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Fig. S1. Evaluation of irAGO7 plants grown in the field. (a) WT and irAGO7 plants
did not show any significant differences in their susceptibility to natural pathogens
(left) or herbivores (right panel). (b) Field grown WT and irAGO7 plants were
evaluated for AMF. Overall averages of 11-carboxyblumenol-c glucoside (blumenol-
C) contents in the leaves of WT and irAGO7 did not differ significantly (left panel;
paired t-test, P>0.05; ns). While the WT plants displayed a strong positive correlation
(of R?=0.65) between their reproductive output (flower numbers) and AMF
(blumenol-C) content, it was lost in irAGO7 plants, which displayed a negative trend
(middle panel). Consequently, the reproductive output per 100 units of blumenol-C
was nearly half in irAGO7 as compared to WT plants (** significantly different; paired
t-test, n=19 pairs, P=0.016). Error bars represent SEs.
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Fig. S2. Glasshouse studies suggest that irAGO7 and WT plants have similar rosette
leaf numbers, chlorophyll contents, as well as roots (root length or lateral root
numbers). Values presented are means + SD, n=15 biological replicates per
genotype for leaf phenotypes and n=30 for root phenotyping (paired t-test, P>0.05).
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Fig. S3. Silencing AGO7 does not affect plant growth and fitness when grown under
non-competitive, P-limited conditions with AMF (a; n=10), or competitive, P-limited
conditions without AMF (b, n=6). Rosette diameter (repeated measures ANOVA,
P>0.05), stalk length (repeated measures ANOVA, P>0.05), total seed capsule
number (paired t-test, P>0.05), shoot fresh mass (paired t-test, P>0.05) and shoot
dry mass (paired t-test, P>0.05) of irAGO7 and WT plants did not differ significantly.
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Fig. S4. Silencing AGO1, 2 4 or 10 does not affect competitive plant fitness or AMF
colonization rates in N. aftenuata in competitive P-limited conditions identical to
those in Fig. 2C, and Fig. 3. A minimum decrease of >50% in transcript levels was
observed in irAGO lines. A consensus sequence was used to silence the three
AGO1 genes (AGO1a, b, c). Further details of generation and characterization of
irAGO lines is provided in Pradhan et al. (2017). Rosette diameter, stalk length,
capsule production and AMF colonization between the WT and isogenic irAGO
plants were comparable, indicating a lack of significant biological roles for these

AGOs in competitive fitness or AMF colonization. Values presented are means + SD,
where n=15 biological replicates per genotype.
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Fig. S5. Microscopic examination of AMF-colonized roots of WT and irAGO7 plants
with the help of WGA-fluorescein staining. White arrows indicate arbuscules,
vesicles and interradical hypae in the respective pictures. The staining was
conducted on samples collected at a time-point of 6-weeks after inoculation.
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Fig. S6. Transcript abundances of transporter genes relevant for a functional plant-
AMF interaction. WT and irAGO7 plants were competitive grown in presence of
AMF. Roots samples were collected at 3-, 4- and 6-weeks post inoculation and
transcript abundances of (a) a phosphate transporter (PT4) and the RAM1
transcription factor of the N. attenuata host, and (b) a R. irregularis phosphate
transporter (RiPT7) and a monosaccharide transporter (RiIMST2) were evaluated
with the help of quantitative real time PCR assays. For plant genes, NaECI gene was
used as an internal control, whereas, RiTEF1 gene was used for fungal transporters.
Levels in WT samples were set to 1 and relative accumulation in irAGO7 samples
were calculated. Significance was tested with the help of paired t-test. *, ** indicate
P<0.05 and <0.01, respectively, ns indicated no significant differences.
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Fig. S7. miRNA accumulation in WT and irAGO?7 roots at the time of AMF-
inoculation (to) using quantitative real time PCR assays. Significance of differences
in levels in two genotypes was evaluated with the help of ANOVA at P<0.05. Levels
in WT were set to 1 and relative accumulation in irAGO7 was calculated. Values
indicate mean and error bars indicate SDs.
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Fig. S8. Temporal dynamics of miRNA accumulation in WT and irAGO?7 roots during
AMF colonization using quantitative real time PCR (qPCR) analysis. Data presented
here are related to Fig. 5. Transcript levels at to were set to 1 and relative
abundances were calculated accordingly at other time points in both the genotypes.
Significant differences were evaluated with the help of two-way repeated measures
ANOVA, Fisher's LSD; * P <0.05, ** P <0.01, *** P £0.001 between irAGO7 and
WT. Values presented are means + SD, n=3 biological replicates per genotype.
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Fig. S9. Elicitation dynamics of putative target genes in AMF inoculated roots of WT
and irAGOY. Transcripts of ECI gene were used as internal control for normalization.
Data presented here are related to Fig. 5. Transcript level at to was set to 1 and
relative abundances were calculated accordingly (significantly different from the
respective WT, two-way repeated measures ANOVA (Fisher’'s LSD; P<0.05*, P <
0.01 **, P <0.001 **, P <0.0001 **** ). Values presented are means + SD, n=3
biological replicates per genotype.
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Fig. S10. Transformation vector maps for overexpression of 7 miRNAs for
determining their function in plant-AMF interaction.
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Fig. S11. Evaluation of shoot and root biomass of N. attenuata plants over-
expressing 7 miRNAs compared to the EV counterparts. Significant differences were
evaluated with the help of one-way ANOVA. Values presented are means + SD,
number of biological replicates (n) =8-12; * and ** show significant differences at
P<0.05 and P<0.01, respectively; ov156-EV comparison for dry shoot mass: F=6.57,
P=0.03; ov172-EV for dry shoot mass: F=5.32, P=0.031; ov393-EV for fresh shoot
mass: F=6.45, P=0.031; ov473-EV for fresh shoot mass: F=7.21, P=0.032; ov473-
EV for dry shoot mass: F=6.35, P=0.030; ov-Nat-R-PNS59 for fresh shoot mass:
F=7.67, P=0.01.
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Fig. S12. Phenotypic characterization of plants over-expressing miR473 and PN-59
in absence of AMF. No statistically significant differences were recorded. Two-way
repeated measures ANOVA was used for stalk length and capsule numbers, and
one-way ANOVA for fresh and dry shoot mass. Values presented are means + SD,
number of biological replicates (n) =8-12.



Table S1. List of primers ((a) of genes, and (b) of miRNASs) used in this study.

(a) List of primers of genes used in this study

Forward sequence Reverse sequence

Primer

SPL3 CATCAGCTAAAGAGTACCATCGG CAGTGTAGCAGGTTCCATGAG
SPL6 TGTAGCAGGTTTCACTTATTGG GCGAAGAAAGCCTCAATTTG
SPL9 TGCTACACATTCTAAGTCTCCTG CAGTGTAGCAGGTTCCATCG
SPL12 CACCGAAAGCATCATGTTTGTC CAGTGTAGCAGGTTCCATAGC
SPL16 ACGTTTGGATGGACATAACAGG CAGCAAGGGACGAAACTTCT
RAP2-7 AGAAGCTGTTACCAACTTTGAG CTGAACTTAGGGATTGCGACTT
AP2 TCCTATGAAGAAGAGCCGCC GTCTCACATATGGGATTGTGGAA
BHLH130  ATGGATAAGCAAACCAACACAG CCTTCAGAAACAAGTCCAGACA
APL AGCATCAGAGGAGTCTTCAG GGGAATTGAGATCACAGAAGC
GLYK AATGCTGGAAGCCATGATCTC CCTCGATATGATAAATCTGCGTAC
PEX14 GCTGACAAGTCTGTTAAACTACC CTGGAAGGGCAAGGTAATACTT
PMT28 CCATCAATGGAGGATTTGCAG CCCATAGTCTTTGAGCGAGG

GL CAACAAAGGGAAGATTAGGTGGTC ACCAAGGCTACGGACAACTT

L4 CTGTAGTTGTTCTAGCTGAATGG CCTAATGTTTCTGATGCTCACA
IPT 1-4 AAGGATTCGGTATTCTGGGT CTCCATACAAGGTTGATCCAAT
DELLA CAAAGTATATGATGGCGAAGTCCT GGTGCTCTCAACTCTGTTCTG
PAP12 TTCTGGGAGATGAAGCTAAGG GAGGAAACAAGGGAACTACATTTG
SEC13 CTTGGCTTGTGGTTCTTCAG GGGACACTACGAGAATTGAC
ALKK AAGAGTTGCCCTAATTCATGGA CTGGTGATATTGTGGCAGCA
AFB2 ATTTGTCGTCCCTGAACTTGAG CGCCTATGGATTCTGGATACC
TIR1 GTTTGCTCCAGACTCACCTC GGTTGTGGGTGCTAGATTACATT
PUB45 AGAGCCTAAGTTACATGGAGGA GACCTAGAAGCACATCTGGT

EIN CATGATCTGAAGAAAGCGTGG CCGATATTGCTAAGATCCGTAAG
ECI AGAAACTGCAGGGTACTGTTGG GAAGGAGGTATAACTGGTGCCC

(b) List of primers of miRNAs used in this study

Primer id Primer sequence

5SrRNA CACCGGATCCCATCAGAACT
miR156a-5p_1 TGACAGAAGAGAGCGAGCAC
miR156a-5p_2 TGACAGAAGAGAGTGAGCAC
miR156a-5p_3 TGACAGAAGAGAGTTAGCAC
miR156a-3p GCTCACTGCTCTATCTGTCACC
miR156b-5p TTGACAGAAGATAGAGAGCAC
miR156f-3p TGCTCACTGCTCTATCTGTCACC
miR160-5p TGCCTGGCTCCCTGTATGCCA
miR165a-3p TCGGACCAGGCTTCATTCCCC
miR165a-5p AAATGTTGTTTGTGACGAGTTATT

miR170-3p TGATTGAGCCGTGCCAATATC



miR171a-3p
miR171b-3p_1
miR171b-3p_2
miR172a-3p_1
miR172a-3p_2
miR319-5p
miR390a-3p
miR390a-5p
miR393a-3p
miR393a-5p
miR398
miR399a-3p_1
miR399a-3p_2
miR399a-3p_3
miR403a-3p_1
miR403a-3p_2
miR473_5p_1
miR473_5p_2
miR482d
miR5386
miR8667
Nat-R-PN5
Nat-R-PN47
Nat-R-PN59
Nat-R-PN72
Nat-R-PN77
Nat-R-PN81

TGAGCCGAACCACTATCACTC
TTGAGCCGCGCCAATATCACG
TTGAGCCGCGCCAATATCACT
GGAATCTTGATGATGCTGCAG
TGAATCTTGATGATGCTGCAT
AGCTGCCGACTCATTCATTCA
CGCTATCCATCCTGAGTTTCA
AAGCTCAGGAGGGATAGCGCC
ATCATGCTATCCCTTTGGACT
TCCAAAGGGATCGCATTGATC
TGTGTTCTCAGGTCACCCCTT
CGCCAAAGGAGAGCTGCCCTG
TGCCAAAGAAGATTTGCCCCG
TGCCAAAGGAGAGTTGCCCTG
TTAGATTCACGCACAAACAT
TTAGATTCACGCACAAACTCG
ACTCTCCCTCAAGGGCTTCTG
ACTCTCCCTCAAGGGCTTCTGGC
TTTCCTATGCCACCCATTCCTA
TGTCGCTGGATAGATGGCACTT
TTTCCAATTCCACCCATTCCTA

AAACTCCGTGCCCAGTCAAACAGG

TATTTGATTGGCGTGGCAGAT
TGTGGGGCGTAGGATCGAGTCA
TTGTACGAAAGATAAAGATGC
TTTCCTGTTGGTGATGAGACTA
TTTGATACGAACCTGAATCGGC




Table S2. Details of miRNA-over expression construct.

Construct/

Primer1 (name and sequence,

Primer2 (name and sequence,

PCR fragments

miRNA name 5'-3") 5'-3")
pTVMIR157a/  SRNA34-47 5'- SRNA35-37 5'- GCGGCGGGATCCTTTTTTATTTTTTTCGGT
mir157a GCGGCGGGATCCTTTTTTATTT  GCGGCGGTCGACGAAGAGA CCTGAGAAATTAAATGGGCACTGGAAAATG
TTTTCGGTCCTGAGAAATTAAAT GGGATAGTTGACTGAAGG-3 TAAATTTAGGGTAAGGAGTATAGAGGAAGT
GG-3’ GGGCAAGAAAGGGTGATAATTGTTGACAG
AAGATAGAGAGCACTAATGATGATATGCTA
AGTAAATTTAGGGGCAAAAGCATCTCAATT
CATTTGTGCTCTCTATGCTTCTGTCATCAC
CTTCAGTCAACTATCCCTCTCTTCGTCGAC
CGCCGC
pTVMIR172a/ SRNA38-36 5'- SRNA39-39 5'- GCGGCGGGATCCGAGCATCATCAAGATTC
mir172a GCGGCGGGATCCGAGCATCAT GCGGCGGTCGACCTGCAGCA ACATAGCCTTTTTAGGGCTTTTTTGCCCTA
CAAGATTCACATAGC-3’ TCATCAAGATTCCCATATC-3’ TGGCTTATTGATATGGGAATCTTGATGATG
CTGCAGGTCGACCGCCGC
pTVMIR393a SRNA42-36 5'- SRNA43-34 5'- GCGGCGGGATCCTCCAAAGGGATCGCATT
/mir393a GCGGCGGGATCCTCCAAAGGG GCGGCGGTCGACAATCCGAA  GATCCTGTGTCCCAATTAGAGTCCAATGG
ATCGCATTGATCCTG-3’ GAGATCGCATGATC-3 GATCATGCGATCTCTTCGGATTGTCGACC
GCCGC
pTVMIR398/m  SRNA44-35 5'- SRNA45-35 5'- GCGGCGGGATCCAGTGAACATGGGAACAC
ir398 GCGGCGGGATCCAGTGAACAT  GCGGCGGTCGACAAGGGGT AGGTGCATTTGGGTATTTTTGTTTTGGCTA
GGGAACACAGGTGC-3 GACCTGAGAACACAAG-3’ AAATCTAAATGCACTTGTGTTCTCAGGTCA
CCCCTTGTCGACCGCCGC
pTVMIR399a/ SRNA50-33 5'- SRNA51-32 5'- GCGGCGGGATCCGGGTTTCTCTTTATTGG
mir399a GCGGCGGGATCCGGGTTTCTC  GCGGCGGTCGACCAGGGCA CATGCATTAACTTGGTGACTCTGTTTGATC

pTVMIR473/m
ir473

pTVMIRPN59/
mirPN59

TTTATTGGCATG-3’

SRNA48-35 5'-
GCGGCGGGATCCACTCTCCCT
CAAGGGCTTCTGGC-3’

SRNA40-33 5'-
GCGGCGGGATCCTGTGGGGCG
TAGGATCGAGTC-3’

ACTCTCCTTTGGC-3

SRNA49-36 5'-
GCGGCGGTCGACCCACTCTC
ACTCGAAAGACCTCTG-3’

SRNA41-34 5'-
GCGGCGGTCGACGATGTAAG
GAGTAGATCGAATG-3

ACAAATATTAGCTGACATGCCAAAGGAGAG
TTGCCCTGGTCGACCGCCGC

GCGGCGGGATCCACTCTCCCTCAAGGGCT
TCTGGCTTAAAATGCTTAATCTTTGGTTTGT
GTTAATGCCAGAGGTCTTTCGAGTGAGAG
TGGGTCGACCGCCGC
GCGGCGGGATCCTGTGGGGCGTAGGATC
GAGTCACATTCGATCTACTCCTTACATCGT
CGACCGCCGC




Table S3. Statistical details of parameters tested in Fig. 6.

Comparison Trait Test used DF F-Value P-Value
Over-expression One way ANOVA 19 4.85222 0.04088
miR156b-5p-EV Stalk length Two way repeated measures ANOVA 45 238.2439 8.80E-08
Capsule number Two way repeated measures ANOVA 18 27.773 5.14E-04
Blumenol C One way ANOVA 19 6.67508 0.01365
miR172-3p_1-EV Over-expression One way ANOVA 19 73.78256 8.77E-08
Stalk length Two way repeated measures ANOVA 63 233.9019 9.53E-08
Capsule number Two way repeated measures ANOVA 36 62.90177 2.37E-05
Blumenol C One way ANOVA 19 2.07952 0.16646
miR399a-3p_3-EV Over-expression One way ANOVA 18 37.59708 1.11E-05
Stalk length Two way repeated measures ANOVA 56 182.6053 8.63E-07
Capsule number Two way repeated measures ANOVA 36 57.44657 3.40E-05
Blumenol C One way ANOVA 18 6.52019 0.02056
miR393a-5p-EV Over-expression One way ANOVA 20 20.62659 2.23E-04
Stalk length Two way repeated measures ANOVA 54 154.9338 5.63E-07
Capsule number Two way repeated measures ANOVA 27 41.40241 1.20E-04
Blumenol C One way ANOVA 20 2.78598 0.05149
miR398-3p-EV Over-expression One way ANOVA 20 7.27142 0.0143
Stalk length Two way repeated measures ANOVA 54 174.8852 3.35E-07
Capsule number Two way repeated measures ANOVA 27 51.56824 5.19E-05
Blumenol C One way ANOVA 20 6.47517 0.01978
miR473-5p_2-EV Over-expression One way ANOVA 17 40.87557 8.90E-06
Stalk length Two way repeated measures ANOVA 45 171.2186 3.67E-07
Capsule number Two way repeated measures ANOVA 27 59.08345 3.04E-05
Blumenol C One way ANOVA 17 6.47561 0.01003
miRNat-R-PN59-
EV Over-expression One way ANOVA 17 6.1636 0.02451
Stalk length Two way repeated measures ANOVA 45 143.9884 7.70E-07
Capsule number Two way repeated measures ANOVA 27 54.14917 4.29E-05
Blumenol C One way ANOVA 17 7.67508 0.01365




Methods S1. Detailed description of the materials and the methods used in this

study.

Plant material and glasshouse growth conditions

Seeds of the 315t generation of an inbred N. attenuata Torr. Ex Watts wild-
type plant (WT), originally collected from southwestern Utah, USA were used for all
experiments. Two independent transgenic irAGO?7 lines (A-13-018-8-4 and A-13-
017-2-2) have been described previously and did not show any significant
differences among each other (Pradhan et al., 2017). Therefore, we randomly
selected line A-13-018-8-4 for the experiments presented here. Generation and
characterization of all the irAGO genotypes have been described in previous studies
(Pradhan et al., 2017; Pradhan et al., 2020). N. attenuata plants transformed with
empty vector construct (EV) do not show any significant differences from the WT in
ecologically relevant traits (Pandey and Baldwin, 2007; Schwachtje et al. 2008).
Hence, WT served as an appropriate control genotype against which to compare the
performance of irAGO lines (Pandey and Baldwin, 2007; Schwachtje et al., 2008;
Pradhan et al., 2017; Pradhan et al., 2020). Seeds from WT and all the transgenic
plants (rAGO17 [A-12-866-1-5], irAGO2 [A-12-845-2-8], irAGO4 [A-13-021-2-6],
irAGO7 [A-13-018-8-4], irAGO10 [A-13-025-6-7]) were germinated on Gamborg B5
medium as previously described (Krugel et al., 2002). Plants were grown and
maintained under a day/night cycle of 16 h (26 to 28°C)/8 h (22 to 24°C) and 45 to
55% humidity (Krugel et al., 2002; Halitschke et al., 2003; Onkokesung et al., 2012).

For the glasshouse experiments with AMF, plants were first transferred to
sand in Teku pots, and 10-12 days later into inactive (autoclaved twice at 121 °C for
30 min; non-inoculated controls) or living inoculum (R. irregularis, Biomyc Vital,
www.biomyc.de, inoculated plants), diluted 1:10 with expanded clay (size: 2-4 mm).
Plants were watered with distilled water for the first day of pot transfer and then
fertilized every second day with a low phosphate (P) hydroponic solution (Groten et
al., 2015) containing 1/10 of the regular inorganic P concentration during rosette
stage growth, and starting with the elongation stage with 1/4 P concentration (Wang
et al., 2017). One L of regular hydroponic solution (full strength) contained 0.1292 g
CaS042H:0, 0.1232 g MgSOs4, 0.0479 g K2HPO4, 0.0306 g KH2PO4, 2 mL KNO3
(1M), 0.5 mL micronutrient, 0.5 mL Fe diethylene triamine penta-acetic acid (Groten
et al., 2015).



For experiments presented in Fig. 2a, all plants were grown in standard soil
conditions, in 1 L pots without competition (Krtgel et al., 2002). Plant performance in
terms of rosette diameter, chlorophyll content, stalk length, total capsule number,
and shoot and root fresh mass, were recorded at several time points. For
experiments presented in Fig. 2b and onward, plants were subjected to resource-
limited conditions by growing them in initially size-matched pairs in 2 L pots, in
expanded clay with AMF inoculum and low-P as described above. A WT plant was
always paired with an irAGO7 size-matched plant in the same pot to allow the two
genotypes to compete for resources as previously described (Pandey et al., 2008b).
During sample harvests, roots were carefully washed, briefly dried with a paper
towel, cut into approximately 1 cm long pieces and mixed. An aliquot was stored in
root storage solution (99% ethanol and 60% acetic acid, 3:1, v:v) at 4°C for
microscopic analysis, while the remaining root material was immediately frozen in

liquid nitrogen and stored at -80°C for future use.

Blumenol analysis and microscopic observations for estimating host-AMF
interaction

11-Carboxyblumenol-C-glucoside is a reliable quantitative marker for root
colonization of AMF (Wang et al., 2018b). For the quantification of 11-
carboxyblumenol-C-glucoside contents, weighed leaf samples were aliquoted into
reaction tubes, containing two steel balls. For 100 mg plant tissues, approximately 1
mL 80% MeOH was added to the samples, and shaken in a GenoGrinder 2000
(SPEX SamplePrep) for 60 s at 1150 strokes min~". After centrifugation, the
supernatant was collected and analyzed with a ultra-high performance liquid
chromatography (UHPLC), using a Dionex UltiMate 3000 rapid separation LC
system (Thermo Fisher) as described in detail previously (Wang et al., 2018Db).

To determine the fungal colonization rates and mycorrhizal structures, root
samples were stained and analyzed by microscopy. Roots were first washed with
distilled water and then boiled in a 2% (w/v) KOH solution for 5 min. After rinsing with
water, the roots were boiled in 2% HCI solution for 5 min, rinsed with water and
subsequently stained with Trypan blue as previously described (Brundrett et al.,
1984; McGonigle et al., 1990) to visualize mycorrhizal structures. For the
quantification of mycorrhizal colonization, 10 root fragments, each about 1 cm long,
were stained with either Trypan blue and mounted on a slide. Approximately 150



view fields per slide were surveyed with an Axioskop/Zeiss Imager.Z1 in 200x
magnification; visible structures were classified into three groups: arbuscules,
vesicles and hyphae as described in McGonigle et al. (1990). Additionally,
mycorrhizal roots and fungal structures were stained by using WGA-fluorescein
(WGA-FITC; Rech et al., 2013). The staining was conducted on samples collected at
a time-point of 6-weeks after inoculation. The roots were treated with 10% KOH for
45 min at 90 °C and neutralized with 1% HCI at room temperature. After three
washes with 1X PBS, roots were submerged in staining solution (5ug ml~" WGA-
Fluorescein in 1 X PBS) overnight at 4°C. These were washed (1X PBS) and
analyzed under a Leica TCS SP5 (DM5000) confocal microscope (http://www.leica-

microsystems.com/). The data was analyzed as described in Trouvelot et al. (1986).

RNA extraction and quantitative real time PCR and miRNA target identification
To analyze miRNA accumulation and gene expression, approximately 200 mg
of powdered root sample was used for RNA extraction. Total RNA was extracted
from the root samples using the lithium chloride method as previously described by
Kistner & Matamoros (2005) and adapted to N. attenuata (Pradhan et al., 2017).
To quantify miRNA transcript abundance, a total of 1 pg of total RNA was

converted to cDNA according to the manufacturer’s instruction (www.qiagen.com).

Real-time gPCR was performed on a Mx3005P qPCR system (Stratagene, Santa
Clara, CA, USA; http://www.stratagene.com). gPCR was performed with the help of
miScript SYBR Green PCR kit, following the manufacturer’s protocol. gPCR assays
were performed using the specific miRNA sequences from Pandey et al. (2018). A
total of 10 ng of cDNA was used to detect miRNA in each sample. 5S rRNA gene
was used for normalization of microRNA transcript abundances by real-time reverse
transcription (RT) PCR. The 224°T method was used for data analysis (Bubner &
Baldwin, 2004). Details of miRNA locations, origin, orientation, conservation and
putative targets have been presented in Pandey et al. (2018).

For mRNA quantification, RT was performed using oligo (dT) and Superscript
Il reverse transcriptase according to the manufacturer’s instruction
(www.invitrogen.com). Real-time gPCR with the help of gPCR core kit for Taykon™
SYBR master mix, (Eurogentec), following the manufacturer’s protocol. gPCR
assays were performed using gene-specific primers (designed with the help of
Primer Express software v 3.0.1; http://www.appliedbiosystems.com) on cDNA




templates corresponding to 50 ng total RNA before reverse-transcription. The N.
attenuata sulfite reductase (ECI), a housekeeping gene, was used as an
endogenous reference (Bubner & Baldwin, 2004; Bubner et al., 2004). The 2-24CT
method was used for data analysis (Bubner et al., 2004). For determining relative
transcript abundances, levels corresponding to time point O hpi (hours post
inoculation; controls) were set to 1 (as reference) to standardize relative transcript
abundances at various time points (Bubner & Baldwin, 2004; Pandey & Baldwin,
2007; Bozorov et al., 2012). N. attenuata plants, when grown under P-limited
conditions without AMF, are severely stressed, their vegetative growth phase is
extremely shortened, and they produce only a few capsules. These developmentally-
accelerated and stressed plants do not serve as suitable controls and we used the
values at 0 hpi to normalize abundances. Here, all plants of both the genotypes were
developmentally matched.

Targets of mMiRNAs were chosen from a previous study that identified them
during plant-AMF interaction in N. aftenuata (Pandey et al., 2018). miRNA-mRNA
interactions were investigated and a network was constructed according to the
protocol previously published (Pandey et al., 2019), and applied to study AGO-
mediated miRNA's role in other host-environmental interactions (Pradhan et al.,
2017; Pradhan et al., 2020).

A list of sequences of all the primers (genes and miRNAs) used in the study is
provided in Table S1.

Field experiments

All field experiments were conducted at the Lytle Ranch Preserve, located in
the Great Basin Desert of Southwestern Utah, USA (latitude 37.146, longitude
114.020) in two consecutive years: 2018 and 2019. The release of transgenic plants
was conducted under APHIS importation and release permits (18-054-101r and 18-
282-103r). Seeds were germinated directly on borax-soaked Jiffy 703 pots
(AlwaysGrows), which were planted into the field plot 3 to 4 weeks later. 10-15 pairs
of size-matched seedlings of WT and irAGO7 (A-13-018-8-4) genotypes were
planted. Plants in a pair were planted 20-30 cm apart in a quadrant design
surrounding a centrally located irrigation dripper; quadrants were randomized over
the field plot to avoid any spatial variation in the diversity of root-associated microbial
communities that remained after the field plots had been deep plowed and harrowed



in six directions to randomize the soil conditions across the plot. Rosette diameters
were measured one week onwards; as 3 weeks after transplanting, the plants started
to elongate, measurements of the stalk length, flower number and the initiation of
capsule set was quantified at regular weekly intervals until 7-8 weeks after
transplantation. Herbivory was estimated as the percentage of total plant canopy
area of WT and irAGOY plants damaged at 4 and 8 weeks. Susceptibility of plants to
natural pathogens was quantified by monitoring mortality as previously described
(Pradhan et al., 2020). Experiments were terminated after 8 weeks (when the plants
started to produce seed capsules) by uprooting the plants. All seed capsules were
removed before they matured to meet the regulatory requirements. Total flower
counts were used for fitness estimates, and total biomass values were estimated by
carefully excavating roots from the soil, separating shoots from roots, which were
washed with water. After air drying, the cleaned roots and shoots were weighed.

Statistical analysis

Data were analyzed using OriginLab 2016 software. All the fitness-related
parameters (rosette diameters, stalk lengths, fresh and dry biomass, and total flower
number (field), and seed capsules produced from the competition experiments were
analyzed using paired T-tests; gene expression and miRNA expression data were

analyzed by ANOVA (one-way and repeated measures wherever applicable).

Transient over-expression of Na-miRNAs

N. attenuata miRNAs were transiently over-expressed. We needed a system
where specific miRNAs were over-expressed throughout the duration of colonization
(up to 8 weeks). Further, we needed a setup that could systemically transit the
miRNA signal to the plant’s roots and could be high-throughput so that we could
examine the biological function of several miRNAs. Most importantly, we did not
want the over-expression of miRNAs to interfere with seed germination, development
and differentiation of roots. We found that using an approach that was similar to
VIGS technology (using a viral vector, pTV0O0, based on the Tobacco Rattle Virus;
Ratcliff et al., 2001; Saedler & Baldwin, 2004) was able to address the above-
mentioned requirements. We found that the over-expression of miRNAs continued
through 6-8 weeks of the study period. To minimize the possibility of generating a
series of small RNAs from the miRNA-backbone, we had exposed the miRNA



backbone sequence (the sequence present in the pTVMIR construct) to both the
SGN VIGS tool (Fernandez-Pozo et al., 2015) and a BLAST search against the
complete transcriptome of N. attenuata. The analysis did not return any small RNAs
(>18 nt) from the input sequences and we inferred that the approach led to the ‘in
planta expression of specific miRNAs’.

Vector construction involved the following steps. Genomic DNA (gDNA) was
isolated from leaves of one rosette stage N. attenuata plant (genotype Utah 30x,
SAMNO04590212) by a modified cetyltrimethylammonium bromide method (Bubner et
al., 2004). The pre-microRNA genes were PCR amplified from gDNA of N. attenuata
using Phusion DNA Polymerase (www.thermofisher.com) according to the
instructions of the manufacturer. The obtained PCR fragments (68 bp to 245 bp)
were cloned as BamHI| — Sall fragments in vector pTV0O (Ratcliff et al., 2001) cut
with the same enzymes. The sequences of the PCR primers and PCR fragments
used for the indicated constructs and microRNAs are provided in Table S2.

Using electroporation, Agrobacterium tumefaciens GV3101 was transformed
with the constructs and syringe-infiltrated into leaves. Empty vector- (EV) constructs
were used as controls, and 10 biological replicates (plants) were independently
inoculated with each construct. Plants were grown in sand pots; fourteen days after
transformation, plants were transferred to 10% AMF inoculum as described earlier
(Groten et al., 2015). Plants over-expressing individual miRNAs and the
corresponding EV controls were grown each in 1L pots in a growth chamber under
P-limited conditions with AMF as described above for 6-8 weeks; growth, and fitness
parameters were recorded weekly until harvest; AMF colonization was monitored at
6 and 8-weeks by analyzing blumenol-C contents as described above. Over-
expression was quantified in individual plants with the miRNA gPCR assays as
described above.
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