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Abstract

Cinchona calisaya(quina) is a medicinal plantative to southern Andes forest 8buth
America. This plant and someof its fungal endophytes have been known for th#éaloid activity
against malarial diseaseHowever, information regarding fungal endgi diversity within this plant
is scarce. Therefore, it is necessary to carryaautndophyteliversity study orC. calisayain order to
reveal the entire fungal endophyte assemblage within this plant. The endopérsgesalyzed using
cul tur e de p,dotlodved iy molacailar iphyldgenetic analysis based on complete nucleotide
sequencelata gnerated from the internal transcribed spdEE8) of ribosomalDNA region. Several
common fungal endophytes genera were determined as $olloRiaporthe/Phomopsijs
Glomerella/Colletotrichum Guignardia/Phyllosticta Fusarium Pestalotiopsis Cladosporium
Aspergillus Penicillium and Trichoderma Several members of plant pathogenic and saprobic fungi
such asCercospora llyonectria, Pyrigemmud, NeofusicoccuimLeptosphaerulinaand Peyronellaea
were also reported here as endophyfeaaong theendophytesspeciesof Diaporthe (Diaporthaceae)
were the most common fungal endophyiteshe quina plant, followed bgpeciesof Colletotrichum
(Glomerelaceae)and Fusarium (Nectriaceae)Molecular phylogenetic analysef ITS sequencelata
revealedmany distinctundeterminedladesin the fungal endophyte assemblage/hich indicats that
many cryptic species aprobablypresent within tissues &. caisaya

Key wordsi diversityi endophytd fungii phylogenetid quina

Introduction

Endophytes have been defined as fal|l organi
life can colonize internal plant tissues without causing apparentthaam t he host o0 ( Petr
on endophytic fungi, in particulasn medicinal plantshas become more important in recent years, due
to their potential as source of various metabolitesagrochemical and medicinal purpog8sobel &
Daisy 2003). Indiversity and systematic studies, numerous endophytic isolates have been published as
novel taxa, due to their unique phenotype and genotype characteristics (Hyde & Soytongtaais). S
on endophytic fungnd their metabolites properties have inceeabrough application of molecular
method, howeverthe majority of endophytic fungal specipsobablyremain unidentified.
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Cinchona calisaydVedd.(common name: quina) s medicinal planbelonging to plant family
Rubiaceae, native to southern Andes fordsSouth AmericalAndersson & 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 Ind@uesaplanthas ben
known for its alkaloidal properties such as quinine, quinidine, cinchonidine and cinchonine (Song
2009). Quinine is the most famo@nchonaalkaloids due to its activity against the causal agent of
malarial diseases at erythrocyte stage, parddasnodium sp. Several adophytic fungi fromthe
quina plant,such asmembers ofDiaporthe (asexualmorph: Phomopsis and Arthrinium were also
capable of producin@inchonaalkaloids on artificial medium(Shibuya et al. 2003).

Study on fungal diversity fror@inchonaspp. in Indonesia is not new (Simanjuntak et al. 2002,
Shibuya et al. 2003, Mumpuni et al. 2004, Winarno 2006, Maehara et al. 2010). Howevestudiiest
focused orexploring metabolites produced by the endophytic fungi isolated from bark of i qu
and therefore,ittle information can bevaluated foestimaing the diversity of endophytic fungi from
Cinchonaspp The majority of fungal endophytes of quina from previous studies in Indonesia were
unidentified (Maehara et al. 2010). However, savéungal genera such asthrinium, Diaporthe
PhomopsisPenicilliumandXylaria 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 havetraditionaly been identified bybserving theimorphological characteristic, mainly
reproductive structures. Howevesince the majority endophytic fungi are mycelia sterilia,
identification of this fungal groups, therefore more difficult (Lacap et al. 2003)In recent years,
sever al studi es have s b, sushnas mdeeautar pgylgeeeticianalyssa s e d
successfullybe employed to identify mycelia sterilia fungiz(lo et al. 2001Sanchez Marqueet al.

2007, Rungjindamai et al. 2008, Jeewobmle2013. In this study, diversity of fungal endophytes from

C. calisayawas determined by performing molecular analysis based on the internal transcribed spacer
(ITS) ribosomal DNA regionPrior to phylogenetic analysisn@ophytic fungal isolates wefestly
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 Te:
and Quina, Gambungyest Java, Indonesan 29 September 201Zhe specimesnwerecollectedfrom
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 plastys. 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 referredth® method described by Mostert et al.
(2001) with modification. Samples were washed thoroughly in running water before processing. The
samples werdurthers ur f ace sterili zed by i mmersing in 7
soaking in sodium hymhlorite (NaOCI) (v/v) 3% for 3 mins, and rinsed once 70% ethanol (20
second$. After sterilization, he samples were rinsed three times in sterile distilled water, and dried
with sterile paper for at least ®ilwrs The sterile distilled water of the finehse was poured onto the
agar medium as igolation qualitycontrol of sterilization process. After drying, samples were cut into
segments approximatelyx 2cm and placed on the surface of Malt Extract Agar (MEA) (Difco, USA)
(4 segments/petri dishedll petri dishes were incubated at room temperature. Three reglicagre
made for each sample. The growth of endophytic fungi mycelium were observed every day, for about
30 days The growing colonies were purified usiaghyphal tip isolation method tobtaina pure
culture. All pure isolates were grouped into morphotypes based on culture charactemstcgato
Dextrose Agar (PDA) mediurand microscopic structuseAll isolated used in this studye deposited
at Bogor Agricultural University Cultur€ollection (IPBCC), Indonesia (Fig. 1).
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KC881067 Saccharomyces cerevisiae strain ATCC 18824T

100

w

EABOISU@ Saccharomyces cerevisiae strain CBS 1171T

1007 LC040892 Pestalotiopsis sp. strain IPBCC 15.1334 (bark) |

DQO00992 Pestalotiopsis neglecta strain LK29

Amphisphaeriaceae

NR 111788 Pestalotiopsis adusta ICMP 6088T
AF377292 Pestalotiopsis microspora strain CBS364 54T

Ll

59

6l

63;LC026134 Fusarium incarnatum strain [IPBCC 15.1252 (bark)
LC026133 Fusarium incarnatum strain IPBCC 15,1251 (fruit)
AB586988 Fusarium incarnatum strain MAFF 236521T

GQ505688 Fusarium equiseti strain NRRL 26419T

LC026132 Fusarium incarnatum strain IPBCC 15.1253 (petiole)

4, L.C026138 Fusarium oxysporum strain IPBCC 15.1250 (bark)
190 U28161 FOU28161 Fusarium oxysporum strain CBS 171 31
KF255448 Fusarium oxysporum strain CBS 133023

65 JF735303 Ilyonectria vitis strain CBS 129082

100lNR 121494 Iyonectria anthuriicola CBS 564 95T

LC040895 Ilyonectria sp. strain IPBCC 15.1329 (root)

Nectriaceae

68, LC040899 Gliocladiopsis tenuis strain IPBCC 15.1325 (root)
00 AF220981 Gliocladiopsis tenuis strain STE U706T

100

100

8210666070 Gliocladiopsis tenuis culture collection CBS 114148
1Q666063 Gliocladiopsis sagariensis culture collection CBS 199 55

53, L.C026137 Fusarium solani strain IPBCC 15.1247 (petiole)
KF826493 Fusarium solani strain LSL |

67 LC026135 Fusarium solani strain IPBCC 15.1248 (twig)

100

100 4200 Trichoderma hamatum CPK2317 49 22 69

LC026136 Fusarium solani strain IPBCC 15.1249 (twig)
DQ094383 Fusarium solani strain NRRL 28579T

100 — LC040887 Trichoderma hamatum strain IPBCC 15.1343 (twig)
KC747811 Trichoderma hamatum strain Tri 612 4

748816 Trichoderma hamatum DAOM 167057T Hypocreaceae

100,F456917 Trichoderma atroviride isolate CBS 142 95

NR 077207 Trichoderma atroviride NBRC 101776T
LC040888 Trichoderma atroviride strain IPBCC 15,1342 (root)

LC040909 Colletotrichum aenigma strain IPBCC 15.1262 (fruit)

JX010244 Colletotrichum aenigma strain C1253 4

61/KC566727 Colletotrichum aenigma strain CBS 132458T

LC040910 Colletotrichum crassipes strain IPBCC 15.1261 (leaf)

6911 LC040918 Colletotrichum crassipes strain IPBCC 15.1263 (fruit)

83

FN557348 Colletotrichum crassipes strain CBS 112988T
LC040911 Colletotrichum sp. strain IPBCC 15.1267 (fruit)
95|LC040907 Colletotrichum sp. strain IPBCC 15.1268 (fruit)
LC040917 Colletotrichum sp. strain IPBCC15.1266 (fruit)

53

LC040912 Colletotrichum glocosporioides strain IPBCC 15.1269 (fruit)
LC040919 Colletotrichum glocosporioides strain IPBCC 15.1270 (twig)

JX010150 Colletotrichum glocosporioides strain CBS 119204T Glomerellaceae

7 KF687716 Colletotrichum arxii strain CBS 132511

KF687717 Colletotrichum arxii strain CBS 169 59

LC040916 Colletotrichum arxii strain IPBCC 15.1272 (root)

88, LC040913 Colletotrichum brasiliense strain IPBCC 15.1265 (leaf)
JQO005235 Colletotrichum brasiliense culture collection CBS 128501 185
5 LC040914 Colletotrichum boninense strain IPBCC 15,1264 (leaf)
g 1X010292 Colletotrichum boninense strain MAFF305972T
LC040914 Colletotrichum boninense strain IPBCC 15.1264 (leaf)
AF411700 Glomerella acutata isolate IMI 117617

AJ536200 Colletotrichum acutatum strain IMI 348160T

LC040908 Glomerella acutata strain IPBCC 15.1271 (fruit)

Fig. 1 7 Maximum Parsimony(MP) tree showingohylogeneticrelationship betweef@6 sequences of
endophyticfungi from C. calisaya(bold) with related specielsased on the ITS rDNA seeuces.

Bootstrap value > 50%re shown at the branamodes.

DNA Extraction, PCR Amplification and Sequencing
The endophytic fungal isolates were cultured in 5 mL of Potato Dextrose Broth (PDB) (Difco,

f ays DNA was isolated by using PhytoplfeDNA extraction kit (GE Healthcare, UK)
t he
Reaction (PCR) method. The 25 pL PCR mixture contaib@dpl nuclease free water, 12.5 pL
DreamTa§ green master mix (Thermo scientific, USA), fuU5 of forward and reverse primer, 0.5 pL

USA)
foll

DMSO,

TCCTCCGCTTATTGATATGG3 6 )

OWi

and

ng

1

ML

DNA

manuf act ur er 6cenduptedosing Rolyrherase CCNaf

template. The primer i of ITS5 (forward) 5 0
[@snd (reverse) (BTCCGTAGGTGAACCTGCGC3))

(White et al.1990)were used to amplify thE'S region including 5.8S rDNA. The PCR condition for

134

an



Fig. 11 (Cont.)

F N

100,HM?241692 Pyrigemmula aurantiaca strain CPC 18063T

97

55

|2

v

i‘:‘HMZMGS‘} Pyrigemmula aurantiaca strain CPC 18064
LC040889 Pyrigemmula aurantiaca strain IPBCC 15.1341 (root)
96,L.C041016 Diaporthe beckhausii strain IPBCC 15.1273 (twig)

100f}, 041024 Diaporthe beckhausii strain IPBCC 15.1275 (petiole)
LC041031 Diaporthe beckhausii strain IPBCC 15.1274 (fruit)

100, Diaporthe beckhausii strain CBS 138 27
K(C343041 Diaporthe beckhausii strain CBS 138 27T
99 LC041032 Diaporthe infecunda strain IPBCC 15.1316 (petiole)

98

| 'LC041025 Diaporthe endophytica strain IPBCC 15.1315 (leaf)

0
—{- LC041045 Diaporthe psoraleae-pinnatae strain IPBCC 15.1321 (leaf)

L ﬂ:LCMlM‘? Diaporthe psoraleae-pinnatae strain IPBCC 15.1322 (twig)

LC041033 Diaporthe infecunda strain IPBCC 15.1317 (fruit)
Diaporthe infecunda strain LGMF933
KC343126 Diaporthe infecunda strain CBS 133812T
K(C343175 1 Diaporthe phaseolorum strain CBS 116019T
LC041040 Diaporthe phaseolorum strain IPBCC 15.1318 (leaf)
LC041043 Diaporthe phaseolorum strain IPBCC 15.1319 (fruit)
Diaporthe phaseolorum strain CBS 113425

Diaporthe endophytica strain CBS 133811T
AB899789 Diaporthe endophytica strain IPBCC 15,1312 (leaf)

96 - LC041037 Diaporthe ganjae strain IPBCC 15.1313 (twig)

KC343112 Diaporthe ganjae strain CBS 180 91T
LC041026 Diaporthe helianthi strain IPBCC 15.1314 (fruit)

KC343115 1 Diaporthe helianthi strain CBS 592 81T
0, LC041018 Diaporthe psoraleac-pinnatae strain IPBCC 15.1320 (petiole)

LC041039 Diaporthe psoraleae-pinnatae strain IPBCC 15,1324 (twig)

LC041050 Diaporthe psoraleac-pinnatae strain IPBCC 15.1323 (twig)

99
68 !LCMIG}S Diaporthe sp. strain IPBCC 15,1277 (twig)

39 LC041022 Diaporthe cucalytorum strain IPBCC 15.1296 (fruit)

‘— KF777159 Diaporthe psoraleae-pinnatae strain CPC 21638T
AB899784 Diaporthe sp. strain IPBCC15.1276 (twig)

LC041053 Diaporthe sp. strain IPBCC 15,1310 (twig)

LC041021 Diaporthe eucalyptorum strain IPBCC15.1295 (bark)

NR 120157 Diaporthe cucalyptorum CBS 132525T

AB899785 Diaporthe eucalyptorum strain IPBCC15.1294 (petiole)
AB899786 Diaporthe hongkongensis strain IPBCC 15,1278 (twig)

ILLC04I[I46 Diaporthe hongkongensis strain IPBCC 15.1279 (leaf)
NR 111848 Diaporthe hongkongensis CBS 115448T

LC041019 Diaporthe sp. strain IPBCC 15.1284 (twig)

LC041023 Diaporthe sp. strain IPBCC 15,1284 (twig)

100 LC041057 Diaporthe sp. strain IPBCC 15.1290 (twig)

LC041054 Diaporthe sp. strain IPBCC 15,1311 (twig)

53

LC041023 Diaporthe sp. strain IPBCC 15.1284 (leaf)
- L.C041044 Diaporthe sp. strain IPBCC 15,1283 (petiole)
LC041028 Diaporthe sp. strain IPBCC 15.1291 (twig)
LC041038 Diaporthe sp. strain IPBCC 15.1340 (twig)
9 1_LLC041027 Phomopsis tersa strain IPBCC 15.1337 (twig)
JQB18195 Phomopsis tersa strain GRMP 42T
99, LC041055 Diaporthe sp. strain IPBCC 15.1286 (twig)
LC041056 Diaporthe sp. strain IPBCC 15.1287 (twig)
100 | L.C041058 Diaporthe sp. strain IPBCC 15.1288 (twig)
LC041052 Diaporthe sp. strain IPBCC 15.1289 (fruit)
L

97

C041017 Diaporthe palmicola strain IPBCC 15.1339 (petiole)
KF496903 Phomopsis palmicola isolate CP1T
AB899787 Diaporthe sp. strain IPBCC 15,1282 (twig)
LC041020 Diaporthe sp. strain IPBCC 15.1292 (twig)
LC041052 Diaporthe sp. strain IPBCC 15.1293 (leaf)
%9 L.C041034 Diaporthe sp. strain IPBCC 15.1304 (twig)

LC041048 Diaporthe sp. strain IPBCC 15.1305 (twig)
LC041062 Diaporthe sp. strain IPBCC 15.1309 (twig)

11 58—rcod1024 Diaporthe sp. strain IPBCC 15.1300 (twig)
LC041042 Daiporthe sp. strain IPBCC 15.1303 (twig)
LC041060 Diaporthe sp.strain IPBCC 15.1338 (leaf)

00,LC041029 Diaporthe sp. strain IPBCC 15.1306 (leaf)
LC041030 Diaporthe sp. strain IPBCC 15.1307 (leaf)
LC041049 Diaporthe sp. strain [IPBCC 15.1308 (twig)

AB899788 Diaporthe litchicola strain IPBCC 15,2997 (twig)

Diaporthaceae

JX862533 Diaporthe litchicola strain BRIP 54900T
KC343181 Diaporthe pseudomangiferae strain CBS 101339
LC041041 Diaporthe pseudomangiferae strain IPBCC 15,1299 (twig)

q

97
?E‘{{LC041036 Diaporthe litchicola strain IPBCC 15.1298 (fruit)
5
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Fig. 17 (Cont.)

ITS region waset as follow: 90 s at 95 °C for initial denaturation, followed by 35 cycles of 30 s at 95
°C denaturation, 30 s 86°C annealing, 98 at72°C extension and 5 min at 72 for the final
extension. All PCR reactions were conducted using T100 thermé&trcgBioi Rad, USA). The
detection of amplification products was performedelgctrophoresis at 100V for 30 min in an 1 %
(w/v) agarose gel soaked in 1x TAE buffer. 1 kb DNA ladder was used as a marker during the
electrophoresis. The gel was soaked indétimn bromide (EtBr) for 30 min and visualized under a Gel
Documentation system (Gel Doc BRad, USA). Purified PCR products were sent tbBASE
(Malaysia) for sequencing.

Molecular Phylogenetic Analysis

New nucleotide sequences obtained from the réspec e pr i me Fand &84Rs (|
were examined and refined by direct examination using Chromas Pro 1.41 software (Technelysium Pty
Ltd., Australia). New sequences determined in this study were depositésenBank (NCBI and
DDBJ). The GenBank accessimumber of all sequences was showed in figuraNéawly ITS
sequences of endophytic fungi froBh calisayawere aligned using MUSCLEmultiple sequence
alligment with high accurancy and high throughpotplemented in MEGAmolecularevolutionary
geneticsanalysig version6 (Tamuraet al. 2013) Saccharomyces cerevisiatrain ATCC 18824
(KC881067) andSaccharomyces cerevisiagrain CBS 1171 (AB018043) were used as outgroup in
analyses. Phylogenetic analysis was conducted using the Maximum Parsimomgdii&)l in PAUP*
4.0b10 (Swofford 2002) All characters were equally weighted and unordered. Aligment gaps were
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