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1. Introduction

It was hoped that additional insight into the changes in microbial communities as-
sociated with cold acclimation would be revealed by an investigation of the functional
microbiomes of CA Brachypodium. The following includes the preliminary investigation
of this effort, and is followed by supplemental photos, figures and tables in support of
manuscript published in a special issue of Plants. Finally, additional figures and tables
have been included to support the preliminary functional analysis (with Tables and Fig-
ures numbered according to the order of mention in the primary manuscript).

2. Materials and Methods
2.1 Functional classification

Paired end quality controlled and decontaminated reads output by Sunbeam were
concatenated using the command “cat sample_R1.fq sample_R2.fq > merged_sample.fq” and
input into HUMAnN (Version 3.0.0) [38] running MetaPhlan (Version 3.0) [39], Bowtie2
(Version 2.4.4) [40], DIAMOND (Version 2.0.11), and SAMtools (Version 1.13) [41,42]. Se-
quences were processed using the default UniRef90 database and the following parame-
ters for MetaPhlAn: --stat_q 0, --bt2_ps very-sensitive-local; the following parameters for
HUMAAaN 3: --nucleotide-subject-coverage-threshold 5.0, --translated-subject-coverage-threshold
5.0; and the following parameters for and Bowtie 2: -D 20 -R 3 -N 1 -L 20 -i 5,1,0.50 --local.

Gene families were regrouped and renamed to the uniref90_Pfam database using the
humann_regroup_table and humann_rename_table commands. Special features including un-
grouped genes and unintegrated pathways were retained by skipping normalization in
favour of downstream normalization by MaAsLin2 (Version 1.6.0) [43]. The final renamed
gene family and unnormalized pathway abundance tables were joined using the hu-
mann_join_table command and split into the stratified and unstratified tables using the
humann_split_table command, the latter of which was used for differential abundance test-
ing. Standard HUMANN3 MetaCyc assigned metabolic pathways were used for analysis
and were assigned classes based on the respective associated MetaCyc pathway super-
classes. All scripts can be found in File S1.

2.2 Statistical analysis

To find differentially abundant gene families and functional pathways between con-
ditions, MaAsLin2 was used. Raw, unnormalized abundance reads per kilobase (RPK)
HUMANNS3 outputs for Pfam regrouped and renamed gene families and MetaCyc reac-
tion pathways were input into MaAsLin2 and MaAsLin2 native total sum scaling normal-
ization method was used for normalization. MaAsLin2 was used with default parameters
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following a linear model (LM) analysis with log-transformation (LOG), total sum scaling
(TSS), without standardization, and post-test correction using the Benjamini-Hochberg
method. MaAsLin2 output log-fold change coefficients were converted to log2 fold-
changes. MaAsLin2 outputs were parsed to remove any low abundant gene families
(<0.01%) and pathways (<0.001%) from differential abundance results.

3. Results
3.1 Functional microbiome

Gene families that were identified according to the UniRef90 database and regrouped
according to most gene features (~70% of all gene families in all samples) were compared
to other databases (KEGG Orthogroups, Gene Ontology, Level-4 enzyme commission cat-
egories, and EggNOG). A total of 9,002 and 3,967 unstratified Pfam domains were found
across all rhizosphere and leaf samples taken from both conditions, respectively. How-
ever, an average of only 11,165 and 28,494 reads were classified for gene families for NA
and CA samples, respectively. Thus, low reads cautioned further analysis and interpreta-
tion of the cold-association functional leaf microbiome.

The most abundant genes in the rhizosphere samples found by pruning the top 50
gene family features (Figure S7A) were an ABC transporter (PF0005), a transport system
protein (PF00528), and regulator proteins of the tetR family (PF00440). Likewise, the leaf
microbiome abundant gene sequences (Figure S7B) included a Photosystem II reaction
centre X protein (PsbX) (PF06596), an ABC transporter (PF0005), and a reverse transcrip-
tase (PF00078). These top abundant gene families in the leaf and rhizosphere microbiomes
likely can be attributed to housekeeping genes shared by many of the microbes. Other
gene families identified in the CA leaf microbiome include stress responsive and patho-
genicity related proteins such as a thioredoxin (PF00085), HSP90 (PF02518), and a patho-
genicity modulator toxin/antitoxin protein (PF15919).

A total of 557 and 169 MetaCyc pathways from rhizosphere and leaf samples, respec-
tively, were identified by HUMANNS3. The most abundant pathways in rhizosphere sam-
ples (Figure S8) were involved in the biosynthesis of purine nucleotides and amino acids
suggesting active anabolism (adenosine (PWY-7220) and guanosine (PWY-7222) deoxyri-
bonucleotide de novo biosynthesis II, and L-isoleucine biosynthesis I (ILEUSYN-PWY)).
The most abundant pathways in leaves (Figure 59) were suggestive of anaerobic metabo-
lism (biosynthesis of the fatty acid, gondoate (PWY-7663), 5-aminoimidazole ribonucleo-
tide biosynthesis II (PWY-6122), and pyruvate fermentation to isobutanol (PWY-7111).
Many of the other abundant MetaCyc pathways detected in the CA leaf microbiome were
involved in biosynthesis, including biosynthesis of amino acids (13), nucleoside and nu-
cleotides (11), precursor metabolites and energy (7), cell wall (4), secondary metabolites
(isoprene and terpenoid (3), sugars (2), cofactor, carrier, and vitamins (2) and one each in
inorganic nutrient metabolism (sulfur), carbohydrate (starch) degradation, and fatty acid
and lipid biosynthesis. Differential abundance testing on gene families and pathways
were performed as described using MaAsLin2. However, due to low read counts breeding
cautionary results, they were omitted.

4. Discussion

In addition to typical taxonomic analyses canonical of microbiome investigations, the
use of metagenomics allows for the functional characterization of the microbiome and as-
sociated shifts under conditional changes. However, low read counts require caution. In
analysis of our shotgun metagenomics data, we noted an abundance of reads mapping to
biosynthesis of the cryoprotectant amino acid proline from arginine. As well, additional
pathways found involve the biosynthesis of arginine from ornithine and the acetyl cycle.
Brachypodium is also known to accumulate compatible solutes including proline, so micro-
biome production could supplement and aid cold tolerance both in the microbes and in
the plant itself [1,6,87].
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Isoprene biosynthesis via the methylerythritol pathway was also found in the CA leaf
microbiomes. Isoprene is the most abundant volatile compound on Earth produced
mainly by plants as a thermoregulator to protect against solar heat exposure and oxidative
stress and repels microbe-grazing springtails [88-93]. There is even evidence that isoprene
may stabilize membranes which is an important outcome of cold acclimation and cold
tolerance [94]. Bacteria have also been shown to produce isoprene with production in-
creasing under oxidative, salt, and low temperature stress [93,95,96]. Brachypodium micro-
biome production of isoprene likely also contributes to plant cold tolerance.

The assessment of cold-associated individual gene families also revealed stress-re-
lated proteins. Similar to the CA plasma membrane proteome of Brachypodium, proteins
involved in additional stress responses such as oxidative stress and pathogen stress were
detected in the CA leaf microbiome [6]. These results demonstrate stress-pathway cross-
talk induced by cold stress in the microbiome as well as the plasma membrane proteome.

This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.
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Table S1. DNA, final library concentration, and average library size. An asterisk (*) denotes microbial enriched DNA
following the depletion of eukaryotic DNA as described.

Sample ID DNA concentration Final libr.ary DNA con- Aver.age Library
(ng/uL) centration (ng/pL) size (bp)
CA-leaf-1 2.3* 15.40 608
CA-leaf-2 2.4* 10.60 608
CA-leaf-3 2.5* 16.50 646
NA-leaf-1 3.5* 14.60 606
NA-leaf-2 2.6* 16.10 606
NA-leaf-3 3.5* 9.9 648
CA-rhizo-1 102.0 11.1 717
CA-rhizo-2 116.0 16.9 639
CA-rhizo-3 79.4 7.9 603
NA-rhizo-1 15.5 9.7 600
NA-rhizo-2 65.8 15.5 624

NA-rhizo-3 53.2 14.5 651
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Table §2. Summary of quality control and preprocessing of metagenomic reads from shotgun sequencing.
Sample Raw Reads (%) Reads Surviving QC  Reads Surv'ivin.g Host De- Reads Classified by
(%) contamination (%) Kraken2 (%)
CA Leaf 1 9409953 (100%) 8496666 (90.3%) 104356 (1.2%) 16126 (15.5%)
CA Leaf2 9830288 (100%) 8967385 (91.2%) 109563 (1.2%) 11846 (10.8%)
CALeaf3 9137115 (100%) 8270119 (90.5%) 93053 (1.1%) 8461 (9.1%)
NA Leaf 1 10047365 (100%) 9153699 (91.1%) 89410 (1.0%) 5353 (6.0%)
NA Leaf 2 7366660 (100%) 6692997 (90.9%) 61243 (0.9%) 2429 (4.0%)
NA Leaf 3 12393210 (100%) 11269580 (90.9%) 105675 (0.9%) 4696 (4.4%)
CA Rhizo 1 12020385 (100%) 9794561 (81.5%) 9786516 (99.9%) 5404533 (55.2%)
CA Rhizo 2 10849901 (100%) 8944484 (82.4%) 8928456 (99.8%) 5113964 (57.3%)
CA Rhizo 3 11008698 (100%) 9059067 (82.3%) 9028296 (99.7%) 5082933 (56.3%)
NA Rhizo 1 11110691 (100%) 9219665 (83.0%) 9189501 (99.7%) 4500836 (49.0%)
NA Rhizo 2 10571458 (100%) 8425259 (79.7%) 8382652 (99.5%) 4719643 (56.3%)
NA Rhizo 3 13198619 (100%) 10680547 (80.9%) 10651966 (99.7%) 5904533 (55.4%)
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Table S3. Summary of the top ten average relative abundant taxa, ordered from the greatest to the least, for rhizosphere
samples showing average relative abundance for each non-acclimated and cold-acclimated conditions of shotgun, 16S,

and ITS sequencing.
16S ITS

Shotgun

Non-acclimated

Cold-acclimated

Non-acclimated

Cold-acclimated

Non-acclimated

Cold-acclimated

Streptomyces sp. M2 Streptomyces sp. M2 Streptomyces Streptomyces
Ascomycota (32.5%)  Apiotrichum (31.3%)
(32.5%) (32.8%) (23.5%) (29.3%)
Actinocatenispora sera Actinocatenispora sera Rhodanobacter Actinocatenispora
Apiotrichum (29.6%)  Ascomycota (30.2%)
(5.7%) (7.3%) (7.3%) (12.9%)
Actinocatenispora Actinocatenispora Actinocaten- Rhodanobacter Phialemonium Phialemonium
thailandica (3.6%) thailandica (4.9%) ispora (6.7%) (6.9%) (21.8%) (13.0%)
Rhodanobacter denitrifi- Rhodanobacter denitrifi- ~ Micropepsaceae Micropepsaceae
Penicillium (6%) Candida (10.4%)
cans (1.5%) cans (1.2%) (5.2%) (3.7%)
Rhodanobacter sp. Rhodanobacter sp. Actinomadura Chitinophagaceae
Candida (3.4%) Penicillium (3.3%)
FDAARGOS 1247 (1.2%)  FDAARGOS 1247 (1.0%) (2.8%) (2.7%)
Mycobacterium colom- Mycobacterium colom- Rhizobiaceae Actinomadura
Oidiodendron (3%) Trichoderma (2.7%)
biense (0.8%) biense (0.9%) (2.6%) (2.2%)
Mycobacterium mante- Mycobacterium mante- Chitinophaga- Rhizobiaceae
Trichoderma (1.1%) Fusarium (2.4%)
nii (0.7%) nii (0.9%) ceae (2.5%) (2.2%)
Streptomyces sp. SN-593  Streptomyces sp. SN-593 Xanthobacter- Xanthobacteraceae Chrysosporium Pseudogymnoascus
(0.6%) (0.7%) aceae (2.3%) (1.9%) (0.7%) (1.8%)
Rhodanobacter glycinis Arachidicoccus Arachidicoccus Chrysosporium
Kribbella flavida (0.6%) Fusarium (0.6%)
(0.5%) (1.7%) (1.8%) (1.5%)
Kribbella gitaiheensis Rhodopirellula Rhodopirellula Unidentified Fungi
Kribbella flavida (0.5%) Eurotiales (0.3%)
(0.4%) (0.5%) (1.8%) (0.8%)
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Table S4. Summary of the top ten average relative abundant taxa, ordered from the greatest to the least, for leaf samples
showing average relative abundance for each non-acclimated and cold-acclimated conditions of shotgun, 16S, and ITS

sequencing.

Shotgun

16S

ITS

Non-acclimated

Cold-acclimated

Non-acclimated

Cold-acclimated

Non-acclimated

Cold-acclimated

Microcystis aeruginosa Microcystis aeruginosa Pseudomonas Solimonas Goidanichiella
Aspergillus (46.1%)
(12.1%) (27.4%) (21.0%) (19.5%) (28.8%)
Pseudomonas syringae Streptomyces sp. M2 Rhodococcus Rhodanobacter Phialemonium
Fusarium (17.5%)
(8.2%) (15.1%) (14.9%) (14.8%) (17.5%)
Candidatus Liberibacter Candidatus Liberibacter =~ Rhodanobacter Streptomyces
Aspergillus (13.8%) Polyporales (15.7%)
africanus (7.4%) africanus (4.3%) (9.9%) (14.3%)
Rhodococcus gingshengii ~ Rhodanobacter glycinis Streptomyces Nocardioides Unidentified Fungi
Penicillium (9.3%)
(5.0%) (4.0%) (7.9%) (5.7%) (12.4%)
Klebsiella pneumoniae Aeromonas caviae Solimonas Nocardioidaceae
Fusicolla (7.9%) Cyberlindnera (4.4%)
(4.9%) (3.3%) (6.2%) (5.1%)
Microcystis viridis Xanthobacter- Arachidicoccus Saccharomyces
Salmonella enterica (4.6%) Antrodia (4.4%)
(3.0%) aceae (3.0%) (4.8%) (4.8%)
Streptomyces sp. M2 Microcystis sp. MC19 Nocardioides Unidentified Fungi
Taibaiella (2.1%) Exophiala (3.6%)
(4.4%) (2.9%) (2.8%) (1.5%)
Methylobacte-
Parvularcula bermudensis Salmonella enterica Actinocaten- Steccherinaceae
rium-Methylo- Polyporales (3.5%)
(4.1%) (2.7%) ispora (1.9%) (0.6%)
rubrum (1.9%)
Staphylococcus aureus Parvularcula bermuden- Rhizobiaceae Actinocaten-
Fusarium (3.4%) Cephaloascus (0.4%)
(4.0%) sis (2.4%) (1.8%) ispora (1.8%)
Terasakiella sp. SH-1 Actinocatenispora sera
Ralstonia (1.4%) Ralstonia (1.6%)  Phanerochaete (2.3%)  Ascomycota (0.04%)

(2.9%)

(2.2%)
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Figure S1. Bulk soil collection from a farm field north of Sydenham, Ontario, Canada (44° 24’ 26” N, 76° 36" 1” W). The
field (A) contained monocot grasses including Dactylis, Bromus, and Phleum that had not been fertilized or plowed in 26
years. Soil was taken using sterilized tools from the (B) active layer (3-7 cm deep).
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Figure S2. Representative three-week-old Brachypodium distachyon (inbred line ecotype Bd21) photographed at the time
of use for (A) cold-acclimation and (B) non-acclimated leaf tissue and rhizosphere samples.
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Figure S3. Image showing an example of the tightly bound root soil still attached to the plant but after shaking from
the root. This soil was used for DNA extraction as described in the main text Materials and Methods, which then repre-
sented rhizosphere samples.
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Figure S4. Read statistics of the shotgun sequencing processing for averages of the cold-acclimated and non-acclimated
leaf and rhizosphere samples: (A) Quality control pre-processing of reads showing ratio of reads discarded to reads
surviving the quality control process, (B) Ratio of host-contaminating reads using the Brachypodium distachyon genome
and related grass mitochondria determined by subjecting the sequences to the BLAST algorithm (see Methods) in order
to quality control reads and distinguish them from non-host reads, and (C) Ratio of the reads classified to the reads
unclassified by the custom Kraken2 database.
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Figure S5. Principal coordinate analysis plots comparing the taxonomic communities from amplicon sequencing blank kit controls
to corresponding samples extracted using the kit and subject to the same sequencing and processing pipeline: (A) 16S rRNA leaf taxa
and blank kit using DNEasy Plant Pro Kits, (B) ITS leaf taxa and blank kit using DNEasy Plant Pro Kits, (C) 16S rRNA leaf taxa and
blank kit using DNEasy PowerSoil Pro Kits, and (D) ITS leaf taxa and blank kit using DNEasy PowerSoil Pro Kits. Pairwise PER-
MANOVAs were conducted between conditions with significance noted.
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Figure S6. Correlation plots comparing shotgun sequencing to amplicon sequencing (showing shotgun vs. 165 rRNA
and ITS in blue and yellow, respectively), results under both non-acclimated and cold-acclimated conditions in the leaf
and rhizosphere samples at the genus level with linear regression lines and R? values shown. (A) Comparison of non-
acclimated genera in the rhizosphere. (B) Comparison of the cold-acclimated genera in the rhizosphere. (C) Comparison
of the non-acclimated genera in the leaf. (D) Comparison of the cold-acclimated genera in the leaf. Only genera found

present in both sample sets were included.
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A PF00009: Elongation factor Tu GTP binding domain -
PF12833: Helix-turn-helix domain -
PF00561: alpha/beta hydrolase fold -
PF13581: Histidine kinase-like ATPase domain -
PF00356: Bacterial regulatory proteins, lacl family -
PF00512: His Kinase A (phospho-acceptor) domain -
PF02653: Branched-chain amino acid transport system / permease component -
PF00378: Enoyl-CoA hydratase/isomerase -
PF00155: Aminotransferase class | and Il -
PF12802: MarR family -
PF04149: Domain of unknown function (DUF397) -
PF04055: Radical SAM superfamily -
PF00468: Ribosomal protein L34 -
PF01037: Lrp/AsnC ligand binding domain -
PF07687: Peptidase dimerisation domain -
PF01546: Peptidase family M20/M25/M40 -
PF07715: TonB-dependent Receptor Plug Domain -
PF00248: Aldo/keto reductase family -
PF00126: Bacterial regulatory helix-turn-helix protein, lysR family -
PF07992: Pyridine nucleotide-disulphide oxidoreductase =
PF08213: Mitochondrial domain of unknown function (DUF1713) - Average Relative
PF03466: LysR substrate binding domain - Abundance
PF00107: Zinc-binding dehydrogenase -
PF00903: Glyoxalase/Bleomycin resistance protein/Dioxygenase superfamily -
PF00296: Luciferase-like monooxygenase -
PF00293: NUDIX domain -
PF11800: Replication protein C C-terminal region -
PF03428: Replication protein C N-terminal domain - 0.01
PF00583: Acetyltransferase (GNAT) family -
PF00171: Aldehyde dehydrogenase family -
PF13193: AMP-binding enzyme C-terminal domain -
PF00486: Transcriptional regulatory protein, C terminal -
PF02770: Acyl-CoA dehydrogenase, middle domain -
PF08281: Sigma-70, region 4 -
PF02771: Acyl-CoA dehydrogenase, N-terminal domain -
PF08240: Alcohol dehydrogenase GroES-like domain -
PF00106: short chain dehydrogenase -
PF00196: Bacterial regulatory proteins, luxR family -
PF00441: Acyl-CoA dehydrogenase, C-terminal domain -
PF00501: AMP-binding enzyme -
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PF13397: RNA polymerase-binding protein -
PF00444: Ribosomal protein L36 -
PF02518: Histidine kinase-, DNA gyrase B-, and HSP90-like ATPase -
PF04542: Sigma-70 region 2 -
PF07690: Major Facilitator Superfamily -
PF00072: Response regulator receiver domain -
PF00440: Bacterial regulatory proteins, tetR family -
PF00528: Binding-protein-dependent transport system inner membrane component -
PF00005: ABC transporter - I
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PF00107: Zinc-binding dehydrogenase -

PF01632: Ribosomal protein L35 -

PF00392: Bacterial regulatory proteins, gntR family -

PF00126: Bacterial regulatory helix-turn-helix protein, lysR family -
PF11967: Recombination protein O N terminal -

PF00313: 'Cold-shock' DNA-binding domain -

PF13193: AMP-binding enzyme C-terminal domain -

PF00535: Glycosyl transferase family 2 -

PF03466: LysR substrate binding domain -

PF01385: Probable transposase -

PF08240: Alcohol dehydrogenase GroES-like domain -

PF08281: Sigma-70, region 4 -

PF14690: zinc-finger of transposase 1S204/IS1001/1IS1096/1S1165 -
PF04055: Radical SAM superfamily -

PF07992: Pyridine nucleotide-disulphide oxidoreductase -
PF00903: Glyoxalase/Bleomycin resistance protein/Dioxygenase superfamily -
PF02770: Acyl-CoA dehydrogenase, middle domain -

PF01724: Domain of unknown function DUF29 -

PF07282: Putative transposase DNA-binding domain -

PF02771: Acyl-CoA dehydrogenase, N-terminal domain -

PF00196: Bacterial regulatory proteins, luxR family - Average Relative
PF00106: short chain dehydrogenase - Abundance

PF00069: Protein kinase domain -
PF00441: Acyl-CoA dehydrogenase, C-terminal domain -

PF13358: DDE superfamily endonuclease - I 0.015
PF01610: Transposase -

PF01850: PIN domain - 2010

PF02518: Histidine kinase-, DNA gyrase B-, and HSP90-like ATPase - 0.005

PF07690: Major Facilitator Superfamily -

PF04079: Segregation and condensation complex subunit ScpB -
PF01609: Transposase DDE domain -

PF04542: Sigma-70 region 2 -

PF00501: AMP-binding enzyme -

PF06114: Domain of unknown function (DUF955) -

PF03732: Retrotransposon gag protein -

PF05685: Putative restriction endonuclease -

PF03317: ELF protein -

PF00440: Bacterial regulatory proteins, tetR family -

PF00665: Integrase core domain -

PF00072: Response regulator receiver domain -

PF00078: Reverse transcriptase (RNA-dependent DNA polymerase) -
PF00528: Binding-protein-dependent transport system inner membrane component -
PF00796: Photosystem | reaction centre subunit VIII -

PF03143: Elongation factor Tu C-terminal domain -

PF12049: Protein of unknown function (DUF3531) -

PF03144: Elongation factor Tu domain 2 -

PF00009: Elongation factor Tu GTP binding domain -

PF00005: ABC transporter -

PF06596: Photosystem Il reaction centre X protein (PsbX
PF08213: Mitochondrial domain of unknown function (DUF1713

1
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Figure S7. Heatmaps made using ggplot2 showing the average relative abundance of the top 50 most abundant Pfam
domains in cold-acclimated and non-acclimated (A) rhizosphere samples and (B) leaf samples, determined using the
prune_taxa function from the phyloseq R package.
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PANTO-PWY: phosphopantothenate biosynthesis | -

PWY-7664: oleate biosynthesis IV (anaerobic) -
DAPLYSINESYN-PWY: L-lysine biosynthesis | -
UDPNAGSYN-PWY: UDP-N-acetyl-D-glucosamine biosynthesis | -
PWY-1042: glycolysis IV -

PWY-7234: inosine-5'-phosphate biosynthesis Ill -

PWY-5097: L-lysine biosynthesis VI -

FASYN-ELONG-PWY: fatty acid elongation -- saturated -
PWY0-162: superpathway of pyrimidine ribonucleotides de novo biosynthesis -
PWY-5686: UMP biosynthesis | -

PWY-6609: adenine and adenosine salvage Il -

PWY-6123: inosine-5'-phosphate biosynthesis | -

1CMET2-PWY: folate transformations Il (E. coli) -
ANAGLYCOLYSIS-PWY: glycolysis Il (from glucose) -
GLUTORN-PWY: L-ornithine biosynthesis | -

PWY-6124: inosine-5'-phosphate biosynthesis Il -

PWY-6121: 5-aminoimidazole ribonucleotide biosynthesis | -
PWY-2942: L-lysine biosynthesis Il -

PWY-3001: superpathway of L-isoleucine biosynthesis | -
PWY-7400: L-arginine biosynthesis IV (archaebacteria) -

ARGSYN-PWY: L-arginine biosynthesis | (via L-ornithine) - Average Relative
SER-GLYSYN-PWY: superpathway of L-serine and glycine biosynthesis | - Abundance

ARGSYNBSUB-PWY: L-arginine biosynthesis Il (acetyl cycle) - 0.014

PWY-6969: TCA cycle V (2-oxoglutarate synthase) -
HISTSYN-PWY: L-histidine biosynthesis - 0.012

PWY66-409: superpathway of purine nucleotide salvage -
SO4ASSIM-PWY: assimilatory sulfate reduction | - 0.010

PWY-6277: superpathway of 5-aminoimidazole ribonucleotide biosynthesis -
PWY-6122: 5-aminoimidazole ribonucleotide biosynthesis Il - 0.008

PWY-841: superpathway of purine nucleotides de novo biosynthesis | -
NONOXIPENT-PWY: pentose phosphate pathway (non-oxidative branch) | -
PWY-5973: cis-vaccenate biosynthesis -
PWY-5690: TCA cycle Il (plants and fungi) -
PWY-3841: folate transformations Il (plants) -
PWY-7663: gondoate biosynthesis (anaerobic) -
PWY-6125: superpathway of guanosine nucleotides de novo biosynthesis Il -
PWY-7219: adenosine ribonucleotides de novo biosynthesis -
PWY-7208: superpathway of pyrimidine nucleobases salvage -
PWY-7221: guanosine ribonucleotides de novo biosynthesis -
PWY-7229: superpathway of adenosine nucleotides de novo biosynthesis | -
PWY-6126: superpathway of adenosine nucleotides de novo biosynthesis Il -
TCA: TCA cycle | (prokaryotic) -
PWY-5103: L-isoleucine biosynthesis Il - |
PWY-7228: superpathway of guanosine nucleotides de novo biosynthesis | ---
BRANCHED-CHAIN-AA-SYN-PWY: superpathway of branched chain amino acid biosynthesis ---
PWY-7111: pyruvate fermentation to isobutanol (engineered) ---
VALSYN-PWY: L-valine biosynthesis - [ [
ILEUSYN-PWY: L-isoleucine biosynthesis | (from threonine) - [ 1
PWY-7222: guanosine deoxyribonucleotides de novo biosynthesis Il ---
PWY-7220: adenosine deoxyribonucleotides de novo biosynthesis Il ---
1 1
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Figure S8. Heatmap made using ggplot2 showing the top 50 most abundant MetaCyc pathways in cold-acclimated and
non-acclimated rhizosphere samples determined using the prune_taxa function from the phyloseq R package.
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COA-PWY: coenzyme A biosynthesis | (prokaryotic) -

PWY-6969: TCA cycle V (2-oxoglutarate synthase) -
SER-GLYSYN-PWY: superpathway of L-serine and glycine biosynthesis | -
PWY-6124: inosine-5'-phosphate biosynthesis Il -

PWY-7234: inosine-5'-phosphate biosynthesis Il -

PWY-6703: preQO biosynthesis -

PWY-3001: superpathway of L-isoleucine biosynthesis | -
ANAGLYCOLYSIS-PWY: glycolysis Il (from glucose) -

PWY-5659: GDP-mannose biosynthesis -

PWY-6609: adenine and adenosine salvage Il -

PWY-7219: adenosine ribonucleotides de novo biosynthesis -
PWY-5690: TCA cycle Il (plants and fungi) -

TCA: TCA cycle | (prokaryotic) =

PWY-101: photosynthesis light reactions -

PWY-6123: inosine-5'-phosphate biosynthesis | -

PWY-5686: UMP biosynthesis | -

GLUTORN-PWY: L-ornithine biosynthesis | -

COA-PWY-1: superpathway of coenzyme A biosynthesis Il (mammals) -
HEME-BIOSYNTHESIS-II: heme b biosynthesis | (aerobic) -
ARGSYN-PWY: L-arginine biosynthesis | (via L-ornithine) -

PWY-7400: L-arginine biosynthesis IV (archaebacteria) - Average Relative
PWY-6305: superpathway of putrescine biosynthesis - Abundance
PWY66-389: phytol degradation =
PWY-5103: L-isoleucine biosynthesis Il - 0.05
UDPNAGSYN-PWY: UDP-N-acetyl-D-glucosamine biosynthesis | - 0.04
PWY-1042: glycolysis IV - 0.03
PWY-7208: superpathway of pyrimidine nucleobases salvage -
NONOXIPENT-PWY: pentose phosphate pathway (non-oxidative branch) | - 0.02
BRANCHED-CHAIN-AA-SYN-PWY: superpathway of branched chain amino acid biosynthesis - 0.01
ARGSYNBSUB-PWY: L-arginine biosynthesis Il (acetyl cycle) - 0.00

VALSYN-PWY: L-valine biosynthesis -
ILEUSYN-PWY: L-isoleucine biosynthesis | (from threonine) -
PWY-3841: folate transformations Il (plants) -
CALVIN-PWY: Calvin-Benson-Bassham cycle -
PWY-6125: superpathway of guanosine nucleotides de novo biosynthesis Il -
PWY0-862: (5Z)-dodecenoate biosynthesis | -
PWY-7197: pyrimidine deoxyribonucleotide phosphorylation -
PWY-6282: palmitoleate biosynthesis | (from (5Z)-dodec-5-enoate) -
PWY-7664: oleate biosynthesis IV (anaerobic) -
FASYN-ELONG-PWY: fatty acid elongation -- saturated -
PWY-5989: stearate biosynthesis Il (bacteria and plants) -
PWY-7222: guanosine deoxyribonucleotides de novo biosynthesis Il -
PWY-7220: adenosine deoxyribonucleotides de novo biosynthesis Il -
PWY-7221: guanosine ribonucleotides de novo biosynthesis -
PWY-6121: 5-aminoimidazole ribonucleotide biosynthesis | -
PWY-7228: superpathway of guanosine nucleotides de novo biosynthesis | -
PWY-7111: pyruvate fermentation to isobutanol (engineered) -
PWY-6277: superpathway of 5-aminoimidazole ribonucleotide biosynthesis - -
PWY-6122: 5-aminoimidazole ribonucleotide biosynthesis II --
PWY-7663: gondoate biosynthesis (anaerobic) --

£ 3
Figure S9. Heatmap made using ggplot2 showing the top 50 most abundant MetaCyc pathways in cold-acclimated and
non-acclimated leaf samples determined using the prune_taxa function from the phyloseq R package.



