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Supplementary material 
 

S1. Phylogenetic tree of the Ranunculaceae lineage based on maximum likelihood inference from ITS data. 
Bootstrap values are indicated below branches. 
 

 
S2. Phylogenetic tree of the Myrtaceae lineage based on maximum likelihood inference from matK data. Bootstrap 
values are indicated below branches. 
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S3. Phylogenetic tree of the Ranunculaceae lineage based on maximum likelihood inference from matK data. 
Bootstrap values are indicated below branches. 
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S4. Phylogenetic tree of the Myrtaceae lineage based on maximum likelihood inference from rbcL data. Bootstrap 
values are indicated below branches. 
 
 
 
 


