Int. ]. Mol. Sci. 2016, 17, 930; doi:10.3390/ijms17060930

S1of S7

Supplementary Materials: Systematic Identification,
Evolution and Expression Analysis of the Zea mays
PHT1 Gene Family Reveals Several New Members
Involved in Root Colonization by Arbuscular
Mycorrhizal Fungi

Fang Liu, Yunjian Xu, Huanhuan Jiang, Chaosheng Jiang, Yibin Du, Cheng Gong, Wei Wang,
Suwen Zhu, Guomin Han and Beijiu Cheng

ZmPHT1;1
ZmPHT1;2

ZmPHT1;4
ZmPHT1;5
ZmPHT1;6
ZmPHT1;7
ZmPHT1;8
ZmPHT1;9
ZmPHT1;10
ZmPHT1;11
ZmPHT1;12
ZmPHT1;13

ZmPHT1;1
ZmPHT1;2
ZmPHT1;3
ZmPHT1;4
ZmPHT1;5
ZmPHT1;6
ZmPHT1;7
ZmPHT1;8
ZmPHT1;9
ZmPHT1;10
ZmPHT1;11
ZmPHT1;12
ZmPHT1;13

ZmPHT1;1
ZmPHT1;2
ZmPHT1;3
ZmPHT
ZmPHT1;5
ZmPHT1;6
ZmPHT1;7
ZmPHT1;8
ZmPHT1;9
ZmPHT1;10
ZmPHT1;11
ZmPHT1;12
ZmPHT1;13

ZmPHT1;1
ZmPHT1;2
ZmPHT1;
ZmPHT1;4
ZmPHT1;5
ZmPHT1;6
ZmPHT1;7
ZmPHT1;8
ZmPHT1;9
ZmPHT1;10
ZmPHT1;11
ZmPHT1;12
ZmPHT1;13

ZmPHT1;1
ZmPHT1;2
ZmPHT1;3
ZmPHT1;4
ZmPHT1;5
ZmPHT1;6
ZmPHT
ZmPHT
ZmPHT1;9

ZmPHT1;10
ZmPHT1;11
ZmPHT1;12
ZmPHT1;13

ARGEDGEQVE SALEABAKTOWYHE TATT
.MALEKLQVLHALEVADTQRYHVRAVVI]
MAAG . DLEVLTALDTAKTQWYHE TATV
QMVRRQLRVI SALCVARTQLYHEMATVI}

MALGQOLRVILHALEVARTQLYHEMATATEY

ICISLVTKLLGRI]
ICITLVTKLLGRI]
ICISLVTKLLGRI]
SISLVIDLISF

APGGSNLAVLDALESARTOMYHMKATVII ICISTVSKLLGRI]
MAGGONMQVL SALDGAKTQRYHE TATV CISLVTKLIGRI]
MAHDHKVLDALDAAKTQWYHE TAVV SISLVTKLLGRIJ

ARGGDGLOVLSALDAAKTQWYHE TATT ICISLVTKLLGRI]
RRARKQITVLOALDVARTQVYHE TTIVI SISLITDLLGRIJ
MALRRQLRVLYALEVARTQLYHEKATVI! [AVSLVMDLISYTY
MALGQQLRVLHALEVARTQLYHEMATATS |ATSLVMDLIS YL}
< MAGGOLNVLTTLEOAKTQWYHEMATV LY CIALVTKLLGRI]
™3 T™M4

[ I

G. .LSEGHT. . . PTGVMATLCE El}FWI{ GDY RIS M
G..LSEGNS. . .ADGVMATLCFERFWL{

G..LSEGHT. . . PASVMATLCEEXFWI{

G. .LSESKR. .RGKNVVTVLCEEIXFWI{

G..LYEGTN. .EASNV LCFEREWI{

G..LSEGSS. . .AHAVIGTLCFERFWI{

G..LSEGRS. . .PACVMATLCEEIXFWI{

G..LSEGST. . . PKDVMVTLCEEXFWI{

G. .LSEGHT. . .PTGVMATLCE ElXFWI{

G..LSESRK. . . PKDATATLCFEREFWI{

GLSLSEGTNDNEAANVVAVLCEESFWI{

G..LYEGTN. .EASNV LCFEREWL

JATSLVMDLISYIMYEE. . .. ...

. . SKDSPGSLPENVAAAVNG VAE
.GREEPGRLPPRLEAATING VTE(
. GSATPGTLPPHVSASVNG VAE
. ...HMRSAVKAATNG TAL
.. ..QIDRGVKATING TAL
(YPDDONLY IDKPKPGTLEVSVNNMVTG VAL
. GSPRPGSLPEHVSABVNG VAE
. SSKTPGSLPENVSAAVNG VAE
. . SKDNPGSLPENVARAVNG VAEC]

.. TSKEPGSLPPNVSAAVTG VAL]

. .KLEEDARVAVCS TAL
QIRRGVKATIYG IAL
- QIDRGVKATING TAL

TMAGGLVATVVSASE KARFPAPAYAVDPAG. . . STPEQAD!
NLAAGIVGMVVSAAE
NLAAGIVAVVVSASE . .

TIFAGLVSMIVSGITL LHYHPARAWKENHDRSWQDQOMPAALY]
TLAGGAVAIGVTALE RSREFPARPYDVDPAA. . . STPAEADL

INLAAGTVVLATCARE KGTR.
NLAAGEVVVVVSLQ. .
NLAAGIVAVVVSASE .

L TVIMLGAVPA T
L3 TVIMLGAVPAT

G. .LSEGHT. . . PKGY IATLCEEREWI] I FGTIVALAVSARE RNAFBRBPYFVAQA . . . SLVEEAD VISV I LMEGTVEAA
T™6 ™7 T™8
] ] D
LTYY BTARYTA . . LVAKNAKOAAADMSKVLHTET BARR . HELHIVGT ~ 11 FRIBTARSSONEFORDTE TSTNWIBKANT . MSALEEVYRT SRAQTLIALCGE:
ETYHWRM) TARYTA . . LVARDADKARRDMSRVL.OVDT J37RR . HEAHIAGAVACEVIISY VENSONILOEGIE SDVNWVPRART . MSALFETYRVGRAHAT TALCGT:
LTYYR T BTARYTA . . LVAKNAKQARADMSKVLQVET 131 RR . HGLHIWLGTSSTIFLUBTAFMSONLEQRDTE SAVGWIPKAAT . MNALEELF STARAQSLIALCGT

TARYTA . . LVAKDAKKVASDMSAVINMHT 17 RR . HGAHIVGT SMOW LA T TEMST NLEMKDEE TKVRLLGAPHQGDERFKRMVHTTAMETIL VL SES!

TARYTA . . LVAKDARKAASDMSSVLHVET 31 RY . HGTHIRLAT SAQULAVIRT TEMSLNLYMKDIE Y DVGLI DPEGK . NHLEMRMTVTTLLHIGIALCGT.

TARYTA . . LIFEGNAKOAANDMOKVMDVET j3nRE . HGLEWIGTATTELLS TAEMSONL TOKDIE PATKLTSPVDD . INATKEVFET SKAMFIVALLGT!
LTEYSjsb I3TARYTA . . LVARNAERAAADMSRVLOVDT 3nHR . HGLHWVGTAST| LLIIS T, ONLEQRDIE SAVGWIPAAET . 1 SALDELFHIARAQTLIALCGT
LTYYWat TARYTA . . LVAKNAKQATSDMARVIDVDL jgAKR . HGLHELGT TVOYE TS TAEMSONLEQKDMYAAVNWLPRADT . MNALEEMFRI SRAQTLVALCGTIIE
LTYYW TARYTA . . LVAKNAKQAAADMSRVIQTET JaARR . HGLHIVGT ST TR ELLR IAFMSONLEQKDIE TSINHIPKANT . MSALEEVFRISRAQTLIALCG
LTYYWED TARYTA . . LVAKNLKOAASDMTSVLEVET J3VRR . YGREWLSTTVAZLVLISV VEMSLNLEMKDIE SDIGWEEDASS . KGR TEQTYDIARTQVIT VI AGTREMLETVVEYV
ETYYWEMKMETARYTA . . LVAKDARKAASEMSSVINMET )31 RC . HGTHLAT SVQELAVIE I TENST NLYMKDIEVDVGLI DPPEK . SDLFKRMTVSTLLHMATAEGGTLE
LTYYWSY TARYTA . . LVAKDARKAASDMSSVLHVEL g1 RY . HGTHLAT SACZ LAV T TERS T NLYMKDIEVDVGLI DPEGK . NHLEMRMTVTTLLHEGIALCGTI)E
LTYY TARYTA . . LIARNTKOATADMAKVLKKEL |91 RR . HGEHMLAT ST LR TAEMSONLEQKDLE TKVGWIBPART . MNA TFEVYRE SRAQALIALCGTIIS

TM10 T™11
. ] [ ———

€ FMMTVEMLGLATPYH . HWTTPGNH. . . IGEVVMYAFTEEEAN

|AMMMGEMLLIAAEYD . SLISPGRR IWLVLMYTETEEEAN

LMMTVEMLGLAVPYE . HWTTPGHH. . . I1GETVMYGLTFFEAN

AMMSAEILCLATPYD . HWTDDKNN. . K YGEAVMYGLTSEEAN

. YWKROET IQRK MGEAVLYGLTNFEAN

FMMSVEMLLMGVMYN . DLKN.KHT. . . TLEALFYALTEEEAN

{83 L MMTAEMLGLAVPYR . QWTRPGNQ . TGEVVMYALTFFFAN

[FFMTAEMLGLA ITPYH . HNTTPGHH VGEVVMYALTFFEAN

i nh [FMMTVEMLGLATPYH . HWNTTPGNH IGEVVMYAFTFFEAN

TLMTTLMLGLAGPYK . EWCSSKST. .R IGEAFMYALTFFEAN

1. 1{&83 TMMAAL TASLAATYDPYWKQQKTKRRK IGEAVLYGLTNFETN

'TMMSVE DSHPRSHLC . VEETAGNNTAQ DELRSLVWLDQLLR
[FMMTVEMLALGVPYE . HO'TKASNH. . . TGEVVLYGLTEEEAN
T™M12

TDAGY PAGIGVRNSLEVLAASNMUEFVLTELVPESKGKST 511
AETGYPSGIGVRASLEVLAASNALE TLETCELPEPKGRSL 511
TDHGY PAGIGVRNSLE LLAGCNLL{€ LAETELVPESKGKST 517
. FVYAEKHNNNRSMLEALVGCNLVELVETLLLPESKGKAL 486
FMSNMEEHGVY PRKEWALF SSNLVELVETFLLPDSKGKST 479
.DVEGH. ....: IKKALITLSVTNILEFFETELVPETMGRSL 508
TAHGYAPGIGVRNSLLLLAGCSFL{EFLLTFLVPEPKGKST 573
TDSGYPPGIGVRNSLEMLTGCNVI[EF LETELVPESKGKST 510
ADAGY PAGIGVRNSLEVLAASNLIF ILTELVPESKGKSL 513
VLWEFLRCRTSIONSLIMLAGCNLVEVIETLALPESKGMSL 563
FMFTMEEHHVAPRALWALFASNLVELVETFLLPDSKGKST: 487
FLOPSRPCVHLPSTGEQRWSLTSVEPRILSQLESQHTTMV 498
PDHGY SPGIGIRNTLEVLAGTNFLEMIMSVEVPESKGMST 508

GPNSTTEIVPAETE] STCHGISAARSGKAGAIIGAEGE LYAAQNQ . DRSK
GENSTTEILPAELE| TICHGISAAAGKVGAIVGTEGEMYAAQKADGSEA
GPNATTE IVPAETE| STCHGISAASGKLGATVGSEGE LY LAQNR . CPAK
GPNTTTEIIPAETE] STCHGISGAFGKLGAIIG. WVEA.. .
GPNTTTEIVPAETE] ZATCHGIAGAFGKIGATIG . WVEG..
GPNSTTEVLPAELE| WIRSTCHATSAASCGKAGAIVAAEGVQSLTLKG. . .. .
GPNATTEIVPAETY] (ATCHGISAASGKVGATIGSEGE LYLAQSQ . DPAK
GPNSTTEIVPAETE] STCHGISSAAGKCGATVGSEGELYAAQST . DPTK
GPNSTTEIVPAETE] STCHGISAASGKAGATIIGAEGE LYAAQNQ . DKSK
GENSTTE ILPAETE| STCHGISGAGGKIGAIVG

GPNTTTE IVPAETE| ATCHGIAGAFGKTGATIG
[WSQHHNIHSSGGDEjESTDARDVPWHSRRT EDRRHHRRVWLHVQHGRTRRRPKK]\VGTI
GPNSTTEIVPAETE] ARLIFSTCHGISAAAGKAGATIGAEGELYAAQ. . . DPKK

117
115
115
115
109
122
162
114
117
190
109
109
115

229
227
227
215
210
237
274
226
229
295
213
210
227

367
366
373
354
344
375
429
366
369
433
351
344
366

471
471
477
447
439
474
533
470
473
523
447
458
468

Figure S1. Multiple alignment of maize ZmPt1 to ZmPt13 proteins. Sequence alignment analysis was

carried out using multiple alignment of DNAMAN 6.0 program. Identical amino acids are shaded
and gaps are indicated by dots. Dark blue, red and light blue shading indicate identical, highly
conserved and conserved amino acid residues, respectively. The predicted transmembrane (TM)

segments were performed using the programs TMHMM.
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Figure S2. Sliding window plots of representative duplicated ZmPt genes in maize. The window size

was 150 bp, and the step size was 9 bp.
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Figure S3. Phylogenetic tree of maize Phtl proteins from maize inbred line B73 and commercial
hybrid line. ZEAma;Phtl;1 (AY974041), ZEAma;Phtl;2 (AY974042), ZEAma;Phtl;3 (AY974043),
ZEAma;Phtl;4 (AY974044), ZEAma;Pht1;5 (AY974045), ZEAma;Pht1;6 (AY974046).
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Figure S4. Locations of the CTTC motifs in promoter regions of 13 ZmPHT1Is. The CTTC motifs are
shown in blue and are located 2200 bp upstream of the start codon ATG.

Figure S5. Trypan blue staining of colonized maize roots, 40 day. Maize plants were inoculated with

Glomus etunicatum. Scale bar is 100 pm.
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Figure S6. Melting curves for each of ZmPHT1 genes qRT-PCR primer.

Table S1. Motifs and amino acid sequences of ZmPt proteins.

Motif Sequence

motif 1 TLCFFRFWLGFGIGGDYPLSATIMSEYANKRTRGAFIAAVFAMQGEFGILA
motif2  ADYVWRIVLMFGAVPALLTYYWRMKMPETARYTALVAKNAKQATSDMARV
motif 3 GLQVLSALDAAKTQWYHFTAIIVAGMGFFTDAYDLFCISLVTKLLGRIYY
motif 4 MYAFTFFFANFGPNSTTFIVPAEIFPARLRSTCHGISAASGKAGAIIGAF
motif 5 AAVNGVAFCGTLAGQLFFGWLGDKLGRKSVYGMTLMLMVICSVASGLSFG
motif 6 FGLFSREFARRHGLHLVGTSTTWFLLDIAFYSQNLFQKDIFTSINWIPKA
motif 7 QTLIALCGTVPGYWEFTVALIDVVGRFAIQLLGFFMMTVFMLGLAIPYHHW
motif 8 YPAGIGVRNSLFVLAASNMLGFVLTFLVPESKGKSLEEMSGEAEDSEEEP
motif 9 VAIVVSASFKARFPAPAYAVDPAGSTPPQ
motif 10 NTMSALEEVYRISRA
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Table S2. qRT-PCR primers.

Primer Names

Primer Sequence

ZmptlF
ZmptlR
Zmpt2F
Zmpt2R
Zmpt3F
Zmpt3R
Zmpt4F
Zmpt4R
Zmpt5F
Zmpt5R
Zmpt6F
Zmpt6R
Zmpt7F
Zmpt7R
Zmpt8F
Zmpt8R
Zmpt9F
ZmptIR
Zmptl0F
ZmptlOR
Zmptl1F
Zmptl11R
Zmptl2F
Zmptl12R
Zmptl3F
Zmpt13R
ZmActinF
ZmActinR

GCCTTCACCTTCTTCTTCGC
CCGTCTTGCTCCTGTCCTG
GTTCGGGTTCATGTATGCG

GCAGGAAGCAGGTGAAGAGTA

TCGTCGGCTCCTTCGGGTTC
ACACGGGCACTGTGCGGTTG
TGCCTCGCTATCCCTITAT
GCTTCGGTTGTTGTITATGTIT
CGCAGTCTTGTATGGCTTGA
GCGCCTATCTTCCCGAAT
GGACACCTGCCTTACATTGCC
TCGTAGGCGTCGGTGAAGAA
GCCTCCTCCGCATCCACTA
CGTCGGTGAAGAAGCCCATC
CACTTTCTTCTTCGCCAACTT
ACAGGAACCCAAATGACCC
ACCACATCGGCTTCGTCG
CCGCCTTGCTCTTGTCCTG
TCTGGTTCCTCCGCTGTC
AAGTTCCTCGTTCCGTTG
ATCATCGGCGTGTTTGGC
CAGCGACTTACCTTTGGAAT
TCCCAACACCACAACATTC
TCTTCCAGCGACTTACCTT
CGTCCTCTACGGGCTCACCT
TGTTGCGGATGCCGATGC
GGGATTGCCGATCGTATGAG
GAGCCACCGATCCAGACACT
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Table S3. Gene name and Gene ID of Phtl genes in rice, sorghum and Brachypodium.

Gene Name Gene ID
BdPt1 Bradilg00700.1
BdPt2 Bradilg42610.1
BdPt3 Bradilg52590.1
BdPt4 Bradilg75020.1
BdPt5 Bradilg75030.1
BdPt6 Bradilg76010.1
BdPt7 Bradi2g45520.1
Bdpt8 Bradi3g12590.1
BdPt9 Bradi3g27680.1

BdPt10 Bradi5g02730.1
BdPt11 Bradi5g02750.1
BdPt12 Bradi5g02760.1
BdPt13 Bradi5g02770.1
OsPt1 LOC_0Os03g05620
OsPt2 LOC_0Os03g05640
OsPt3 LOC_Osl0g30770
OsPt4 LOC_Os04gl0750
OsPt5 LOC_0Os04gl0690
OsPt6 LOC_0Os08g45000
OsPt7 LOC_0Os03g04360
OsPt8 LOC_Osl0g30790
OsPt9 LOC_0Os06g21920
OsPt10 LOC_0Os06g21950
OsPt11 LOC_0Os01g46860
OsPt12 LOC_0Os03g05610
OsPt13 LOC_0Os04g10800
SbPt1 Sb01g046890.1
SbPt2 Sb06g002800.1
SbPt3 Sb01g047910.1
SbPt4 Sb01g020580.1
SbPt5 Sb01g046900.1
SbPt6 Sb07g023780.1
SbPt7 Sb01g020570.1
SbPt8 Sb02g009880.1
SbPt9 Sb06g002560.1
SbPt10 Sb06g002540.1
SbPt11 Sb03g029970.1
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Table S4. Comparisons of Pht1 genes in maize hybrid and inbred lines.

Gene Name Gene Name Protein Identity
ZEAma;Pht1;1 (AY974041) ZmPt9 100%
ZEAma;Pht1;2 (AY974042) ZmPt1 98.17%
ZEAma;Pht1;3 (AY974043) ZmPt3 97.62%
ZEAma;Pht1;4 (AY974044) ZmPt1 99.81%
ZEAma;Pht1;5 (AY974045) ZmPt5 98.23%

ZEAma;Pht1,6 (AY974046) ZmPt6 100%




