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Abstract: In order to reveal the molecular mechanism of iron absorption and transport in grape, and to clarify
the expression difference of iron regulatory transporter gene VoIRT in different development stages of grape fruit and its
response characteristics to foliar application of amino acid-iron compound fertilizer, Yanniang 1 was used as the mate-
rial in this study. The IRT encoding iron regulatory transporter was isolated and cloned, and the distribution and struc-
ture of IRT gene and conserved motifs of proteins encoded by IRT gene were analyzed. The expression difference of IRT
gene in different development stages of Yanniang 1 fruit and its response characteristics to foliar spraying treatment
were analyzed by real-time fluorescence quantitative PCR. The results showed that 10 VoIRT genes ( VwIRTI-
VwIRT10) were cloned from the grape genome and distributed on seven chromosomes. The encoded proteins contained
Fe®* transporters or zinc/iron transporters ( PF02535) , which were typical iron regulatory proteins. The proteins enco-
ded by WIRT1, VWIRT2, VoIRT4, VvIRTS5 and VvIRT8 were alkaline proteins, while the other five proteins were acid-
ic proteins. VVIRTS protein and VvIRTS protein were unstable proteins, and the other eight proteins were stable pro-
teins. The VvIRT7 protein was mainly located in the vacuolar membrane, and the other proteins were mainly located in
the plasma membrane. The overall expression level of VoIRT7 was the highest in all tissues at different developmental
stages of grape fruit, followed by VoIRT9 and VwIRT6, while VoIRT1, VvIRT3, VuIRTS, VoIRTS and VvIRT10 were
not expressed during the development of grape fruit. Under foliar application of iron fertilizer, the expression levels of
VwIRT7 in phloem and VoIRT9 in fruit and phloem increased significantly from 35 d after flowering ( young fruit stage )
to 70 d after flowering ( veraison stage) , while the expression levels of VoIRT7 and VvIRT9 in phloem and leaves de-
creased significantly from 85 d after flowering ( second expansion stage) to 115 d after flowering ( mature stage).
Therefore, the response characteristics of VoIRT gene to foliar application of iron fertilizer are closely related to fruit
development stage and organ type. The proteins encoded by VoIRT7 and VvIRT9 genes are two important iron regulatory
transporters during grape fruit development.

Key words: grape; iron-regulated transporter; iron fertilizer; VuIRT gene
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Table 1 Primers for PCR amplification of grape IRT family genes

S SIS (5 3") Ff%”\
VIRTI-F ATGGCAACTTCACCTCTCAAA 1047
VwIRT1-R TCAAGCCCATTTTGCCATTAC
VoIRT2-F ATGGCTTCCTTGAAAAACCT 1 052
VwIRT2-R TTAGGCCCATTTTGCCATCAA
VIRT3-F ATGGCTTCCTTGAAAAACGTT 1 065
WIRT3-R TCACGCCCATATTGCCATCAC
VwIRT4-F ATGGTGGTCTTTGAGGAATTG 1 062
VwIRT4-R CTAAGCCCAGATGGCAAGAG
VwIRTS5-F ATGCACCCAGCTTCAGAGTTG 1025
VwIRTS-R TTATGCCCATTTGGCAATA
VoIRT6-F ATGGAAGCTTTTGCGACTGG 1571
VwIRT6-R TTAAGCCCATTTGGCCAAGAG
VwIRT7-F ATGGCCTCGTGCGTAGGCGA 1 008
VIRTT-R TCAGGCCCAAAGGGCCAGA
VwIRTS-F ATGGACTGTGAAGACCAAGA 1 982
VwIRT8-R TTATACTCCAACCAAAAAC
VwIRT9-F ATGTCTCGCTCTCTCCTCACC 969
VwIRT9-R CAGGTGTCCCAGATCATCACA
VoIRT10-F ATGAAATCATGGGCACACACC 1155
VwIRT10-R CTAATCCCAAATCATAACAA

1.3 HE IRT REERENEEESIN

TE 7 % F DX 4 BB 22 Phytozome H 3R 15 4] 4
IRT £:[H Y CDS 51 K DNA 41, FIH Gene Struc-
ture Display ( http://gsds. cbi. pku. edu. cn/index. php)
BRUE 5y B A A5 IRT A G 45 445 ff H Expasy ( ht-
tp://web. expasy. org/program/ ) X 4 15 I % 4 IRT
IR A R B E M ST 2 SR K (GRA-
VY, Grand average of hydropathicity ) \ /N iE 45 50 %%
HAL M 55 5 ) MEME ( http ://meme-suite. org/
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VIRT9) Qe ol 1 (% 3) BBV EH 2 K
EA—MNEF (Kl 2), #i%) VVIRT1~ VvIRT8 4
F&A 7 MMESFHEF (Motif 1~ Motif 7) , VVIRT9 Fil
VVIRT10 8 L&A 5 DMIRSFIET 8D Motif 1 Al
Motif 3( & 2) ., VvIRT1 VvIRT2 VvIRT4 VvIRTS5 Fl

VvIRT8 45 5 2R H BT 4 HL s> 7. 00, & A 1 B 1
HH R ¥ % VWIRTT . VVIRT3 | VVIRT6 ., VVIRT9 Fi
VVIRT10 % 5 /N8 IS5 1 < 7. 00, A TR R
IR Z . VWIRT AW EHT~11 MR, AT
VvIRT1 VvIRT2 , VvIRT3 #i VVIRT10 & I A 5 5
K. VVIRT1~ VVvIRT10 & 19 5735 26 K M 48 408
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Table 2 Specific primers used for real-time quantitative PCR

S S (5" 31 by
VIRTI-F GTGTAGGACTACTGAACGCC 159
VwIRTI-R CAGACATGCCACCAGCACCC
VoIRT2-F CACATGTGTACAGTGACAAC 189
VoIRT2-R CACTCACACCCAATAACAC
VIRT3-F GGCAAGGACGAAGGCCATCA 146
VwIRT3-R CAGCAGATGTAGCGTTCAGC
VoIRT4-F CGACTGCGTCTCAGCCGGCA 147
VwIRT4-R GCAGACATCATGCCAGCTCC
VwIRTS5-F GCTGCATCGGCCGGAATCTT 158
VWwIRTS-R GCCCATTTGGCAATAAGGGAC
VuIRT6-F CAACTCAGCCTCAGCTGGGA 152
VWIRT6-R CCAAGAGGGACATGCAGGCT
VIRT7-F GCGACAGGTTACGATGACAG 143
VIRT7-R GCTGAAGCCATCATCTTGTT
VoIRTS-F CATGATCACTGGAGGCAAAT 159
VwIRT8-R CGGATTGCCCAAGTTCCCG
VwIRT9-F GGAGTGGCCATCGGTATTGT 146
VwIRT9-R CTCTGGCAAGTGTATCCCTT
VuIRT10-F GCTGCTGAGGAGGGTGCGAC 176
VWIRTI0-R GTCCACAGGTTCCTCCATGC

2.2 VVIRT % B I 20 B 7€ L T30

ANTA] VVIRT 2 2 A ] 5 30 200 1 2 o7 R 10E
VVIRT7 85 [ 3 %2 A7 V0 76 AR 400 Jf s Jie o4
VVIRT 25 A 448 32 28 58 0 T 40 M o i, LR 2 P ik
I JEE ( VVIRTL , VVvIRT4 , VVIRTS , VVIRT8 , VVIRT9 Fi
VVIRT10) . /& /K 5 & ( VVIRT1, VVIRT2, VVIRT3,
VvIRT6 1 VVIRT9) F1 ¥ ¥ J& ( VVIRT1, VVvIRT4 #0
VVIRT6) ; 1AM, VVIRTS . VVIRT10 F1 VvIRTO 7 M- 4%
& I- \VVIRT4 fil VVIRTS ZEA0MEA% A A,
VvIRT4 1 VVIRTS 43 5175 4 i Jot F e bifa L A7 2>
WM (3R 4)
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VAIRTI  oeeeeeeeeeee e VATSP. .. .TKTTSSFFT..... TTSTRTSCAVAC. . . . .SRCCCSFS. . . .CNSCNNKSAAT FTIAT TATASTTVTSY TEVCT [aT FSRSTRATAFTR .NTF TTVKARE 97
147/:4 0 MAS...... TKNTGATT. ..... TTTTIT ST TVCTRGKRTALGAGSFCR . VAKFVSFRKASAT KTV TATFTTT TASTT G TSR TT T CGVET EKENG . KVEVT VKA i
VAIRTS  «eeeeeeeeeiaaaaaans MAS...... TKNVGAITT . . ... TTTTITSITVCTSGKETASCAGSKCE . LPKCGSFEKASAT KTV TATFSTT TASTT G TSHE TTTCGVET TKEDG . KT EVT TKA 103
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TWIRTG  TSKTYCENSPTAI TVCGVINSASAGTI TYNATVET T ATCEMNERVCSNVRICI GAYATITTGRASVSVI . AKWEECSSRTGATRYIT AATFSTI AAST TGVATIETI GKKTEALREEN . CVEFAVKA 269
44 i A MASCVGET . ARAT ACRT.CRARAHT[AT VSTFVTRTTSVVE TSHEUMT ARVFCCKEVYTKATT TTRC 74
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TAIRT]  FMgVIFESFEVITSECT K . FNFWHK FRETCRVANT SATFITMBS TATST YTKKNNTCT TFRTFVALVAACNTCGHFHGRRHGF . . . . . . . . KTCTEGSCTTRYRVVA
JWIRT?  YVsVIlEESEECE TSECI F . CYFWSKERETTE TAVVARVI TTVMBSFAVSYYRKHAVS . .FVECFHONCTE. . . . . HCHEHSRGVC . .V . . .KKTCEEASKITRYCTTAC
WWIRT3  YVBVMEESTESI TSECI F . CAEWSKFESTETAVVARYI TTMMBSFAV SYYKKHGVS . . GAECFYCCHTENDCG . BSHGHGHGVC . .V . . .KKT CDESSKITRYCTTAC
VWIRT4 ~ FVEMIECGSTALSLCSCI F . KNEWSKFISESCEFAVYSAT ATTVBFVETCYYFRKCER. . . . . . . TCATKCENGKVHGHGHSHGEC . .1 . . .FDGCEEL . CGTRHVVVSC
TAIRTS  FIEVIFRAREST TSPCT S . FNFWANFRETCRVANT SATCTTMUR - - - - - - oo e oo e e e e e MES.TTTRHRVTSC
TAIRT6  FIVMFEAFEST TSECT G . FSFWCSFRESCRVANT SATCTVMVMBAFATGRYCRT CRSKACFVKFTFRVCCRNCT. . CVHGHFHGSC . . F . . .VSGFT GSFRT ARHRVTAC
TWIRT7  TVisVlEEAEAAT STCHVASHHEIWK CERESCTVTNV TGATT ALTWBT TASAHVE.SHKFSHYTF TGTCFET FTHAKKT TFFRVETAVT . . SVSCFLKCGEFTVKTKCRTVSC!
JWIRTS ~ TVisVlERSELSLSCCCUVST REWKCTISESCTVRT TGAVTAL TR TMCSCYCN . DKSSHYAFVKTHELSSSEGKKTVITCFENGTV . . G. . WHCRCARFVAKTKCRT VAG
VVIRTO  VMEFMSESNETECLITSV. ... .. EYIIAFVIACAGYTMIMEJICT TFYVYGKGASGCEGLVET CANNCGKSSSNCENSYST GCVCNRTEVEE . ANAET KTATSI GEST
WIRTIO L SESNETEEFLTAK...... A \FVIASAGYLLIMLABCIVIEVT. .. . KGSEREAKVEAAEEG. .o ovvvvvnnnnnnn ATEVEVCINEAFLCTTSEGCTM
JWIRT]  FIVAAICHECMIECM 348
WWIRT?  FLIABICHECIIEECY 349
TWIRT3  ELIABLCHECEIZECM E
TAIRT4  FITAAT SHECRERCF 353
TAIRTS ~ FIVAAT THECFIERCM 340
JAIRTG ~ FIVAAL SHECHEGM 50
VWIRT7 ~ FLVABLAHECTIZECT, 335
JVIRTS ~ BLVAALVIISHFIEEGT 536
TAMIRT9  RATWTICTEKTEAAT ko2
WWIRTI(O ENLWTISLIEKIgAA 3%
1 HHIRTEARBEARNESEBFIILNREFEFAE
Fig.1 Amino acid sequence alignment and conserved motif position of proteins encoded by grape IRT genes
x3 HEIRT ERRERHEHEQRENISE
Table 3 Physicochemical characteristics of grape IRT genes and their encoded proteins
o SR 26 11 AL T
- S FFE R YN P N . —
& R etk {7 (bp) (bp) ek ceen gk PR OMRNE (ESKE
©OKPERREL MEfREC EEERE
WIRTI ~ GSVIVT01026252001 10 14 924 782~14 928 263 1 047 348 8.92 9 0.66 36.72 1~25
WIRT2 ~ GSVIVT01026250001 10 14 851 574~14 852 877 1 050 349 7.10 9 0.61 33.88 1~25
WIRT3 ~ GSVIVT01014337001 19 2760 837~2762 169 1 065 354 6.75 9 0.58 32.62 1~26
WIRT4  GSVIVT01035402001 4 1036 988~1 039484 1062 353 7.07 8 0.49 36.32 -
WIRTS  GSVIVT01015884001 3 18936 110~18 943 597 1023 340 8.09 8 0.62 43.48 -
WIRT6  GSVIVT01012141001 1 1 086 665~1 093 073 1 569 522 6.71 11 0.42 39.07 -
WIRT7  GSVIVT01024696001 6 7 660 435~7 661 925 1 008 335 6.85 7 0.73 33.29 -
WIRT8  GSVIVT01032785001 13 782 570~793 285 1 980 659 9.11 8 0.05 47.74 -
WIRT9  GSVIVT01014656001 19 8 237 667 ~8 239 566 969 322 5.31 8 0.77 28.71 -
WIRTI0 GSVIVT01024922001 6 6012 398~6 014 634 1155 3 845 6.70 10 0.66 30.42 1~20
—For Al Ik

2.3 WIRT ERXEEAEREANFRIEZEN

AEJE AN TR IS0, JRR 1 5 2 SR S ) i
i WIRTI ~ VoIRTI0 JE R R K EAFAEZE T (E 3) .
TER B AE S5 AN [R) I 301 4% 4L 20 VoIRT7 1R 9 3% 1k
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Table 4 Subcellular localization prediction of VVIRT proteins
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Fig.3 Expression patterns of VvIRT gene in different tissues at different developmental stages after anthesis
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Fig.4 Heat map of VvIRT gene fold change in grape fruit, leaf and phloem at different developmental stages after anthesis under the treat-

ment of foliar spraying amino acid-iron compound fertilizer
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