Use of natural variation reveals core genes in the transcriptome of iron deficient
Arabidopsis thaliana roots.
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Table S1. Overrepresented GO and MIPS categories in Kas-1 and Tsu-1 Fe deficiency

Observed  Expected

Frequency Frequency p-value
Kas-1 downregulated genes
GO Term
response to stimulus 17.30% 10.80% 4.01E-06
response to chemical stimulus 11.00% 5.00% 1.04E-09
response to stress 10.30% 6.30% 2.12E-03
response to endogenous stimulus 6.50% 3.10% 1.20E-04
response to abiotic stimulus 6.20% 3.60% 0.038
response to hormone stimulus 5.40% 2.70% 5.35E-03
amino acid and derivative metabolic process 4.50% 2.00% 1.97E-03
secondary metabolic process 4.20% 1.60% 4.13E-05
response to external stimulus 3.20% 1.00% 3.23E-05
response to abscisic acid stimulus 2.90% 1.00% 1.15E-03
aromatic compound metabolic process 2.70% 1.10% 0.036
response to oxidative stress 2.50% 0.90% 0.014
response to osmotic stress 2.40% 0.90% 0.048
response to jasmonic acid stimulus 1.90% 0.60% 0.022
response to wounding 1.60% 0.50% 0.028
nitrogen compound catabolic process 1.20% 0.20% 5.44E-05
amino acid catabolic process 1.10% 0.10% 3.40E-04
amine catabolic process 1.10% 0.10% 3.40E-04
cellular response to stimulus 1.10% 0.20% 0.014
response to extracellular stimulus 1.10% 0.20% 0.042
MIPS Term
metabolism 27.30% 20.70% 8.30E-04
interaction with the environment 10.70% 6.10% 8.37E-05
cellular sensing and response to external stimulus 10.30% 5.50% 5.89E-06
cell rescue, defense and virulence 9.60% 5.70% 1.75E-03
chemoperception and response 7.40% 3.20% 1.04E-06
stress response 6.60% 3.40% 9.90E-04
systemic interaction with the environment 5.60% 2.80% 1.70E-03
plant / fungal specific systemic sensing and response 5.20% 2.50% 1.54E-03
plant hormonal regulation 4.70% 2.20% 3.43E-03
secondary metabolism 4.50% 1.80% 1.10E-04
amino acid metabolism 4.10% 1.50% 3.53E-05
metabolism of the pyruvate family (alanine, isoleucine,
leucine, valine) and D-alanine 1.50% 0.20% 2.61E-06
response to wounding 1.40% 0.30% 0.016
metabolism of leucine 1.00% 0.10% 2.20E-04
cell aging 1.00% 0.20% 0.035
metabolism of lignins 1.00% 0.20% 0.049
unannotated 0.70% 0.00% 0
metabolism of glycosinolates and derivatives 0.60% 0.10% 0.025
Kas-1 upregulated
GO Term
cell wall organization and biogenesis 3.30% 1.00% 1.60E-04
external encapsulating structure organization and
biogenesis 3.30% 1.00% 1.90E-04
plant-type cell wall organization and biogenesis 2.30% 0.50% 3.57E-05
MIPS Term
cell wall 4.40% 1.70% 6.50E-04
cell wall 4.00% 1.10% 7.03E-07
chitin metabolism 0.70% 0.10% 0.013
chitin catabolism 0.70% 0.10% 0.013
unannotated 0.60% 0.00% 0
Tsu-1 downregulated
G.O. Term
(none)
MIPS Term
unannotated 0.90% 0.00% 0
Tsu-1 upregulated
G.O. Term
suberin biosynthetic process 0.60% 0.00% 0.033
MIPS Term
mitochondrion 18.70% 11.60% 0.023
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Supplementary Figure S1. Number of lateral roots of Kas-1 and Tsu-1 seedlings. Imbibed
seeds were planted onto agar media (0.8 %) supplemented with 1% sucrose and mineral
nutrients as described for hydroponic growth. Plates were placed under fluorescent
lighting of a 16h photoperiod and held upright to keep root growth on surface of media.
Number of lateral roots were counted 8 d after planting. Values are means Ks.e.
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"At4g37270, HMAL"
"At4g30120, HMA3"
"At2g19110, HMA4"
"At3g58810, MTPaz/MTP3"
"At3g58060, MTPc3"
"At1280830, NRAMP1"
"AtS5g67330, NRAMP4"
"At5g03570, IREG2"
"At5g26820, IREG3"
"At3g46300, COPT2"
"At4g19690, IRT1"
"At4g19680, IRT2"
"At1g60960, IRT3"
"At3g12750, ZIP1"
H"HthSBSEU, 212"
"At2g32270, ZIP3"
"At1g10970, ZIF4"
"At1g05300, ZIPS"
"At4g33020, ZIP9"
"At5g50200, WR3"
"At5g46050, PTR3"
"At4g16370, OPT3"
"At5g24380, ¥SL2"
"AtS5g41000, ¥SL4"
"At3g45710, POT fam."
"At3g45660, At3g45650, POT Fam./NAXTL"
"At3g45680, POT fam."
"At4g21680, POT fam."
"At1g22550, POT fam."
O "At3g26570, PHTZ:;1"
"At1g68740, ERD1 fam."
"At2g38940, PHT1;4"
"At4g18160, KCOG/TPK3"
"At3g02850, SKOR"
B "Atdg08620, SULTRL;1"
"At5210180, SULTRZ2;1"
"At5g19600, SULTR3;5"
"At1g08090, NRTZ2;1"
"At2g26690, NTP2"
"At3g24300, At3g24290, AMT1;3/AMT1;5"
"At1g64780, AMTI1;2"
"At1g44100, AAPS"
"At1g31830, AA transp. fam."
"At1g77380, AAP3"
"At5g63850, AAP4G"
P 'AtS5g33820, AA transp. Fam."
"At3g55740, PROTZ"
"At1g80510, AA transp. fam."
"At2g39890, PROT1"
- "Atdg23700, CHX17"
"AtSg41610, CHX18"
"At3g51860, CAX3"
"At5g17850, CAXE"
[T "At 3260330, AHAT"

Supplementary Figure S2. Heat map of the MapMan “Transport” functional bin,
with genes encoding metal/mineral, oligopeptide, or amino acid transporters.
Genes downregulated >1.5-fold are shaded in green, genes upregulated >1.5-fold
arein red.
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B 'at1g09790, COBLA, Cobra-like protein”
"At4g16120, COBL7/SEE1, selenium binding protein”
"At4g14030/A14g14040, SBP1/3BP2, selenium hinding protein”
"At3g23800, SBF3, selenium binding protein”
"At1g23020, FRO3, ferric chelate reductase”
"At1g55920, SERATZ;1, serine O-acetyltransferase"
"At5g04950, NAS1, nicotianamine synthase"”
"At5g5R080, NASZ, nicotianamine synthase"”
"At1g56430, NAS4, nicotianamine synthase"
"At2g36880, MAT3, methionine adenosyltransferase"
"At3g15352, COX17, copper chaperane”

"At3g56240, CCH, copper chaperone"

"At1g22990, CCH-related"

[ "at5g01600, FER1, ferritin”

"At3g11050, FERZ, ferritin”

"At3g56090, FER3, ferritin”

"At2g40300, FER4, ferritin”

"At5g02360, MTZE, metallothionein"

"At5g50740, metal ion binding"

| | "At3g08040, FRD3/MANL, citrate transporter”

Supplementary Figure S3. Heat map of the MapMan “Metal handling” functional bin.
Genes downregulated >1.5-fold are shaded in green, genes upregulated >1.5-fold are in red.
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AtSg15100,

Atlg20630,

Atdg25570,

At3g52880,

At3g19000,

AtZg46650,

AtZg32720,

At4g08330,

At3g63080,

Atdg23100,

AtSg40370,

Atlg28480,

AtZg 16060,

Atl1g65970,

Atdg27080,

At1g69880,

Atlgd5145,

Atlg21750,

At1g59730,

At1g08570,

I it 4g33670,

F3D1, Fe superoxide dismutase

C303, Cu,Zn superoxide dismutase

CAT1, catalase

ACYB-Z, carbon-monoxide oxygenase

MDAR1, mondehydroascorbate reductase
20G-Fe(Il) oxygenase family

CB5-C, cytochrome bS isoform

CB5-B, cytochrome bS isoform

SAFX, stromal ascorbate peroxidase

GP¥S, glutathione peroxidase
GEH1/FML1/PADZ/CADZ, glutamate-cysteine ligase
glutaredoxin, putative

GR¥480, protein disulfide oxidoreductase
GLE1/AHB1/N3HBLl, hemoglobin

Atlge0740 , TPXZ, thioredoxin-dependent peroxidase
PDI?, thioredoxin family

ATHE, thioredoxin

TRXS, cytosolic thioredoxin

PDISAFDIL1-1, protein disulfide isomerase
ATH?, thioredoxin H-type

ACHT4, atypical cys his rich thioredoxin
L-galactose dehydrogenase

Supplementary Figure S4. Heat map of the “Redox” functional bin. Genes downregulated
>1.5-fold are shaded in green, genes upregulated >1.5-fold are in red.
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s "At3g26180, CYPT1B20/ At3g26170, CYPT1B19"

"At4g13770, CYPE3AL1"
"At1gl6410, CYPTIF1, BUS1, SPs1”
"At3g14660, CYPT2A13"
"At3g26830, CYPT1B15, PAD3; dihydrocamalexic acid decarboxylase"
"At5g36130, cytochrome P450 family / AtS5g36110, CYP716AL"
"At5g23190, CYPS6BEL"
"At5g08250, cytochrome P450 family protein”
"At4g39950, CYP7IBZ"
"At4g37330, CYPS1D4"
"At5g45340, CYPT07A3; (+)-abscisic acid 8’ -hydroxylase"
"At1g73340, electron carrier/ heme hinding / iron ion binding / monooxygenase/ oxygen hinding'
"At3gea125, CyYPseCz "
"At1g01190, CYP7EAE"
"At1g13080, CYP71B2"
"At2g34490, CYPT10AZ2; C-22 sterol desaturase/ oxygen binding"
"At4g30210, ATRZ, ARZ | ATRZ ARABIDOPSIS P450 REDUCTASE 2); MADPH-hemoprotein reductase”
"At1g55940, CYPT08AL"
"At2g22330, CYP7IB3"
"At4g31940, CYPS2C4"
"At1gh7110, CYP735AZ"
"At4g37430, CYPI1AZ, CYPEIF1"
"At5g57220, CYPE1FZ "
"At2gd42250, CYPT12A1"
"At3g26290, CYPT1B26 "
"At3g53280, CYPT71BS "
"At4g31950, CYPS2C3"
"At4g31940, CYPS2C4"
"At2g40890, CYPISAS; p-coumarate 3-hydroxylase "
- "At5g05340, peroxidase, putative "
"At5gA4120, peroxidase, putative "
"At2g35380, peroxidase 20 (PER20) "
"At5g39580, peroxidase, putative "
"At1gHBE50, peroxidase, putative”
"At4g36430, peroxidase, putative"”
"At2g41480, electron carrier/ heme hinding / peroxidase"
"At1g44970, peroxidase, putative"”
"At4g37530, peroxidase, putatives/ At4g37520: peroxidase PERS0, PRXRZ) "
"At3g21770, peroxidase PER30, PRXRI "
"At3g01190, peroxidase PER27, PR¥RT "
"At3g49960, peroxidase, putative"”
"At5gH7400, peroxidase PER73, PRXR11"
"At1g34510, peroxidase, putative "
"At5g22410, peroxidase, putative"”
"At1g34330, pseudogene, putative peroxidase"
"At5g17820, peroxidase PERS?, PRXR10 "

Supplementary Figure S5. Heat map of the “Miscellaneous” functional bin, with genes encoding
cytochrome P450 and peroxidases proteins. Genes downregulated >1.5-fold are shaded in green,
genes upregulated >1.5-fold are in red.
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e [ | | "At2g2d4260, basic helix-loop-helix (bHLH) family protein”

"At2g43140, basic helix-loop-helix (bHLH) family protein”
"At2g28160, bHLHOZ9, FIT1"

"At5g04150, bHLH101"

"At2g24260, basic helix-loop-helix (bHLH) family protein”
"At3gd7640, PYE (Popeye)"

"At1g26260, CIBS (Cryptochrome-Interacting bHLH)"
"At1g05809, basic helix-loop-helix (bHLH) family protein”
"At4g36930, SPT (Spatula)”

"At1g74500, basic helix-loop-helix (bHLH) family protein”
"At1g18400, BEE1 (BR Enhanced Expression)”

"At3g56980, bHLHO39"

"At3gl8290, EMB2454, BTS (E3 ligase, 2n finger)"
"At3g23250, MYE1S"

"AtSg17800, MYESE"

"AtSg04760, myb family transcription factaor"

"At3g50060, MYETT"

"At3g11440, MYBRS"

"At3g13040, myb family transcription factaor"

"AtSg12870, MYEB4R"

"At2g40260, myb family transcription factaor"

"At2g03470, myb family transcription factaor"

"At1g74840, myb family transcription factaor"

"At1g18570, MYES1"

"At1gse160, MYETZ"

"At3gl2B820, MYEBL10"

"At3ga3200, MYE2T"

"At1g34670, MYEIZ"

"At5g05790, myb family transcription factaor"

"At3g25790, myb family transcription factaor"

"AtSg16770, MYEIZ"

"At3g24120, myb family transcription factaor"

"AtSg06B00, myb family transcription factaor"

"At5g59570, At3g46640, myb family transcription factor/PCL1"
"AtSg40330, MYE23"

"At5g58900, myb family transcription factaor"

"AtSg01200, myb family transcription factaor"

"AtSgS2RE0, MYE19"

"At1g01380, ETC1 (Enhancher of TRY and CPC)"

"At1gA9490, NAF, ANACO29, (NAC-like, activated by AF3/FI)"
"At5gR37I0, ANACIOZ, NAC domain containing protein”
"At3g15500, ANACOSS"

"At5g22290, anac089 NAC domain containing protein”
"At1g28470, ANACOL0, SND3, NAC domain containing protein”
"At3g18400, anac058 NAC domain containing protein”
"At5g39610, ATNACZ, ORELl, ANACO9Z, ATNACG, NAC domain containing protein "
"AtSg07680, ANACOBO, ANACOTI, ATNACY, NAC domain containing protein”
"At1g32870, ANACOL3"

"At5g17260, anac086 NAC domain containing protein”
"At4g27410, RD26, Mo Apical Meristem (NAM) family protein”
"At4g28530, ANACOT4"

"At1g80840, WRKY40"

"At3g01970, WRKY45"

"At4g31800, WRKY1E8"

"At5g13080, WRKY7S"

"At4g22070, WRKY31"

"At5g49520, WRKY4E8"

"At2g40750, WRKYS4"

"At2g24570, WRKY17"

"At4g01250, WRKyz2"

"At2g30250, WRKYZS"

"At2gd7260, WRKYZ3"

[ "At5g15130, WRKY72"

Supplementary Figure S6. Heat map of the “Regulation” functional bin, with genes encoding transcription
factors of the bHLH, MYB, NAC/NAM, and WRKY families. Genes downregulated >1.5-fold are shaded in
green, genes upregulated >1.5-fold are in red.
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"At392154 0 lewcine-rich repeat protein Kinase"

"ALEA59EE 0 leucine—rich repeat protein kinaze"

"At2914510-, At291d4d440 lewcine-rich repeat protein Hinazes"

"AtSg16000, NIK1 CNSP-INTERACTING KIWASE 1"

"At2915500 leucine-rich repeat transrerbrane protein kinaze"

"Atda23T4 0 leucine-rich repeat transmerbrane protein kinaze"

"At2927 060y protein Ferinesthreonine Kinazes protein burozine Kinaze™
"At2ad2290r leucine—rich repeat family protein”

"At 1468400, leucine—rich repeat transmerbrane protein kinaze"

"ALSa 05160y leucine—rich repeat transmerbrane protein kinaze"

"ALSa 07150y leucine-rich repeat family protein”

"AtSa53T45 0y leucine-rich repeat transmerbrane protein kinasze"

"AtSad9TE Ny leucine-rich repeat family proteinsprotein kinase family protein”
"AtS9d97F 0 leucine-rich repeat transrerbrane protein kinasze"

"AtS9497E0, ATPF binding o~ kinases protein serinesthreonine Kinase"
"At3955590 s leucine-rich repeat transmerbrane protein kinase"

"At 1929740, AL1929730 kinases protein serinesthreonine kinases protein turosine kinase"
"At1a72300 leucine-rich repeat transmerbrane protein kinase"

"AtS91294 0 leucine-rich repeat family protein”

"At 1475520, CLM1- FASS, FLOS protein serine-threonine kinases recephor”
"At2916250 lewcine-rich repeat transrerbrane protein kinase"

"At292597 0 lewcine-rich repeat protein Kinaze"

"At 1967720, lewcine-rich repeat family protein o~ protein Kinaze family protein”
"At 1351550 lewcine-rich repeat protein Kinase"

"At 1351590 ledcine-rich repeat protein Kinase"

"AtSa16A00r leucine—rich repeat protein kinaze"

"At1g34TE0 - GF14 OMICRONW.- GRF11 (GEWERAL REGULATORY FACTOR 11"
"At1a2i210- HAKY fwall azzociated kinaze 42"

Supplementary Figure S7. Heat map of the “Signaling” functional bin, including leucine-rich repeat
protein kinase genes, a 14-3-3 gene, and WAK4 wall-associated kinase genes. Genes downregulated
>1.5-fold are shaded in green, genes upregulated >1.5-fold are in red.
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Supplementary Figure S8. Model of the involvement of GF14/GRF11, a 14-3-3 protein, in a potential
network of root Fe-deficiency regulated responses. Solid arrows represent transcriptional activation,
dashed arrows represent protein-protein interactions or biochemical activity. FIT protein responds
to an unknown upstream signal (?) to upregulate expression of GRF11. GRF11 protein has been
confirmed to activate AHA2 protein activity,and AHA2 transcripts are also increased under Fe
deficiency. GRF11 may interact with 14-3-3 consensus motifs in 4CL to alter the phenylpropanoid
pathway, a rac GTPase activating protein,and bHLH101 and WRKY22 transcription factors to

activate unknown downstream targets.



