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a)
Site Elevation Type of area Location
LAF 1482 masl Oak forest N 36°56'58", W 3°25'03"
HAF 1823 masl Oak forest N 36°57'44", W 3°25'09"
XZF 1945 masl Oak isolated plants N 36°57'56", W 3°25'45"
b)

Figure S1. Description of the sampled areas. a) Location of study areas with its GPS position coordinates,

altitude and kind of forest. b) Geographic location of the sampled sites at Sierra Nevada National Park.


https://en.wikipedia.org/wiki/Willd.

LAF, low altitudinal oak forest; HAF, high altitudinal oak forest; XZF, expansion zone forest with padded

shrub (Genista versicolor).

Table S1. Chemical and physical properties of soil under tree root influence at 5 — 25 cm depth within
sampled areas of low altitudinal forest (LAF), high altitudinal forest (HAF) and expansion zone forest

(XZF).

Determination of soil parameters.

Parameter LAF HAF XZF
Clay (%) 16.35 22.25 11.75
Sand (%) 63.50 4425 62.44
Silt (%) 20.15 33.50 25.81
Type of soil Sandy-Loam Loam Sandy-Loam
pH (H20) 7.2 7.1 6.6
pH (CIK) 6.4 6.4 5.8
Available water (%) 11.10 16.52 10.39
Salinity (mmhos/cm3) 0.12 0.16 0.07
Organic matter (%) 3.88 6.07 3.82
Total N (%) 0.206 0.301 0.279
C/N ratio 10.82 11.59 7.87
Assimilable phosphorus (mg/kg) 4 27 20
Assimilable potassium (mg/kg) 205 365 205
Sodium (mg/kg) 0.052 0.610 0.043
Magnesium (mg/kg) 1.933 2.508 1.283
Calcium (%) 8.748 12.939 6.942

Texture of soil samples was measured by Bouyoucos hydrometer method (Bouyoucos, 1962).
Potentiometric method (Willard et al., 1974; Bates, 1983) was used for the determination of pH.
Available water measurement was carried out by gravimetry after drying at a maximum
temperature of 105 °C (Gardner, 1986). The method of electrical conductivity was used for
determine the salinity. Quantification of total organic carbon was made by volumetric
techniques with wet oxidation at controlled temperature (Mebius, 1960). Total nitrogen
determination was performed with the Kjeldahl method (Bremner, 1965).Soluble P was
measured by Bray method (Bray and Kurtz, 1945), and quantification is performed by
colorimetry. Determination exchangeable bases soil was made by spectrometry using
ammonium acetate.
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fdoG, fdfH; formate dehydrogenase major subunit [EC:1.2.1.2]

ACSS, acs; acetyl-CoA synthetase [EC:6.2.1.1)

coxL, cutl; carbon-monoxide dehydrogenase large subunit [EC:1.2.99.2]
serA, PHGDH D-3- phosphoglycerate dehydrogenase [EC:1.1.1.95]

PGAM, gpmA; 2,3-bi: er: cerate mutase [EC:5.4.2.11)
ENO, eno; enolase [EC:4.2.1.11)

glyA, SHMT; glycine hydroxymethyltransferase [EC:2.1.2.1]

coxS; carbon-monoxide dehydrogenase small subunit [EC:1.2.99.2]

mdh; malate dehydrogenase [EC:1.1.1.37]

frmA, ADHS, adhC; S-(hydroxymethyl)glutathione dehydrogenase / alcohol dehydrogenase [EC:1.1.1.284 1.1.1.1]
ppc; phosph yruvate carboxy [EC:4.1.1.31]

pfkA, PFK; 6-phosphofructokinase 1 [EC:2.7.1.11]

serC, PSAT1; phosphoserine aminotransferase [EC:2.6.1.52]

AGXT; alanine-glyoxylate tr i / serine-glyoxylate tr i / serine-py i [EC:2.6.1.44 2.6.1.45...
ALDO; fructose-bisphosphate aldolase, class | [EC:4.1.2.13]

coxM, cutM; carbon-monoxide dehydrogenase medium subunit [EC:1.2.99.2]
FBA, fbaA; fructose-bisphosphate aldolase, class Il [EC:4.1.2.13]

FDH; formate dehydrogenase [EC:1.2.1.2]

pps, ppsA; pyruvate, water dikinase [EC:2.7.9.2]

fdoH; formate dehydrogenase iron-sulfur subunit

glpX; fructose-1,6-bisphosphatase Il [EC:3.1.3.11]

ackA; acetate kinase [EC:2.7.2.1]

E2.3.1.8, pta; phosphate acetyltransferase [EC:2.3.1.8]

serB, PSPH; phosphoserine phosphatase [EC:3.1.3.3]

fdol; formate dehydrogenase subunit gamma

mcl; malyl-CoA lyase [EC:4.1.3.24]

fdhA; i i for dehydrogenase [EC:1.2.1.46]
FBP, fbp; fructose-1,6-bisphosphatase | [EC:3.1.3.11)

pta; phosphate acetyltransferase [EC:2.3.1.8)

hdrB; heterodisulfide reductase subunit B [EC:1.8.98.1)

frmB, ESD, fghA; S-formylglutathione hydrolase [EC:3.1.2.12]

porB; pyruvate ferredoxin oxidoreductase, beta subunit [EC:1.2.7.1)

fwdA, fmdA; formylmethanofuran dehydrogenase subunit A [EC:1.2.99.5]
mer; 5,10- hyl y h in reductase [EC:1.5.98.2]

gfa; S-(hydr hione hase [EC:4.4.1.22]

porA; pyruvate ferredoxin oxidoreductase, alpha subunit [EC:1.2.7.1]

hprA; glycera!e dehydrogenase [EC:1.1.1.29]

pmoB-amoB; h subunit B
£2.7.1.29, DAK1, DAKZ dihydroxyacetone kinase [EC:2.7.1.29]
E3.1.3.71, comB; 2-ph tate ph: ase [EC:3.1.3.71)

£4.4.1.19, comA; phosphosulfolactate synthase [EC:4.4.1.19]

porG; pyruvate ferredoxin oxidoreductase, gamma subunit [EC:1.2.7.1)

ftr; formylmethanofuran--tetrahydromethanopterin N-formyltransferase [EC:2.3.1.101]
mtkA; malate-CoA ligase subunit beta [EC:6.2.1.9]

mtdB; y ahydr in ydrog [EC:1.5.1.-]

pmoC-amoC; methane/ammonia monooxygenase subunit C

fwdE, fmdE; formylme!hanofuran dehydrogenase subunit E [EC:1.2.99.5]

mch; y -ahydr in cy olase [EC:3.5.4.27]
mdh1, mxaF; methanol dehydrogenase (cytochrome c) subunit 1 [EC:1.1.2.7]
glpX-SEBP; fructose-1,6-bisph 11 / sedoh 1,7-bisph [EC:3.1.3.113.1.3.37]

fae; 5,6,7,8-tetrahydromethanopterin hydro-lyase [EC:4.2.1.147)

thrH; phosphoserine / homoserine phosphotransferase [EC:3.1.3.3 2.7.1.39]
fdsD; formate dehydrogenase subunit delta [EC:1.2.1.2]

comC; L-2-hydroxycarboxylate dehydrogenase (NAD+) [EC:1.1.1.337)

mttB; trimethylamine---corrinoid protein Co-methyltransferase [EC:2.1.1.250]
hxIB; 6-phospho-3-hexuloisomerase [EC:5.3.1.27]

fbp3; fructose-1,6-bisphosphatase |1l [EC:3.1.3.11]

mtkB; malate-CoA ligase subunit alpha [EC:6.2.1.9]

K06034, comD; sulfopyruvate decarboxylase subunit alpha [EC:4.1.1.79]

gk; glycerate 2-kinase [EC:2. 165]

porD; pyruvate ferredoxin oxidoreductase, delta subunit [EC:1.2.7.1]

fwdB, fmdB; formylmethanofuran dehydrogenase subunit B [EC:1.2.99.5]
hdrD; heterodisulfide reductase subunit D [EC:1.8.98.1]

hdrA; heterodisulfide reductase subunit A [EC:1.8.98.1]

Figure S2. Relative abundance of the 64 protein sequences obtained for methane metabolism using

BLASTX against the IMG genome database of IMG/JGI web server with a cut-off e-value of 1le-10.




TST, MPST, sseA,; thiosulfate/3-mercaptopyruvate sulfurtransferase [EC:2.8.1.1 2.8.1.2]

cysD; sulfate adenylyltransferase subunit 2 [EC:2.7.7.4]

cysl; sulfite reductase (NADPH) hemoprotein beta-component [EC:1.8.1. 2]

cysNC; bifunctional enzyme CysN/CysC [EC:2.7.7.4 2.7.1.25]

cysW; sulfate transport system permease protein

cysM; cysteine synthase B [EC:2.5.1. 47]

cysA; sulfate transport system ATP-binding protein [EC:3.6.3.25]

metB; cystathionine gamma-synthase [EC:2.5.1. 48]

cysE; serine O-acetyltransferase [EC:2.3.1.30]

metZ; O-succinylhomoserine sulfhydrylase [EC:2.5.1.-]
cysU; sulfate transport system permease protein
tauD; taurine dioxygenase [EC:1.14.11.17)] ]
cysH; phosphoadenosine phosphosulfate reductase [EC:1.8.4.8] :
CYC; cytochrome ¢ 1
cysN; sulfate adenylyltransferase subunit 1 [EC:2.7.7.4]
sat, met3; sulfate adenylyltransferase [EC:2.7.7.4]
cysJ; sulfite reductase (NADPH) flavoprotein alpha-component [EC:1.8.1.2]
cysC; adenylylsulfate kinase [EC:2.7.1.25]
SUOX; sulfite oxidase [EC:1.8.3.1]
sir; sulfite reductase (ferredoxin) [EC:1.8.7.1]
E1.8.2.1; sulfite dehydrogenase [EC:1.8.2.1]
aprA; adenylylsulfate reductase, subunit A [EC:1.8.99.2]
aprB; adenylylsulfate reductase, subunit B [EC:1.8.99.2]
PAPSS; 3'-phosphoadenosine 5'-phosphosulfate synthase [EC:2.7.7.4 2.7.1.25]
metA; homoserine O-succinyltransferase [EC:2.3.1.46] ]

Figure S3. Relative abundance of the 26 protein sequences obtained for sulfur metabolism using BLASTX

against the IMG genome database of IMG/JGI web server with a cut-off e-value of 1e-10.
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glnA, GLUL; glutamine synthetase [EC:6.3.1.2] _ .

gltB; glutamate synthase (NADPH/NADH) large chain [EC:1.4.1.13 1.4.1.14]
gudB, rocG; glutamate dehydrogenase [EC:1.4.1.2]

E1.4.7.1; glutamate synthase (ferredoxin) [EC:1.4.7.1]

gltD; glutamate synthase (NADPH/NADH) small chain [EC:1.4.1.13 1.4.1.14]
cynT, can; carbonic anhydrase [EC:4.2.1.1]

nirB; nitrite reductase (NADH) large subunit [EC:1.7.1.15]
GLUD1_2, gdhA; glutamate dehydrogenase (NAD(P)+) [EC:1.4.1.3]
nirA; ferredoxin-nitrite reductase [EC:1.7.7.1]

ncd2, npd; nitronate monooxygenase [EC:1.13.12.16]

nasA; assimilatory nitrate reductase catalytic subunit [EC:1.7.99.4]
E3.5.1.49; formamidase [EC:3.5.1.49]

napA; periplasmic nitrate reductase NapA [EC:1.7.99.4]

E1.4.1.4, gdhA; glutamate dehydrogenase (NADP+) [EC:1.4.1.4]
E3.5.5.1; nitrilase [EC:3.5.5.1]

cah; carbonic anhydrase [EC:4.2.1.1]

nrfA; nitrite reductase (cytochrome c-552) [EC:1.7.2.2]

arcC; carbamate kinase [EC:2.7.2.2]

narH; nitrate reductase beta subunit [EC:1.7.99.4]

nasB; assimilatory nitrate reductase electron transfer subunit [EC:1.7.99.4]
nirD; nitrite reductase (NADH) small subunit [EC:1.7.1.15]
pmoB-amoB; methane/ammonia monooxygenase subunit B

nirK; nitrite reductase (NO-forming) [EC:1.7.2.1]

narG; nitrate reductase alpha subunit [EC:1.7.99.4]

norB; nitric oxide reductase subunit B [EC:1.7.2.5]

GLT1; glutamate synthase (NADPH/NADH) [EC:1.4.1.13 1.4.1.14]
napB; cytochrome c-type protein NapB

pmoC-amoC; methane/ammonia monooxygenase subunit C

hao; hydroxylamine dehydrogenase [EC:1.7.2.6]

nosZ; nitrous-oxide reductase [EC:1.7.2.4]

narB; ferredoxin-nitrate reductase [EC:1.7.7.2]

E4.2.1.1; carbonic anhydrase [EC:4.2.1.1]

O XZF
B HAF
W LAF




Figure S4. Relative abundance of the 32 protein sequences obtained for nitrogen metabolism using
BLASTX against the IMG genome database of IMG/JGI web server with a cut-off e-value of 1e-10. Protein
genes involved in nitrate assimilation are marked with asterisk, and those involved in ammonification or

ammonia assimilation are marked with points.



