v
&

International Journal of
Molecular Sciences

Review

Abiotic stress and belowground microbiome: the potential of -
omics approaches

Marco Sandrini!, Luca Nerva'?, Fabiano Sillo?, Raffaella Balestrini?', Walter Chitarral? and Elisa Zampieri?

Table S1. List of manuscripts that combine the presence of plant, AMF or Actinobacteria and -omics, i.e., RN Aseq or untargeted
metabolomics/proteomics, in the last ten years.

Reference Plant AMF and Actino- Tissue -Omics Stress
bacteria
AMF
[132] Tomato Glomus intraradices Roots Transcriptomics
wild-type and (former name) RNAseq
rmc mutant
[133] Tomato (Sola- Funneliformis mosseae | Fruits Transcriptomics
num lycopersi- RNA-Seq
cum)
[52] Rice Rhizophagus irreqularis | Large lateral | Transcriptomics
(Oryza sativa) and fine lat- | RNA-seq
eral roots
[134] Lotus japonicus | Rhizophagus irreqularis | Roots Transcriptomics
RNA-Seq
[135] Litchi Rhizophagus irregularis | Roots Transcriptomics
(Litchi chinen- RNA-seq
sis)
[54] Grapevine (Vi- | Funneliformis mossea or | Roots Transcriptomics
tis vinifera) mixed commercial in- RNA-seq
oculum
[136] Trifoliate or- | Rhizophagus irreqularis | Lateral roots | Transcriptomics
ange (Poncirus RNA-Seq
trifoliate)
[137] Lotus japonicus | Rhizophagus irreqularis | Roots Transcriptomics
RNA-Seq
[55] Wheat (Triti- Funneliformis mosseae | Roots and Transcriptomics | Xanthomonas
cum aestivum) leaves RNA-seq translucens
Proteomics infection
LC-MS/MS
[138] Cucumber Rhizophagus irreqularis | Roots Transcriptomics | Cold stress
(Cucumis sa- RNA-seq
tious)
[139] Common bean A mix of Glomus Roots/ Transcriptomics | Water deficit
(Phaseolus vul- clarum, Acaulospora validation on | RNA-Seq
garis) scrobiculata, Gigaspora | LMD sam-
roseq ples
[140] Sunflower Rhizoglomus irregulare | Roots Transcriptomics
(Helianthus an- RNA-Seq
nuus)
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[141] Medicago trun- | Rhizophagus irreqularis | Roots Transcriptomics
catula, Nicoti- RNA-Seq com-
ana bentham- bined with LMD
iana and Al-
lium schoe-
noprasum
[56] Tomato (Sola- Rhizophagus intra- Roots Transcriptomics | Water stress
num lycopersi- radices RNA-seq Meloidogyne
cum) incognita col-
onization
[142] Maize (Zea Glomus intraradices Roots Transcriptomics | Cadmium
Mays) (former name) RNA-seq
[143] Maize (Zea Rhizophagus irregularis | Roots Transcriptomics
mays) RNA-Seq
[144] Alfalfa (Medi- Rhizophagus intra- Leaves Transcriptomics | Acyrthosiphon
cago sativa) radices RNA-Seq pisum attack
[145] Cassava Rhizophagus irreqularis | Fine roots Transcriptomics
(Manihot escu- RNA-Seq
lenta)
[146] Sesbania canna- | Funneliformis mosseae | Roots/shoots | Transcriptomics | Salinity
bina RNA-Seq
[147] Sunflower Rhizoglomus irregulare | Roots Transcriptomics
(Helianthus an- RNA-Seq
nuus)
[148] Asparagus Rhizophagus irregularis | Leaves Transcriptomics | Salinity
(Asparagus of- RNA-Seq
ficinalis)
[149] garden pea Rhizophagus irregularis | Roots Transcriptomics
(Pisum sa- RNA-Seq
tivum)
[150] Soybean (Gly- | Funneliformis mosseae | Roots Transcriptomics | Root rot dis-
cine max) RNA-Seq ease
Metabolomics
UPLC-MS/MS
[151] Wheat (Triti- | Funneliformis mosseae | Roots Transcriptomics | Water deficit
cum aestivum) RNA-seq
[152] Tomato (Sola- | Rhizophagus irregularis | Mature, Transcriptomics
num lycopersi- green, red RNA-Seq
cum) fruits
[153] Sunflower Rhizoglomus irrequlare | Roots Transcriptomics
(Helianthus an- RNA-Seq
nuus)
[154] Soybean (Gly- | Funneliformis mosseae | Roots Transcriptomics
cine max) RNA-Seq
Proteomics
iTRAQ
[155] Pea (Pisum sa- | Rhizophagus irreqularis | Roots Transcriptomics
tivum) RNA-Seq
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[156] Alfalfa (Medi- Rhizophagus intra- Leaves Transcriptomics | Phoma medi-
cago sativa) radices RNA-Seq caginis infec-
tion
[157] Tomato (Sola- | Rhizophagus irregularis | Roots Transcriptomics
num lycopersi- RNA-Seq
cum)
[158] Medicago trun- Glomus intraradices LMD Proteomics
catula (former name) cell-type LC-MS/MS
populations
from roots
[159] Sorghum (Sor- | A mix of Glomus aggre- | Roots Proteomics
ghum bicolor) | gatum and Glomus etu- LC-MS/MS
nicatum, Funelliformis
mosseae, Rhizophagus ir-
regularis alone or plus
PGPB
[160] Medicago sativa | Funneliformis mosseae | Roots Proteomics Atrazine
iTRAQ HPLC
[161] Soybean (Gly- | Funneliformis mosseae | Roots Proteomics Root rot dis-
cine max) iTRAQ and LC- | ease
MS/MS
[162] Echinacea an- | Rhizophagus irreqularis | Leaves Proteomics Salinity
qustifolia LC-MS/MS
[163] Pea (Pisum sa- | Rhizophagus irregularis | Seeds Proteomics
tivum LC-MS
[164] Pea (Pisum sa- | A mix of Claroideoglo- | Seeds Proteomics Didymella
tioum) mus etunicatum, Cla- Nano ESI LC- pinodes
roideoglomus cla- MS/MS infection
roideum, Rhizophagus Metabolomics
irreqularis, Funneli- MS/MS
formis geosporus,
Funneliformis mosseae
[165] Phragmites Rhizophagus irregularis | Root tips Proteomics Copper
australis iTRAQ
[166] Pteris cretica Funneliformis mosseae | Fronds Proteomics Antimony
var. Nervosa LC-MS/MS
[167] Medicago Rhizophagus irregularis | LMD Metabolomics
truncatula cell-type GC-EI/TOE-MS
populations
from roots
[45] Tomato A mix of Funneliformis | Roots Metabolomics Drought and
(Solanum mosseae, Rhizoglomus LC ESI-MS salinity
lycopersicum) irrequlare and
Claroideoglomus
etunicatum
[102] Wheat Funneliformis mosseae | Roots Metabolomics Water deficit
(Triticum UHPLC-
durum/T. ESI/QTOF-MS
aestivum)
[168] Soybean A mix of Funneliformis | Roots Metabolomics
(Glycine max) mosseae, Paraglomus GC-MS
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occultum, Diversispora
spurca, Glomus sp.,
Acaulospora
scrobiculata, Gigaspora
sp.
[169] Sweet pepper | Funneliformis mosseae, | Leaves Metabolomics
(Capsicum an- | Rhizoglomus irregularis UHPLC/Q-TOF
nuum)
[170] Maize A mix of Rhizoglomus | Leaves and Metabolomics
(Zea mays) irrequlare, Funneliformis | roots UHPLC/Q-TOF
mosseae plus Tricho-
derma
[171] Tomato (Sola- | A mix of Funneliformis | Stems with Metabolomics Fusarium
num lycopersi- mosseae, Rhizophagus | young and LC-MS crown and
cum) intraradices plus Tricho- | mature root rot dis-
derma and PGPR leaves, and eases
fine feeding
roots
[172] Trifoliate or- Rhizophagus intra- Roots Metabolomics Water deficit
ange (Poncirus radices LC-MS/MS
trifoliate)
Actinobacteria
[173] Pedunculate Streptomyces sp. strain | Leaves Transcriptomics | Oak  pow-
oak (AcH 505) RNA-seq dery mildew
(Quercus ro- infection
bur)
[174] Arabidopsis Arthrobacter endophyti- | Roots Transcriptomics | Salinity
thaliana cus; Nocardiopsis alba RNA-seq
[175] Wheat (Triti- Arthrobacter ni- Roots Transcriptomics | Salinity
cum aestivum) troguajacolicus RNA-seq
[176] Tomato (Sola- Streptomyces sp. Leaves Transcriptomic | Salinity
num lycopersi- KLBMP5084 RNA-seq
cum)
[177] Arabidopsis Streptomyces isolate Whole seed- | Transcriptomics | Sclerotinia
thaliana (KB001) lings RNA-seq sclerotiorum
and Rhi-
zoctonia
solani infec-
tion
[178] Rice Streptomyces hygro- Leaves Proteomics Magnaporthe
(Oryza sativa) scopicus OsiSh-2 HPLC oryzae
LC-MS/MS infection
[179] Oats Rhizosphere microbial | Roots Metabolomics
(Avena barbata) | community (Actinomy- UHPLC;
cetes) LC-MS/MS;
LC-MS
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[180] Peppermint Streptomyces, C-2012 | Shoots Metabolomics Water stress
(Mentha (Streptomyces rimosus) GC/MS
piperita) Streptomyces, C-801
(Streptomyces monomy-
cini)

Table S2: List of manuscripts that combine the presence of AMF or Actinobacteria and -omics, i.e., genome
sequencing, RNAseq or untargeted metabolomics/proteomics, in the last ten years.

Reference AMEF and Actinobacteria -Omics Stress

AMF
[181] Rhizophagus irregularis Genome sequencing

DAOM197198
[182] Rhizophagus irreqularis Single nucleus genome

DAOM197198 sequencing
[183] Gigaspora rosea Genome sequencing
[184] Acaulospora morrowiae, Di- Transcriptomics

versispora versiforme, Scutel- | Ultra-low input RNA-
lospora calospora, Racocetra seq

castanea, Paraglomus brasili-
anum, Ambispora leptoticha,
Claroideoglomus claroideum,
Funneliformis mosseae
[185] Rhizophagus irregularis Genome assembly and
DAOM197198 gene annotation, and
compared its gene

content with five iso-
lates of R. irregularis
sampled in the same

field.
[186] Diversispora epigaea (for- Genome assembly and
merly Glomus versiforme) comparative genomics
and its bacterial endosym-
bionts
[187] Gigaspora rosea Comparative ge-
nomics
[188] Gigaspora margarita Genome sequencing
Actinobacteria
[189] Planobispora rosea ATCC Transcriptomics
53733 RNA-seq
Proteomics
nano LC-ESI-LIT-
MS/MS
[190] Nocardiopsis gilva YIM Transcriptomics Salinity
900877 RNA-seq
[191] Saccharothrix yanglingensis Transcriptomics Valsa mali
Hhs.015 RNA-seq
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[192] Rhodococcus sp. CNS16 Transcriptomics Temperature gradients
RNA-seq
[193] Nocardiopsis xinjiangensis Proteomics Salinity
iTRAQ, LC-MS/MS
[194] Streptomyces spp. Metabolomics UHPLC | Xanthomonas oryzae pv.
Q-TOF Oryzae infection
[195] Streptomyces fradiae Metabolomics
MM456M-mF7 HPLC, LC-ESI-MS/MS
[196] Thermobifida cellulosilytica Metabolomics
LC-MS/MS
[197] Streptomyces pulveraceus Metabolomics
Strain ES16 HPLC-HRMS
Volatilomics
SPME-GC-MS
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