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Abstract: In plants, K" efflux antiporters (KEAs) mediate the cellular K*/H" homeostasis and play key role in the

ion balance, growth and development and signal
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transduction. However, the relevant studies mainly focused
on model plant Arabidopsis, the functions of KEA family

genes in fruit trees were rarely known. Using Yellow Won-
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KEA family genes were isolated from strawberry, named FveKEAI-FveKEAS, which belonged to the typical plant K*/H"
antiporter gene. The encoded proteins shared an overall identity of 25. 00% at the amino acid level with the KEA family pro-
teins of seven different families, and could be divided into two subgroups, Group I and Group II. FveKEA1 and FveKEA2
belonged to Group I, and contained four Motif motifs. FveKEA3-FveKEAS belonged to Group 11, and contained seven Motif
motifs. Phylogenetic tree analysis showed that FveKEA2 and FveKEA4 of strawberry were closely related to VVKEA2 of
grape and MdoKEAG of apple, respectively, and FveKEA1, FveKEA3 and FveKEAS were closely related to VVKEA1 of
grape, PtrKEA4 of polar and PpeKEA4 of peach, correspondingly. All FveKEA proteins were majorly localized in plasma
membrane and contained 12-14 transmembrane domains (TMs). All strawberry KEA proteins were stable protein with the
exception of FveKEA3, and only FveKEAS possessed the signal peptide. The results of transcriptional profiling revealed that
FveKEA genes could be detected in various tissues or organs of strawberry. qRT-PCR analysis results indicated that
FveKEAI had the highest expression level in different tissues of SAF8 strawberry on the whole and the most prominent ex-
pression level in petals and immature fruits, followed by FreKEA4, while the overall expression levels of the other three

genes were relatively low. Moreover, at least 16 cis-acting elements were identified in the promoter region of strawberry KEA

family genes, and all of them contained elements of light sensing, endosperm expression and abscisic acid response.
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Table 1 Specific primers used for quantitative RT-PCR

S BIIFAL (5—3") e

FveKEAI F:TCTGCGGATTTGGACGAGTT 169
R:GACAGCCAAGATGGCTCAGT

FveKEA2 F:AACTTCCTCCTAACGGGGCT 208
R:TGGTGTTCAAATGCCTTGCT

FveKEA3 F:GTTCAACCCTTCCCTCGACC 134
R:GGACTTCGGAGTGTTGTCCT

FveKEA4 F:CCAATACCACGATGCGCCTA 158
R: TCCTAGGTTTCGGCTTTGCC

FveKEAS F:AGCATCTGTGGCATTCTGCT 148
R:ATTGCGAATGGGCTCAACCT

FveActin F:TGGGTTTGCTGGAGATGAT 156

R: CAGTAGGAGAACTGGGTGC
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Table 2 Information of KEA family proteins from seven plants

YrFh HAR Bk HASIX (bp) HAIMEE Iy Fit
X FveKEA1 mrnal9087.1 3 651 1217 131 970
FveKEA2 mrna01712.1 2418 806 87 770

FveKEA3 mrna02678.1 3582 1194 131 060

FveKEA4 mrnal3402.1 2019 673 73 350

FveKEAS mrnal1420.1 1743 581 62 530

A PhrKEA1 Phr001286.1 3678 1226 132 420
PbrKEA2 Pbr004889.1 2229 743 80 160

PbrKEA3 Pbr007039.1 2298 766 82 830

PbrKEA4 Pbr009904.1 2 301 767 82910

PhrKEAS Phr015588.2 1674 558 60 260

PhrKEAG Phr019828. 1 1767 589 62 990

PbrKEA7 Pbr031450.1 3183 1061 114 860

PbrKEAS Pbr036088.1 2 400 800 86 680

PbrKEA9 Pbr036420.2 1743 581 62 200

PbrKEA10 Pbr038070.1 1164 388 41 770

PhrKEA11 Phr038477.1 2244 748 81110

PbrKEA12 Phr041608.1 2514 838 90 540

R MdoKEA1 MDP0000144878 2346 782 121 520
MdoKEA2 MDP0000165222 3390 1130 134 600

MdoKEA3 MDP0000173207 2 949 983 106 800

MdoKEA4 MDP0000206618 3 009 1003 109 760

MdoKEA5 MDP0000244586 3726 1242 85 300

MdoKEA6 MDP0000818940 1743 581 41 590

MdoKEA7 MDP0000903895 1173 391 62 530

s PpeKEAI Prupe.2G162700 3 669 1223 132 060
PpeKEA2 Prupe.8G077000 2 436 812 63 450

PpeKEA3 Prupe.1G413300 1773 591 91 250

PpeKEA4 Prupe.7G212100 1830 610 62 650

PpeKEA3 Prupe.2G283800 1734 578 61 130

i VVvKEAL MH118299 1 836 612 64 500
VvKEA2 MH118298 1 689 563 61 410

VvKEA3 MH118297 1731 577 62 480

VvKEA4 MH118300 1566 522 56 210

Lia CsiKEA1 orange1.1g001051m 3519 1173 126 900
CsiKEA2 orange1.1g001096m 3474 1158 125 400

CsiKEA3 orange1.1g000968m 3621 1207 130 270

CsiKEA4 orange1.1g001810m 3030 1010 109 560

CsiKEAS orange1.1g004361m 2277 759 83 400

S 7] PurKEA1 Potri.002G157200.1 3 645 1215 87 830
PuKEA2 Potri.014G080800.1 3 648 1216 130 800

PuKEA3 Potri.009G080800.1 2 469 823 89 300

PuKEA4 Potri.012G130500.1 1752 584 64 050
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Fig.1 The phylogenetic tree of KEA family proteins from seven plants
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Table 3 Basic informations of KEA family genes and encoding proteins in strawberry

- 2% [=) ¥ P Wﬁ? %J? /i 5 L5 22 ) = 22

K Bk et A 7 HH $H Wik FHS BEX RREMEREE {55k
FreKEAI  mmal9087.1  LG7:3656495..3667369 forward 20 4 I 5.57 13 39.63 (Fa5E) x
FreKEA2  mma01712.1  LG2:7241001..7250450 reverse 17 4 I 5.04 14 35.35(FE) ¥
FreKEA3 ~ mma02678.1 1G2:18279313..18291148 reverse 34 7 il 6.84 14 42.54( RE&RE) 7
FreKEA4 — mmal3402.1 LG7:22396259..22403998 forward 21 7 11 7.52 13 29.42 (FE) Ta

- ‘ - ‘ ey AL 22-23
FreKEA5 — mrall420.1  LG1:4763675..4769132 reverse 19 7 11 5.65 12 33.95(FE) Jrepren
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Fig.2 Tertiary structure prediction of strawberry KEA family proteins
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Table 4 The cis-elements in the promoter regions of KEA family Table 5 Subcellular localization prediction of KEA family proteins
genes in grape in grape
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It 78 2 M 1 2 2 4 5 FveKEA2  50.00 - - 428 714 -
SR T ) _ 4 2 2 FveKEA3 71.44  14.28 7.14 - - 7.14
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Fig.3 Expression profiles analysis of strawberry KEA family genes
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