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Genome-wide identification of BvHAK gene family in sugar
beet (Beta vulgaris) and their expression analysis under salt
treatments

YANG Xiaohan, WU Guoqiang, WEI Ming, WANG Beichen

School of Life Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, Gansu, China

Abstract: High-affinity K transporter (HAK) is one of the most important K" transporter families in
plants and plays an important role in plant K uptake and transport. To explore the biological functions
and gene expression patterns of the HAK gene family members in sugar beet (Beta vulgaris),
physicochemical properties, the gene structure, chromosomal location, phylogenetic evolution,
conserved motifs, three-dimensional structure, interaction network, cis-acting elements of promoter of
BvHAKs were predicted by bioinformatic analysis, and their expression levels in different tissues of
sugar beet under salt stress were analyzed by qRT-PCR. A total of 10 BvHAK genes were identified in
the sugar beet genome. They contained 8—10 exons and 7—9 introns. The average number of amino acids
was 778.30, the average molecular weight was 88.31 kDa, and the isoelectric point was 5.38—9.41. The
BVHAK proteins contained 11—14 transmembrane regions. BvHAK4, -5, -7 and -13 were localized on
plasma membrane, while others were localized on tonoplast. Phylogenetic analysis showed that HAK in
higher plants can be divided into five clusters, namely cluster I, II, III, IV, and V, among which the members
of cluster II can be divided into three subclusters, including Ila, IIb, and Ilc. The BvHAK gene family members
were distributed in cluster [—IV with 1, 6, 1, and 2 members, respectively. The promoter of BvHAK gene family
mainly contained stress responsive elements, hormone responsive elements, and growth and development
responsive elements. The expression pattern of the BvHAK genes were further analyzed in different tissues of
sugar beet upon salt treatment, and found that 50 and 100 mmol/L NaCl significantly induced the expression of
the BVHAK genes in both shoots and roots. High salt (150 mmol/L) treatment clearly down-regulated their
expression levels in shoots, but not in roots. These results suggested that the BvHAK gene family plays important
roles in the response of sugar beet to salt stress.

Keywords: sugar beet (Beta vulgaris); high-affinity K" transporter; HAK gene family; cis-acting element;
salt tolerance
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FR A R 2 A BRAAE I LR A R
HEEIN 3z —1, SRR ER B T3k 9.5 12 h’,
2 o i B TR 7%, R DR A b 4
WA e T E R E K2 —, ERiAk T AR
15 0.99 12 hm®, 254 LA 1710, F
TAMAEVEIL . At . RAL XD 4
RKEBREY . JLHZER LMY (glycophytes)
X R A AR UMY S b vk B R o S PR ELAE
Prxf N P KSETTR A, A B TR E
BiEMEE IS R A LR, i A B
ZFEAEW 4700 MY Z R A R
A BT Na Fei i AR 2 AR et B g 7 i
(non-selective cation channels, NSCCs) F5 7%
Ak K512 (high-affinity K transporters,
HKTs) #EA40M, ik Na &AL Frvta
AP PR, AR A T A A
VRS ENIB D

) 32 S 3 R I KA Na >R 4
Fefh N B F RS, LS A R i aa B
HAK/KUP/KT (high-affinity K transporter/K"
uptake permease/K’ transporter) ZJGJEAEY) H

K K ia AR RZ —, HAEEh M T ik
HLAL A0 B A T R A KW, AT 4R A )
PRIN K'/Na Fads P17, sy shiE . 78
IR IT (Arabidopsis thaliana) W, AtKUP6
AtKUPII Z 3 Wa mds 3ot Eimgkikts o
R, i ERIKIKFE (Oryza sativa) OsHAKS #
SRR B R IR N KT R B3, A4
EAEE I ERENY, BT, HAK R R G C TR
VFZ Wb, W RE (Glycine
max)!"  #E (Vitis vinifera)' R (Hevea
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napus)[lg] . /N (Triticum aestivum)[lg]/i(ffO RN,
TEFERMEY P 4 A 0L HAK DR A58 (R E
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TE TR by i X A o 4 B R E M i S
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B Y, RSB A TFE, M
WE Y BUNHX . ByWKRY® | BvSnRK 2 A1
BvCIPK LN 51, I BB T e A 14 3
M) g 1030 A g VR AL o SR TAT, BRI R R D
X BvHAK JE R G005 B 01 46 78 B LR Ab ¥
T RIR TR HRA -

YF I, AR ZE BvHAK e R F %k
11 BRI 20 4 0 e kB 50, K9 BvHAK
FETI S £ A TR VE R, DA AR VR B
TP A0 A A R AR TR B R R E AR

WEERE

1.1 ##

PEEISE (B, vulgaris L.) fhfp-h < HBE 757,
P10 B H R G =Rl B A BRA . Hk
TERFRLAIE ) FD -, RPN IR A B O A
(5 ecmx5 cmx5 em; 32 £L), HEALIE 3 Kk Iz
TR ERE, iR T & )5, AR P 1/2 Hoagland
BERWGE . fFmiRE, ST, AL
1 BRAERIS BN . SRkt WA
25 °C/20 °C (B/R), JGF 16 /8 h (Br/fk), JEIR
9 BF 550—600 pmol/(m?s) , 25 A AH X iR
65%—75%. 3555 2 4 JEIR FEER A, 435I 0 O
i#). 50, 100 Al 150 mmol/L NaCl Zb¥ 72 h Ji7,
Ho FFRFAR TR, 3 WY ER , ZWAE

B<: cjb@im.ac.cn



3776 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

VRJE B T80 CUKF RAFE# HIE,
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T BVHAK DR 5 18 J8C 570 1 ST 440 s 02 2R
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JE4E R (transmembrane domain, TM)P,
1.3 #3 BvHAK £ &KHS D

F PRI R 2 H5Hh R 8. BVHAK HEPIR
WRBURTEGL AR - E, JFilit Maplnspect 1.0
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IRl 111 A HAK FE N R E 7 90 3547 R Gt itk
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L1 000 EE B LM EREHMET, R
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CDS %t 8 1 (1 Ak e £ 5 I3 0%,
1.5 #i3k BvHAK EHRRTEFMER
LA

FAHEL T H. MEME 5.4.1 (https://meme-
suite.org/meme/) FUll BvHAK &R S5 % 5% 1
EARAESFRF (motif), PR AKEH R
10, SEEEEE N 6-50. R GSDS fEL Mk
(http://gsds.cbi.pku.edu.cn/) 43T BvHAK FEH %
TR B 3 TR 5 A BT K g S X B
(coding domain sequence, CDS) 5 #H ) 3 [H 21
¥4 (http://bvseq.boku.ac.at) FEFT X, A AL
BvHAK R G5 A B /N & T 251 A
1.6 #3% BVvHAK HREER=4#%5MINE
TEM L& 5> 4

F) ] SWISS-MODEL 1E £k # {4 (https:/
swissmodel.expasy.org/interactive) Fijill T BvHAK
HHEM Z4E454 (three-dimensional structure,
3-D) A4 FF STRING 7EZRE0HE 5 (http://
string-db.org) #47THE 5 8 AR EAE A T
1.7 #3E BvHAK ERZRIEMK R INKAEH
TTHMEBEEREER S

FIFH plantCARE 7EZHAF (http://bioinformation.
psb.ugent.be/webtools/plantcare/html) T
BvHAK HH G065 18 5 3 20 T AT e A7 7E 1 5
A A 4R oA

K FH UNIQ-10 #:3K Trizol B RNA ffi#ix
M ETAEYTRE (B BOARLA)
XFASTR] M B2 NaCl Ak 34 S A A I R A7 A
RNA ##H(, FIf cDNA £ —4E & Bkl &
(PrimeScriptTM RT Master Mix, TaKaRa) A
cDNA % —%% . % Primer Premier 5.0 #lI
Oligo7.0 #AF 1T T qRT-PCR 4341 Y B K ¢
SPESY (R D™, F PO SERT 2 i PCR IR
#]# (TB Green'™ Premix Ex Tug"™ II, TaKaRa)
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PEAT qQRT-PCR S 3% BvACTIN V5 g 9 2 4
g 2y AT BVvHAK ﬁélﬂ%ﬁﬁ%‘%
KK Fr A SR LL 3 A2 2 )
PIEASE £oR, BN EY¥EEH 3 M HEAREH
AR, K SPSS 22.0 BAFHr B EEEF
K (P<0.05), FF Excel 2010 &M,

2 BEREAW

2.1 #H3 BvHAK ERZREHRGHELEEN
HERALEW DT
TEFHEFE N 4] Hh H S E 3] 10 1~ BVHAK

PRI G , AR S e Xof 1 A G € 44 b A o7
EAEE, KIS IR 44 i BvHAKI—
BvHAKI0 (35 2). Jp915rHrW], BvHAK H:H
KGN CDS JE [k 2 0042 541 bp, 4t
FIEBR I EAE 668—847 aa A%, SE(EH N
778.3 aa; 4 Fim N 81.76-95.16 kDa, “FIJ{H
4 88.31 kDa, J]Zéﬁﬁlﬂﬂmfﬁﬁ{ﬂlll g BN,
BvHAKI . -4, -6, -7, -9 F1-10 ZF 6 i 52 E N7
TN (vacuole, Vac), 1l BvHAK2. -3, -5 Fll
-8 FE AN N TR (plasma membrane, PM)
(£ 2),

F1 KXFAWMSIMERRFETY

Table 1  Primers used in this study

Gene name Forward primer (5'—3") Reverse primer (5'—3’)

BvHAK1 CTACAAACACGAATTAATGGCTTCT AAAGCCAACCGCAGAAGCAATAG
BvHAK?2 GCACAATGGATTTATCAACTCACCC CAGAATACCAAAGAAAGAACACCAAA
BvHAK3 AATGTAAGCAGTAACAATGAGCAAGA GCGGAATGACCACCACCTACAT
BvHAK4 AACAATAAGGAGAAATCATGGAGGAC AACACATACAAAGGGGATATACTCA
BvHAKS TTAGCTTATCAGAGTCTTGGAATAGT AAACAGTGAGGCTCCAAAAGATCAA
BvHAK6 TGTGGGTGAAAAAATGGTAGGAAAAG ACTCACTTCACTTCCATCTACCCA
BvHAK7 TGTGCCCTTTTTGAGTGAGTCTATG GCTTAAATCTCCATACACTACTCCT
BvHAKS GTGTCGGTATCGTTTATGGGGATT CCCATTATCATCTGCGCTCAATAC
BvHAK9 GGATGATGGCGAGGAGAGAGAAAG ACCTATCTTCAATTCCGAAACTTCA
BvHAKI10 CTAACATGGATCTGGAAAACAACAA AAAACAAAGGACAAAACCCCATAAAT
BvACTIN ACTGGTATTGTGCTTGACTC ATGAGATAATCAGTGAGATC

T2 FHE BHAK ERARERRLETE

Table 2 Identification of BVHAK gene family members in sugar beet
Gene name Gene ID Chr Exon count CDS (bp) Protein pl MW (kDa) TM Subcellular
length (aa) localization
BvHAK] Bvl 012350 gwcce 1 9 2418 806 7.30 89.87 14 Vac
BvHAK?2 Bv2 038040 xuej 2 10 2199 733 8.96 81.76 12 PM
BvHAK3  Bv2_ 043210 _nsir 2 8 2286 762 837 8529 11 PM
BvHAK4  Bv2_030090_hets 2 9 2 358 786 6.49  88.16 12 Vac
BvHAKS  Bv5_099680_qgewf 5 9 2325 775 941  87.53 12 PM
BvHAKG6  Bv6_149150_dnus 6 9 2523 841 7.19  93.59 13 Vac
BvHAK7  Bv6_149160_jraq 6 8 2334 778 7.59  87.46 13 Vac
BvHAKS  Bv6_146500_ndso 6 9 2 349 783 8.76  87.38 12 PM
BvHAKY Bv7 171890 ygwk 7 10 2 541 847 5.38 95.16 12 Vac
BvHAKIO Bv_ 005060 xrpy UN 8 2316 772 6.95 86.92 12 Vac

=: 010-64807509 B<: cjb@im.ac.cn
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F it — W BvHAK JER [ 25 i 25 5
XF BvHAK FRJG M AT 5L 4548 43 A o T[]
1A Fis, 10 4 BvHAK BRI &4 8—10 oM g
T 7-9 NNEF. H, BvHAK3 . -5, -7
M-10 % AR K E&AH 8 MM TR 7NN E
T3 BvHAKI. -4. -6 #-8 % 4 D& TH
9 MM 8 NN T BYHAK2 F-9 &5
10 MAMREFH 9 DMNE T b, BvHAK B
FERL 51 A A B S oA 45 2 B R AR G
PREFRORES (B 1A),
2.2 i3 BvHAK BEEREERBERE S

Il BvHAK BEDR G0 g% o A e o 43 B 45
REW], 10 MFEEB S PA 9 A5 BRI i

A BvHAK]I

SENITE 9 SRR 1, 2, 5. 6, 754
ik (B 1B). 1.5 F1 7 Sk & H
1 AELE, AR BE BvHAKIT . -5 F1-9; 2 S5 fn
K A 3G, 5 BHAK2 . -3 Fll-4; 65
Qe ik AR 3 AR, 43900k BvHAKG ., -7
-8, SR, BvHAKIO WA S iAE gLt fk |,
23 HAK ERARERFH UK GER
dN/dS 5

RTINS 5 AR 2 18] HAK D9 5T
BHHEHEER, XHEE 10 4>, BEITF 13 4. 3
F 124 A0 KE 64, K274, &
K214, /M 8 A4 KFE 4 M 111 A4S HAK
SR FG A F IR T 9T R G L B,

BvHAK?

BvHAK3
BvHAK4
BvHAKS
BYHAKG s —————imiim— s — i i
BvHAK7 —wa— —————
BvHAKS = - — -

BvHAKY9 w - -

BVHAKI(, e

3!

Okb 1kb 2kb 3kb 4kb Skb 6kb 7kb 8kb 9kb

Legend:
CDS == Upstream/downstream — Intron

B Chr 1 Chr 2 Chr 3
0 BvHAK2—
BvHAK3

Chr 4

25
BvHAK I—

BvHAK4—

50

60
Mb

BvHAK S5

10kb 11kb 12kb 13kb 14kb 15kb

Chr 5 Chr 7 Chr 8 Chr 9

BvHAKG6—
BvHAK 7/

Chr 6

BvHAK9

BvHAKS

B 1 #3 BvHAK RIEEREHE (A) FERBIEELM B) 7

Figure 1
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Analysis of the gene structure (A) and chromosome location (B) of BvHAK gene family members.
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SERM, HAK SER RGO 7R 5 %, 4 5k
I, 1T, VAIIVEE, HAPIEERG Al 53 Mila, b Al
e 55 3 MR (K] 2). 58 BvHAK LR ZIB 5
SIATERT 4 7, A5 LAS. 6 4. TANFI 2 A4S
U, TASIVEE B BvHAK JERFE R .
W, BvHAK3 {E%5 15 ; BvHAKS F1 BvHAKS {Ela
4 ; BvHAK2 {Elb #%; BvHAK4 . BvHAK7 i
BvHAKI10 7E1c 3% , BVHAK 1 {E5514% ; 1] BvHAKG

\ 4

K6
oHAKI2W

OsH,
PaHAK9

|

2 1EY) HKT ERRERZLZEH
Figure 2 Phylogenetic tree of HKT family in plants.
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1 BvHAKY FE55 ViR fERl—h , &% BvHAK
FERF AR 533 . MIT . A
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fEmt e, RS U IR R 1 AT IR
AR SRR MR L GAE, 22 MFR R A ) SLRAE .
— NNy, TR A7 AR RE, mEER X
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(dN) FIlR) LB (dS) Z IRy b, XA He sl
A DL W7 5 A 2 R VR T 2R A S e
Ko # dN/dS>1, WA A IERPERY .
dN/dS=1, WHARFETERPEESE . #5 dN/dS<1,
WA AT 2ifb B RRE . sk 3 PR, KE4L
BvHAKs (F% BvHAKS H BvHAKIO 4b) 5
BvHAK3 (1) dN/dS ¥ KT 1, W] BvHAKI |, -2,
-4, -5, -6, -7 M-9 5 BvHAK3 1eitfk FHA
IEEPFEAE o #E—2 2R F PAMLA4.9 #FXF 10 4
BvHAK JEPR G CDS 9317 5 85 143
Mro G5REW, BvHAK J7 406+ K TR I 350
dN/dS /NF 1 BdiE R BoR), AT BvHAKSs FE A
JIT 7 % B B TR ) R R ol i A %
2.4 FH3E BvHAK EEREEHRRTE
¥ B B R+

YR X251 T B S (B 3), if
BVHAK (1) TM2 Fl TM3 Z[aJA —K A R
(loop), MR srAItE K 4%z A S il g5 A

Mo T MEME Z3MriE 10 L%, 00 Tl
™ 2

BvHAK6 SMKLKLPTPE. . . LERALSI REI
BvHAK9 SIFRLKVPSPE. . . LERSLKI KE

BvHAK3 QLELPNKKI . . ASVPLKLKSF
BvHAK1 TTHSRGRFHEN. . . SFéI. KTRQ

BvHAK2 HPSFMESGTSKKE. . . TKCSLAI KEF
BvHAK4 TMRVEHPPET. . . . NSTSKVKM

BvHAK7 EMKKDVI VPI E. . TSFGSRLKSI
BvHAK10 KDDFTTSTDKNDTSSTLKLT
BvHAKS QANMHRPGYVTR RFRI F
BvHAKS TTRKYGHRSPL. . .. T PLKRF

3 3K BvHAK ERREERQRTEHBEEERF5 LT

175 51X

D

|

% BvHAK JER Gt 75, kKITA M
BvHAK JER G A motifl | motif2 |
motif3. motif4, motif5. motif6. motif7. motif8.
motif9 I motifl0 (& 4). 74k, [F—fEH, &1
I DL EE 7 AR R EE 2 dskRT I,
BvHAK SERZE BA ORI E5 M558, T3 51,
BvHAK # FES AR 1E 11-14 5§, 55
HLE AT 5.38-9.41 Zfa], Hr 7 AR pl K
F 7 (% 2), KL K ZH BvHAK J& Tt A .

&3 FK BvHAK B [E dN 7 dS B)E R LR
Table 3  Substitution rate of dN and dS among the

BvHAK genes
Genel Gene2 ds dN dN/dS
BvHAKI ~ BvHAK3 1.0465 17.8978 17.1024
BvHAK2  BvHAK3 21346 6.8602 32138
BvHAK4  BvHAK3 14863 11.8687  7.9855
BvHAK5  BvHAK3 0.101 1 10.0049 99.000 0
BvHAK6  BvHAK3 1.8802  7.4500 3.9623
BvHAK7  BvHAK3 32833 34768 1.0589
BvHAKS  BvHAK3 129779 44468 03426
BvHAKY9  BvHAK3 0.1503 14.878  99.000 0
BvHAKI10  BvHAK3 51063 44788 0.8771
INGEGGTEALYS ERIQ 194
IENQLPSIBA 194
19S QGAE 153
IWNRHRT| 141
YPS 114
118
119
115
112
122
MKASNKT] 249
NSLGLKK 249
NSI I SKY 209
SSRKN 195
YSRV 169
HT 172
QR 175
TLHK 173
HYRT] AA 164
KERT] A 176

TM2 F1 TM3 75 2 FIsE 3 A4

Figure 3 Amino acid sequence alignment of the protein conserved domains of BvHAK genes. TM2 and
TM3 indicate the 2nd and 3rd transmembrane domain, respectively.
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¥y, R SWISS-MODEL # {4l BvHAK 75 [
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BHE (Protein Data Bank, PDB) HfA5 A I 4E
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HERAMERS R o 3-D SEAHE— LR 1% BYvHAK $&
G [ T T S T A a1

-IV ................................................

BYHAK3 W NN NN BN NN SuEm [T 3w WIThecbeK|VerVeaANONGEGOTFAL! SLICR, Atysny NeeeDs

BvHAKI M Y S .

B (I 4w As i YFroyKey. Vo sYeesERELYaRYS isenreROLR) O]

BVHAK? [ HNEN E B0 HEN ENEN & Mo 5 w330 SToaVEAEA. WeehbbssontGil
BvHAK4 [ BE BN = i B . [ | 6wl MavWo! Gt ecbrobhySvamer Lo sl vRY,C10ke ELYS0
BVvHAK7 H HN NN | BN EEN BN B 7w s YehBesSessKexINea aF RRNeRassxakeY L osbigY iUy

BVHAKIO [ il Il W W NN I
|
BvHAKS [ NN I N NS . ||

BvHAKS [ HN N [V B9 NS e

8 sBuefirek b somal Lie Yha STHY | DGYET. ApSVESBysEle
. O 1s8VEaGERe s dONALC Avse LY TTeluzL ey s
10 mm AbxkBLQSLOYYYGDLSTS L VesszFan

4 #3k BvHAK ERRIEERRTEF D5 REFED

Figure 4 Distribution and characteristics of conserved motifs in BvHAK genes.
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Figure 5 Three-dimensional structure of BvHAK family proteins.
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2.6 3 BvHAK RKikEHEEM TN
F FTELR Bk STRING X #if 5% BvHAK K&K
FIE B A ARG S I (B 6). 4h
%1, 8 1 BvHAK (BvHAK2-BVHAK9) ¥4
AKT1 (XP_01681784.1) f¥ 7& H 1F X & .
BvHAK1 .-2.-6 .-8 F1-9 55 TPK3 (XP_01666502.1)
HF1EHAE, BvHAKL fil BVHAK3 ifY CIPK23
(XP_010687109.1) fF7EHAE; 5 BvHAK4 fF7E
HAEEHA AHAL (XP_010678592.1), PMEI2
(XP_010687598.1). PME22 (XP 010674080.1).
PME36 (XP_010692199.1). AHA7 (XP_010692042.1).

Bl 6 &t BvHAK ZKi%E B B 1M 2% f il

BvHKTI; 1 (XP_010688439.1), BVHKTI; 2 (XP_
010690257.1) 1 BvHKTI1; 3 (XP_010690256.1)
(& 6)o X EELER TR AMFGY BVHAK 5 A&
J5 B A B DI [ 4 0 24 SR A A B
2.7 FH3E BvHAK EERERBHFIRRAE
At HRERLETHRIEERX S H
AT M T R R R R R A R R
FEEHINEE, XTRHSE BvHAK FEH 05 %, 51 B
@Wﬁ A 1500 bp Ja ) F AR FH oo

1750 0. 590, BvHAK FEH ZE M 55
ﬁ ¥R o RIEER . FER. L.

Figure 6 Predication of protein-protein interaction network of BvHAK family.
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ARKR), A OAECTOE MR =R, T
5y AR SR EMCmBICH (G E KRB &
FICEHEAT . A RGN (£ 4), 7R ER
MR G, HAE BvHAK9 HEBT 1 4
GARE-motif; KZ%t BvHAK (% BvHAK2 . -7 il
-9) ¥4 1-3 > ERE; ABRE fE BvHAK3 . -4. -6
-9 FI-10 B RE ZhF A, TEMME RS
YERTCHEH, 9 bt (B BvHAK4) 4 1-3
A~ ARE JTfF; MYB 7€ 9 Nt (Bk BvHAK3) 1)
B FHELE. BN, BvHAKI ., -3, -5. -6, -9
M-10 58 FH & STRE, fEE K5 & & HIEm
I ol S 1 AN o W0 ) A U - g .2
BvHAK FEH iR XA E R 2 ), Al box4
7 8 I~ BvHAK W5 (% BvHAK4 1 BvHAKS) J5
SIFHA LM, W3 4 BT, BvHAK 5 9 4
B (R BvHAK2) &AW ARG W oo T

ih 380 2 0 AR K 5 R R DG e B T AR AE TR
AR FEAERS—1M2E, BvHAKI -5 %
A A A8 S8 AH R TG o

R T RESE BvHAK FER GG AEAN R R B
RN FR BRI AL, R qQRT-PCR X HE
PRIZRB KA TR E TRl . 25 R BN, Xt
I (0 mmol/L NaCl) #HLk, 50 FI 100 mmol/L
NaCl 235 m 1 &l et FAR d BvHAKI .
BvHAK?2 ., BvHAK4 . BvHAK7 Fll BvHAK9 ik
B (& 7). 7£ 50 #1 100 mmol/L NaCl 4t ¥ T,
M BYHAK2 ek 5 HAR i i 2638 2530l =
87.1%71 182.9% , BvHAK4 1EM-H 257K - HoAR
HIRA SIS 147.5%H1 53.9%; SRT, BvHAKY 1E
b ) Rk R R TR, IR 26.9% 1
27.7%. TE 50 mmol/L NaCl ZbBE T, BvHAK7 TEAR
HRFRA RS T AE 100 mmol/L AFET,

F4 HHEBHAK BEERERGRHNFIRRIERA THESH

Table 4 Distribution of the cis-acting regulatory elements of promoter regions of BvHAK gene family members

Functional class Element name Element function

BvH BvH BvH BvH BvH BvH BvH BvH BvH BvH
AK1 AK2 AK3 AK4 AK5 AK6 AK7 AK8 AK9 AKI0

Hormone GARE-motif  Gibberellin-responsive
ABRE Abscisic acid responsiveness
TCA-element Salicylic acid responsiveness
TGA-element Auxin-responsive element
ERE Ethylene-responsive element
Stress LTR Low-temperature responsiveness
MYB Drought related element
MBS Drought-inducibility
ARE Anaerobic induction
STRE Stress response element
W-box Salt-responsive element
Development  AE-box A module for light response
Box4 Light responsiveness
GCN4 _motif Endosperm expression
CAT-box Meristem expression
02-site Zein metabolism regulation
WRE3 Wnt responsive DNA element

0 0 0 0 0 0 0 1 0

0
1
0
1
1
1
1
3
1
1
1
0
1
0
0
0

S O O O W O N W = = W = = O O O O
S O O O wn O O O ~ O = O O O o o
S N O O W o O ==, O o == O O N
S O N O O O O O O = N O DN = = W
W O = O N = D= O WO N = =W
S O = O b =, O O = = N O O O = O
S = O O b O O O = O N O = O O O
S = O = N O = == O W o O o = W
_—= OO = O NN DO = O WO O
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2 23gmak; @ 3 [ BoHAKS % 7 [BvHAKY, 5 2 BRI
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E0.0 500 Z0.0 0.0
& 0 50 100 150 &~ 0 50 100 150 = 0 50 100 150 0 50 100 150

NaCl concentration (mmol/L) NaCl concentration (mmol/L) NaCl concentration (mmol/L)  NaCl concentration (mmol/L)
7 #3K BvHAK EEREH REREIRE NaCl hBTRIEMNRIEKTE A AFEEKE NaCl 431
T~ BvHAKI M AR H AR 3RIB7K 5 B AWK E NaCl 4B T BvHAK2 7E F A 2R 57K
5 C: AN[IHKEZ NaCl 2L BT BvHAK3 LEM FAR A FI X RB K5 D2 A NaCl £ BT BvHAK4
TERFR P A KKK E: ARIEKEE NaCl 23T BvHAKS TErt AR AR X RIKKF5 F: A
[Fl B NaCl AL 3R BvHAKG 12 FAR A BRI R RIB A G AR NaCl AP BvHAK7 1EM-Fl
MR AT B K s He ANFEWEE NaCl AFET BvHAKS TEM AR A X ik K5 1o ANFEWRE
NaCl &b LT BvHAKY FEM AR BARXT R IKKF-5 T2 AW NaCl 4bBET BvHAK 10 7EM AR H Y
FHXS AR KV o AS[E) B 7R 22 57 B 25 (P<0.05)
Figure 7 Relative expression levels of BVHAK gene family members under various concentrations of NaCl.
(A) Relative expression levels of BvHAKI in shoots and roots under different concentrations of NaCl. (B):
Relative expression levels of BvHAK2 in shoots and roots under different concentrations of NaCl. (C):
Relative expression levels of BvHAK3 in shoots and roots under different concentrations of NaCl. (D):
Relative expression levels of BvHAK4 in shoots and roots under different concentrations of NaCl; (E):
Relative expression levels of BvHAKS in shoots and roots under different concentrations of NaCl. (F):
Relative expression levels of BvHAKG6 in shoots and roots under different concentrations of NaCl. (G):
Relative expression levels of BvHAK?7 in shoots and roots under different concentrations of NaCl. (H):
Relative expression levels of BvHAKS in shoots and roots under different concentrations of NaCl. (I):
Relative expression levels of BvHAK9 in shoots and roots under different concentrations of NaCl. (J):

Relative expression levels of BvHAK 0 in shoots and roots under different concentrations of NaCl. Different
letters mean significant difference (P<0.05).
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BvHAK7 TEWH kit i 3 m T, S5 X0 BAH
e, B5Eh (150 mmol/L NaCl) Ab 3 i 2 R A% T it
MM BvHAKI Fl BvHAK7 BIFRi54 . BAb,
Fr iR A PR R BEAR T BvHAKG . BvHAKS F
BvHAKY FEM kit MR ik a5
M 26 S5 ik 2 o iXSBZE SRR, 50 F1 100 mmol/L
NaCl A [a] 2 5 #hi5 R Sl=8  F v BvHAK 5
PRI A 2R3 5 R 1 BvHAK TER:
H B IAIKAE, T AR A Y SRR A R
3 W
3.1 #iX BvHAK ERARGEEEFHALE

FEARMFIE A, SR R 2 B 12 rh e e
101> BvHAK JEH (3R 2), 5 HAWY R i) HAK
FE R W B B AN R A R, e ot A
13 AP FoK 27 A4S AR 15 A KRS 27 A,
Bk (Prunus persica) 154>, #i%§ 18 AN 41 pz
Ml (Salix purpurea) 22 Y1 25K (Camellia
sinensis) 21 A AT BE Rt FAE UEfL i AR
HAK FGAN AR )R B R A A ok, i
I T A HAK ZGSE R 225 .

HR 5 41 B 58 2 7, 6 4~ BvHAK RN
W B E AL AE TR (BvHAKT , -4, -6. -7,
-9 F-10), T 4 DOUE N TERE (BvHAK?2 |
-3.-5 M-8). AR, 48 R ZEHEY) HAK
TSP N e Ve 51 S S ¥ & L
OsHAKI10 EN TN, A HHS HAK K
W AL B3 A N ST B B (Physcomitrella  patens)
PpHAK2 5ENLTNIE, PpHAK3 TENT B /R 3
PR P 5 40 B A E R4 b S R
KA — I B S8 bR . TEAM S, 3 4
BvHAK FENZE G R (BvHAK3 . -7 F1-10) %
H 8ASMNE T, 5L (BvHAKI . -4, -5, -6
M-8) &H 9NIMNBT, HA BvHAK FIG 5
EA 10 MR (K 1A), 20N SpuHAKI3

: 010-64807509

A 6 MANB T, B (Pyrus bretschneideri)
PbrHAKII WA 7 AM9MNBF, PbrHAK7 4 6 1~
SRR E AR R R KT/HAK/KUP
EHEEE 8-10 MR T (DTHEPRING
TP, X F HAK EAREG, K iZEN
SR T R R A HA AR
XS R | m AR HAK JE R R F 5 M
XFARSF o

A oS 5B s R, SR it
P LAY TR, FEMYIh, KR
ABA ., LIEEMBFAMDINAER KT 55
TE I N 3 AR e 2 AR ITY 7E BvHAK SR
FER R, % 39 AR R o,
Horpg R ootk 74>, Wraam ool 8 4,
ARKREICH 24 4> (3R 4). 16 HAEM LS T A
58, % BVHAK2 5 BvHAKY 4, 24 BvHAK
FEE S N EE AKT1 TAEDT, F 4,
BvHAK K 5 K@il TPK3 HAEPY, 7&
AHF5E T, BVHAKS & 5 CIPK23 M EAEM (#
6). TEHM (Capsicum annuum) FZEH+,
HAKS & [R] P52 (1 7] 8 CBL1/CIPK23 & &Y%
TEET8 0 AEHRE (Saccharum officinarum) 1,
SsHAK 1 AJ fiE# CBL1-CIPK23 & & ¥)5; RUPO
BEER AL A D, X SE R I 45 oA — R
HAK JE#EHL 290 5L
3.2 #ft3% BvHAK FEZREBTHRIEERR
o

TEARWTEH, HAATE EES T BvHAKS
FE M AR o i Rk KE . BFR R, KA
OsHAK2 43 Na'#iz AR RN Kz, K
A HvHAK2 FREAME K432 H X Na U
Kitt (Gossypium hirsutum) GhHKT2'"' 1 jE
SsHAK?2 %) VvKUP2 thn 34 & A R fg .
PR IT AtHAKS FEAEM P RIE, 7 KK
BN, KRS OsHAKS WIS Na U (1 = 55 Al
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M Kz U 7R KRS R A v 2 ) 3
OsHAKS ik, i 1 vh KT aymfiorn K
MAR ZE M FE i ER iz, s K/Na' e, f#
R PR, MWK RS Ay bk,
(Phragmites australis) PhaHAK5 HA Na 3%
PE, e A A R ECY . R R,
BvHAK3 eI h G Kk, (Hhpy Rk
HREE TS, BVHAK3 TEARER a4 31 5
A P i R 35 IR B W 5 {BYE 100 mmol/L NaCl
AFRSS, MR R GA IR B . 94, /ST
Wit¥ PpHAKI3 FEAF Na #1219, RELH
iR, BvHAKG6 SHURIIT AtHAKI2 4k
Fir (K 2), HIIRERTRES AKHAKI2 Difg
FEARL, JE AT A RS A R A (4 i B
KK ZmHAKS FEARM AR R P L3Rk, nfid
— B BT Na B s, %RisE
[ T B 3E A AR BT e Na®, T4
S FE NaShECY, FeKRERUNE S, 5E
K ZmHAK4 W RIEIE R, HA A R Rk iz
A Fhgia et KW ZmHAK4 e FLAE LA
HA R EE LR P, fEARF 5T o, BvHAKY
1E 50 mmol/L NaCl KbFE Ry bk i i
(K 7D), HEMH 5 ZmHAK4 BAF R A 3 HL
B, AN, BvHAKS 7E 50 mmol/L NaCl 4b B 5
e B 48 i B 2GR KF (B 7B), X S5l o7
W AtKUP7 B Fe kB0 — 3 b B, BYvHAKS
STEEEMR AR IR K'ECEZ, Hlggss K
] A SRR 381

4 G

ARG, LUEE 10 N BvHAK 3
HZEWE G, H&A 8-10 M. 7-9 A
TG P EERAN BN 778.3, T
oW 88.31 kDa, FFHLSR 5.38-9.41, EEIX
H11-14 DA, REHA T R, =5
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Y HAK 745320 5 A&, Ar5IhT, 11, 11, VAl
IV, HAPIFER G i —2 73 Hlla, Ib Fllle
85 3 ARG s BvHAK F A M 43 A 7ETT 4 7%
UBEFIIEA 1B, A 6 ML, VIRA
2 ANREL, Rt BvHAK JERFEER AR FiEE
AR k5554 A BE, 50 F11 100 mmol/L
NaCl AR M5 FE S FIAR th BvHAK BRI K
WD 2G5 ; FiER (150 mmol/L) W R I Hoe it
W R IKOF, T X AR R Rk A R
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