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Fungal endophytes in plants and their relationship to 
plant disease 
David B Collinge1,*, Birgit Jensen1,# and Hans JL Jørgensen2,$   

The enigmatic endophytic fungi are beginning to reveal their 
secrets. Like pathogens, they can manipulate the host for their 
own benefit to create their own optimal habitat. Some 
endophytic manipulations induce resistance or otherwise 
outcompete pathogens and can thus be exploited for biological 
control. Like pathogens and other symbionts, endophytes 
produce effector proteins and other molecules, ranging from 
specialised metabolites, phytohormones and microRNAs, to 
manipulate their hosts and other microorganisms they meet. 
There is a continuum from endophyte to pathogen: some 
organisms can infest or cause disease in some hosts, but not in 
others. Molecular genetics approaches coupled with functional 
characterisation have demonstrated their worth for 
understanding the biological phenomena underlying endophytic 
fungal interactions. 
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Introduction  
The term endophyte (endo = within, phyto = plant) was 
coined by the father of modern plant pathology, Anton 
de Bary in 1866 for “any organism growing within plant 
tissues” [1]. The currently accepted definition is refined 
to include only those organisms that do not cause dis-
ease, but sometimes even benefit their hosts [2,3]. All 

types of plants harbour endophytes, and indeed, micro-
organisms in all domains of life have adopted an en-
dophytic lifestyle and can have a positive effect on plant 
growth and enhance the ability of plants to adapt to 
abiotic stress as well as combatting pests and pathogens  
[4,5]. The biological and semantic dilemma is that a 
specific organism can be a pathogen under some condi-
tions (depending on environment or host) and com-
mensal or perhaps even mutualistic under others [6,7]. 
In this review, we concentrate on studies from recent 
years, which have provided new knowledge on the mo-
lecular interactions of endophytic fungi (EF) with other, 
especially pathogenic, fungi and their hosts. 

Endophytic lifestyle 
So what is an endophyte? The plant is occupied by di-
verse communities of microorganisms, the microbiome  
[8,9], sometimes expanded to include the pathobiome  
[10,11], thus forming a complex entity, the holobiont  
[12]. The pathobiome concept has been invoked since 
there are some cases where disease is believed to be the 
result of interactions between a set of organisms (com-
prising eukaryotic, microbial and viral communities) 
within the plant and its biotic environment, to deterio-
rate the host health status [13]. The organisms may live 
inside the plant during their entire life or only during 
certain stages and the interaction ranges from mutualism 
over commensalism to amensalism and parasitism [2]. 
Common to all interactions between plants and organ-
isms inhabiting the plants is that they are governed by 
complex mechanisms that we are only now beginning to 
understand. For example, endophytes have developed 
various ways to avoid triggering the plant immune 
system to the extent where their colonisation is pre-
vented [14], but the same also applies for successful 
pathogens [15]. 

Whereas ‘true’ endophytes do not cause disease in a 
plant, there are many examples where an organism, 
which is a known pathogen in one host plant, can be 
found colonising another plant species without causing 
disease in that host, thus being an endophyte there. For 
example, Fusarium species causing head blight in cereals 
have been found in carrots [16] and the barley pathogen 
Ramularia collo-cygni is a harmless endophyte in other 
cereals [17]. Examples from other plant species where 
this has been observed include fungi such as Verticillium 
dahliae [18]. 
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Likewise, organisms, which are known as pathogens, 
may have a period in their life cycle where they live 
unnoticed in the host in an endophytic manner. The 
endosphere of healthy plants contains potential patho-
gens. Thus, there are numerous studies where fungal 
endophytes isolated or identified by amplicon sequen-
cing have included potential pathogens that were not 
causing disease in the host at the time [19–24]. Inter-
estingly, Manzotti et al. [19] isolated six fungal species 
(Colletotrichum coccodes, Plectosphaerella sp., Pyrenochaeta 
lycopersici, Thielaviopsis basicola, Alternaria infectoria and 
Fusarium sp.) from tomato roots that, when inoculated 
individually on tomato plants, caused disease (see Figure 
1). This observation supports the assertion that a ba-
lanced microbiome is essential for plant health [9], the 
pathogenic organisms being kept in check by the other 
organisms present. 

A well-known example of a latent pathogen is the barley 
pathogen Ramularia collo-cygni [25,26]. This fungus can 
live in barley seeds and colonise the host barley sys-
temically without any signs of disease, only to cause 
symptoms when reaching the leaves [27]. It has been 
hypothesised that the reason for this behaviour is that 
the fungus only recently became a pathogen and 
therefore does not show the typical genomic character-
istics of a pathogen [27]. Other important pathogens in 
the family Mycosphaerellaceae such as Zymoseptoria tri-
tici in wheat [28,29], Pseudocercospora fijiensis in banana  
[30], Cercospora beticola in beet [31] and Fulvia fulva and 
Fusarium oxysporum in tomato [32,33] also show a 
stealthy infection path, with symptomless colonisation 
until sporulation. The basidiomycete smut fungi 

(Ustilago and others) can exhibit a similar lifestyle [34]. 
This could indicate that certain types of organisms have 
evolved from being endophytic to become pathogenic 
even though they have not deserted their earlier lifestyle 
completely. However, the reverse situation (develop-
ment of an endophyte from a pathogen) has also been 
suggested for Verticillium dahliae [18]. Likewise, a recent 
example showed that infection of Sclerotinia sclerotiorum 
with a mycovirus turned this pathogen into a beneficial 
endophyte [35]. 

Situations where organisms can show an endophytic 
lifestyle under some conditions, whilst turning into a 
pathogen under other circumstances, clearly show that 
the biological reality is not simple and that the organisms 
do not comply to simple definitions. However, we pro-
pose to make a clear differentiation between pathogenic 
and endophytic fungi. Whereas pathogens can have an 
endophytic lifestyle in their host plant for a period of 
time, they should not be considered as true endophytes 
for the simple reason that they can cause disease at some 
stage if they are in the right place at the right time. On 
the other hand, the same organism can be a true en-
dophyte in a non-host plant because it never causes 
disease in that plant species. Notably, some endophytes 
such as Serendipita indica are acknowledged as biological 
control agents/biostimulants whilst causing albeit minor 
necroses, although no disease, on their host [36,37]. 

What are the molecular differences between 
endophytes and pathogens? 
As mentioned above, both endophytes and successful 
pathogens have developed ways to avoid recognition to 

Figure 1  
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Fungi isolated as endophytes from symptomless tomato roots exhibiting a pathogenic lifestyle. Three categories are illustrated: weakly pathogenic: 
Colletotrichum coccodes (P+), moderately pathogenic: Plectosphaerella sp. (P++) and strongly pathogenic: Thielaviopsis basicola (P+++) (Adapted 
from [19] licence 5277661327263).   
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the extent that the plant immune system does not 
hinder colonisation [14,38]. At present, it is not under-
stood in detail why some organisms turn pathogenic, 
whereas others take the endophytic route. This issue 
was addressed earlier by Kogel et al. [39], who, among 
others, looked into specific molecular processes. Another 
important feature is the amount/concentration of the 
organisms [40]: endophytes are often present in much 
smaller quantities than pathogens, meaning immunity 
may not be triggered. 

Effector molecules are particularly interesting in un-
derstanding interactions as they modulate the biological 
activity of the interplay between microorganism and 
plant [40,41]. Several studies have addressed the role of 
endophytic effector molecules. Constantin et al. [33] 
found homologues of known Fusarium oxysporum effec-
tors from pathogens in endophytic F. oxysporum strains 
although the latter typically possessed fewer effector 

candidates than pathogenic strains. They argued that 
study of the ‘effectorome’ can be used to predict whe-
ther a particular strain has the potential to be pathogenic 
or beneficial. de Queiroz and Santana [15] compared 
predicted secretomes (containing effector proteins) of a 
range of unrelated fungi species ranging from en-
dophytic, saprophytic through pathogenic, and found 
several similarities as well as differences between spe-
cies. Although many interesting likenesses were found, 
no clear conclusions could be made in relation to their 
roles for plants colonisation. This suggests either that 
studies of a much larger material are required to be able 
to find clear patterns or that different organisms have 
developed different ways to manipulate the host. The 
latter seems most likely. Functional characterisation of 
the discoveries would be necessary to verify their im-
portance, cf [33]. Mishra et al. [40] concluded that the 
balance between nutrient requirements and plant de-
fence was important in determining whether an 

Figure 2  
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A conceptual model for endophytic interactions (prepared by Meike Latz - meikelatz.com).   
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organism turns endophytic or pathogenic. Thus, im-
balance would result in plant resistance (stopping growth 
of the pathogen) or disease initiation (circumvention of 
plant defence). Some of the different types of stress 
have been reviewed previously [4,39]. However, a recent 
interesting example showed that infection of Sclerotinia 
sclerotiorum with a mycovirus turned this pathogen into a 
beneficial endophyte [35]. 

Modulation of the plant-defence hormone signalling is 
important for the outcome of interactions between 
plants and microorganisms [42]. Indeed, plant pathogens 
can manipulate phytohormone levels to facilitate infec-
tion [41,43]. Endophytes also manipulate their hosts, 
especially in relation to abiotic stress [19,44,45], re-
viewed by Khare et al. [38], Lu et al. [14] and Mishra 
et al. [40]. Other molecules have been demonstrated to 
confer signalling across kingdoms, primarily to facilitate 
pathogenic or commensal relationships. Thus, certain 
necrotrophic pathogens can produce small signalling 
RNA molecules that can suppress host defences, that is 
RNAi [46]. These molecules have also been implicated 
in modulation of endophytic signalling [38] as well in 
interactions between the grass Brachypodium distachyon 
and the fungal endophyte Serendipita indica [47]. 

As indicated above, several factors may contribute to 
enable an endophytic organism to avoid activation of 
plant defences and perhaps lessons can be learned from 
studies of evolution of new virulences in pathogens. 
Sacristán et al. [48] reviewed possible factors influencing 
virulence development and considered mutations, 
transposable genetic elements, gene duplication, neo-
functionalisation and genetic exchange (horizontal gene 
transfer) as important factors. Transposable elements 
were also considered an important element when com-
paring endophytes and pathogens by de Queiroz and 
Santana [15] and it is known that the difference between 
pathogenic and non-pathogenic Fusarium oxysporum 
formae speciales lies in the possession of specific super-
numerary chromosomes [49]. See Figure 2 for models for 
interactions. 

Endophytes in plant disease control 
Another outcome of interactions between endophytes, 
pathogens and plants is manifested as biological disease 
control [2,3,50]. The applied side of understanding mi-
crobial lifestyles is the need for developing effective yet 
sustainable (i.e. low input means) for disease manage-
ment. Biological control has been studied for decades as 
an alternative to chemical disease control in particular  
[51]. Endophytes are receiving increasing focus as a good 
source of microbial biological control agents [3]. 

A perceived advantage of using an endophyte for bio-
control is that the organism is protected from adverse 

environmental conditions because it inhabits the interior 
of the plant. Even though several biocontrol organisms 
have been isolated from the interior of the plant, it may 
not have been verified that it was in fact endophytic 
when they exerted their biocontrol effect [50]. None-
theless, an effective biocontrol effect may still be ob-
tained and probably reflects that an organism may be 
only endophytic for a part of its life cycle. For example, 
in two recent studies, fungal endophytes isolated from 
healthy wheat tissues under disease pressure were 
shown to be effective biological control agents of Fu-
sarium head blight [52] and Septoria tritici blotch [53] 
using spray applications. In both cases, a striking feature 
was that the protective effect of the biocontrol agents 
relied heavily on induction of host-plant resistance  
[54,55]. This demonstrates that the biocontrol organ-
isms, isolated as endophytes, were able to modulate 
plant immunity. 

Another interesting mechanism underlying disease 
control involving endophytes was reported by Wang 
et al. [56] who discovered that an endophyte gene, Fhb7, 
conferring broad-spectrum resistance against Fusarium 
spp. in wheat, was most likely transferred from an Epi-
chloë spp. through horizontal gene transfer. Clearly, the 
ways endophytes may participate in biocontrol are 
complex and are only starting to emerge. 

Conclusion 
Endophytes can play various roles in interactions with 
pathogens and have several similarities to pathogens. 
Indeed, some fungi can be commensal or beneficial 
endophytes in one situation yet pathogens in another. 
Our understanding of the interplay between plant, en-
dophyte and pathogens is only starting to emerge, but 
will expand in the future to allow better and more sus-
tainable disease-control options. The study of micro-
biomes, including the endosphere microbiome, has 
expanded considerably over recent years, but the results 
from these studies are largely descriptive rather than 
determinative. Our real understanding of the role of 
components of the microbiome on plant growth, devel-
opment and resilience to stress, comes from manip-
ulative studies of individual factors (i.e. genes and 
microorganisms), using classical molecular genetic tech-
niques and functional studies. Future studies will con-
tinue to use these technologies to understand this 
enigmatic lifestyle and exploit it for sustainable agri-
cultural development to meet the challenges of popu-
lation growth, urbanisation and climate change. 
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