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Abstract

Background: Endophytic fungi are diverse and ubiquitous in nature, yet studies simultaneously comparing
endophyte communities in above- and below-ground plant tissues are relatively scarce. The main goal of our study
was to compare the diversity and community composition of endophytic fungi associated with above- and below-
ground tissues of the plant Aristolochia chilensis in an arid ecosystem. Endophytic fungi were isolated from healthy
leaves and roots of A. chilensis, and the internal transcribed spacer (ITS) region was sequenced for phylogenetic and
taxonomic analysis.

Results: A combined total of 457 fungal isolates were cultured from leaf and root tissues, belonging to 54
operational taxonomic units (OTUs). The genera Fusarium, Penicillium, Phialemonium and Trichoderma were the most
representative endophyte taxa identified in A. chilensis tissues; nevertheless, Fusarium was significantly more
dominant in the below-ground community, while foliar endophyte community was dominated by Penicillium.
Whereas OTU richness and diversity were not different between below-ground and above-ground tissues,
endophyte abundance was on average twice as high in below-ground tissue than in above-ground tissue. Fungal
endophyte communities in the two tissue types were significantly dissimilar.

Conclusions: Results from this study indicate that A. chilensis harbors a similar diversity of endophytic fungi in
above- and below-ground tissues. Dominant endophytic fungi were found to be dependent on tissue type, which
potentially resulted in marked differences in community structure between above- and below-ground tissues.
Ecological processes potentially affecting this pattern are discussed.
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Background
Fungal endophytes frequently occur in a variety of plant
structures, living intercellularly in roots, stems and
leaves [1] for at least part of their life cycle without caus-
ing any apparent sign of disease in hosts [2]. They are
ubiquitous in nature, and have been isolated from every
organ of nearly all plant species [3]. Fungal endophytes

can be transmitted either vertically, as in the case of
‘type I’ endophytic fungi of the Clavicipitaceae family
that colonize grasses exclusively, or horizontally, as in
the case of non-clavicipitaceous ‘type II’ endophyte,
which colonize a wide range of hosts through air- and
soil-borne spores [4]. Type II endophyte communities
are highly phylogenetically diverse [5–7], and members
of different classes and orders can frequently co-occur in
the same tissue [5]. Fungal endophytes may confer di-
verse benefits to host plants by improving growth,
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resistance to different abiotic stresses, and by protecting
them from herbivores and pathogens [4].
Type II endophyte community composition has been

demonstrated to be strongly influenced by both biotic
and abiotic factors, such as host species, plant tissue,
plant chemistry, soil nutrient availability and local envir-
onmental conditions [8–11]. Above- and below-ground
tissues potentially represent contrasting habitats for
endophytic fungi, which might differentially affect their
ability to disperse and colonize a given host. Studies
have consistently reported large dissimilarities in endo-
phyte community composition between different tissues
of the same host plant, and it has been suggested that
these communities display a high degree of organ speci-
ficity within plants [12, 13]. Some studies have reported
higher endophyte diversity in leaf than in root tissues
[14, 15], although the opposite pattern has also been
shown to be true [12], or even similar [16]. Studies on
the diversity and distribution of endophytic fungi for a
given plant species is relevant in order to understand
how these symbionts may confer fitness benefits and
ecological adaptations to plants. This is particularly true
when host plants grow under extreme environmental
conditions such as arid habitats.
Here we examined, using a culture-dependent method,

the diversity and community composition of endophytic
fungi associated with above- and below-ground tissues
of the native plant species Aristolochia chilensis, growing
naturally in an arid population in Northern Chile. Des-
pite the widespread occurrence of endophytic fungi in
arid environments [9, 17–19], in Chile, there is a lack of
information about endophytic fungi associated with arid
plants. The aims of the study were to 1) isolate and mo-
lecularly identify fungal endophytes associated with
above- and below-ground tissues of A. chilensis, 2) com-
pare richness and diversity of above- and below-ground
fungal endophyte communities, 3) determine the degree
of structural similarity between communities of endo-
phytic fungi in both above- and below-ground tissues.
This knowledge will advance current understanding of
colonization dynamics of endophytic fungi associated
with different plant tissues in Chilean arid plants.

Methods
Study species
Aristolochia chilensis (Bridges ex Lindl.), endemic to
Chile, is a perennial creeping herb with a distribution
ranging from a Mediterranean-type climate in central
Chile (33° 29′ S) to an arid climate (27° 30′ S) in the
Atacama Desert in the north of the country [20]. It has
dark green reniform leaves and purple-brownish prot-
ogynous flowers [21]. This study was carried out be-
tween October and November 2015 in a population of
A. chilensis in the Coquimbo Region in Northern Chile

(29° 58′ S; 71° 22′ W). Climate at the study site is classi-
fied as arid [22], with an average annual rainfall of ap-
proximately 80 mm [23].

Isolation and molecular identification of fungal
endophytes
Ten adult Aristolochia chilensis plants of similar size and
phenological stage were randomly selected in the field
for leaf and root collection in October 2015. In each
plant we collected three mature asymptomatic leaves
and three primary healthy roots. These samples were
then pooled in order to maximize fungal endophyte iso-
lation from each individual plant. Once in the lab leaf
and root material were surface-sterilized with ethanol
(70%) for 3 min, sodium hypochlorite (1%) for 1 min,
followed by three rinses in sterile distilled water for 3
min each [24]. The absence of any microbial growth
from the water wash on PDA plates (potato-dextrose-
agar, Phyto Technology Laboratories) confirmed the suc-
cess of surface sterilization. We subsequently cultivated
small sections of sterilized leaves and roots (0.5–1.0 cm)
on PDA petri dishes plates. Plates were then incubated
at room temperature (23 °C) for 3–4 weeks. After that
time, emerging colonies were subcultured (this proced-
ure was repeated three times) to obtain pure isolates.
Pure isolates of endophytic fungi were grown on PDA
plates (Phyto Technology Laboratories) at room
temperature for 5–6 weeks for further DNA extraction
and molecular identification. We extracted genomic
DNA from the mycelial mat using a modified method
described by [25]. Fresh mycelium was ground on Mini-
BeadBeater-16 (BioSpec, USA). 100mg of ground mice-
lyum were suspended in extraction buffer (10 mM Tris
buffer pH 8.0, 10 mM EDTA, 0.5% SDS, NaCl 250 mM).
To this aqueous solution, phenol:chloroform:isoamyl al-
cohol (25:24:1) was added and mixed slowly for 3 min.
The phases were separated by centrifugation at 13.000
rpm for 10min at room temperature. Traces of phenol
were removed by treating the aqueous layer with chloro-
form:isoamyl alcohol (24:1). DNA was precipitated from
the aqueous phase with 2.0 volumes of isopropanol.
DNA was recovered by centrifugation at 10.000 rpm for
15min at 4 °C. The pellet was then washed with 70%
ethanol and resuspended in molecular biology grade
water (Mo Bio Laboratories, Inc). Species identification
of endophytic fungi was performed using the primers
ITS1-F-KYO1 (CTHGGTCATTTAGAGGAASTAA)
and ITS4 (TCCTCCGCTTATTGATATGC). Amplifica-
tion of target region (around 680 bp) was conducted
with 50 μL of PCR reaction mixtures, each containing
7 μL of total genomic DNA, 1 μL of each primer
(10 μM), 27.5 μL of SapphireAmp Fast PCR Master Mix
(Takara) and 14.5 μL of sterilized water. PCRs was per-
formed in a Techne TC-5000 Thermal Cycler (Fisher
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