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Supplemental FigureS1. MdSIZ1 is an important protein in the response to Fe

deficiency in apple.

A.MdSIZle x pression in 6Gal ao

app!l edeficieandyt i var s

The 6Gal ad cul t ur Fesdefickertmesiunson differert duratiores d

after growth under normal conditions for Haysto collect leaves forMdSIZ1
transcript levels detection by RPCR. Mock treatment is the same withdte

supply change<rror bars indicate the SD for three biologicalliegiesin which the

experimentsvere carried outhree timesising theapple plants

B. The specific detection of MdSIZ1 antibodVhe 2weekold apple calli, especially

WT, MdSIZEOE, and antiMdSIZ1 (MdSIZ1-knock down) were treatedwith

Fe-sufficient orFe-deficient conditions for 5 days and then used for pragtraction

The MdSIZ1 proteins were detected ayt-MdSIZ1 specific antibodies. The Actin

was used as a loading control. IBtmunoblot.
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cultivarstreated withFe-deficiert conditonsThe o0 Gal ad cul tures wer e
Fe deficiencymediumfor different durationsafter growth under normal conditions

for 14 chysto collectleaves foMdSIZ1 proteinlevels detection bwestern blot assay.

ACTIN was used as a loading contrid@: Immunoblot.

D. Quantification ofMdSIZ1 protein level changes in C. The experiment in C was

carried out3 times andhe protein quantitieselative to the levelsat initial time 0

(Control) werecountedand used tealculate the standard deviation (SD), which were

indicated by Error bardDifferent letter codes have significant difference (p < 0.01,

ANOVA, Tukey correction)
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Supplemental FigureS2. The transcript levels ofMdSIZ1 were inhibited in
transgenic hair roots ofMdSIZ1-RNAi chimeric plants

After 28 days of subcul tur e, Adgrdbacteraid appl e
tumefaciengontaining empty vector (Control) andidSIZERNAI silencing vector to
induce hair root, respectively. Thereinto, the infectioiMofSIZERNAI was carried
out twice, and each batch of 15 cultures was denoted as #1 and #2 respectively. Each
batch of 15 cultures were randomly divided into 5 growyrslone of these groups
was chosen for RNA extractido detect the transcript levels MdSIZ1 Biological
replicateswere carried out with the 3 cultures in each group to calculate the standard
deviation (SD), which are indicated by error bars. Different letter codes have

significant difference (p < 0.01, ANOVA, Tukey correction).
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Supplemental FigureS3. MdSIZ1 promotes PM H'-ATPase activity and Fe
acquisition in apple calli.

A. MdbHLH104 expression in WT andidbHLH1040E (35S:MdbHLH104GFP)
transgenic calli.The 2weekold calli subcultured orFe-sufficient conditionswere
usedfor RNA extractionto detect the transcript levels 8MddbHLH104 Error bars
indicate the SD for three biological réigatesin which the experimentwere carried
out three timesusing thecalli of eachline. Samples denoted byifiérent lettes are
significanty different (p <0.01, ANOVA, Tukey correction).
B. MdSIZ1 expression in WTMdSIZEOE (35S:MdSIZIMYCQ), antiMdSIZ1 and
Control @5S:MYQ transgenic calliThe 2weekold calli subcultured oifre-sufficient
conditionswere used for RNA extractiono detect the transcript levels MdSIZ1
Error bars indicate the SD for three biological tepgesin which the experiments
were carried outhree timesusing thecalli of eachline. Samples denoted byfiérent
letters aresignificanty differert (p <0.01, ANOVA, Tukey correction).
C. PM H-ATPase H'-transport activity of WT, MdSIZXOE, antiMdSIZ1
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MdbHLH1040E, and Control35S:MYQ transgenic calliThe 2-weekold calli were
treatedat pH 6 or pH 8 conditions for 5 days and then used P H'-ATPase
H*-transport activity detection. Error bars indicate the SD for three biological
repdicatesin which the experimentaere carried outhree timesusing thecalli of
eachline. Samples denoted byifigrent lettes are significanty differert (p < 0.01,
ANOVA, Tukey correction).

D. Acidification of transgenic apple callithe 2-weekold transgenic callivere treated
at pH 6 or pH 8 conditions for 5 days and then transferredrmmocresol purple
mediumfor 36 h. Acidification is indicated as yellow color around the apple calli.
E. Fe contents of WTMdSIZXOE, antiMdSIZ1 MdbHLH1040E, and Control
(35S:MYQ transgenic apple calllhe 2-weekold transgenic callivere treatedt pH

6 or pH 8 conditions for 5 days and then usedHercontentsneasuremengrror bars
indicate the SD for three biological réigatesin which the experimentwere carried
out three timesusing thecalli of eachline. Samples denoted byifiérent lettes are
significanty different (p < 0.01, ANOVA, Tukeycorrection) DW, dry weight.

F. Visualization of ferrous iron in transgenic apple calli. Ferrousigamdicated bya
red-colored complex formed iye Ferrozine reagent.

G. Quartified measuremestof ferrous complex of ferrozine in F. Thptical density
(OD) of the complex was measured582 nm wavelength, and the concentration of
the complexwas calculated according to LambdBeer law Error bars indicate the
SD for three biological refieatesin which the experimentaere carried outhree
timesusing thecalli of eachline. Samples denoted byfigrent lettes aresignificanty
differert (p < 0.01, ANOVA, Tukey correction).
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MdbHLH104-Full
Sequencing

MdbHLH104-Full
Sequencing

MdbHLH104-Full
Sequencing

MdbHLH104-Full
Sequencing

MdbHLH104-Full
Sequencing

AD-MdbHLH104+BD-MdSIZ1

AD-MdbHLH105+BD-MdSIZ1
AD-MdbHLH115+BD-MdSIZ1
AD-MdbHLH11+BD-MdSIZ1
AD-MdbHLH121+BD-MdSIZ1
AD-MdPYE+BD-MdSIZ1
pGAD+BD-MdSIZ1

AD-MdSCE1+BD-MdSIZ1

MGEWIEYLDYIDETQPTDFLWPNDTPSFGDFEFSAVDVPAARASSASQSQ 50
.................................................. 0
EKECPREKRGRTDSCSGGSGAKACREKLRRERLNDREVELSGVLEPGSSPK 100
.................................................. 0
pyn:Y-SeRlAY= v LNCLRAEAQELTETNQKLLEEVKSLKAEKNELRAEKL 150
............ VLNQLRAEAQELTETNQKLLEEVKSLKAEKNELRAEKL 38
VLKADKERLEQCLKGMAISPSGFVPTHPAVEAAYHPGANKMAVYPSYSLV 200
VLKADKERLEQQLKGMAISPSGFVPTHPAVPAAYHPGANKMAVYPSYSLV 88

223

105

SD/-T/-L SD/-T/-L/-H/-A
1 10" 102 103 1 10" 102 103

Supplemental FigureS4. MdSIZ1 specifically interacts with MdbHLH104 in

yeast cells.

A. Sequence alignmeriietweenfull length MdbHLH104 and truncated fragment of
MdbHLH104 identified in the Y2H screen using MdSIZ1 as a bait.
B. Interactions among MdSIZ1 and 6 IVc subgroup bHLH TFs, specifically
MdbHLH104, MdbHLH105, MdbHLH115, MdbHLH11, MdbHLH121, and MdPYE

in yeast cellsDilution series of yeast cells expressing the indicated proteins were

grown for2 days at 28 . SD/T/-L indicates Leu and Trp droposgntheticdropout

medium SD/-T/-L/-H/-A indicates Leu, Trp, His, and Ade dropayntheticdropout
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medium MdSCE1(SUMO E2conjugating enzymglwasused as a positive control.

The enpty pGAD vector was used as a negative control.

WKXE/D WKXE/D
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Supplemental FigureS5. Potential sumoylation site consensus sequences
predicted in MdbHLH104 proteins.
Two potentialsumoylation sites with high conservation among different plant species
in MdbHLH104. Red pentagram points out the SUMO conjunction resite.
putatves umoy |l ati on si t e -KeXoHID a&enisdicated byelagku e n c e
boxes Md, Malus domesticaAt, Arabidopsis thalianga Gm, Glycine max Mt,
Medicagotruncatulg Nt, Nicotiana tomentosiformjsb, Pyrusbetulaefolia bungél,

Solanum lycopersicun®s,Oryza sativaTa, Triticum aestivumandZm, Zea mays
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Supplemental FigureS6. Identification of transgenicapple calli.
A. Expression levels of  MdbHLH104 in PmdanagGUS

Pvaanias GUS/MAbHLH104GFP, and Puganas GUS/MdbHLH104139R KSR Ep
transgenic apple callinder Fesufficient normal conditionsThe 2weekold calli
subcultured orFe-sufficient conditionswere used for RNA extractioo detect the

transcript levels ofMdbHLH104 Error bars indicate the SD for three biological
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repdicatesin which the experimentaere carried outhree timesusing thecalli of
eachline. Samples denoted byifiérent lettes are significanty differert (p < 0.01,
ANOVA, Tukey correction).The relevant transgenic calli were used foomoter
activity assay# figure 6.
B. MdbHLH104 and MdSIZ1 expression in Control36S:GFR, MdbHLH1040E,
MdbHLH1040E/MdSIZ1OE, MdbHLH1040OE/antiMdSIZ1 and
MdbHLH104*3R 153R0E transgenic calliunder Fe-sufficient normal conditions
The 2weekold calli subcultured onFe-sufficient conditionswere used for RNA
extractionto detect the transcript levels ®dSIZ1 and MdbHLH104 Error bars
indicate the SD for three biological réigatesin which the experimentwere carried
out three timesusing thecalli of eachline. Samples denoted byifiérent lettes are
significanty differert (p < 0.01, ANOVA, Tukey correction).
C. MdbHLH104GFP and MdSIZ1 protein levels in Control @5S:GFB,
MdbHLH1040E, MdbHLH1040E/MdSIZ20OE, MdbHLH1040OFEantiMdSIZ1 and
MdbHLH104*3%R 53RO E transgenic calliunder Fe-sufficient normal conditions
The 2weekold calli subcultured orFe-sufficient conditionswere used for protein
extractionto detect the protein levels didbHLH104GFP andMdSIZ1 using
antrGFP and antMdSIZ1 specificantibodiesyespectively. The Actin was used as a
loading control. IB:Immunoblot. The relevant transgenic calli were used Rivl
H*-ATPase activityassay and Fe contents measurements in figure 6.
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+Fe e
Supplemental FigureS7. The transcript levels of MdbHLH104 were not

influenced by MdSIZ1.

9



148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

MdbHLH104 expression inNT, MdSIZEOE, andantiMdSIZ1transgeniccalli under
Fe-sufficient or deficient conditions respectivelyhe 2-weekold transgenic calli
were treatedn Fe-sufficient or deficient condition®r 5 days and theansed for RNA
extractionto detect the transcript levels MdbHLH104 Error bars indicate the SD
for three biological regieatesin which the experimentaere carried outhree times
using thecalli of eachline. Samples denoted byifiérent lettes are significanty

different (p < 0.01, ANOVA, Tukey correction).

SD/-T/-L SD/-T/-L/-H/-A

1 10 102 103 1 10" 102 103

AD-MdSCE1+BD-MdSIZ1
AD-MdAHA1+BD-MdSIZ1
AD-MdAHA3+BD-MdSIZ1
AD-MdAHA7+BD-MdSIZ1
AD-MdAHA8+BD-MdSIZ1

AD-MdAHA9+BD-MdSIZ1

AD-MdAHA11+BD-MdSIZ1

AD-MdAHA12+BD-MdSIZ1

pGAD+BD-MdSIZ1

Supplemental FigureS8. Interactions among MdSIZ1 and 7 MdAHA proteins.
Interactions among MdSIZ1 and 7 MdAHA proteins, specifically MdAHAL,
MdAHA3, MdAHA7, MdAHA8, MdAHA9, MdAHA11, and MdAHA12 in yeast
cells. Dilution series of yeast cells eéxpressing the indicated proteins were grown
for 2 days at 28 . SDAT/-L indicates Leu and Trp dropowynthetic dropout
medium SD/T/-L/-H/-A indicates Leu, Trp, His, and Ade dropayhtheticdropout
MdSCE1 (SUMO EZ2 conjugating enzymglwas used as a positive controfhe

empty pGAD vector was used as a negative control.
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Supplemental FigureS9. The transcript levels of MdbHLH 38 and MdbHLH39
were up-regulated by MdbHLH104 and MdSIZ1.

A and B Expression levels dfldbHLH38 andMdbHLH39in WT, MdbHLH104OE,
MdSIZEOE, andantiMdSIZ1transgenic apple calitpH 6 or pH 8, respectivelffhe
2-weekold transgenic callivere treatect pH 6 or pH 8 for 5 days and theumsed for
RNA extractionto detect the transcript levels MdbHLH38 and MdbHLH39Q Error
bars indicate the SD for three biological regmesin which the experimentaere
carried outthree timesusing thecalli of eachline. Samples denoted byifigérent

letters aresignificanty differert (p < 0.01, ANOVA, Tukey correction).
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179 Supplemental FigureS10. The expression levels dildSCEL1

180 A.MdSCElexpression in 06Gal ad a¢fipgdney foc3h.l ti var s
181 The 0Gal ad cul t urFedeficent orsafficeninbediwmifot Ahafterd o n
182  growth under normal conditions for Haysto collectleaves forMdSCE1transcript

183 levels detection by RGPCR.+Fe, Murashige and Skoog (MS) media containing 100
184 & M F &EDTAI -Fe, without Fe(INEDTA. Error bars indicateghe SD for three

185  biological repécatesin which the experimentwere carried outhree timesusing the

186  apple plantsSamples denoted byfiérent lettes aresignificanty differert (p < 0.01,

187  ANOVA, Tukey correction)

188 B. MdSCElexpression in Control36S:MYQ and MdSIZ1OE (35S:MdSIZiIMYC)

189 transgenic calli under Fsufficient conditions.The 2-weekold transgenic calli

190  subcultured orfe-sufficient conditionswere used for RNA extractionio detect the

191 transcript levels ofMASCE1 Error bars indicate theSD for three biological

192 repdicatesin which the experimentaere carried outhree timesusing thecalli of

193 eachline. Samples denoted byifigrent lettes are significanty different (p < 0.01,

194  ANOVA, Tukey correction).
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Supplementl Table S1.

Primers used for gene cloning

Primers name Pri mers sequence (5
MdSIZ1-F ATGGATTTGGTAGCTAGTTGCAAG
MdSIZ1-R CTATTCAGAGTCCGAGTCAATAGA
MdSCEZLF AAAAAACCCCCAAAAGGAGACGA
MdSCEZXR TGCATTACACAAGAGGTGGGTA
MdbHLH104-F ATGGGGGAATGGATAGAGTAT
MdbHLH104R AGCAGCAGGGGGCCTAAG
asMdHLH104F ATATGCAGCTGGTACTGCTGGGT
asMdHLH104R CAGGGGCAAAAGCTTGCCGTGAG
asMdSIZ1F TAGTCTTAACTCGCCAAGACCCA
asMdSIZ1F ATGTGTTGGTGGTGGGACTGCTA

AAGGAGCCCTTCACC
RNAI-MdSIZ1-F

TAGTCTTAACTCGCCAAGACCCA

RNAIi-MdSIZ1-R

GGCGCGCCCACCCTT
ATGTGTTGGTGGTGGGACTGCTA

MdbHLH105F ATGGCCTCCCCGGAAAAC
MdbHLH105R AGCAACCGGTGGGCGGAGT
MdbHLH115F ATGGGTTCCCCGCCGCAG
MdbHLH115R AGCAACAGGAGGGCGGAG
MdbHLH11-F ATGGATCATTGGAAATCCG
MdbHLH11-R GCAGTTCGATGAAGTCAGAAG
MdbHLH121F ATGCCCGGTGGCACCGGGCG
MdbHLH121R GTCGTCAGCCTTTTTGCCAC
MdPYEF ATGGGTTCACCGGATCCT

MdPYER CATATTACTAGGGTCGCTT
MdAHA1-F ATGGTCTTGTTTGGTTTAAAGCTAGA
MdAHA1-R TCAAACTGTATAATGTTGTTGGATTG

MdAHA3-F

ATGGAAGAAGAGGTGGAAGGGA

13
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MdAHA3-R

TTACACTGTATAATGCTGCTGGATTGT

MdAHA7-F ATGGCCAACATCTCCTTAGAAGAC
MdAHA7-R CTAAACAGTGTAGTGTTGTTGGATGGT
MdAHAS8-F ATGACCGTCACTGATTCCC

MdAHAS8-R CGCTTCATCATCATCGTCA

MdAHA9-F ATGCGGTTTAAATATCGGTGCTGCA
MdAHA9-R TCAAACTGTATAATGTTGTTGGA
MdAHA11-F ATGTCCCTCGGACCTTGTTTAATG
MdAHA11-R TCAAACAGTGTAGTGCTGTTGA
MdAHA12-F ATGTGGAATCCTCTATCATGGGTCA

MdAHA12-R

CTAGTAATCATCTTCTTCTTCGTCT

14




218 Supplementl Table S2. Primers used for gRPCR

Primers name Primers sequence (63")
QSF AATTCTAGAATGCAAATGCCATCC
QSR AGAGATTCTATTCAGAGTCCGAG
Q104F CCAACGACACCCCTTCTTT
Q104R CACTCCTTTTCCTGTGACTGTG
Q105F GAAGGGACAGGCTAAATGACAA
Q105R CTCAAACAAGAGGGAGAGAAGAG
QI-F TTTCTGGCTTTGTGGCTATGTT
QI-R GGCTGGAGTTTCACCATTATCT
QFF ACCGGACAGTGTCAATTTTAA
QFR TGCTTTGTAAGTTGGGCATCC
QA1-F CCAGAGAAAACAAAAGAGAGTCAAG
QA1-R TTCACATTCACACCGAGATTG
QA3-F TATTCTCTGCCTGTTGGTCATC
QA3-R GCTCACTCCATTTTCCATCTCT
QAT7-F CGCACAGCAATCACCTACAT
QAT7-R TCTTCCTTGTTTCTCCCTTGAG
QAS8-F TCGGTGTGAATGTGAAGATGAT
QAS8-R TCAGGAAATACTCCAGCAAATC
QAO9-F TTCATGGTCTTCAGCCACCT
QA9-R TCACAACTGACTCGACGTGA
QA11-F CTGACGAGCAGAGCCATCTT
QA11-R ATGAGAGCAAGGAGCAGAAAAC
QA12-F TATTCTCTGCCTGTTGGTCATC
QA12-R CGCTCCATTTTCCATCTCTAAG
Md18SF ACACGGGGAGGTAGTGACAA
Md18SR CCTCCAATGGATCCTCGTTA
MdActin-F TGACCGAATGAGCAAGGAAATTACT

15
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MdActin-R

TACTCAGCTTTGGCAATCCACATC

16




