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W ENEEFoNMHE NHX RERERAWEDER AAAERBEEFII LA MRS RTAEANE G EMNE L
HEALZHEA P FAFLEEF N NHX EEEERR 11 A, % 4 % BONHX1~BoNHX11; #| il TBtools. MEGAL1, Plant-
CARE.MEME % # 6 fn {3kt —F pAT LI AN H E NHX ZEXERAOEMET. FREZAUNAZXERAZEALR
127~1166 A, FEH 14 174.59~128 874,77 Da, & ¥ # 7 5.16~9.33, E# @A 5 H % NHX Xk R A HENF L #
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FoEHEMMNE RN T Ao L L EX R, EHEEF AP LT NHX EERKERK R 114N #—-F ok
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Bioinformatics Analysis and Identification of
NHX Gene Family in Brassica oleracea

WU Qinan' ,ZHANG Meng? ,DING Yijuan®
(1.Xizang Academy of Agricultural and Animal Husbandry Sciences, Lasha Xizang 850032, China; 2.Institute of Vegetable Research, Xizang
Academy of Agriculture and Animal Husbandry Sciences,Lasha Xizang 850030, China;3.College of Agronomy and Biotechnology,Southwest
University, Chongqing 400715, China)

Abstract: Cabbage (Brassica oleracea var.capitata 1..) ,with its advantages of rich nutritional value and high yield, has become one of the
most important vegetable crops in China.In this study, we systematically identified and conducted comprehensive bioinformatic analysis of
NHX gene family members in cabbage,aiming to provide theoretical support for salt-tolerant breeding programs.Eleven NHX gene family
members were identified in B.oleracea genome by amino acid sequence alignment and hidden Markov model (HMM)-based protein domain a-
nalysis,designated as BONHX 1 to BONHX 11.Further analysis of these genes was conducted using TBtools, MEGA11,PlantCARE, MEME,
and other bioinformatics tools. Physicochemical analysis revealed that the NHX family members encode proteins ranging from 127 to 1 166 a-
mino acids,with molecular weights of 14 174.59 - 128 874.77 Da and isoelectric points (pD) of 5.16 - 9.33.Phylogenetic analysis divided the
NHX family into three subfamilies (A,B,and C),and the number of memebers in each subfamily varies from 3 to 12.Cis-acting element pre-
diction had highlighted roles in light response, hormone signaling, and low-temperature stress.Collinearity analysis identified 12 orthologous
gene pairs between Arabidopsis thaliana and Brassica oleracea sand six pairs within the B.oleracea genome. Eleven NHX gene family mem-
bers were identified in B.oleracea ,with functional analysis suggesting their critical roles in stress response,light regulation,and hormone sig-
naling.
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H # (Brassica oleracca var.capitata Lin-
naeus) , XA O3 AR R E R LY H)
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BoNHX ZJE 11 AU 4ih% 127~1 166 2 Hk
W2, F AT 14 174.59~128 874.77 Da, % H
JUTE 5.16~9.33 Z [A] 424k, IR PE 8 H 5 i Pk 2R
RO BEAMFE . AT E R BE 28.31~42.39 X
N, Horp A 10 MR AR E REUNT 40, 7] g
XEEAEEE. B BONHX5 NaE ZEOKR
T a0, TREH E AR AR E. IE &R BAE
87.79~119.20, £ /K 4 #-0.017 ~ 0. 559, I 7
N AFEEE TR T BoNHX 5, H A 36 K M/
T 0. AT REE MR AKMEEH .

x1 HI BoNHX EFRKERREARAEZE
= o G b
T LI L R A i
BoNHX1 BolC02g056920.2] 530 58 810.75  7.19  34.45 106.09 0.482  52.26  14.34  2.83  30.57
BoNHX?2 BolC05g012230.2] 722 80 030.75 6.13  28.31 109.61  0.265  66.34 7.89  3.05  22.71
BoNHX3 BolC05g059290.2] 560 62 245.77 6.6 39.76  108.46  0.43 55.54  13.57  2.86  28.04
BoNHX4 BolC05g060560.2] 549 60 909.32  7.35  37.52 105.65 0.492  47.54  13.66  3.46  35.34
BoNHX5 BolC06g050470.2] 501 555709  5.33 42,39  98.98 0.379  55.69  14.17  3.19  26.95
BoNHX6 BolC07g039160.2] 174 19 406.96  7.75  33.27 119.2  0.855  61.49  16.09  4.60  17.82
BoNHX7 BolC07g039170.2] 222 24 756.65 9.33  39.31  87.79 —0.017  36.94 991  1.80  51.35
BoNHX8 BolC07g057510.2] 127 14 174.59  5.16  32.26  114.25 0739  56.69  14.17  2.36  26.77
BoNHX9 BolC09g005190.2] 535 59 343.36  7.19  34.8  107.31 0.484  52.90 13.83  3.18  30.09
BoNHX10 BolC09g027600.2] 1166 128 874.8  6.65  35.09 103.17  0.092  56.86 9.18  3.17  30.79
BoNHX11 BolC09g043080.2] 529 58 665.61  6.64  34.11 11049 0559  53.50  13.80  3.02  29.68
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