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Identification and expression analysis of VHX gene family in
Chinese cabbage

WANG Xuehua, HAN Jia, MA Jizhong, YANG Xiting, MAN Huali, QIAO Yali,
GAO Xueqin, HU Linli"

College of Horticulture, Gansu Agricultural University, Lanzhou 730070, Gansu, China

Abstract: Na'/H" antiporter (NVHX) gene subfamily plays an important role in plant response to
salt stress. In this study, we identified the NHX gene family members of Chinese cabbage and
analyzed the expression patterns of BrNHXs gene in response to abiotic stresses such as high
temperature, low temperature, drought and salt stress. The results showed that there were
9 members of the NHX gene family in Chinese cabbage, which were distributed on 6 chromosomes
respectively. The number of amino acids was 513—1 154 aa, the relative molecular weight was
56 804.22—-127 856.66 kDa, the isoelectric point was 5.35-7.68. Members of BrNHX gene
family mainly existed in vacuoles, the gene structure is complete, and the number of exons is
11-22. The secondary structures of the proteins encoded by the NHX gene family in Chinese
cabbage had alpha helix, beta turn and random coil, and the alpha helix occurred more
frequently. Quantitative real-time PCR (qRT-PCR) analysis showed that the gene family
members had different responses to high temperature, low temperature, drought and salt stress,
and their expression levels differed significantly in different time periods. BrNHX02 and
BrNHX09 had the most significant responses to these four stresses, and their expression levels
were significantly up-regulated at 72 h after treatments, which could be used as candidate genes
to further verify their functions.

Keywords: NHX gene family; subcellular localization; fluorescence quantitative; stress; Chinese
cabbage
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Bt M98 62 it PCR i€ BrNHXs $&[H
FRRE X iR 7K
1.2 KB¥X NHX EERERRELEE

M B FE T B HE JE (https://www.arabidopsis.
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2 000 bp HyJ341, EKHL T H PlantCARE X
Hgk A7 w0 5 3 I AE oot . 78 TBtools
B B S A s ok, A9 BRI S U

shF = A oo oA .
1.6 XKHE¥ NHX EREFKRE_ZFEHFMT
M e 3E 452 T

iz AR F T 45 M I 3 SOPMA
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1?page=npsa_sopma.html) 7E £& T Il 25 (4 it — 2%
ZERyIh6EE; A Plant-mPLoc (http://www.csbio.
sjtu.edu.cn/bioinf/plant-multi/) 7€ £k ¥ 17 K 1 3¢
NHX FEIN G150 40 M 52 A6
1.7 KB NHX ERFE #5750 motif

FIH MEGA-X B A5 F T NHX S [H
HRHER NHX HNE QIR 75T 2 75
Bt 00, g DL R ST IR 13 NHX 3 DR R 3
SEER, A NI KEEETT A K (bootstrap),
PL 1 000 fFhE S BESINE. #IF MEME
(http://meme-suite.org/) 7€ £k F2 ¥ ¥ R K 3¢
NHX FENZERORAT FE R, P03 e ) A i
10 4
1.8 SLATIEEE PCR

¥ BrNHXs JE[H ) CDS ¥ 405 AL T AEY)
TR () B A BR 2 7] (https://www.sangon.
com/)E VL, HATTELTIYEITER 1), GE
WIvs). UL Brdctin ZERVERNNS: . T IEIKRE
2 uL cDNA, #5147 0.6 uL, RiiF514 0.6 uL,
Rox 0.4 uL, SYBR GREEN 10 pL, RIS
6.4 uL, ddH,0 20 uL., PCR ¥ #8414 % . 95°C
FASHE 15 min; 95 °CAEHE 10s, 60 °CiR2Kk 30's,
40 AMEIR, BEALFESEAT 3 RAEYFEE
BrNHXs NIRRT 00K R ] 274k,
1.9 HESHSLIE

S HEGE FINAS IS BrNHXs HE A (R AR T
Tk m B R R SPSS #f(spss17.0, IBM)i#AT
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J7 2581, I8 Duncan’s K36k 1T B 25
K5 (P<0.05), KM Microsoft Excel 2010 {4
PEATACFEFN ] Origing.0 22 & .

2 EREG5M

2.1 KHEX NHX EERERBLM RS
MR I NHX L& A7 5 E K AR
i e it BLASTp %, —IL453] 9 4~k
FISEE B , S B NHX FRIER 435
i i NHX01-NHX09. 7% 2 53 Hrnl L, 5 R A
3¢ NHX BN, BrNHX05 F1 BrNHX08 2t
IR H K2, 43510 1154 aa F1 1 139 aa;

AN A3 EAEHTE 56 804.22-127 856.66 kDa,
BrNHX01 514> T8/ R 56 804.22 kDa;
NHX SR KB RS, ek EEA,
Hrh BrNHX09 B B AN K53 F o S5 HL R
F 5.35-7.68 ZIu], Hr BINHX03 I BINHX07
Ft R, HARNEBRIEE .
2.2 KB NHX BEEREREKRENME
R A A 25 5 DR A 6 o e A b o7 i, 75
ML E AR ENIE, KRS NHX LR 1y
%o WE 1 BEF, 9 MEEEA G250 T KA
310 APk 2, 5. 6. 7, 9, 10 S
ik b, BrNHX02 1 BrNHX03 15 5 Sy ik

® 1 KBX NHX ERREREDTHISER L EE 54D
Table 1 qRT-PCR primers for expression analysis of Chinese cabbage NHX gene family
Gene Forward primer (5'—3") Reverse primer (5'—3")
BrNHX01 GCTTTGACCTCACCCACCTTAACC ATCAGACCAGTCGCAACACCAAG
BrNHX02 CTGATGCGTGGTGCCGTGTC ACAACAGTGATGGTGCTGGTGATC
BrNHX03 CTTGTATTCGGAGAGGGCGTTGTG GGTTAAGGTGGGTGAGGTCAAAGC
BrNHX04 AGAGCGGTTCGAGACCTGTAGATG GATCCGAGAACGATGCCGATGAC
BrNHX05 CGGCGACGGCGTTTCCTTAC GCTTGCCACCGCTCCATCTTC
BrNHX06 TCGGGTTGATCGTTGGTGGTTTAG ATGATGGGCGGAAGCAGAAACAG
BrNHX07 AGTGGAGATCCGTGAGTGACAGTC ACAAGGGAAAGACGAATGCTGCTC
BrNHX08 TGGAGGAGGCGACAGGTTCTTC ACGAGGAGAGCGACGGTGTAC
BrNHX09 CCAGGAATCGCTGACCGTAT GTAGCGGTGGATGGTGTAAACAGG
Actin CTTTGCCGCTTGCTCTGATG CTGTTGGAAAGTGCTGAGGGA
®2 KAX NHX ERERBEELMER
Table 2 The physical and chemical properties of NHX gene family in Chinese cabbage
Gene Gene Strand Chromosome location Number Isoelectric Formula Molecular GRAVY
Accession (+;—) of amino point weight
number acid
BrNHX0I Bra020599 + 23 747 985-23 751 127 513  6.60 C2614H4054N6460721S23 56 804.22 0.469
BrNHX02 Bra020755 + 23983 89123986949 540 6.15 C2754H4292N6820764S21 59 853.74 0.438
BrNHX03 Bra039469 + 24 456 485-24 459 528 546  7.07 C2784H4324N7000757S28 60 610.87 0.471
BrNHX04 Bra026197 — 5341 891-5 346 226 743 642 C3777H5893N96101054525 82 430.64 0.294
BrNHX05 Bra003601 + 17279 543-17 286 364 1154 6.31 C5821H9142N152601650S30 127 865.66 0.132
BrNHX06 Bra035130 — 25 587270-25591 010 511  5.35 C2601H3964N6540738S22 56 909.35 0.297
BrNHX07 Bra036110 + 2 424 337-2 427 401 543 7.68 C2776H4317N6890755S24 60 193.42 0.498
BrNHX08 Bra017430 + 13876 104-13 881 875 1139  6.58 C5696H9013N148501650S33 125 756.16 0.112
BrNHX09 Bra002905 — 69153626918 243 533 6.87 C2735H4265N6630749S16 58 931.90 0.537
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b, BEBSARIT; BrNHX04 1 BrNHX07 J:DH A7
T YL KK St 5 BrNHX01 . BrNHX04 . BrNHX09
SRS AT 20 60 10 SR F.
2.3 KHEX NHX ERERiEERE S5
Xt NHX H ] FKIGER 9 A4S 51 R4 7 56 R 2%
¥ oy, @5 RaE 2 Fiws, ZEEZE T
BrNHX01 . BrNHX02. BrNHX03. BrNHX07 .
BrNHX09 X JUA K BE 220 A R K, F 24

A02
A05

BraNHX01

I
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E 1 KHE3X NHX EERER K ENE
Figure 1
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HFE 4 000-6 000 bp 2247 ; BrNHX05 S H ek
ik 7 000 bp, HHNEFAMAES, Htn]
T BrNHX05 PR 55 HoAth 5L KR 25 4 Fl 2 e
D5 T 22 F 80K s BrNHX08 JE AT K, 4h i
FEH®Z, N 2214 ; BrNHX03. BrNHX07 .
BrNHX09 R:H#ERHA 13 MG T, HE5HHH
L, HHEN BrNHX03 . BrNHX07. BrNHX09
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<

BraNHX08
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Chromosome mapping of NHX gene family in Chinese cabbage.
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Legend:
CDS = Upstream/Downstream — Intron

2 KB3X NHX ERZREEREH S

Figure 2 Gene structure analysis of NHX gene family in Chinese cabbage.
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24 KBX NHX EREZRIEKEB3FIN
NIERTH

fifi FH TBtools X4 /R KK ECA JER A
BT 17 4 B AR SR 45 o 1 R B 3), KA
% NHX J8 sh 7780 &4 18 A1l B ry =4

JOF(ER 3). REG MAEYEER W& o, il
TR V2% T (ABRE) . 2R #11 R HY Mg b 25 o
(TGACG). LJ&NZ L (GARE) s . A AIHE
A Wy I 3 o 0 A e, An S e i oT
(Box 4. GATA. G-Box. MRE. AE-box %),

ST N S VY —
BrNHX01 —) P Acbox T CGTCA-motif

Briixoy ———88-00000-8—80-0-801MO—000M8— o Anre P G-Box
BrNHX05 ——————8®-0— -8 e me) ® :‘ AE-box i GT1-motif
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BrNHX04 W—8080 0088 0— WP s P TGACG Mt
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Figure 3  Analysis of NHX gene family promoter elements in Chinese cabbage.

®3 KBX NHX EEZER BT FIIRNAER T I8

Table 3 Functions of cis-acting elements in the promoter sequences of NHX gene family members in

Chinese cabbage

cis-element Number of  Sequence of Functions of cis-elements

genes cis-element
G-box 35 CACGTG cis-acting regulatory element involved in light responsiveness
ABRE 31 ACGTG cis-acting element involved in the abscisic acid responsiveness
ARE 23 AAACCA cis-acting regulatory element essential for the anaerobic induction
Box 4 20 ATTAAT Part of a conserved DNA module involved in light responsiveness
GT1-motif 15 GGTTAA Light responsive element
LTR 14 CCGAAA cis-acting element involved in low-temperature responsiveness
CGTCA-motif 13 CGTCA cis-acting regulatory element involved in the MeJA-responsiveness
TCT-motif 13 TCTTAC Part of a light responsive element
TGACG-motif 13 TGACG cis-acting regulatory element involved in the MeJA-responsiveness
P-box 7 CCTTTTG Gibberellin-responsive element
AE-box 5 AGAAACTT Part of a module for light response
MBS 5 CAACTG MYB binding site involved in drought-inducibility
chs-CMAla 5 TTACTTAA Part of a light responsive element
TGA-element 4 AACGAC Auxin-responsive element
GATA-motif 4 AAGGATAAGG Part of a light responsive element
MRE 4 AACCTAA MYB binding site involved in light responsiveness
TC-rich repeats 4 GTTTTCTTAC cis-acting element involved in defense and stress responsiveness
GARE-motif 3 TCTGTTG Gibberellin-responsive element

http://journals.im.ac.cn/cjben
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B R AT (LTR) . T 5N AT (MBS)
Z: 5 [ RN WU N G (TC-rich repeats)& o
FEIXSE R 2, 5 R A DG A i = A FE e i

B T AR BT —2E L, X FE I NHX ik
BB A G,
2.5 KBX NHX EEREREEBRIRLE
T Fn I 20 B 7E i

NHX F PR G5 88 1158 2 45 F6) Fu ) 41117 244

L S A AT S R B (3R 4), KSR NHX B
KIS0 (R AR o-180E . B-5%
£ RIS KN 25l 25, o B 5 AR X L 1 4
B, TEREITE 41.94%-59.89% 2 8] ; B-F&ff & HE
FC AR AT B3R N 3.38%—6.33%; AN LI 25 il
HHAHI R 25.04%-36.40%. 720 i & 7 T &
B, KRS NHX 5P GRS 35 20 T o s

&, BrNHX04 3RS T 90 760 B A 240 AR A I
BrNHX08 BRI T A MIfE b BRUA | 2 B,
Pl o HE VAR A, T 2R B P W e |, S 5
FKik,
2.6 KB NHX EEKEFRTHEWE
{iE 5 #r

KA NHX HER G5O SF 5UE5 6 FRAE 7
Mrah B (B 4)F W], BrNHXO01 ., BrNHXO02 .
BrNHXO03 F1 BrNHXO07 [ T A% A motif 10,
HAGERIR ARl ; BrNHX05 1 BrNHXO08 251
EAHRL, #B& A motif 1. motif 9 F1 motif 10,
BrNHX06 1 BrNHX09 Z& I AHML, #5554
motif 1. motif 2 Fl motif 9, i Hix LE45 4 fuf 4H
0L A 356 PR e 5% 7 B e 5 A PR — S sl 3 TR
2 ol I R ik

*® 4 KBEXR NHX ERE KK Z R E TN F1IE 208 5 & fi

Table 4 Secondary structure prediction and subcellular localization of NHX gene family in Chinese cabbage

Protein Gene Accession No.  Alpha helix Beta turn Random coil Subcellular localization
BrNHXO01 Bra020599 44.25 3.7 32.94 Vacuole

BrNHX02 Bra020755 43.15 4.44 34.07 Vacuole

BrNHXO03 Bra039469 41.94 4.03 35.16 Vacuole

BrNHX04 Bra026197 59.89 4.04 25.71 Vacuole cell membrane
BrNHXO05 Bra003601 53.03 6.33 25.04 Vacuole

BrNHXO06 Bra035130 44.23 3.91 36.40 Vacuole

BrNHXO07 Bra036110 44.01 4.79 32.97 Vacuole

BrNHX08 Bra017430 48.29 4.13 32.57 Cell membrane
BrNHX09 Bra002905 48.78 3.38 30.96 Vacuole

&5 KBAX NHX ZEBWRTERFFFI 54

Table 5 Prediction of conserved motifs of Chinese cabbage NHX protein

Alt. name  E-value  Motifs Site count Width
Motif 1 == 1.90E-205 YMLAELFSLSGILTVFFCGIVMSHYTWHN 9 29
Motif 2 = 1.40E-201 VFSEDLFFIYLLPPIIFNAGFQVKKKQFFRNFVTIMLFGAIGTLISTTVI 7 50
Motif3 = 2.30E-189 DYLAIGAIFAATDSVCTLQVLNQDETPLLYSLVFGEGVVNDATSVVLFNA 5 50
Motif4 = 8.80E-168 IDFKMQVVIWWAGLMRGAVSMALAYNKFTRSGHTDLRGNAIMITSTITVC 5 50
Motif 5 = 1.40E-149 NLFVALLCACIVIGHLLEENRWMNESITALLIGLATGVVILLISNGKSSH 5 50
Motif 6 = 8.70E-083 TTKHTFATLSFLAETFIFLYVGMDALDIDKWRSVSDSPGTS 5 41
Motif 7 = 5.90E-084 NHNVPRPDSJRGFLTRPTRTVHHYWRQFDDAFMRPVFGGRGFVPFVPGSP 4 50
Motif 8§ = 1.50E-032 STLLGVATGLISAY VIKKLYFGRHSTDREVALMMLMAYLS 5 40
Motif 9 = 3.60E-026 GLLLLGRAAFVFPLSFLSNLSKTNPSEK 9 28
Motif 10 = 9.40E-017 QISPAIHDPQGQEKQQQAAGVGILLQIMMLVLSFVLGHVLRRHKFYYLPE 2 50
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2.7 KBEXEMIET NHX BEERERS
AR

Rt —2 TR AR NHX RFES5HAMY
FEEIE G R, AT MEGA-X B4
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Figure 4 Analysis of conserved domain of NHX gene family in Chinese cabbage.
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Figure 5 Phylogenetic tree of NHX gene in Chinese cabbage (®) and Arabidopsis (o).
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Figure 6 Time expression mode of NHX genes in Chinese cabbage under different abiotic stresses. A: Heat.

B: Cold. C: Drought. D: NaCl.
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