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1 Supplementary Table

Table 1. Compilation of studies on filamentous endophytic fungi in Brassicaceae crops, indicating the effects on host plants, the mechanisms

of action involved, and the way in which the fungi colonize plant tissues.

ENDOPHYTIC MECHANISM OF TISSUE COLONIZATION/

FUNGUS BRASSICACEAE CROP EFFECT ACTION MODE REFERENCES
Acremonium Brussels sprouts (Brassica | Plutella xylostella larvae mortality Systemic defenses activation | Roots/no mechanism identified Dugassa-Gobena et al.
alternatum oleracea var. gemmifera) (1998)

S[;tz?;ict) (B. oleracea var. | P.xylostella larvae mortality Systemic defenses activation | Roots/no mechanism identified Raps and Vidal (1998)

Rapeseed (Brassica napus)

Increased disease resistance against
protista Plasmodiophora brassicae

Unidentified

Roots / no mechanism identified

Auer and Ludwig-Miiller
(2014)

Acrocalymma vagum

Kale (B. oleracea var. acephala)

Plant growth promotion

Plant tolerance under cold stress
Increased disease resistance against
bacteria Xanthomonas campestris
pv. campestris

Systemic defenses activation

Roots / no mechanism identified

Poveda et al. (2020)

Alternaria alternata Rapeseed (B. napus) Plant growth promotion Unidentified Root;,, stems and leaves/ no mechanism Zhang et al. (2014)
identified
Alternaria sp. Rapeseed (B. napus) Antagonism against fungus S. | Mycoparasitism or | Stems/ no mechanism identified
sclerotiorum competition for space and Zhang et al. (2014)

nutrients

Rapeseed (B. napus)

Increased phytoextraction and plant-
tolerance to Cd and Pb
Plant growth promotion

Siderophores production
IAA production
P solubilization

Roots / no mechanism identified

Shi et al. (2017)

Aspergillus capensis

Rapeseed (B. napus)

In vitro growth inhibition of fungi
Botrytis cinerea, Monilinia
fructicola, Sclerotinia sclerotiorum
and S. trifoliorum

Non-volatile antifungal
compounds production

Unidentified

Qin et al. (2019)

Aspergillus flavipes

Rapeseed (B. napus)

Antagonism against
sclerotiorum

fungus .

Non-volatile antifungal
compounds production

Stems/ no mechanism identified

Zhang et al. (2014)

Aspergillus sp. Indian mustard (Brassica juncea) | Increased phytoextraction and plant- | Unidentified Roots/ no mechanism identified .
. Jiang et al. (2008)
tolerance to Cd and Ni
Basipetospora sp. Pakchoi or Chinese cabbage | Plant growth promotion N supply Roots/ no mechanism identified
(Brassica campestris var. Auxins production Khastini and Jannah

chinensis/pekinensis; B. rapa var.
chinensis/pekinensis)

(2021)

Beuveria bassiana

Rapeseed (B. napus)

Cabbage (B. oleracea var.
capitata)

Turnip (Brassica rapa)

Reduced disease caused by fungus
Leptosphaeria maculans

Unidentified

Roots and stem/ no mechanism identified

Roodi et al. (2021)

Chaetomium globosum

Rapeseed (B. napus)

Antagonism
sclerotiorum

against fungus S.

Non-volatile antifungal
compounds production

Roots/ no mechanism identified

Zhang et al. (2014)

Chaetomium sp.

Kale (B. oleracea var. acephala)

Plant tolerance under cold stress

Unidentified

Roots / no mechanism identified

Poveda et al. (2020)
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Cladosporium sp.

Cauliflower (Brassica oleracea
var. botrytis)

Increased resistance to Spodoptera
litura damage

Systemic defenses activation

Roots / no mechanism identified

Thakur et al. (2013)

Clonostachys rosae Rapeseed (B. napus) Antagonism against fungus S. | Non-volatile antifungal | Roots and stems/ no mechanism
. . . . Zhang et al. (2014
sclerotiorum compounds production identified
Curvularia sp. Kale (B. oleracea var. acephala) Plant growth promotion Systemic defenses activation Roots / no mechanism identified

Increased disease resistance against
bacteria X. campestris pv.
campestris

Poveda et al. (2020)

Diaporthe sp. Kale (B. oleracea var. acephala) Plant tolerance under cold stress Unidentified Roots / no mechanism identified Poveda et al. (2020)
Dothidea sp. Rapeseed (B. napus) Antagonism against fungus S. | Mycoparasitism or | Stems/ no mechanism identified
sclerotiorum competition for space and Zhang et al. (2014)
nutrients
Epicocum nigrum Rapeseed (B. napus) Antagonism against fungus S. | Mycoparasitism or | Stems and leaves/ no mechanism
sclerotiorum competition for space and | identified Zhang et al. (2014)
nutrients
Fusarium Rapeseed (B. napus) Antagonism against fungus S. | Mycoparasitism or | Stems/ no mechanism identified
clamydosporium sclerotiorum competition for space and Zhang et al. (2014)
nutrients
F. oxysporum Rapeseed (B. napus) Antagonism against fungus S. | Volatile antifungal | Roots and stems/ no mechanism
. . . . Zhang et al. (2014)
sclerotiorum compounds production identified
Horseradish (Armoracia - - Roots/ GSLs degradation by fungus Sziics et al. (2018)
rusticana)
Kale (B. oleracea var. acephala) Plant growth promotion Systemic defenses activation | Roots / no mechanism identified

Plant tolerance under cold stress
Increased disease resistance against
bacteria X. campestris pv.
campestris

Increased resistance to Mamestra
brassicae damage

Poveda et al. (2020)

Wild tumip (B
silvestris)

rapa  var.

Increased disease resistance against
nematode Heterodera schachtii

Fungal volatiles slowed down
the development of the root
nematode cysts

Roots/ no mechanism identified

Moisan et al. (2021)

F. proliferatum Rapeseed (B. napus) Antagonism against fungus S. | Mycoparasitism or | Roots and leaves/ no mechanism
sclerotiorum competition for space and | identified Zhang et al. (2014)
nutrients
F. solani Rapeseed (B. napus) Antagonism against fungus S. | Mycoparasitism or | Roots / no mechanism identified
sclerotiorum competition for space and Zhang et al. (2014)
nutrients
F. tricinctum Rapeseed (B. napus) Antagonism against fungus S. | Mycoparasitism or | Roots / no mechanism identified
sclerotiorum competition for space and Zhang et al. (2014)

Plant growth promotion

nutrients

Fusarium sp.

Rapeseed (B. napus)

Increased phytoextraction and plant-

Siderophores production

Roots / no mechanism identified

tolerance to Cd and Pb IAA production Shi et al. (2017)
Plant growth promotion P solubilization
Helminthosporium Pakchoi or Chinese cabbage (B. | Increased phytoextraction and plant- | Unidentified Roots / no mechanism identified .
. . Diene et al. (2014)
velutinum campestris var. | tolerance to Cs




ENDOPHYTIC MECHANISM OF TISSUE COLONIZATION/
FUNGUS BRASSICACEAE CROP EFFECT ACTION MODE REFERENCES
chinensis/pekinensis; B. rapa var.
chinensis/pekinensis)
Heteroconium Pakchoi or Chinese cabbage (B. | Increased disease resistance against | Unidentified Roots / no mechanism identified
chaetospira campestris var. | protista P. brassicae and fungus

chinensis/pekinensis; B. rapa var.

chinensis/pekinensis)

Verticillium dahliae

Narisawa et al. (2000)

Pakchoi or Chinese cabbage (B.
campestris var.
chinensis/pekinensis; B. rapa var.

chinensis/pekinensis)

Increased disease resistance against
bacteria Pseudomonas syringae pv.
maculicola and fungos Alternaria
brassicae

Systemic defenses activation

Roots / no mechanism identified

Morita et al. (2003)

Pakchoi or Chinese cabbage (B.
campestris var.
chinensis/pekinensis; B. rapa var.

chinensis/pekinensis)

Increased disease resistance against
protista P. brassicae

Competition for space

Roots / no mechanism identified

Narisawa et al. (1998)

Pakchoi or Chinese cabbage (B. | Increased disease resistance against | Unidentified Roots / no mechanism identified
campestris var. | protista P. brassicae .
chinensis/pekinensis; B. rapa var. Narisawa et al. (2004)
chinensis/pekinensis)
Pakchoi or Chinese cabbage (B. | Increased disease resistance against | Unidentified Roots / no mechanism identified
campestris var. | protista P. brassicae Narisawa et al. (2005)
chinensis/pekinensis; B. rapa var. ’
chinensis/pekinensis)
Pakchoi or Chinese cabbage (B. | Plant growth promotion N supply Roots / no mechanism identified
campestris var. Usuki and Narisawa
chinensis/pekinensis; B. rapa var. (2017)
chinensis/pekinensis)

Humicola sp. Pakchoi or Chinese cabbage (B. | Plant growth promotion N supply Roots / no mechanism identified

campestris var.
chinensis/pekinensis; B. rapa var.

chinensis/pekinensis)

Auxins production

Khastini and Jannah
(2021)

Leptosphaeria Rapeseed (B. napus) Antagonism against fungus S. | Non-volatile antifungal | Roots and stems/ no mechanism
biglobosa sclerotiorum compounds production identified Zhang et al. (2014)
Plant growth promotion
Macropﬁomina Horseradish (4. rusticana) - - Roots/ GSLs degradation by fungus Sziics et al. (2018)
phaseolina
Meliniomyces Pakchoi or Chinese cabbage (B. | Increased disease resistance against | Competition for space Roots / no mechanism identified
variabilis car.npest.ris . N var. | protista P. brassicae Narisawa et al. (2004)
chinensis/pekinensis; B. rapa var.
chinensis/pekinensis)
Metarhizium Rapeseed (B. napus) P. xylostella larvae mortality Direct parasitism by larvae | Leaves colonization/ no mechanism
anisopliae feed in fungus-colonized | identified Batta (2013)
tissues
Muscodor albus Kale (B. oleracea var. acephala) Antagonism  against oomycete | Volatile antifungal | Roots / no mechanism identified Worapong and Strobel
Pythium ultimum compounds production (2009)
Mucor sp. Pakchoi or Chinese cabbage (B. | Increased plant-tolerance to Cd and | Hyphae-accumulation of | Roots / no mechanism identified

campestris var.
chinensis/pekinensis; B. rapa var.

chinensis/pekinensis)

Pb

heavy metals

Deng et al. (2011)
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Rapeseed (B. napus)

Increased phytoextraction and plant-
tolerance to Cd and Pb

Organic degradation of heavy
metals

Roots / no mechanism identified

Deng et al. (2013)

Field mustard (Brassica
campestris; B. rapa var. oleifera)

Increased plant tolerance to Cr, Mn,
Co, Cuand Zn
Plant growth promotion

Organic  degradation and
hyphae-accumulation of
heavy metals

IAA production

ACC desaminase activity
P solubilization

Roots / no mechanism identified

Zahoor et al. (2017)

Neosartorya sp.

Pakchoi or Chinese cabbage (B.
campestris var.
chinensis/pekinensis; B. rapa var.
chinensis/pekinensis)

Plant growth promotion

GAs production

Roots / no mechanism identified

Hamayun et al. (2011)

Nigrospora sp.

Cauliflower (B. oleracea var.
botrytis)

Increased resistance to S. litura
damage

Systemic defenses activation

Roots / no mechanism identified

Thakur et al. (2013)

Paraphoma radicina

Horseradish (4. rusticana)

Roots /GSLs degradation by fungus

Sziics et al. (2018)

Penicillium sp.

Rapeseed (B. napus)

Increased phytoextraction and plant-

Siderophores production

Roots / no mechanism identified

tolerance to Cd and Pb IAA production Shi et al. (2017)
Plant growth promotion P solubilization
Phialocephala fortinii | Pakchoi or Chinese cabbage (B. | Increased disease resistance against | Unidentified Roots / no mechanism identified

campestris var.
chinensis/pekinensis; B. rapa var.
chinensis/pekinensis)

protista P. brassicae

Narisawa et al. (2004)

Phialocephala sp.

Kale (B. oleracea var. acephala)

Plant tolerance under cold stress
Increased disease resistance against
bacteria X. campestris pv.
campestris

Systemic defenses activation

Roots / no mechanism identified

Poveda et al. (2020)

Pseudogymnoascus Rapeseed (B. napus) Reduced disease caused by fungus | Unidentified Roots / no mechanism identified

pannorum Cabbage (B. oleracea var. | Leptosphaeria maculans Roodi et al. (2021)
capitata)
Turnip (B. rapa)

Pseudosigmoidea Pakchoi or Chinese cabbage (B. | Increased phytoextraction and plant- | Unidentified Roots / no mechanism identified

ibarakiensis campestris var. | tolerance to Cs
chinensis/pekinensis; B. rapa var. Diene et al. (2014)
chinensis/pekinensis)

Pyrenophora Kale (B. oleracea var. acephala) Plant growth promotion Unidentifed Roots / no mechanism identified

gallaeciana Plant tolerance under cold stress Poveda et al. (2020)

Ramichloridium Pakchoi or Chinese cabbage (B. | Plant growth promotion Unidentified Roots / no mechanism identified

cerophilum campestris var. .
chinensis/pekinensis; B. rapa var. Ling et al. (2016)
chinensis/pekinensis)

Sclerotinia Rapeseed (B. napus) Plant growth promotion Induction of genes related to | Endophytic roots colonization by strain

sclerotiorum Increased disease resistance against | plant growth and defenses infected by a mycovirus Zhang et al. (2020)

fungus S. sclerotiorum

Sebacina vermifera Cabbage (B. oleracea var. | Plant growth promotion Unidentified Roots / no mechanism identified Dolatabadi and
capitata) Mohammadi Goltapeh
Rapeseed (B. napus) (2013)
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Black mustard (B. nigra)
Cress (L. sativum)
Hoary stock (M. incana)
Flixweed (D. sophia)
Serendipita indica | Pakchoi or Chinese cabbage (B. | Plant tolerance under drought stress | Increased plant antioxidant | Roots/no mechanism identified

(=Piriformospora
indica)

campestris var.
chinensis/pekinensis; B. rapa var.

chinensis/pekinensis)

activity

Induction of genes related to
tolerance to drought
Increased CAS protein in
leaves

Sun et al. (2010)

Pakchoi or Chinese cabbage (B.
campestris var.
chinensis/pekinensis; B. rapa var.

chinensis/pekinensis)

Plant growth promotion

Auxins root synthesis of
induction

Roots / no mechanism identified

Lee et al. (2011)

Cabbage (B. oleracea var.

capitata)

Rapeseed (B. napus)

Black mustard (Brassica nigra)
Cress (Lepidium sativum)
Hoary stock (Matthiola incana)
Flixweed (Descurainia sophia)

Plant growth promotion

Unidentified

Roots / no mechanism identified

Dolatabadi and Goltapeh
(2013)

Pakchoi or Chinese cabbage (B.
campestris var.
chinensis/pekinensis; B. rapa var.

chinensis/pekinensis)

Improved leaves-nutritional quality

Induction of leaves
accumulation of nutraceutical
metabolites

Roots / no mechanism identified

Khalid et al. (2017)

Broccoli (B. oleracea var. italica)

Plant growth promotion

Unidentified

Roots / no mechanism identified

Singhal et al. (2017)

Rapeseed (B. napus)

Promoted plant growth, seed yield
and quality

Increased nutrients supply
Repression of erucic acid
biosynthesis genes

Roots / no mechanism identified

Suetal. (2017)

Pakchoi or Chinese cabbage (B.
campestris var.
chinensis/pekinensis; B. rapa var.

chinensis/pekinensis)

Plant tolerance under salinity stress

Increased plant antioxidant
activity

Induction of genes and
hormonal pathways related to
tolerance to salinity

Roots / no mechanism identified

Khalid et al. (2018)

Rapeseed (B. napus)

Plant growth promotion
Increased nutrients content in plant-
tissues

Induced phosphatase activity
in roots

Roots / no mechanism identified

Wu et al. (2018)

Pakchoi or Chinese cabbage (B.
campestris var.
chinensis/pekinensis; B. rapa var.

chinensis/pekinensis)

Increased disease resistance against
protista P. brassicae

Local defenses activation

Roots / no mechanism identified

Khalid et al. (2020)
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Setophoma terrestris

Horseradish (4. rusticana)

Roots/ GSLs degradation by fungus

Sziics et al. (2018)

Setophoma terrestris

Kale (B. oleracea var. acephala)

Increased disease resistance against

Systemic defenses activation

Roots / no mechanism identified

Simplicillium bacteria X. campestris pv.

lamellicola campestris Poveda et al. (2020)
Increased resistance to M. brassicae
damage

Rapeseed (B. napus) Antagonism against fungus S. | Mycoparasitism or | Roots/ no mechanism identified
sclerotiorum competition for space and Zhang et al. (2014)
nutrients
Trichoderma Mustard (Brassica juncea var. | Increased phytoextraction and plant- | Organic degradation of heavy | Roots / no mechanism identified
o . . Cao et al. (2008)

atroviride foliosa) tolerance to Cd and Ni metals

Trichoderma Pakchoi or Chinese cabbage (B. | Plant growth promotion IAA production Roots / no mechanism identified

atroviride campestris var. Siderophores production

T. citrinoviride

chinensis/pekinensis; B. rapa var.
chinensis/pekinensis)

K solubilization

Chen et al. (2021)

Pakchoi or Chinese cabbage (B.
campestris var.
chinensis/pekinensis; B. rapa var.
chinensis/pekinensis)

Plant growth promotion

IAA production
Siderophores production
K solubilization

Roots / no mechanism identified

Chen et al. (2021)

T. hamatum

Kale (B. oleracea var. acephala)
Cabbage (B. oleracea var.
capitata)

Leaf rape (B. napus var. napus)
Turnip tops and greens (B. rapa
var. rapa)

Plant growth promotion
Improved leaves-nutritional quality

Induction of leaves
accumulation of nutraceutical
metabolites

Roots / no mechanism identified

Velasco et al. (2021)

T. harzianum Turnip (B. rapa) Increased resistance to disease | Unidentified Unidentified
against nematode Meloidogyne Ibrahim et al. (2012)
incognita

T. harzianum Indian mustard (B. juncea) Plant tolerance under salinity stress Induced plant-antioxidant | Roots / no mechanism identified

T. koningiopsis

Ahmad et al. (2015)

activity
Cauliﬂower (B. oleracea var. | Increased plant-tolerance to Pb Inc.re.ased plant antioxidant | Roots /no mechanism identified Afshari et al. (2018)
botrytis) activity
Rapeseed (B. napus) Increased yield Unidentified Roots/ Plant myrosinase  activity
inhibition by fungal myrosinase-binding
protein THKEL1, reducing the formation Poveda et al. (2019a)
of toxic compounds from GSLs
hydrolisis
Rapeseed (B. napus) Increased yield Unidentified Roots/ The reduction of SA-related local
defenses is necessary for fungal root Poveda et al. (2019b)
colonization
Rapeseed (B. napus) Plant tolerance under salinity and | Unidentified Roots / no mechanism identified

drought stresses

Poveda (2020)
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Cauliflower (B. oleracea var. | Delia radicum larvae mortality Parasitism Roots, stems and leaves/ no mechanism .
b . . . Razinger et al. (2018)
otrytis) identified
T. parareesei Rapeseed (B. napus) Plant tolerance under salinity and | Induction of genes and | Roots/no mechanism identified

drought stresses

hormonal pathways related to
tolerance to salinity and
drought

Poveda (2020)

Trichoderma sp.

Indian mustard (B. juncea)

Increased phytoextraction and plant-
tolerance to Cd and Ni

Unidentified

Roots / no mechanism identified

Jiang et al. (2008)

Trichoderma sp.
Veronaeopsis simplex

Kale (B. oleracea var. acephala)

Increased disease resistance against
bacteria X. campestris pv.
campestris

Systemic defenses activation

Roots / no mechanism identified

Poveda et al. (2020)

Pakchoi or Chinese cabbage (B.
campestris var.
chinensis/pekinensis; B. rapa var.
chinensis/pekinensis)

Reduced disease caused by fungus
F. oxysporum

Competition for space
Siderophores production
Local defenses activation
Modification of diversity and
abundance of rhizosphere
fungi

Roots / no mechanism identified

Khastini et al. (2012)

Veronaeopsis simplex
Verticillium sp.

Pakchoi or Chinese cabbage (B.
campestris var.
chinensis/pekinensis; B. rapa var.
chinensis/pekinensis)

Increased phytoextraction and plant-
tolerance to Cs

Unidentified

Roots / no mechanism identified

Diene et al. (2014)

Cauliflower (B. oleracea var.
botrytis)

Increased disease resistance against
fungus Verticillium longisporum

Competition for space
Local defenses activation

Roots / no mechanism identified

Tyvaert et al. (2014)

Unidentified

Field mustard (B. campestris; B.
rapa var. oleifera)

Plant growth promotion

N and P supply

Roots / no mechanism identified

Maulana et al. (2021)
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