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Abstract
Bacteria, fungi, virus and nematode constitute the primary class of pathogens causing plant diseases. Plant–pathogen inter-
actions are crucial for the identification of the host and pathogen and further establishments of a network of interaction 
that can cross regulate the gene expressions in both sides. After infection, the correct identification of pathogen through 
various molecular interactions elicit a defense response against the pathogen by alteration of gene expression by the host. 
Co-evolution of pathogen gives them the ability to counter the virulence response of the host and pathogen can also modulate 
the host gene expression pattern to make it more susceptible to the infection. Small non-coding RNA molecules (siRNAs 
and miRNAs) efficiently modulate gene expression at the transcriptional and post-transcriptional level and play a vital role 
in host defense. The pathogen can also use this double-sided sward in their defense by deregulating the plant immunity via 
transcriptional control of plant genes utilizing RNA interference or suppressing the host RNA interference response with the 
help of various RNA silencing suppressor proteins. This mini-review focused on the miRNAs involvement in host defense 
and how different families of these non-coding regulatory RNAs regulate the defense response against the pathogen.
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Introduction

Plants survival against the pathogen depends upon a wide 
variety of factors that governs the plant immunity. Over 
the period of time, plant also evolves to develop intricate 
mechanisms that recognize the various surface molecular 
patterns present in the pathogens. These pathogen associated 

molecular patterns (PAMPs) when recognized by plant cell 
elicits a strong defense response known as PAMP triggered 
immunity (PTI). However due to continuous random muta-
tions, many plant pathogens have evolved a diverse vari-
ety of effector proteins that can inhibit PTI signaling when 
come in contact with the plant cell [1]. In order to impede 
with such pathogens, plants have developed another type 
of immunity known as effector triggered immunity (ETI). 
This second layer of inducible defense uses resistance pro-
teins to counteract with the effectors. The resistance proteins 
coding genes are being triggered by small RNAs (sRNAs) 
by their differential regulation contributing another class of 
defense mechanism to plants [2]. Small RNAs in plants are 
able to regulate development, stress tolerance and antiviral 
defenses [3]. These small RNAs namely microRNAs (miR-
NAs) and small interfering RNAs (siRNAs) provide immu-
nity to plants against several infections by inducing RNA 
interference (RNAi) pathways that trigger transcriptional 
gene silencing.

As the small RNAs present in plants contribute to plant 
immunity, in the same way the pathogen-derived sRNAs 
regulate the virulence of pathogens. It is remarkable about 
these small RNAs that their regulation is not limited to 
the specific organism in which they are synthesized. If 
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inserted into any other interacting species, they trigger 
silencing of genes in the host organism, also known as 
Cross Kingdom RNAi. This phenomenon is exhibited by 
a specific range of pathogens and parasites to suppress 
the host plant gene through host induced gene silencing 
(HIGS) method. The engineered plants are developed that 
triggers RNAi against various pathogens to generate an 
immune response [4]. These small RNA populations that 
participate in developing immune response against the 
pathogen consist of mainly micro RNAs and small inter-
fering RNAs.

MicroRNAs (miRNA) are short non-coding regulatory 
RNAs of 20–22 nucleotides long that participate in vari-
ous cellular processes such as in development, prolifera-
tion and stress response at the post-transcriptional level. 
They bind to the 3′ untranslated region (UTR) of the target 
mRNA to control the expression of their target mRNAs. 
Many miRNAs can bind with a single UTR due to availa-
bility of multiple binding sites or multiple sites for a single 
miRNA that suggests a complex post-transcriptional con-
trol of gene expression exerted by these regulatory RNAs.

The processing of miRNAs is done from the primary 
transcript using a two-step sequential mechanism involv-
ing two RNase III nucleases. The miRNAs produced either 
from the processing of a host intron or by transcription 
from their dedicated promoters. Firstly, the nuclear RNase 
III processes primary precursor (pri-miRNA) into an 
approximately 70 nucleotide long stem-loop structure. The 
microprocessor complex contains Drosha. The cleavage 
of the 5′ and 3′ ends of the pri-miRNA by the two RNase 
domains of Drosha determines the length of pre-miRNA. 
A complex of Exportin-5 and Ran-GTP exports resultant 
pre-miRNA to the cytoplasm. Dicer helps with the final 
maturation of miRNA and another RNase III nuclease pro-
cesses the pre-miRNA into a 22 bp double-stranded RNA. 
The formation of ribo-nucleoprotein complex known as 
RISC (miRNA-Induced Silencing Complex) is coupled 
with the processing of miRNA. The RISC minimally con-
tains one strand of the miRNA which is called as “guide 
strand”. In addition to Dicer, TRBP, PACT and Argonaute 
(Ago) proteins are also involved. The silencing is executed 
by the engaging of the complex with the target while the 
passenger strand, another strand of the miRNA is gener-
ally digested [5].

Small interfering RNAs are similar to miRNAs in size 
but differ in precursor structure, biogenesis pathway and 
modes of action. In plants, four types of siRNAs are found, 
namely ta-siRNA, fa-siRNA, nat-siRNA and hc-siRNA. 
These small RNAs are known to provide disease resistance 
to plants [6]. However in the present mini-review, the focus 
will be on miRNAs. During plant–pathogen interaction, a 
plethora of these miRNAs get involved and shows differen-
tial expression.

Micro RNAs in fungal–plant interaction

A wide variety of phytopathogenic fungi is known to 
attack plants to fulfill their nutritional requirements. 
Several miRNAs have been identified which are known 
to provide critical resistance during the fungal attack by 
interacting with several regions of R genes. The plant host 
miRNAs participate in disease modulation upon fungal 
infection either by up or down regulation. Plant miRNAs 
modulate phytohormones homeostasis by regulating the 
expression of their target transcripts. The miR408 acts 
as a negative regulator of plantacyanins and laccase that 
plays a key role in cell to cell signaling, lignin forma-
tion and stress response in Cicer arietinum seedlings and 
plants [7]. Similarly, the susceptible and resistant wheat 
cultivars infected by Puccinia graminis at early and late 
phase of infection show differential regulation of miR408 
[8]. Likewise, the upregulation of Osa-miR7695 provides 
enhanced resistance against blast fungus in rice [9] thus 
proving a potential biomarker for miRNA based detection 
of the Magnaporthe oryzae disease in resistant and non-
resistant Vietnamese rice cultivars [10].

Most of the miRNAs that are activated by the fungus 
target several genes at once and each of these genes con-
trols a cascade of other pathways that regulate the whole 
cellular process. Thus a detailed understanding of disease 
pathogenesis can be achieved by understanding the regu-
lation and crosstalk of gene expression during pathogen 
infection and pathological development. In many cases, 
same genes are being targeted by different miRNAs but 
their expression is dependent upon the plant and pathogen 
being studied. For instance, the miRNA family (miR482) 
was reported to regulate the expression of Nucleotide 
Binding Site-Leucine Rich Repeats (NBS-LRRs), a major 
class of specific pathogen resistance genes (R-genes). 
When young potato plants were infected with Verticillium 
dahlia, the miR482e expression was found to be down-
regulated and several Nucleotide Binding Site-Leucine 
Rich Receptor targets of miR482e were upregulated [11]. 
The decreased expression of miR482e is a counter defense 
strategy of plant against the pathogen and in transgenic 
plants when miR482 expression is upregulated, the suscep-
tibility of plants towards the fungus infection increases. In 
case of Phytophthora infestans infection, an upregulation 
of miR482/2118 in early stage of infection cause increased 
susceptibility of tomato to the pathogen [12].

On infection with Verticillium dahliae, over 65 miRNA 
families found to exhibit an altered expression in two 
cotton cultivars [13]. The scientist also identified three 
cotton specific miRNAs-Ptc-miR482, Ptc-miR1444, and 
Ptc-miR1448 which were able to cleave the Poly Phenol 
Oxidase (PPO) and disease resistance protein genes. The 
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downregulation of these specific miRNAs during the ini-
tial Verticillium infection caused an upregulation of PPO 
and disease resistance gene, thus providing an enhanced 
resistance towards the fungus [14]. Another mode of 
Verticillium-cotton disease signaling was also found in a 
report, where miR166 and miR159 expression was upregu-
lated targeting Ca2+-dependent cysteine protease (Clp-1) 
and an isotrichodermin C-15 hydroxylase (HiC-15) that 
are essential for fungal virulence [15]. The expression of 
miRNAs also differs in different fungus parts. MicroRNAs 
identified from hyphae and micro-conidia of Fusarium 
oxysporum (Fon) shows differential expression in these 
two propagules [16]. The study also revealed down-regu-
lation of Fon-miR7696a-3p and Fon-miR6108a leading to 
an increased biosynthesis of toxin related gene expression.

MicroRNAs are also involved in targeting various tran-
scriptional factors under pathogen attack. Out of 12 miR-
NAs that get upregulated in Populus trichocarpa under 
infection from canker pathogen, miR156 found to target 
TC-rich repeats and Wi-box motif [17]. In case of Fusar-
ium oxysporum infection in Persicaria minor, a class of 
miRNAs- miR156b, miR172a, miR319, miR858 and 
miR894 were found to target transcriptional factors that are 
involved in biotic stress response and plant development 
[18]. MicroRNAs also enhance transcriptional priming in 
defense response. During Magnaporthe oryzae infection 
in rice, miR7695 down-regulate the expression of natural 
resistance-associated macrophage protein 6 (OsNramp6) 
[19]. NRAMP6 is associated with the transport of iron in 
rice. As such the plants cultivated under high iron content 
showed resistance against the fungus. MicroRNAs also 
inhibit the MAP kinase-mediated immunity in plants under 
fungal attack. Wang et al. [20] reported that under Fusarium 
oxysporum attack in cotton, miR5272 limits the plant immu-
nity through downregulation of MAPKK6 expression thus 
increasing the susceptibility towards disease.

In a recent in-silico study that aims in identification and 
comparative analysis of different miRNAs and their tar-
gets in wheat under powdery mildew, leaf rust and blast 
disease revealed that the functionality of 18 different miR-
NAs depends entirely on the specificity of hosts [21]. The 
researchers also observed target multiplicity and selective 
gene targeting caused due to multiple miRNAs.

Phytohormones also play a major role in plant defense 
against the pathogen attack. During plant–fungal interac-
tion, the pathogen mimics the function of phytohormones 
which enables them to manipulate the regulation of signaling 
in plant defense resulting in hormonal imbalance and inapt 
defense response [22]. Plants also adapt to downregulate 
the auxin synthesis when attacked to obstruct the pathogen 
from using host hormones as a virulence factor. MicroRNA 
also regulates the key components of hormonal signal-
ing pathway. During powdery mildew infection in wheat, 

auxin-mediated response got enhanced on downregulating 
the transport inhibitor response 1 (TIR1) with an upregu-
lation of miR393 [23]. Therefore, regulation of hormonal 
pathways by miRNA can be considered as essential targets 
for transgene engineering during plant–fungal interaction.

Micro RNAs in bacteria–plant interaction

Bacteria always have been a prominent agent that leads to 
biotic stress in plants by causing various diseases. Besides 
many other mechanisms through which plant-counter attack 
the pathogen attack, RNA silencing seems to be a custom 
made defense mechanism against bacteria. During bacte-
rial–plant interaction, many miRNAs get involved that 
manipulates auxin, abscisic acid and jasmonic acid signaling 
pathways and thus regulates the plant defense mechanism. 
Navarro et al. [24] was first to report that miR393 regu-
late the plant immunity against Pseudomonas syringae in 
Arabidopsis. The miR393 induced by bacterial elicitor flg22, 
targets TIR1, AFB2 and AFB3 mRNAs and suppressed the 
auxin signaling pathway. Apart from miR393, another class 
of micro RNAs-miR160, miR167 and miR390 also regulate 
the auxin signaling and inhibiting Pseudomonas syringae 
growth in Arabidopsis [25]. Thus, during the course of evo-
lution, plants have developed intricate counter-attack mecha-
nism including mi-RNA mediated gene regulation that can 
suppress multiple components of the auxin signaling path-
ways in response to bacterial infection. Auxin being a promi-
nent phytohormone enhances apical growth which provides 
nutrition (carbon and nitrogen) to the developing pathogen 
thus increasing their susceptibility and virulence. Moreover, 
auxin also suppress salicylic acid-mediated defense pathway 
in plants and in turn aids in increasing the pathogenesis [26].

Apart from auxin, a wide class of miRNAs also targets the 
signaling pathways of other hormones such as Abscisic acid 
(ABA), Jasmonic acid (JA) and Salicylic acid (SA) which 
are involved in anti-bacterial defense mechanism in plants. 
During Pseudomonas infection in Arabidopsis, a total of 20 
differentially regulated miRNA families were observed that 
directly or indirectly targets the genes involved in signaling 
pathways of ABA, JA and SA [26]. These actions suggested 
that instead of targeting plants immune system the miRNAs 
helps in fine tuning of defense responses. MicroRNAs are 
also shown to regulate Pathogen-associated molecular pat-
terns triggered immunity (PAM-PTI). In transgenic Arabi-
dopsis, the overexpression of miR160a enhanced PAMP-
induced callose deposition, thus adding a layer in plant 
defense while miR398b and miR773 reduce the deposition 
showing a complex interconnection between two classes of 
miRNAs [27]. Moreover, the type of bacteria interacting 
with the plants also affects the expression levels of miRNAs. 
Tobacco plants infected with Agrobacterium tumefaciens 
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shows a higher expression of nta-miR393, whereas a higher 
expression of nta-miR167 was observed when plants were 
infected with Bacillus subtilis [28]. However, the increased 
expression of nta-miR393 and nta-miR167 also increases the 
expression of various flavonoid derivatives.

Small RNAs in viral–plant interaction

Immunity against viruses is mainly provided by Post Tran-
scriptional Gene Silencing (PTGS) as viruses are obligate 
intracellular pathogens that depend on the plant for main-
taining their life cycle. At the time of infection, viruses 
introduce their DNA or RNA into the host either in double 
stranded or single stranded form and PTGS get triggered to 
arrest virus replication and spreading in the plant. Recogni-
tion of PTGS was done in case of transgenics in Potato virus 
X (pvx) infection. The double stranded RNA of virus trig-
gers the formation of various virus derived small interfer-
ing RNAs (VsiRNAs) by DCLs such as Cucumber yellows 
clostero virus (CuYV), Cucumber mosaic virus (CMV), 
Turnip mosaic potyvirus (TuMV), Tomato yellow leaf curl 
virus (TYLCV) and Watermelon mosaic virus (WMV) [29]. 
These VsiRNAs are attached with AGOs complex to direct 
DNA or RNA silencing. The activity of RDRs promotes 
production of secondary VsiRNAs and supports the systemic 
silencing [30]. The accomplishment of anti viral immunity is 
achieved by RNA silencing which can be seen as the utiliza-
tion of dependency of viral life cycle on the host. In counter 
defense, viruses have also developed the strategy inhibiting 
host’s RNA silencing mechanism and counteracting the plant 
immunity with a variety of proteins known as viral suppres-
sors of RNA silencing (VSRs) [31]. An efficient VSR can 
distinguish between an infected and a healthy plant host. 
Some VSRs are also known to target plant genes responsible 
for immune response.

During plant–virus interactions a diverse array of virus-
responsive small RNAs has been found to be involved. On 
infection with Turnip mosaic virus (TuMV), two classes of 
miRNAs bra-miR158 and bra-miR1885 highly specific to 
Brassica rapa were greatly upregulated [32]. These class 
of miRNAs targeted Toll/Interleukin receptor domain-con-
taining (TIR)–Nucleotide‐binding site (NBS)—Leucine‐rich 
repeat (LRR)—disease resistance (R) protein.

Viroids are the smallest (250–400 nt) known pathogens 
that are naked, single stranded circular RNAs molecules 
and replicates inside the nucleus or chloroplast. Viroids are 
known to infect plants and also initiate a series of small 
RNAs. Full methylation of the Potato spindle tuber viroid 
(PSTVd) cDNA sequence in PSTVd-infected tissues is car-
ried out by the viroid-induced RNA silencing and RdDM 
[33]. Later, it was established that the RNA silencing is 
targeted and activated by viroids in infected potato plants. 

Citrus exocortis viroid (CEVd) after replication generates 
positively polarized 50-phosphorylated and 30-methylated 
vdsiRNAs. The placing of most of the CEVd Viroid-related 
siRNAs (vdsiRNAs) is within the right-end domain [34]. 
Some viroids like Chrysanthemum chlorotic mottle viroid 
(CChMVd) and Avocado sun blotch viroid (ASBVd) repli-
cate in the chloroplast. The production of vdsiRNAs from 
negative and positive polarities is triggered by PLMVd 
and CChMVd [35]. The vdsiRNAs produced by ASBVd in 
leaves exhibit infection symptoms [36]. Hence, Avsunviroi-
dae and Pospiviroidae, both viroid families, are capable of 
generating vdsiRNAs in different plants [37]. The genera-
tion of vdsiRNAs from both the positive and the negative 
strands of the viroid genome highlight the cardinal process-
ing of vdsiRNAs from the viroid genomic RNAs secondary 
structure. A general mechanism of miRNAs role in different 
pathogenic attack against plants is illustrated in Fig. 1.

Micro RNAs in nematode–plant interaction

Plant parasitic nematodes are microscopic thread-like 
roundworms that survive in a wide range of environment 
that causes severe damage to crops. Sedentary endoparasitic 
nematodes are known to be the most damaging plant–par-
asitic nematodes (PPNs) [38]. These are categorized into 
two main groups—the root-knot nematodes (RKNs) of the 
genus Meloidogyne and the cyst nematodes (CNs) of the 
genera Heterodera and Globodera [39]. These parasites have 
a tendency to prick into roots of the host and induce the for-
mation of specialized feeding structures which provide the 
resources needed for the development of nematode. Giant 
multinucleate feeding cells are formed due to the differentia-
tion of five to seven root cells which is induced by Root-knot 
nematodes whereas cyst nematode triggers the formation of 
a multinucleate syncytium. An extensive reprogramming of 
gene expression in the targeted root cells is involved in the 
formation of the feeding cells by nematodes [40].

The attack of nematodes in plants is reciprocated by the 
expression of myriads of miRNAs in root cells of various 
plant species. The correct feeding site formation requires 
certain modules containing miRNAs and transcription fac-
tors that are targeted by nematodes. The studies on Arabi-
dopsis thaliana during nematodal attack have shown that the 
formation of the feeding sites manipulate a number of plant 
functions including cytoskeleton, cell wall modification, cell 
cycle, plant defense and phytohormone pathways [41].

The RKN induces miRNAs which are involved in the 
gall formation in Arabidopsis that dissects galls and unin-
fected roots [42]. This approach helped in identifying 62 
miRNAs responsible for inducing galls upon infection by 
Meloidogyne javanica at 3 dpi (dots per inch), and 24 miR-
NAs by Meloidogyne incognita at 7 and/or 14 dpi. Only two 
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miRNAs were found to express same profile in three stages 
of gall formation: upregulation of miR390, and repression 
of miR319. On analyzing one or more of the five develop-
mental stages of the tomato galls, 17 miRNAs were identi-
fied [43] whereas in whole cotton roots, 16 miRNAs were 
identified at 10 dpi upon infection by M. incognita [44]. 
The comparative studies of susceptible and resistant tomato 
cultivars revealed five RKN-responsive miRNAs in the jas-
monic acid-deficient spr2 mutant at 3 dpi [45]. There are 
some conserved miRNA families which are present in simi-
lar expression profiles in galls from different plant species 
at similar time points. For instance, in Arabidopsis, tomato, 
and cotton galls the conserved miR159 is upregulated at 
10 to 14 dpi, and miR172 is upregulated at 3 to 4 dpi in A. 
thaliana and tomato [46].

Identification of 30 mature differentially expressed 
(DE) miRNAs in Arabidopsis syncytia through sequenc-
ing showed that these miRNAs are induced by Heterodera 
schachtii at 4 and 7 dpi. A latest study of syncytia from 
tomato plants infected with Globodera rostochiensis per-
formed at 3, 7, and 10 dpi, led to the identification of 200 
to 300 miRNAs at each stage as DE [47]. The CN Heter-
odera glycine also promotes the expression of many miR-
NAs families upon infection. On analyzing RNA libraries 
from susceptible and resistant varieties of soyabean upon 
infection with soyabean CN, a total of 60 miRNAs from 25 

miRNAs families were found to be DE [48]. Some miRNAs 
are upregulated in resistant lines relative to susceptible lines 
whereas some are downregulated. A comparative study of 
the expression profiles of conserved miRNAs in response to 
CN infection led to identification of some miRNAs as DE, 
with the same expression profile, in several plant species. 
The roots of Arabidopsis infected by H. schachtii showed 
down regulation of miR396b and the miR167 family at 4 and 
7 dpi [32] and in Solanum lycopersicum, G. rostochiensis 
induces syctia at 3 and 7 dpi [49].

MicroRNAs actively contribute in the providing immu-
nity against nematodal attack either by the variations in 
expressing of plant miRNAs which is directly affected by 
the nematode or caused due to alteration of plant hormonal 
cycle. Most studies until now have emphasized on miRNAs, 
but few studies principally based on the siRNAs have shown 
that the roots of Arabidopsis infected with PPNs have elu-
cidated an overexpression of 24 nt siRNAa associated with 
RNA-directed DNA methylation in galls [50]. At last, cross-
kingdom RNAi can happen while nematodes are interacting 
with plants. Conclusions can only be drawn if small RNAs 
from both side of the interaction are studied unified. The 
nematode-induced miRNAs are over-expressed and silence 
their corresponding targets. This might help in extracting 
important information about plant–nematode interaction 
and development of crop plants with nematode resistance. 

Fig. 1   Diagrammatic representation of miRNAs role in plant defense against various pathogens attack
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Table 1 enlist some recent studies on the action of miRNAs 
in plant defense mechanism.

Conclusions

In addition to playing an important role in development, 
growth and nutrition, sRNAs constitute a central part of 
plant immunity against the plant pathogens. As evident 
from the research that RNAi can work in a cross-kingdom 
manner, this double-sided sword can be used by host and 
pathogen both to regulate the gene expression of each 
other in a tough of war manner. The miRNAs can modu-
late the expression of various disease-associated resist-
ance gene after the infection and can also bind to the tran-
scriptional factors to produce a robust immune response. 
Phytohormones such as auxins, ascorbic acid are critically 
important for the healthy growth and nutrition are also up 

or down-regulated by modulating their associated signal-
ing pathways utilizing miRNA and is an efficient strategy 
to generate resistance against pathogen. Virus derived 
miRNA can specifically inhibit viral function by tran-
scriptional inhibition of viral mRNA. Some well-adapted 
viruses can also evade this RNAi mediated resistance of 
plants by suppressing it using many RNAi suppressors. 
Nematode infection requires a specified modification at 
the site of infection by reprogramming the gene expres-
sion, and the miRNA can modulate this reprogramming to 
elicit a defense response against the nematode. As miRNA 
can targets multiple mRNAs by binding them in a partial 
complementary manner, thus making them useful for cre-
ating resistance against many plant diseases and transgenic 
plants can be designed with improved resistance to various 
pathogens.

Table 1   List of various miRNAs involved in plant defense mechanism

S. no. Plant Disease Pathogen name Pathogen type Micro-RNAs 
involved

Target genes References

1. Oryzae sativa Dwarfism, stiff 
leaves, formation 
of galls

Rice Stripe Virus 
and Rice black 
streaked dwarf 
virus

Virus miR528 Middle segment, 
30 end

[51]

2. Arabidopsis thali-
ana

Wilt disease Fusarium oxyspo-
rum

Fungus miR396 GRF [52]

3. Nicotiana tubacum Mosaic and sys-
temic necrosis

Cauliflower mosaic 
virus

Virus miR171 – [53]

4. Brassica oleracea Black rot Xanthomonas 
campestris pv. 
campestris

Bacteria miR156, miR167, 
miR169, miR390

Auxin response fac-
tor, Aux/IAA

[54]

5. Glycine max Cyst nematode Heterodera glycines Nematode gma-miR10186, 
gma-miR10187, 
and gma-
miR10193

Up regulation of 
Rhg4

[46]

6. Malus hupehensis Stem canker Botryosphaeria 
dothidea

Fungus miR397b Lignin biosynthesis [55]

7. Solanum lycosper-
sicum

Curling of leaves Tomato leaf curl 
virus

Virus AmiR-AVI-1 AVI and AN2 [56]

8. Brassica rapa Chlorotic local 
lesions, mosaic, 
mottling, pucker-
ing or rugosity.

Turnip mosaic 
virus (TuMV)

Virus miR1885 BraCP24 and 
BraTIR1

[57]

9. Triticum aestivum Brown rust Puccinia striiformis 
f. sp. Tritici

Fungus miR399b and 
miR9664

TaCLP1. A type 
of a plantacyanin 
protein

[58]

Stem rust Erysiphe graminis Fungus miR156 Squamosa-promoter 
binding protein 
like

[21]

10. Malus domestica Leaf spot disease Alternaria alter-
nata sp. mali

Fungus Md-miR156ab WRKY transcrip-
tion factor

[59]

11. Malus domestica 
Borkh

Glomerella leaf spot Glomerella cingu-
lata

Fungus Md-miRln20 Md-TN1-GLS [60]
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