Chapter 2
Why Study Endophytic Fungal Community
Associated with Cacti Species?
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Abstract Dry environments have plants with special adaptations which enable
them to live on nutrient-poor soils, in high temperatures, and with a scarcity of
water. One of the most important features is the ability to establish symbiosis with
different microorganisms. Studies on the diversity of endophytic fungi from dry
environments are recent and scarce. The endophytic community (fungi and bacteria)
of cacti has been studied in Australia, the United States, Brazil, and Mexico, revealing
special features in their composition. Bioprospecting studies on these organisms are
just as scarce as the ecological studies, but have shown promising results. In the
United States and Brazil, endophytes isolated from cacti were selected for the
production of enzymes, antimicrobials, and anticancer substances. The purpose of
this chapter is to review the literature on this subject, highlight the benefits of endo-
phytic fungi species for plants on dry environments (mainly the Cactaceae family),
and to emphasize the usefulness of endophytes in biotechnological processes.

Keywords Brazilian fungi ¢ Caatinga ¢ Cactaceae * Diversity * Endophytes °
Mycodiversity * Tropical dry forest

2.1 Introduction

Recently, Unterseher et al. (2012) defined the study of endophytic microorganisms
as “endophytology”. A part of the microorganisms, mainly bacteria and fungi, live
in plants, and they are called endophytes because they colonize the healthy tissues
of the plant in some part of their life cycle without causing apparent damage (Petrini

J.D.P. Bezerra (0<) » C.M. Souza-Motta

Departamento de Micologia Prof. Chaves Batista, Programa de P6s-Graduagio em Biologia
de Fungos (PPG-BF), CB, Universidade Federal de Pernambuco, Recife, PE, Brazil

e-mail: jadsondpb@gmail.com

J.L. de Azevedo
Department of Genetics, “Luiz de Queiroz” College of Agriculture, University of Sdo Paulo,
11 Padua Dias Av, P.O. BOX 83, 13400-970 Piracicaba, SP, Brazil

© Springer International Publishing AG 2017 21
J.L. de Azevedo, M.C. Quecine (eds.), Diversity and Benefits of Microorganisms
[from the Tropics, DOI 10.1007/978-3-319-55804-2_2



22 J.D.P. Bezerra et al.

1991; Azevedo et al. 2000). The distinction between endophytic and pathogenic
depends on the stage of the interaction of the microorganism with the host (Strobel
et al. 2004). Therefore, application of these terms has a didactic meaning and still
presents difficulties in determining the limits of this interaction (Azevedo et al.
2000). Definitions of endophytic fungi have been proposed over the years (Hyde
and Soytong 2008; Azevedo and Aradjo 2007; Mendes and Azevedo 2007). Similar
to the concepts historically used, some authors have suggested that endophytic
fungi studies can be called “endophytism” (Suryanarayanan 2013), and others
denominate these fungi as “mycoendophytes” (Rai et al. 2014).

The Cactaceae family is originally from Mexico; it occurs on five continents
(Hunt and Taylor 1990; Anderson 2001; Meiado et al. 2012, 2015), and it is divided
into four subfamilies: Maihuenioideae, Pereskioideae, Opuntioideae, and
Cactoideae (Taylor and Zappi 2008). The centers of diversity and distribution of
cacti are located primarily in the southeastern part of the United States, Mexico, the
Andes region, and the eastern part of Brazil (Taylor and Zappi 2004), except for the
genus Rhipsalis Gaertn which is found from the Neotropics to Africa and southern
Asia (Anderson 2001; Meiado et al. 2012). Brazil is considered the third largest
center of family diversity on the American continent (Taylor, in Oldfield 1997), with
a total of 37 genera of native Cactaceae, comprising about 30% of 120 species
reported in the New World (Zappi et al. 2010). Using all publications available on
endophytes from cacti, we wish to add more information to this subject, highlighting
some of the benefits of endophytic fungi for plant species living in dry environ-
ments, and by suggesting new verification studies of the endophytic fungi community
associated with cacti species.

2.2 Importance of Endophytic Fungi for Plants in Dry
Environments

Dry habitats represent a promising research environment which, because of its envi-
ronmental challenges, can be used to analyze and to characterize the structure of the
symbiotic relationship between fungi and plants (Khidir et al. 2010). Only a few
surveys have verified the endophytic fungi association with plants in dry environ-
ments; it has been observed in many semiarid fields that endophytic fungi commu-
nity includes pigmented fungi (Suryanarayanan et al. 2005; Sun et al. 2012; Loro
et al. 2012), suggesting that these fungi can help the plant to survive heat and
drought, one of its key ecological functions (Khidir et al. 2010; Hubbard et al. 2014).

Pigmented endophytic fungi accumulate melanin in the wall of their cells, and
this accumulation has been regarded as a mechanism to confer tolerance to environ-
mental stresses, such as UV, microbial lysis, and defences against plant pathogenic
microorganisms (Hyakumachi et al. 1987; Wang and Casadevall 1994; Jacobson
et al. 1995; Kawamura et al. 1997; Redman et al. 2002; Hubbard et al. 2014). On the
other hand, some experiments suggest that melanin accumulation in certain fungi
species (e.g., Alternaria alternata and Magnaporthe grisea) is one character of
pathogenicity (Kawamura et al. 1997) and that it also is involved with the virulence
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factor of human and plant pathogenic fungi (Langfelder et al. 2003). Some surveys
with melanized microorganisms and insects have shown that this pigment can
protect against UV radiation (Mosse and Lyakh 1994; Geng et al. 2008). Reviewing
studies on fungal melanin, Butler and Day (1998) proposed some benefits for fungi,
such as protection against irradiation, enzymatic lysis, extreme temperatures, oxi-
dizing agents, heavy metals binding, and fungicides.

Plants that live in extreme environments present adaptations to these ecosystems.
The ability of plants to tolerate drought can be a legacy of endophytic microorgan-
isms (Rodriguez et al. 2008), and there is a possible involvement of genes in the
expression of the capacity for tolerance, since these plants have been related to
microorganisms for millions of years (Krings et al. 2007; Morsy et al. 2010). In
addition, pigmented fungi can absorb more radiant energy than hyaline mycelium
(Crabtree and Gessner 1982). Different studies in extreme regions, to which cacti
are often subjected, have demonstrated a low diversity and a high colonization fre-
quency of melanized fungi (Suryanarayanan et al. 2005; Bezerra et al. 2012b, 2013).

Other studies on viruses associated with endophytic fungi have demonstrated a
new way in which the plants persist in a dry environment (Roossinck 2015). These
viruses are called “mycovirus,” and their symbiosis with endophytes can guarantee
ecological advantages to the host plant (Mdrquez et al. 2007). This benefit was dem-
onstrated by Marquez et al. (2007) who studied the symbiosis between a virus, the
endophyte Curvularia protuberata, and the grass Dichanthelium lanuginosum.
These authors found that only when the virus was present in the association, the
endophyte contributed to the plant’s survival in heat (>50 °C). Other endophytes,
such as Alternaria, Cladosporium, Fusarium, Penicillium, and Phoma have also
been reported as being associated with different virus species (Bao and Roossinck
2013). These genera are commonly isolated from plants from dry environments, and
their presence associated with viruses can guarantee the resistance of plants in
extreme areas. A better understanding of this symbiosis (plant-fungus-virus) may
contribute to future ecological and economic applications (e.g., sustainable agricul-
ture) (Mdrquez et al. 2007; Roossinck 2011, 2012, 2015; Bao and Roossinck 2013).

Studies of the association of endophytic fungi with plants from semiarid regions
were performed in the United States by Khidir et al. (2010), who studied the com-
munity of endophytic fungi associated with roots of grasses. Another study in
Venezuela by Loro et al. (2012) analyzed the diversity of endophytic fungi from
dominant grasses and sedges, and verified Pleosporales fungi as common endo-
phytes. In the desert areas of China, Sun et al. (2012) explored the community of
endophytic fungi in leaves and stems of eight plants species, and obtained Alternaria
and Fusarium species as the most frequent endophytes isolated. In other Chinese
regions with temperate, semiarid, and/or continental climates with an annual rain-
fall ranging from 50 to 381.8 mm and temperature of 6.7-11 °C, verification
research of endophytic fungi community has been carried out (Unterseher et al.
2012; Jin et al. 2013). These studies have contributed to the understanding of the
relationship of endophytic microorganisms and their benefits to the host, suggesting
a beneficial contribution (e.g., resistance to abiotic factors) to plants growing in
extreme regions.
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Although there are still gaps in our understanding of the composition of the
endophytic fungi communities, arid environments with a special community of
plants are important in evaluating the role of endophytes in the global biological
diversity, and to a broader evaluation of endophyte-plant interaction (Massimo
et al. 20195).

2.3 Endophytic Fungi from Cacti

Despite the fact that arid and semiarid regions account for about 30% of the surface
of the planet (Pell et al. 2007), few studies have investigated the association of endo-
phytic fungi with plants in these areas. The association of these microorganisms
with Cactaceae species is also incipient, but these cacti are among the most common
plants in these habitats. Cacti belong to one of the most interesting families of arid,
semiarid, and desert regions, due to the extensive set of special adaptations to water
scarcity which allow them to be perennial (Rojas-Aréchiga and Vizquez-Yanes
2000). Figure 2.1 shows the studies of the endophytic fungi community from cacti
species in different countries.

In the literature, only seven studies are known of endophytic fungi associated
with cacti. The first survey was conducted by Fisher et al. (1994) in Australia, which
studied the association of endophytic fungi with Opuntia stricta (Haw.) Haw. Eleven
years after the first study, Suryanarayanan et al. (2005) studied 21 cacti species in

QO Queensland (Australia) @) Arizona (USA) @ Bl Q Missouri (USA) @ Mexico

Fig. 2.1 Geographical localization of the studies on endophytic fungi community from cacti
species in different countries (The authors)
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the desert areas in Arizona, and revealed a large diversity of endophytes belonging
to phylum Ascomycota. In Brazil, the first study was by Bezerra et al. (2012a), who
investigated the fungal endophytic composition of Opuntia ficus-indica (L.) Mill.
These same authors also verified the endophytic fungal community associated with
Cereus jamacaru DC. subsp. jamacaru in regions of the Brazilian tropical dry forest
(Caatinga) (Bezerra et al. 2013). Figure 2.2 shows examples of Brazilian cacti
species of which the endophytic fungi community has been studied.

Fig. 2.2 Cacti species from Brazil in which the endophytic fungi community has been studied. (a)
Pilosocereus sp. (b) Tacinga sp. (¢) Cereus sp. (d) Melocactus sp. (e) Opuntia sp. (The authors)
(Photographed by JDP Bezerra)



26 J.D.P. Bezerra et al.

Another study in Missouri (the United States) was realized by Silva-Hughes
et al. (2015); it verified the diversity and antifungal activity of endophytes of the
medicinal cactus Opuntia humifusa (Raf.) Raf. with endophytes belonging to the
genera Alternaria, Aureobasidium, and Diaporthe as the most frequent species.
Also, in Brazil, Freire et al. (2015) demonstrated the influence of colonization of the
insect Dactylopius opuntiae (Hemiptera: Dactylopiidae) on endophytic fungi
community of the forage cactus O. ficus-indica growing on a family farming in the
Caatinga ecosystem. Recently, in Mexico, Fonseca-Garcia et al. (2016) verified the
association of bacteria, archaea, and fungi with two native and sympatric cacti
species Mpyrtillocactus geometrizans and Opuntia robusta and demonstrated a
remarkable diversity of endophytes.

In addition to the endophytic fungi association, other studies have explored the
community of endophytic bacteria and rhizoplane in cacti from the desert areas in
Mexico, revealing the influence of these microorganisms on seed germination, and
cacti permanence in their natural environment (Puente et al. 2004a, b, 2009a, b;
Lopezetal. 2011, 2012). Table 2.1 summarizes the studies of endophytes (fungi and
bacteria) associated with cacti species.

2.4 What Has the Study of Endophytic Fungi Associated
with Cacti Revealed?

Although some authors indicate that the low diversity of endophytic fungi from
plants in dry areas may be due to low rainfall and vegetation density (Arnold et al.
2000; Suryanarayanan et al. 2002, 2003, 2005; Massimo et al. 2015), these fungi
can produce biomolecules of biotechnological interest (Wang and Dai 2011;
Chandra 2012), and are contributing to the protection of their hosts against drought,
salinity, herbivory, climate change, and diseases caused by pathogenic microorgan-
isms (Redman et al. 2002; Hubbard et al. 2014).

The great importance of endophytes in biotechnological processes started from
the production of the anticancer drug Taxol, by using endophytic fungi isolated
from a medicinal plant in the United States (Stierle et al. 1993). After this discovery,
different surveys were conducted to verify the potential of these microorganisms in
medicine production, biofuels development, bioremediation, biological control of
pests, and genetic engineering (Schulz et al. 2002; Strobel and Daisy 2003; Wang
and Dai 2011; Chandra 2012).

Recently, studies of endophytic fungi in arid environments have drawn attention
to their ecological and taxonomic benefits. However, the biotechnological potential
of these fungi is still relatively small and requires bioprospecting research. In Brazil,
Bezerra et al. (2012a) showed that endophytes isolated from the cactus O.
ficus-indica growing in the Caatinga forest can be used in the production of pectin-
ase, cellulase, xylanase, and protease enzymes. These mycologists demonstrated
that the endophytes Aspergillus japonicus and Penicillium glandicola had activity to
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produce pectinolytic enzymes, and the endophytic fungus identified as Xylaria sp.
was the best for producing cellulase enzymes in solid medium. According to these
authors, all endophytes from O. ficus-indica were capable to produce xylanolitic
enzymes, but they were very weak. Endophytes belonging to Acremonium, Phoma,
and Tetraploa were the best to produce proteolytic enzymes.

Some cacti studied on the composition of endophytic microdiversity are used to
feed humans and ruminants, and in traditional medicine (Paula and Ribeiro 2004;
Andrade et al. 2006). In the United States, Silva-Hughes et al. (2015) described the
diversity and the antifungal activity of endophytic fungi from the medicinal cactus
O. humifusa. These authors demonstrated that these endophytes can be a source of
bioactive molecules that inhibit or control pathogenic microorganisms. Similar
results were obtained by Pires et al. (2015), who studied the antimicrobial capacity
of endophytes isolated from cacti C. jamacaru subsp. jamacaru, O. ficus-indica,
and Pilosocereus gounellei against pathogenic bacteria in humans. These mycolo-
gists found that 35% of the endophytes exhibited antagonism against pathogenic
bacteria, especially for the endophytic fungi isolated from C. jamacaru subsp.
Jjamacaru.

A review by Chandra (2012) on the use of endophytes in biotechnological pro-
cesses demonstrated that endophytic fungi are new sources for substances with anti-
cancer potential. The L-asparaginase antitumor substance produced by fungi has
received attention in recent years because it has less collateral effects than
L-asparaginase produced by bacteria (Kumar et al. 2013). The wide use of this anti-
leukemic substance reinforces the verification of the potential of endophytes in the
synthesis of anticancer enzymes (Audipudi et al. 2014; Chow and Ting 2015).
Surveys using the endophytic fungal community from cacti species for producing
L-asparaginase have been conducted with endophytes from C. jamacaru subsp.
Jjamacaru (Santos et al. 2015a). The researchers used 44 endophytes; 30 were active
on solid medium and 19 produced L-asparaginase in liquid medium. Aspergillus,
Fusarium, and Penicillium species were the best to synthesize L-asparaginase, and
they are indicated to production process of this enzyme. This first study demon-
strated that endophytes from cacti have a great potential for biotechnological pro-
duction of antileukemic enzymes and that they are suitable for further studies.

Endophytes associated with plants in arid ecosystems have revealed a great phy-
logenetic diversity in association with hosts (Massiano et al. 2015) and allowed for
the discovery of new taxa or new fungi habitats (Siqueira et al. 2008; Oliveira et al.
2014; Bezerra et al. 2015; Nascimento et al. 2015; Santos et al. 2015b; Knapp et al.
2015; Bezerra et al. 2016). In addition to the ecological properties, studies have
shown that these microorganisms have a great potential for use in plant resistance
processes because of global temperature changes (especially those plants of eco-
nomic importance), production of pharmacological metabolites, and they can con-
tribute directly to the preservation of natural ecosystems. The data obtained from
the use of this mycobiome may also provide information for the creation of
environmental preservation areas, since the natural environments around the world
are under anthropic pressure, including the protected areas in Brazil (Bernard et al.
2014). Endophytes associated with cacti and other plants from dry environments are
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a microdiversity still little known. This endophyte diversity can bring great benefits
to the taxonomy, ecology, and biotechnology, contributing to new endophytic fungal
community studies with cacti from different ecosystems.

Acknowledgments The authors thank the Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico (CNPq), Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES),
Fundacdo de Amparo a Ciéncia e Tecnologia de Pernambuco (FACEPE), and Universidade Federal
de Pernambuco (UFPE). They also thank Anton ten Klooster for the English review (Tilburg
School of Catholic Theology, The Netherlands).

References

Anderson EF (2001) The cactus family. Timber Press, Portland

Andrade CTS, Marques JGW, Zappi DC (2006) Utilizagdo medicinal de cactdceas por sertanejos
baianos. Rev Bras Pl Med 8:36-42

Arnold AE, Maynard Z, Gilbert GS, Coley PD, Kursar TA (2000) Are tropical endophytes fungi
hyperdiverse? Ecol Lett 3:267-274

Audipudi AV, Supriya GNR, Pallavi R, Mani PG (2014) Characterization of L-asparaginase pro-
ducing endophytic fungi isolated from ripened fruit of capsicum frutescence. Int J Pharm
Develop Technol 4:52-57

Azevedo JL, Aratjo WL (2007) Diversity and applications of endophytic fungi isolated from tropi-
cal plants. In: Ganguli BN, Deshmukh SK (eds) Fungi: multifaceted microbes. CRC Press,
Boca Raton

Azevedo JL, Maccheroni J Jr, Pereira O, Aratjo WL (2000) Endophytic microorganisms: a review
on insect control and recent advances on tropical plants. Electron J Biotechnol 3:40-65

Bao X, Roossinck MJ (2013) Multiplexed interactions: viruses of endophytic fungi. In: Ghabrial
AS (ed) Advances in virus research. Academic Press, Burlington

Bernard E, Penna LAO, Aratjo E (2014) Downgrading, downsizing, degazettement, and reclassi-
fication of protected areas in Brazil. Conserv Biol 28:939-950. doi:10.1111/cobi.12298

Bezerra JDP, Santos MGS, Svedese VM, Lima DMM, Fernandes MJS, Paiva LM, Souza-Motta
CM (2012a) Richness of endophytic fungi isolated from Opuntia ficus-indica Mill. (Cactaceae)
and preliminary screening for enzyme production. World J Microbiol Biotechnol
28:1989-1995

Bezerra JDP, Lopes DHG, Santos MGS, Svedese VM, Paiva LM, Almeida-Cortez JS, Souza-Motta
CM (2012b) Riqueza de micro-organismos endofiticos em espécies da familia Cactaceae. Bol
Soc Latinoamer Caribe Cact Suc 9:19-23

Bezerra JDP, Santos MGS, Barbosa RN, Svedese VM, Lima DMM, Fernandes MJS, Gomes BS
et al (2013) Fungal endophytes from cactus Cereus jamacaru in Brazilian tropical dry forest: a
first study. Symbiosis 60:53-63

Bezerra JDP, Nascimento CCF, Barbosa RN, Silva DCV, Svedese VM, Silva-Nogueira EB, Gomes
BS et al (2015) Endophytic fungi from medicinal plant Bauhinia forficata: diversity and bio-
technological  potential. Braz J Microbiol 46:49-57.  http://dx.doi.org/10.1590/
S1517-838246120130657

Bezerra JDP, Oliveira RJV, Paiva LM, Silva GA, Groenewald JZ et al. (2016) Bezerromycetales and
Wiesneriomycetales ord. nov. (class Dothideomycetes), with two novel genera to accommodate
endophytic fungi from Brazilian cactus. Mycol Prog. doi: 10.1007/s11557-016-1254-0

Butler MJ, Day AW (1998) Fungal melanins: a review. Can J Microbiol 44:1115-1136

Chandra S (2012) Endophytic fungi: novel sources of anticancer lead molecules. Appl Microbiol
Biotechnol 95:47-59



32 J.D.P. Bezerra et al.

Chow YY, Ting ASY (2015) Endophytic L-asparaginase-producing fungi from plants associated
with anticancer properties. J Adv Res 6:869-876. doi:10.1016/j.jare.2014.07.005

Costa FEC, Melo IS (2012) Endophytic and rhizospheric bacteria from Opuntia ficus-indica Mill.
and their ability to promote plant growth in cowpea, Vigna unguiculata (L.) Walp. Afr
J Microbiol Res 6:1345-1353

Crabtree SL, Gessner RV (1982) Growth and nutrition of the salt marsh fungi Pleospora gaude-
froyi and Camarosporium roumeguerii. Mycologia 74:640-647

Fisher PJ, Sutton BC, Petrini LE, Petrini O (1994) Fungal endophytes from Opuntia stricta: a first
report. Nova Hedwigia 59:195-200

Fonseca-Garcia C, Coleman-Derr D, Garrido E, Visel A, Tringe SG, Partida-Martinez LP (2016)
The cacti microbiome: interplay between habitat-filtering and host-specificity. Front Microbiol
7:150. http://dx.doi.org/10.3389/fmicb.2016.00150

Freire KTLS, Aratjo GR, Bezerra JDP, Barbosa RN, Silva DCV, Svedese VM, Paiva LM, Souza-
Motta CM (2015) Fungos endofiticos de Opuntia ficus-indica (L.) Mill. (Cactaceae) sadia e
infestada por Dactylopius opuntiae (Cockerell, 1896) (Hemiptera: Dactylopiidae). Gaia
Scientia 9:104-110

Geng J, Yub S-B, Wana X, Wanga X-J, Shena P, Zhoub P, Chena X-D (2008) Protective action of
bacterial melanin against DNA damage in full UV spectrums by a sensitive plasmid-based non
cellular system. J Biochem Biophys Methods 70:1151-1155

Hubbard M, Germida JJ, Vujanovic V (2014) Fungal endophytes enhance wheat heat and drought
tolerance in terms of grain yield and second-generation seed viability. J Appl Microbiol
116:109-122. doi:10.1111/jam.12311

Hunt D, Taylor N (1990) The genera of Cactaceae: progress towards consensus. Bradleya
8:85-107

Hyakumachi M, Yokoyama K, Ui T (1987) Role of melanin in susceptibility and resistance of
Rhizoctonia solani to microbial lysis. Trans Br Mycol Soc §9:27-33

Hyde KD, Soytong K (2008) The fungal endophyte dilemma. Fungal Divers 33:163-173

Jacobson ES, Hove E, Emery HS (1995) Antioxidant function of melanin in black fungi. Infect
Immun 63:4944-4945

Jin H, Yan Z, Liu Q, Yang X, Chen J, Qin B (2013) Diversity and dynamics of fungal endophytes
in leaves, stems and roots of Stellera chamaejasme L. in northwestern China. A Van Leeuw
J Microb 104:949-963

Kawamura C, Moriwaki J, Kimura N, Fujita Y, Fuji S, Hirano T, Koizumi S, Tsuge T (1997) The
melanin biosynthesis genes of Alternaria alternata can restore pathogenicity of the melanin
deficient mutants of magnaporthe grisea. Mol Plant-Microbe Interact 10:446-453

Khidir HH, Eudy DM, Porras-Alfaro A, Herrera J, Natvig DO, Sinsabaugh RL (2010) A general
suite of fungal endophytes dominate the roots of two dominant grasses in a semiarid grassland.
J Arid Environ 74:35-42

Knapp DG, Kovics GM, Zajta E, Groenewald JZ, Crous PW (2015) Dark septate endophytic
pleosporalean genera from semiarid areas. Persoonia 35:87-100

Krings M, Taylor TN, Hass H, Kerp H, Dotzler N, Hermsen EJ (2007) Fungal endophytes in a
400-million-yr-old land plant: infection pathways, spatial distribution, and host responses.
New Phytol 174:648-657

Kumar NSM, Ramasamy R, Manonmani HK (2013) Production and optimization of L-asparaginase
from Cladosporium sp. using agricultural residues in solid state fermentation. Ind Crop Prod
43:150-158

Langfelder K, Streibela M, Jahnb B, Haasec G, Brakhagea AA (2003) Biosynthesis of fungal
melanins and their importance for human pathogenic fungi. Fungal Genet Biol 38:143-158

Lopez BR, Bashan Y, Bacilio M (2011) Endophytic bacteria of Mammillaria fraileana, an endemic
rock-colonizing cactus of the southern Sonoran Desert. Arch Microbiol 193:527-541

Lopez BR, Tinoco-Ojanguren C, Bacilio M, Mendoza A, Bashan Y (2012) Endophytic bacteria of
the rock-dwelling cactus Mammillaria fraileana affect plant growth and mobilization of ele-
ments from rocks. Environ Exp Bot 81:26-36



2 Why Study Endophytic Fungal Community Associated with Cacti Species? 33

Loro M, Valero-Jiménez CA, Nozawac S, Marquez LM (2012) Diversity and composition of fun-
gal endophytes in semiarid Northwest Venezuela. J Arid Environ 85:46-55

Lyra CP, Santos DC, Mondragon-Jacobo C, Silva MRLB, Mergulhdo ACES, Martinez-Romero E
(2013) Isolation and molecular characterization of endophytic bacteria associated with the cul-
ture of forage cactus (Opuntia spp.) J Appl Biomater Biomech 1:011-016

Marquez LM, Redman RS, Rodrigues RJ, Roossinck MJ (2007) A virus in a fungus in a plant:three
way symbiosis required fir thermal tolerance. Science 315:513-515

Massimo NC, Nandi Devan MM, Arendt KR, Wilch MH, Riddle JM, Furr SH, Steen C et al (2015)
Fungal endophytes in aboveground tissues of desert plants: infrequent in culture, but highly
diverse and distinctive symbionts. Microb Ecol 70:61-76

Meiado MV, Machado MC, Zappi DC, Taylor NP, Siqueira Filho JA (2012) Cactos do Rio Sdo
Francisco: atributos ecoldgicos, distribui¢ao geogréfica e endemismo. In: Siqueira Filho JA
(org) A Flora das Caatingas do Rio S@o Francisco: histéria natural e conservagdo. Andrea
Jakobsson Estudio Editorial, Rio de Janeiro

Meiado MV, Machado MC, Zappi DC, Taylor NP, Siqueira Filho JA (2015) Ecological attributes,
geographic distribution and endemism of cacti from the Sao Francisco watershed. Gaia Scientia
9:40-53

Mendes R, Azevedo JL (2007) Valor biotecnolégico de fungos endofiticos isolados de plantas de
interesse econdmico. In: 5° Congresso Brasileiro de Micologia, Micologia: avangos no conhe-
cimento. Editora Universitaria da UFPE, Recife

Morsy MR, Oswald J, He J, Tang Y, Roossinck MJ (2010) Teasing apart a three way symbiosis:
transcriptome analyses of Curvularia protuberata in response to viral infection and heat stress.
Biochem Biophs Res Commun 401:225-230

Mosse B, Lyakh IP (1994) Influence of melanin on mutation load in drosophila populations after
long-term irradiation. Radiat Res 139:357-359

Nascimento TL, Oki Y, Lima DMM, Almeida-Cortez JS, Fernandes GW, Souza-Motta CM (2015)
Biodiversity of endophytic fungi in different leaf ages of Calotropis procera and their antimi-
crobial activity. Fungal Ecol 14:79-86

Oldfield S (1997) Cactus and succulent plants — status survey and conservation action plant. [UCN,
Gland/Cambridge

Oliveira RJV, Souza RG, Lima TEF, Cavalcanti MAQ (2014) Endophytic fungal diversity in coffee
leaves (Coffea arabica) cultivated using organic and conventional crop management systems.
Mycosphere 5:523-530

Paula CC, Ribeiro OBC (2004) Cultivo pratico de cactaceas. UFV, Vigosa

Peel MC, Finlayson BL, McMahon TA (2007) Updated world map of the Képpen-Geiger climate
classification. Hydrol Earth Syst Sci 11:1633-1644

Petrini O (1991) Fungal endophytes of tree leaves. In: Andrews JH, Hirano SS (eds) Microbial
ecology of leaves. Springer, New York

Pires IMO, Silva AV, Santos MGS, Bezerra JDP, Barbosa RN, Silva DCV, Svedese VM et al (2015)
Potencial antibacteriano de fungos endofiticos de cactos da Caatinga, uma Floresta Tropical
Seca no Nordeste do Brasil. Gaia Scientia 9:163—-169

Puente ME, Bashan Y, Li CY, Lebsky VK (2004a) Microbial populations and activities in the rhi-
zoplane of rock-weathering desert plants. I. Root colonization and weathering of igneous
rocks. Plant Biol 6:629-642

Puente ME, Li CY, Bashan Y (2004b) Microbial populations and activities in the rhizoplane of
rock-weathering desert plants. II. Growth promotion of cactus seedlings. Plant Biol
6:643-649

Puente ME, Li CY, Bashan Y (2009a) Rock-degrading endophytic bacteria in cacti. Environ Exp
Bot 66:389-401

Puente ME, Li CY, Bashan Y (2009b) Endophytic bacteria in cacti seeds can improve the develop-
ment of cactus seedlings. Environ Exp Bot 66:402-408



34 J.D.P. Bezerra et al.

Rai M, Rathod D, Agarkar G, Dar M, Brestic M, Pastore GM, Junior MRM (2014) Fungal growth
promotor endophytes: a pragmatic approach towards sustainable food and agriculture.
Symbiosis 62:63-79. doi:10.1007/s13199-014-0273-3

Redman RS, Sheehan KB, Stout RG, Rodriguez RJ, Henson JN (2002) Thermotolerance generated
by plant/fungal symbiosis. Science 298:1581

Rodriguez RJ, Henson J, van Volkenburgh E, Hoy M, Wright L, Beckwith F, Kim Y, Redman RS
(2008) Stress tolerance in plants via habitat-adapted symbiosis. ISME J 2:404—416

Rojas-Aréchiga M, Vazquez-Yanes C (2000) Cactus seed germination: a review. J Arid Environ
44:85-104

Roossinck MJ (2011) The good viruses: viral mutualistic symbioses. Nat Rev Microbiol
9:99-108

Roossinck MJ (2012) Viruses can be out friends. Microbiol Today 39:101-103

Roossinck MJ (2015) Move over, bacteria! Viruses make their mark as mutualistic microbial sym-
bionts. J Virol 89:6532-6535

Santos MGS, Bezerra JDP, Svedese VM, Sousa MA, Silva DCV, Maciel MHC, Paiva LM, Porto
ALF, Souza-Motta CM (2015a) Screening of endophytic fungi from cactus of the Brazilian
tropical dry forest according to their L-asparaginase activity. Sydowia 67:147-156

Santos IP, Bezerra JDP, Souza-Motta CM, Cavalcanti MS, Lima VLM (2015b) Endophytic myco-
biota from Indigofera suffruticosa Miller (Fabaceae): the relationship between seasonal change
in Atlantic coastal Forest and tropical dry forest (Caatinga), Brazil. Afr J Microbiol Res
9:1227-1235

Schulz B, Boyle C, Draeger S, Aust HJ, Rommert AK, Krohn K (2002) Endophytic fungi: a source
of novel biologically active secondary metabolites. Mycol Res 106:996-1004

Silva-Hughes AF, Wedge DE, Cantrell CL, Carvalho CR, Pan Z, Moraes RM, Madoxx VL, Rosa
LH (2015) Diversity and antifungal activity of the endophytic fungi associated with the native
medicinal cactus Opuntia humifusa (Cactaceae) from the United States. Mycol Res 175:67-77.
doi:10.1016/j.micres.2015.03.007

Siqueira VM, Braun U, Souza-Motta CM (2008) Corynespora subcylindrica sp. nov., a new
hyphomycete species from Brazil and a discussion on the taxonomy of corynespora-like gen-
era. Sydowia 60:113-122

Stierle A, Strobel GA, Stierle D (1993) Taxol and taxen production by Taxomyces andreanae an
endophytic fungus of pacific yew. Science 260:214-216

Strobel GA, Daisy B (2003) Bioprospecting for microbial endophytes and their natural products.
Microbiol Mol Biol Rev 67:491-502

Strobel GA, Daisy B, Castillo U, Harper J (2004) Natural products from endophytic microorgan-
isms. J Nat Prod 67:257-268

Sun'Y, Wang Q, Lu X, Okane I, Kakishima M (2012) Endophytic fungal community in stems and
leaves of plants from desert areas in China. Mycol Prog 11:781-790

Suryanarayanan TS (2013) Endophyte research: going beyond isolation and metabolite documen-
tation. Fungal Ecol 6:561-568

Suryanarayanan TS, Murali TS, Venkatesan G (2002) Occurrence and distribution of fungal endo-
phytes in tropical forest across a rainfall gradient. Can J Bot 80:818-826

Suryanarayanan TS, Venkatesan G, Murali TS (2003) Endophytic fungal communities in leaves of
tropical forest trees: diversity and distribution patterns. Curr Sci 85:489-493

Suryanarayanan TS, Wittlinger SK, Faeth SH (2005) Endophytic fungi associated with cacti in
Arizona. Mycol Res 109:635-639

Taylor NP, Zappi DC (2004) Cacti of eastern Brazil. Royal Botanic Gardens, Kew

Taylor N, Zappi D (2008) Diversidade e endemismo das Cactaceae na Cadeia do Espinhago.
Megadiversidade 4:1-2

Unterseher M, Petzold A, Schnittler M (2012) Xerotolerant foliar endophytic fungi of Populus
euphratica from the Tarim River basin, Central China are conspecific to endophytic ITS
phylotypes of Populus tremula from temperate Europe. Fungal Divers 54:133-142. doi:10.1007/
$13225-012-0167-8



2 Why Study Endophytic Fungal Community Associated with Cacti Species? 35

Wang Y, Casadevall A (1994) Decreased susceptibility of melanized Cryptococcus neoformans to
UV light. Appl Environ Microbiol 60:3864-3866

Wang Y, Dai C-C (2011) Endophytes: a potencial resource for biosynthesis, biotranformation, and
biodegradation. Ann Microbiol 61:207-215

Zappi DC, Taylor NP, Machado MC (2010) Cactaceae. In: Forzza RC, Baumgratz FA, CEM B,
DAL C, Carvalho AA Jr, Costa A, Costa DP et al (eds) Catdlogo de Plantas e Fungos do Brasil.
Jardim Botanico do Rio de Janeiro, Rio de Janeiro






2 Springer
http://www.springer.com/978-3-319-55803-5

Diversity and Benefits of Microorganisms from the
Tropics

de Azevedo, ).L.; Quecine, M.C, (Eds.)

2017, XV, 439 p. 56 illus., 42 illus. in color., Hardcover
ISBN: 978-3-319-55803-5



