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Abstract 

Cinchona calisaya (quina) is a medicinal plant native to southern Andes forest of South 

America. This plant and a some of its fungal endophytes have been known for their alkaloid activity 

against malarial diseases. However, information regarding fungal endophyte diversity within this plant 

is scarce. Therefore, it is necessary to carry out an endophyte diversity study on C. calisaya in order to 

reveal the entire fungal endophyte assemblage within this plant. The endophytes were analyzed using a 

culture dependent method, followed by molecular phylogenetic analysis based on complete nucleotide 

sequence data generated from the internal transcribed spacer (ITS) of ribosomal DNA region. Several 

common fungal endophytes genera were determined as follows: Diaporthe/Phomopsis, 

Glomerella/Colletotrichum, Guignardia/Phyllosticta, Fusarium, Pestalotiopsis, Cladosporium, 

Aspergillus, Penicillium and Trichoderma. Several members of plant pathogenic and saprobic fungi 

such as Cercospora, Ilyonectria, Pyrigemmula, Neofusicoccum, Leptosphaerulina and Peyronellaea 

were also reported here as endophytes. Among the endophytes, species of Diaporthe (Diaporthaceae) 

were the most common fungal endophytes in the quina plant, followed by species of Colletotrichum 

(Glomerellaceae) and Fusarium (Nectriaceae). Molecular phylogenetic analysis of ITS sequence data 

revealed many distinct undetermined clades in the fungal endophyte assemblages, which indicates that 

many cryptic species are probably present within tissues of C. calisaya. 
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Introduction  

Endophytes have been defined as ñall organisms inhibiting plant organs that at some time in their 

life can colonize internal plant tissues without causing apparent harm to the hostò (Petrini 1991). Study 

on endophytic fungi, in particular on medicinal plants, has become more important in recent years, due 

to their potential as source of various metabolites for agrochemical and medicinal purposes (Strobel & 

Daisy 2003). In diversity and systematic studies, numerous endophytic isolates have been published as 

novel taxa, due to their unique phenotype and genotype characteristics (Hyde & Soytong 2008). Studies 

on endophytic fungiand their metabolites properties have increased through application of molecular 

methods, however, the majority of endophytic fungal species probably remain unidentified. 
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Cinchona calisaya Wedd. (common name: quina) is a medicinal plant belonging to plant family 

Rubiaceae, native to southern Andes forest of South America (Andersson & Antonelli 2005). Quina 

was introduced to Indonesia from Bolivia in 1852, and was first planted in Cibodas area (West Java). 

Currently, Gambung area (West Java) is the largest quina plantation in Indonesia. Quina plant has been 

known for its alkaloidal properties such as quinine, quinidine, cinchonidine and cinchonine (Song 

2009). Quinine is the most famous Cinchona alkaloids due to its activity against the causal agent of 

malarial diseases at erythrocyte stage, parasite Plasmodium sp. Several endophytic fungi from the 

quina plant, such as members of Diaporthe (asexual morph: Phomopsis) and Arthrinium were also 

capable of producing Cinchona alkaloids on artificial medium  (Shibuya et al. 2003). 

Study on fungal diversity from Cinchona spp. in Indonesia is not new (Simanjuntak et al. 2002, 

Shibuya et al. 2003, Mumpuni et al. 2004, Winarno 2006, Maehara et al. 2010). However, most studies 

focused on exploring metabolites produced by the endophytic fungi isolated from bark of the quina, 

and therefore, little information can be evaluated for estimating the diversity of endophytic fungi from 

Cinchona spp. The majority of fungal endophytes of quina from previous studies in Indonesia were 

unidentified (Maehara et al. 2010). However, several fungal genera such as Arthrinium, Diaporthe, 

Phomopsis, Penicillium and Xylaria were revealed as common endophytes from quina (Simanjuntak et 

al. 2002, Shibuya et al. 2003, Mumpuni et al. 2004, Winarno 2006, Maehara et al. 2010). 

Fungi have traditionally been identified by observing their morphological characteristic, mainly 

reproductive structures. However, since the majority endophytic fungi are mycelia sterilia, 

identification of this fungal group is, therefore, more difficult (Lacap et al. 2003). In recent years, 

several studies have shown that genetic based methods, such as molecular phylogenetic analysis, can 

successfully be employed to identify mycelia sterilia fungi (Guo et al. 2001, Sánchez Márquez et al. 

2007, Rungjindamai et al. 2008, Jeewon et al. 2013). In this study, diversity of fungal endophytes from 

C. calisaya was determined by performing molecular analysis based on the internal transcribed spacer 

(ITS) ribosomal DNA region. Prior to phylogenetic analysis, endophytic fungal isolates were firstly 

grouped into morphotypes, based on similarity in colony and several microscopic characters. 

 

Materials & Methods 

 

Specimen Collection 

Specimen collection was conducted at quina plantation managed by the Research Center for Tea 

and Quina, Gambung, West Java, Indonesia on 29 September 2012. The specimens were collected from 

five individual healthy plants by cutting off asymptomatic flowers, leaves, petioles, stems, barks and 

roots of C. calisaya. Five pieces of each organ were placed in zipped plastic bags. The plastic bags 

were sealed and labelled with the name of the host, collection site, date and collector/s. All materials 

were kept in ice boxes prior to isolation in the laboratory. 

 

Isolation 

The isolation protocol of endophytic fungi referred to the method described by Mostert et al. 

(2001) with modification. Samples were washed thoroughly in running water before processing. The 

samples were further surface sterilized by immersing in 70% ethanol (v/v) for 1 min, followed by 

soaking in sodium hypochlorite (NaOCl) (v/v) 3% for 3 mins, and rinsed once 70% ethanol (20 

seconds). After sterilization, the samples were rinsed three times in sterile distilled water, and dried 

with sterile paper for at least 6 hours. The sterile distilled water of the final rinse was poured onto the 

agar medium as a isolation quality control of sterilization process. After drying, samples were cut into 

segments approximately 1 × 2 cm and placed on the surface of Malt Extract Agar (MEA) (Difco, USA) 

(4 segments/petri dishes). All petri dishes were incubated at room temperature. Three replicates were 

made for each sample. The growth of endophytic fungi mycelium were observed every day, for about 

30 days. The growing colonies were purified using a hyphal tip isolation method to obtain a pure 

culture. All pure isolates were grouped into morphotypes based on culture characteristics on Potato 

Dextrose Agar (PDA) medium and microscopic structures. All isolated used in this study are deposited 

at Bogor Agricultural University Culture Collection (IPBCC), Indonesia (Fig. 1). 



 

134 

 
 

Fig. 1 ï Maximum Parsimony (MP) tree showing phylogenetic relationship between 96 sequences of 

endophytic fungi from C. calisaya (bold) with related species based on the ITS rDNA sequences. 

Bootstrap value > 50% are shown at the branch nodes. 

 

DNA Extraction, PCR Amplification and Sequencing 

The endophytic fungal isolates were cultured in 5 mL of Potato Dextrose Broth (PDB) (Difco, 

USA) for 7 days. DNA was isolated by using Phytopure
TM

 DNA extraction kit (GE Healthcare, UK) 

following the manufacturerôs protocol. DNA amplification was conducted using Polymerase Chain 

Reaction (PCR) method. The 25 µL PCR mixture contained: 10 µL nuclease free water, 12.5 µL 

DreamTaq
®
 green master mix (Thermo scientific, USA), 0.5 µL of forward and reverse primer, 0.5 µL 

DMSO, and 1 µL DNA template. The primer pairs of ITS5 (forward) (5ôï

TCCTCCGCTTATTGATATGCï3ô) and ITS4 (reverse) (5'ïTCCGTAGGTGAACCTGCGCï3') 

(White et al. 1990) were used to amplify the ITS region including 5.8S rDNA. The PCR condition for 
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Fig. 1 ï (Cont.) 

 

 
 



 

136 

Fig. 1 ï (Cont.) 

 

 
 

ITS region was set as follow: 90 s at 95 °C for initial denaturation, followed by 35 cycles of 30 s at 95 

°C denaturation, 30 s at 55 °C  annealing, 90 s at 72 °C extension and 5 min at 72 °C for the final 

extension. All PCR reactions were conducted using T100 thermal cycler (BioïRad, USA). The 

detection of amplification products was performed by electrophoresis at 100V for 30 min in an 1 % 

(w/v) agarose gel soaked in 1× TAE buffer. 1 kb DNA ladder was used as a marker during the 

electrophoresis. The gel was soaked in ethidium bromide (EtBr) for 30 min and visualized under a Gel 

Documentation system (Gel Doc BioïRad, USA). Purified PCR products were sent to 1
st 

BASE 

(Malaysia) for sequencing. 

 

Molecular Phylogenetic Analysis 

New nucleotide sequences obtained from the respective primer pairs (ITS5F and ITS4 R) 

were examined and refined by direct examination using Chromas Pro 1.41 software (Technelysium Pty 

Ltd., Australia). New sequences determined in this study were deposited in GenBank (NCBI and 

DDBJ). The GenBank accession number of all sequences was showed in figure 1. Newly ITS 

sequences of endophytic fungi from C. calisaya were aligned using MUSCLE (multiple sequence 

alligment with high accurancy and high throughput) implemented in MEGA (molecular evolutionary 

genetics analysis) version 6 (Tamura et al. 2013). Saccharomyces cerevisiae strain ATCC 18824 

(KC881067) and Saccharomyces cerevisiae strain CBS 1171 (AB018043) were used as outgroup in 

analyses. Phylogenetic analysis was conducted using the Maximum Parsimony (MP) method in PAUP* 

4.0b10 (Swofford 2002). All characters were equally weighted and unordered. Aligment gaps were 


