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Abstract: Green coffee seeds from Colombia, Guatemala, India, Kenya, Papua New Guinea, Puerto Rico and
Vietnam were sampled for the presence of fungal endophytes. Stions of surface sterilized seeds were plated on
yeast malt agar, and fungal growth was isolated for subsequent DNA extraction and sequencing. Several fungal
genera were isolated, including Acremonium, Aspergillus, Eurotium, Fusarium, Gibberella, Penicillium,
Pseudozyma and an undescribed clavicipitaceous species. The biological activities that these fungi might be
playing in coffee seeds remain unknown, but in other plants some of the genera isolated have been reported to
protect against plant pathogens.
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1 INTRODUCTION
Coffee (Coffea arabica L.), a native of Africa, is grown in more than 50 countries throughout
the tropics by more than 20 million coffee farming families (Cardenas 2001). The wide distribution
of coffee throughout the tropics has exposed this plant to the fungal diversity within each region
where it grows. Fungi associated with coffee have been extensively studied only from a plant
pathogen perspective, including infection of the seed and berry. Still, hidden from most observers, the
plant harbors a myriad of fungi within its internal tissues, fungi that do not cause any adverse
symptoms in the plant and are referred to as fungal endophytes.
Our sampling for fungal endophytes has revealed more than 250 unique sequences (phylotypes)
in coffee plants sampled from Mexico, Hawaii, Colombia, and Puerto Rico (Vega et al. unpublished).
One particular area of interest is whether endophytes are present in “green coffee”. The processing of
coffee after harvest involves dry or wet fermentation, followed by mechanical or sun drying and
hulling. Once processing is completed, the coffee is ready to be roasted and is sold in the market as
“green coffee”.
After sampling surface-sterilized coffee seeds extracted from ripe coffee berries, Vega et al.
(2006) reported the presence of three endophytic Penicillium species in Hawaii: P. brevicompactum
Dierckx, P. olsonii Bainier & Sartory, and P. sp. (near P. roseopurpureum); and one in Mexico: P.
crustosum Thom. Other Penicillium and several Aspergillus species have been reported in both nonsterilized and surface-sterilized green coffee beans ∗ (Mislivec, Bruce & Gibson 1983; Batista et al.
2003; Reynaud et al. 2003). Several bacterial endophytes have also been reported in coffee beans
extracted from ripe berries originating in Colombia, Hawaii and Mexico, including species of
Bacillus,

Burkholderia,

Clavibacter,

Curtobacterium,

Escherichia,

Micrococcus,

Pantoea,

Pseudomonas, Serratia and Stenotrophomonas (Vega et al. 2005). The goal of this study was to
determine whether fungal endophytes are present in green coffee harvested from various countries.

2 MATERIALS AND METHODS
2.1 Coffee samples
We sampled green coffee from Colombia, Guatemala, India, Kenya, Papua New Guinea, Puerto
Rico, and Vietnam. All samples were obtained from country exhibitors attending Specialty Coffee
Association of America meetings, except for the sample from Puerto Rico which we obtained during
a visit to the island, and the Vietnam sample, which we obtained from a vendor on Ebay.
2.2 Endophyte isolation
Seeds were surface sterilized by successively dipping in 0.5% sodium hypochlorite for two
*
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minutes, 70% alcohol for two minutes, rinsing in sterile autoclaved water and then drying on sterile
towel paper. Seeds were cut into stions and then plated on yeast malt agar (YMA; Sigma Aldrich Co.,
St. Louis, MO) to which 0.1% stock antibiotics was added as described in Vega et al. (2005). Plates
were kept at room temperature and any fungal growth on the seed stions was subcultured on
individual Petri plates for subsequent DNA extraction. Countries of origin of recovered isolates in
this study are provided in Table 1. Voucher cultures are maintained at the Sustainable Perennial
Crops Laboratory (Beltsville, MD). Duplicates of some cultures are maintained at the culture
collection of the U.S. Fungus Collections (USDA, ARS, BPI, Beltsville, MD).

Table1 Identification of fungal endophytes isolated from green coffee seeds from Colombia, Guatemala, India, Kenya, Papua
New Guinea, Puerto Rico, and Vietnam
Fungal endophyte

GenBank#

Country

Acremonium sp.

DQ778915

Puerto Rico

Aspergillus fumigatus

DQ778906

India

Aspergillus fumigatus

1

Vietnam

Aspergillus niger

DQ778907

Vietnam

Aspergillus niger

1

Kenya

Aspergillus pseudodeflectus

DQ778908

Papua
New Guinea

Aspergillus pseudodeflectus

1

Vietnam

Aspergillus sumatrense

DQ861286

Puerto Rico

Aspergillus tubingiensis

DQ778910

Colombia

Aspergillus tubingiensis

1

Kenya

Clavicipitaceae sp. 1

DQ7789112

Puerto Rico

Clavicipitaceae sp. 2

DQ778912

Puerto Rico

Eurotium (Aspergillus) ruber

DQ778909

India

Fusarium solani complex

DQ778913

Vietnam

Gibberella sp.

DQ778914

Colombia

Penicillium sp., subgenus Biverticillium

DQ779816

India

Penicillium crustosum

DQ778917

Guatemala

Penicillium olsonii

DQ778918

Colombia

Pseudozyma sp.

DQ778919

Puerto Rico

Note: 1Sequence is identical to the one deposited above; 2A TEF sequence (GenBank DQ862130) was obtained for this isolate.
Partial sequences were also generated for clavicipitaceous isolate 59, which like ITS, are nearly identical among the isolates.
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2.3 DNA extraction
Fungal endophytes were grown in potato dextrose broth (Difco, Becton Dickinson, Sparks, MD)
at 125r/min on an Innova 4000 Incubator Shaker (New Brunswick Scientific Co., Inc., Edison, NJ) at
25℃ for one week. Tissue was then harvested, lyophilized, and stored at -80℃. For DNA extraction,
ca. 50mg lyophilized mycelium was placed in a 2mL microcentrifuge tube with ca. 0.2mL 1.0mm
zirconia-glass beads (Cat # 1107911-0z, BIOSPEC, Bartlesville, OK). The mycelium was crushed
with a plastic pestle and further ground in a FastPrep-120 sample grinder (Q-BIOgene, Irvine, CA)
for 3sec at the maximum speed setting of 6. The powdered mycelium was suspended in 700µL
detergent solution (2mol/L NaCl, 0.4% w/v deoxycholic acid-sodium salt, 1% w/v polyoxyethylene
20 cetyl ether) and then agitated for 14sec in the Fast-Prep at maximum speed. Vials were incubated
5min at 55℃ in a heat block and then centrifuged at 10,600r/min for 5min followed by emulsion with
700µL chloroform/isopropyl and centrifugation at 10,600r/min for 5min. The aqueous phase was
transferred to a clean tube to which an equal volume of 6mol guanidinium thiocyanate was added.
15µL of silica powder were gently mixed with the solution while incubating at room temperature for
5min, followed by 3sec centrifugation, after which the supernatant was discarded. The glass powder
was rinsed twice by suspending in 750µL ethanol buffer (10mmol/L Tris-HCl, pH 8.0, 0.1mmol/L
EDTA, 50% ethanol) with a disposable transfer pipette, then collected by centrifugation. The
supernatant was discarded, and the glass powder pellet was dried on a heat block at 55℃ for 5-10min.
The glass powder was re-hydrated with 105µL ultra-pure water and the genomic DNA eluted by
incubating on a heat block at 55℃ for 5-10min. Following vortexing and centrifugation, 100µL of the
aqueous supernatant was transferred to a clean tube. In a few instances, DNA extractions were made
directly from fungal cultures grown on potato dextrose agar (Difco, Becton Dickinson, Sparks, MD).
Approximately 2-4mm2 of mycelium was aseptically removed from the growing edge of the colony
and extracted with the UltraClean Plant DNA Isolation Kit (MoBio Laboratories, Inc., Solana Beach,
CA) as per the manufacturer’s instructions.
2.4 DNA sequencing
Primers ITS1-F (fungal-specific) (Gardes & Bruns 1993) and ITS4 (White et al. 1990) were
used for both amplification and sequencing of the internal transcribed spacer region (ITS) of the
nuclear rDNA repeat for each isolate. PCRs were done in 25μL reaction volumes with 12.5μL of
PCR Master Mix (Promega Corp., Madison, WI), 1.25μL each of 10μmol/L primers, and 10μL of
diluted (10- to 100-fold) DNA template. Amplification was done with an initial denaturation step of
5min at 94℃; 35 cycles of 30sec at 94℃, 45sec at 50℃, and 45sec at 72℃; and a final extension of
7min at 72℃. The PCR products were purified with Montage PCR Centrifugal Filter Devices
(Millipore Corp., Billerica, MA) according to the manufacturer’s protocol. The elongation factor-1
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alpha (TEF) was also amplified for clavicipitaceous isolates 57 and 59 as described by Rehner and
Buckley (2005). Purified PCR products were sequenced with BigDye Terminator sequencing enzyme
v.3.1 (Applied Biosystems, Foster City, CA) in the reaction: 2μL of diluted BigDye in a 1:3 dilution
of BigDye: dilution buffer (400mmol/L Tris pH8.0, 10mmol/L MgCl2); 0.3μL of 10μmol/L primer;
10-20ng of cleaned PCR template; and H2O to 5μL total reaction volume. Cycle sequencing
parameters consisted of a 2min denaturation step at 94℃, then 35 cycles of 94℃ for 39sec, 50℃ for
15sec, and 60℃ for 4min. Sequencing reactions were cleaned by ethanol precipitation and sequenced
on an ABI 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA). Sequencing reactions were
edited and contiguous sequences for each isolate were assembled in Sequencher v.4.1.4 (Gene Codes
Corp., Ann Arbor, MI). DNA sequences were deposited in GenBank (Table 1).
2.5 Identification of isolates
Initial

identification

of

isolates

was

obtained

by

BLAST

analysis

(http://www.ncbi.nlm.nih.gov/BLAST/). Penicillium and Aspergillus species were further identified
using additional sequences (Peterson, unpublished) and exact matches to the sequences from ex type
cultures were considered reliable identifications. Where genealogical concordance multilocus
phylogenetic studies have been published, those concepts were used to determine the identity of the
isolate (Taylor et al. 2000). For other isolates, if the results indicated 98%-100% concordance to a
known species, it was identified as the same genus (e.g., Gibberella sp., Fusarium sp., Pseudozyma
sp.). Blasts with low concordance (85%-92%) were considered from the same family or order.

3 RESULTS AND DISCUSSION
We have isolated and identified 15 different endophytic fungi belonging to 8 taxa from green
coffee seeds originating in seven countries. These include 5 Aspergillus species, 3 Penicillium species,
2 Clavicipitaceae, and 1 species in each of the following genera: Acremonium, Eurotium, Fusarium,
Gibberella, and Pseudozyma (Table 1). Out of 19 endophytic fungi, 5 were isolated from green coffee
seeds originating in Puerto Rico, 4 from Vietnam, 3 from Colombia, 3 from India, 2 from Kenya, 1
from Papua New Guinea, and 1 from Guatemala.
Due to the nature of coffee processing, which is done in the open in the same areas where the
coffee berry is harvested, it is not surprising that a high number of fungi have been isolated from
green coffee seeds from various countries: Brazil (Mislivec, Bruce & Gibson 1983; Tsubochi et al.
1984; de Carvalho et al. 1989; Silva et al. 2000; Batista et al. 2003; Martins, Martins & Gimeno 2003;
Reynaud et al. 2003), Cameroon (Tagne & Mathur 2003), Indonesia and Mexico (Tsubochi et al.
1984), and India (Tharappan & Ahmad 2006). Fungi have also been isolated from coffee berries from
Brazil (Silva et al. 2000; Taniwaki et al. 2003) and Mexico (Roussos et al. 1995). The question is
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whether these fungi occurring on the seed and berry surfaces are the same as those that occur inside
the seed, and whether the latter are truly endophytic or just present due to fungal infection of the seed.
Batista et al. (2003) and Mislivec, Bruce & Gibson (1983) reported Penicillium and Aspergillus
species in both non-sterilized and surface-sterilized green coffee beans, but they did not refer to any
of these as endophytes. The authors assumed that detection in surface-sterilized seeds was due to
invasion from the surface of the seed which is certainly a possibility, although if this were the case
they should not have detected a drastic reduction in incidence when they surface-sterilized the seeds.
The levels of incidence for Aspergillus fell from 96% in non-surface sterilized seeds to 47% in
surface-sterilized seeds, and from 42% to 24% for Penicillium (Batista et al. 2003). Assuming
detection inside the seed is correlated with fungal presence on the surface, they should have found a
similar percent incidence in both substrates. Similar reductions were reported for seven Aspergillus
species (A. niger Tiegh., A. ochraceus G. Wilh., A. glaucus (L.) Link, A. flavus Link, A. tamari Kita,
A. wentii Wehmer, and A. versicolor (Vuill.) Tirab.) and five Penicillium species (P. frequentans
Westling, P. citrinum Thom, P. brevicompactum Dierckx, P. cyclopium Westling, and P. expansum
Link) after seeds from 31 countries were surface-disinfected (Mislivec, Bruce & Gibson 1983).
We detected five Aspergillus species (A. tubingensis Mosseray, A. fumigatus Fresen., A.
pseudodeflectus Samson & Mouch., A. niger Tiegh., and A. ruber Thom & Church), and three
Penicillium species (P. olsonii Bainier & Sartory, P. crustosum Thom, and P. sp., subgenus
Biverticillium) from green coffee seeds. Some Aspergillus and Penicillium species are known to
produce the toxic metabolite ochratoxin A (OTA; Frisvad & Samson 1991; Frisvad et al. 2004). Of
the Aspergillus isolates detected in this study, only A. niger (Abarca et al. 2001; Accensi et al. 2001)
and A. tubingensis (Medina et al. 2005; Perrone et al. 2006; Varga & Kozakiewicz 2006) have been
shown to produce OTA. We did not assess whether our isolates produced OTA. Vega et al. (2006)
reported endophytic P. crustosum isolated from coffee seeds extracted from ripe coffee berries in
Mexico, and endophytic P. olsonii from leaves and various parts of the coffee berry (seed, skin,
crown, peduncle) collected in Hawaii that produced low levels of OTA (Vega et al. 2006).
Two Penicillium species (P. brevicompactum and P. canadense Smith syn. P. arenicola
Chalabuda) have been reported in surface-sterilized seeds of Pinus roxburghii Sargent (Mittal &
Sharma 1982). Other Penicillium species have been shown to protect seeds against pathogenic fungi.
For example, the presence of Penicillium cyaneum, P. implicatum, or P. damascenum Baghd. as
epiphytes in seeds of Picea glehnii (Fr. Schm) Masters protect the seedlings against damping-off
caused by Pythium vexans de Bary (Yamaji et al. 2001, 2005). P. oxalicum has been shown to protect
plants against Fusarium oxysporum f. sp. lycopersici (De Cal, Pascual & Melgarejo 1997; De Cal,
Garcia-Lepe & Melgarejo 2000). The antagonistic effects of Penicillium on other fungi suggest that
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in a natural setting, some of the endophytes found in coffee seeds could serve to protect from
pathogenesis caused by other fungi. This hypothesis would be very difficult to test because it would
require a priori knowledge of what seeds are infected by a particular endophyte and which seeds are
endophyte-free. In addition, it would require the presence of only the desired endophyte species.
In this study, we also detected an Acremonium sp. in green seeds from Puerto Rico. Vega et al.
(unpublished) isolated Acremonium sp. from coffee roots in Hawaii and A. alternatum Link: Fries
from the skin of coffee berries collected in Colombia. Bargmann & Shönbeck (1992) have reported
reduced incidence of wilt symptoms caused by F. oxysporum f. sp. lycopersici when tomato roots are
infected with endophytic Acremonium kiliense Grütz, yet one more instance suggesting that fungal
endophytes in green coffee might possibly have a positive role.
The anamorphic basidiomycetous yeast-like fungus Pseudozyma Bandoni, isolated in green
coffee from Puerto Rico, has also been isolated from various tropical fruits (Trindade et al. 2002) and
as an epiphyte in various plants (Wang, Jia & Bai 2006; Allen, Burpee & Buck 2006). Pseudozyma
flocculosa (Traquair, L.A. Shaw & Jarvis) Boekhout & Traquair has antifungal activity against
powdery mildew (Avis & Bélanger 2002) and P. fusiformata acts against many yeasts (Golubev,
Kulakovskaia & Golubeva 2001). It would be interesting to determine what role, if any, Pseudozyma
might play in coffee seeds.
Clavicipitaceous isolates 57 and 59, which were nearly identical at both ITS and TEF and thus
likely conspecific, were the most problematic taxonomic identifications among the endophytes
isolated. Although provisionally identified as Beauveria based on BLAST similarity criteria,
morphological examination of these isolates revealed that both produce an Acremonium-type
anamorph unlike Beauveria. When subjected to phylogenetic analysis with Beauveria and other
clavicipitalean taxa (Rehner, unpublished), isolates 57 and 59 were positioned apart from Beauveria
but in a clade that contained entomopathogenic taxa (e.g., Ascopolyporus, Cordyceps, Gibbelula,
Torrubiella).
The role of fungal endophytes in green coffee is an area that deserves further study. It is likely
that fungal endophytes are providing a vital role to the seed, otherwise, if they were simply infecting
the seed these would exhibit symptoms such as musty odor, off-color and moldy off-flavor, which
was not the case with any of the seeds we tested. Most of the seeds used in this study were obtained
at Specialty Coffee Association of America meetings which are where coffee producers bring their
best seeds with the objective of finding buyers; therefore, the green coffee at these meetings is always
top quality. Future studies in our laboratory will assess a large variety of green coffee samples for the
presence of other fungal endophytes.
http://journals.im.ac.cn/jwxtcn
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