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Abstract: To address environmental challenges involving escalating frequency and severity of drought, it is of utmost
importance to develop a deep understanding of drought-resistance genes in plant genomes. Based on our initial

laboratory analysis of transcriptome sequencing data from Halogeton glomeratus, the HgS5 gene exhibited the
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highest expression level and differential fold change following salt stress. This study focused on the HgS5 gene,
conducting bioinformatics analysis and subcellular localization of the protein encoded by this target gene. We
employed qRT-PCR to assess the relative expression of the target gene in the leaves and roots of Arabidopsis
thaliana, and achieved heterologous expression in A. thaliana using Agrobacterium as a vector. In this experiment,
we cloned the HgS5 gene from H. glomeratus and validated its drought resistance in A. thaliana. It was found that
the HgS5 gene comprises 1738 base pairs, encoding 370 amino acids. The encoded protein is acidic and hydrophilic,
lacking a transmembrane region. Featuring 116 promoter cis-acting elements, the HgS5 gene shares a A_thal_3526
conserved domain with homologous genes related to Carnegiea gigantea, Amaranthus tricolor, and Beta vulgaris.
Subcellular localization indicated that the HgS5 gene is primarily expressed on the cell membrane. Fluorescence
quantitative analysis showed that the HgS5 gene is predominantly expressed in the roots of A. thaliana, with a
significantly increased expression level compared to other groups at 6 days (P<C0.05). The drought resistance
assessment revealed a notable enhancement in drought tolerance in A. thaliana overexpressing the HgS5 gene,
evident in a slower wilting rate of the plants. The HgS5 gene conferred resistance to dry conditions by influencing
enzyme activity, initially increasing and subsequently decreasing the activities of superoxide dismutase, peroxidase,
and catalase in the roots of A. thaliana. To summarize, the gene HgS5 plays a pivotal role in the process of drought
resistance. The aim of this study was to provide a theoretical basis for further exploration of the molecular response
mechanism of the HgS5 gene to drought stress.
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Table 1 Primer sequence used in the experiment

5191 4 % Name of primers 519174 Sequence of primers (5" —3") A& Function
HgS5-F1 CGTTGTTTCCAGCCCACTTC e 3
HgS5-R1 AATGTTAAACACTTTACAATAC Gene cloning
HgS5-F1 GGGGTACCGACGTTGTTTCCAGCCCACTTC Fik Ak
HgS5-R1 CGGGATCCAGAATGTTAAACACTTTACAATAC Expression vector
35s-F GACGCACAATCCCACTATCC HET W)
HgS5-R CGGGATCCAGAATGTTAAACACTTTACAATAC Identification primer
HgS5-F1 GCTCTAGAGACGTTGTTTCCAGCCCACT P24 f 5 37
HgS5-R1 GGGGTACCAGAATGTTAAACACTTTACAATAC Subcellular localization
HgS5-F1 ACCCTGTCCTACAACCACCT P& i PCR
HgS5-R1 TGGGAGCAGGGACTCCATTA Real-time PCR
Actin-F1 GGTGATGGTGTGTCTCACACTG
Actin-R1 GAGGTTTCCATCTCCTGCTCGTAG
Actin-F2 ACACAAGGTCTATGTCGGAAAT
Actin-R2 TAACACTCTCGTGCTTACGATT

TE: TR B0z A

Note: The underscore is the enzymatic cleavage site.
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Fig. 1 Bioinformatics analysis and prediction of HgS5
A: PCRYHE VKB 1~4 24 HgS5 H: PR 1 PCR 44 )7 ¥ i Uk €] (Marker 2 2000 bp) s B: 8 H B BEX 347185 C: B RS KEBUN ; D 80 94
FTME ; E « EERE =R, A: PCR amplification; Lane 1—4 is the PCR product amplification electrophoresis image of gene HgS5 (M: DL
2000 DNA Marker) ; B: Analysis diagram of protein transmembrane region; C: Protein hydrophobicity prediction; D: Protein secondary structure

prediction diagram; E: Protein tertiary structure prediction.
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Fig. 2 Phylogenetic tree of the gene HgS5

T B[] 95 M A U Y 1T 50 A4S K . The first 50 genes with decreasing homology were selected. HgS5 (Halogeton glomeratus) \XP_021851686.1
(Spinacia oleracea) . KNA18755.1 (Spinacia oleracea) . XP_010668228.1 (Beta vulgaris subsp.) . XP_021760321.1 (Chenopodium quinoa) . XP _
057531325.1 (Amaranthus tricolor) . XP_021748271.1 (Chenopodium quinoa) . KAJ8444719.1 (Carnegiea gigantea) . XP_059634352.1 (Cornus
florida) . XP_016493705.1 (Nicotiana tabacum) . XP_021748272.1 (Chenopodium quinoa) . XP_009587614.1 (Nicotiana tomentosiformis) . XP_
028110342.1 (Camellia sinensis) . XP_057981429.1 (Malania oleifera) . XP_059634353.1 (Cornus florida) . THGO03481.1 (Camellia sinensis var.) .
KAJ4728131.1 (Melia azedarach) . KAI8020664.1 (Camellia lanceoleosa) . KAF7152120.1 (Rhododendron simsii) . XP_009779954.1 (Nicotiana
sylvestris) \XP_058189405.1 (Rhododendron vialit) \XP_019239531.1 (Nicotiana attenuate) KAJ8440662.1 (Carnegiea gigantea) \XP_006444861.1
(Citrus x clementina) . XP_058189406.1 (Rhododendron vialii) . KAK2993855.1 (Escallonia rubra) . XP_042966111.1 (Carya illinoinensis) .
CAK9140506.1 (Ilex paraguariensis) . KAK3026594.1 (Escallonia herrerae) . KAG2720548.1 (Carya illinoinensis) . KA13444425.1 (Paulownia
Sortune) . KAH7859749.1 (Vaccinium darrowii) . KAH9731601.1 (Citrus sinensis) . KAK3037309.1 (Escallonia herrerae) . XP_009598712.1
(Nicotiana tomentosiformis) . XP_044480540.1 (Mangifera indica) . XP_015389734.1 (Citrus sinensis) . XP_044493792.1 (Mangifera indica) . XP _
009769882.1 (Nicotiana sylvestris) . KAI18572648.1 (Rhododendron molle) . KAK1376148.1 (Heracleum sosnowskyi) . XP_010266491.1 (Nelumbo
nucifera) . XP_031263127.1 (Pistacia vera) . XP _017236475.1 (Daucus carota subsp.) . XP _017236474.1 (Daucus carota subsp.) . XP_059278312.1
(Lycium ferocissimum) . KAJ0051614.1 (Pistacia integerrima) . XP_011093724.1 (Sesamum indicum) . MCD9646240.1 (Datura stramonium) . XP _

059457339.1 (Corylus avellana) and XP_052170656.1 (Diospyros lotus) .

2.6 HgS5 & W84 F o

FIHI qRT-PCR J5 43 #1, WT Flid %3k HgS5 4RI It (over expression of HgS5 gene, OE) Bk & (1 it J Al
MAE0.3.6.9M12d HRT M T HgSs He R B AR Fak i (E 6) . 25K, T2 a3 T, H A H 7
MR P RIRERE A G T, BAHL R BEE T 50 0 24, YA B4 Y 3R 38 1 TR S 6 Kk | g
L, P AR 8 A B ARG 2 2K 40 331 O d Y 22, 75 111 20. 6247
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Fig. 3 Analysis of promoter acting elements of the gene HgS5
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Fig. 4 Subcellular localization analysis of the HgS5 gene
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Fig. 5 Summary of PCR gel map of genetic transformation A. thaliana

A: pCambia2301-HgS5 % ik # & PCR ¥ IIF , M 4 Marker, ¥k 1~5 8 HgS5 3 R A 8 5 B PCR42IF ; B : pCambia2301-HgS5 2 ik 2 A SR 1) 4611 , M
i Marker, ki 1 HgS5 3 PH /) B0 58 Bt PCRYGHIE ; C: T AR BHPE AR K 50, M 2l Marker, Uk i 1~12 24 HgS5 3k A % B 50 B PCR S TE , W T 7y By 2 A,
“ =" ddH,O, “ 4" A Fi ki . Marker 4 2000 bp. A: pCambia2301-HgS5 expression vector PCR verification, M as Marker, lanes 1—5 as HgS5 gene
monoclonal PCR verification; B:pCambia2301-HgS5 expression vector was verified by double restriction enzyme digestion, M was the Marker, and lane
1 was the monoclonal PCR verification of HgS5 gene; C: T, generation positive plant test, M is Marker, lanes 1—12 are confirmed by monoclonal PCR

of HgS5 gene, “WT” is wild type, “—" is ddH,O, and “+" is plasmid. Marker is 2000 bp.
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2.7 HiLiE 187 —=—nf f Leaves —— #f & Root
2.7.1 TR AW & 58T SIS NACIFS I
SR REEF AR (WT) b &t RIEM(OE) , FERE
REER AL BRSO N BT IR K 2. SR, 2 PEG Ab 3k
JE20% B, BT E YR AR L K 2F . 55 5 RAE PEG 4b 3
W HE R O M 5% B 416K, WT Fl OF (4 % 215 i LT
TS A 10%~20% 1 PEG R E T 15 LI IR & o P rm
HARAE, OF W) & 2880 3 3 (P<<0. 05) , iX — 22 4 FE K H Processing days (d)
SEAE15% B PEG W Tk B0, b mpf e E6 BEBXMREBIN
i7dﬁ¢,7£20%PEGﬂ?§_F,OE B@Zi%ﬁﬂj@]? Fig. 6 Gene relative expression analysis

AN TF NG B R8N [ Ak B ) 22 57 8 % (P<<0.05), F Al Different
63.33%0, 1 WT HY & 2F L 98. 8900, 1X — 22 5 ik lowercase letters indicate significant differences among different
B T8 E KT (P<C0.05) o HoAth e BT 14 22 5 000 AH % treatments (P<<0.05), the same below.
AR Zd9d G fE 20 PEG R EE R ,OF
MR ZESRARECT WT @ih 7 21.00%6 ,3X — W 3 22 K - UGEW] T OE Mt E T 3R (P<<0.05) . £8 BTk 76 T %
Jp 38 09 2R L OE 9 & 28 3% i 55 T WT ,JF HREE T SR E MG, OE RN Ry bt a8 . H Ay HER
HgS5 {32 6 751 52 AR 08 1 s U T /6 T R A0 3N (09 & ZERe J , I ITTIE B T 5 I 2 A o 3 it 268 ) .
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Fig.7 Seed germination under different PEG stress treatments
WT B AR OF ot ik R PEG: R 2 . ; M. WT: Wild type; OE: Overexpression plants; PEG: Polyethylene glycol; The same below.

2.7.2 B HgSS BN T PR EE LW ER I 1S KE,WT R 50.82% ,0E K 50.82%(%2),
AEBR 3 A WT & K& R 44.50% ,0E Ky 44.44% , WT HL 25 HgSS 5 — 8 A 6 X, WT H3E &K
S 2 14% ,OF R3S K B R A 29 14 %, W T FEAR I i JF R 36 45 , OE bk & oK & £ B B A8 4k, & B OE Hi 1
TR A9 d, I KIS TR 2320, WT B4 2 FBUK 50 v R 8 BLIRBE 55 56 P0G I kA7 DR
T HORZS s b BHEE 12 Kt , RIS KR R R 5% 247, WT 582501, OF 4L M- F Z5 45 (B 4 1 2 A 3, o e 5
Hh L T AR e PR DL e I A Ak LA BT s e R (181 8) .
2.7.3 % HgS5 R MNP I T R AE MR AR, WT fIOE MR &R SOD 16 PE 5 AR — 50 4b 3 d J5
KA, AR AR B3 55 s A B 6 d, WT B SOD 3 £ 35 B 1E{H , OE 1 SOD W& PR iR FEF £ 38 s b #E 9 d, WT
SOD ¥ M 2wk /> 2 35.67 U-g ' FW, OE 19 SOD 3 ¥ 35 8l & KAH , 25 7 B ¥ (P<<0.05) ; /b # 12 d, WT
SOD & PE & = f K 5 12.67 U-g ' FW,/NTFHIIR A , OF v SOD 3% 1 i 48 2 F Bt #, B0 & ${ 47. 00 U
g 'FW e FHIRIE(E 9) .

4b3E 3 d, WT o POD i ¥ & min M 24. 00 AOD,,,+g ' FW I F+ 5] 40. 50 AOD,,,+g ' EW, 4} [t OF I FH s #
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0d 3d 6d 9d 12d

8 TEAETHUMIFTRIULRE
Fig. 8 Identification of phenotype of A. thaliana under drought stress

IR ; Ab LA 6 I, P RN POD TG PE ik F e R2 TRAETHLIREKE
B AR AE O L Wt POD IF M T 14 4 . T Table 2  Soil moisture content under drought stress ( %)

o iH 1 0d 3d 6d 9d 12d
OEA K 74.17 AOD,yy g ' FWemin ', 5 3 d fi 45 HH Tiem
S . . WT-1 50.52 45.99 30. 22 7.13 5.98
— A A 12 K, OE RN K POD 36 T & T
WT-2 50. 94 43.08 30. 98 7.15 5.87
WT(P<0.05).,
. . X WT-3 50. 99 44. 44 30.45 7.12 5. 88
CAT 1 PEAE M & rh B AR A8 fbota 35 S 3 n s
‘ . o OE-1 50. 87 45. 35 30.45 7.14 5. 56
W (HAE A B A OF rh 8 iR AN W] o T 52038 4b i
OE-2 50. 83 44.42 30. 35 7.33 5.78
FRAYES 3~9 K, OE KN CAT iG =&KX T WT, i i
OE-3 50.76 43.55 30. 57 7.25 5. 88

JEAE SR 6 Kk ) i K7 (P<<0.05) , kb B 5E 6
. . . . T WT S A R IF s OE : s # 3k HgS5 3 MM It .
X -OE MWT MX V‘] E]/:J CAT ‘(ﬁ ‘Iﬁﬂj ﬁ @J I ﬁj jJIJ Note: WT: Wild type A. thaliana; OE: Overexpressing HgS5 gene of A.
zEl_lj 215. 00 #1 391. 33 g FW-minfl;Yﬂﬂ:ﬂ‘ﬁ E/‘J% 9 f thaliana.
12K, OEMAENMCATEHEY T WT, 2578
% (P<<0.05).
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Fig. 9 Activities of SOD, POD and CAT under drought treatment
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K25 (AT 3 G A S 2 B0HE O ik h AR B HgSO LN oA Eh e RN Rk 2 R i K, b T — L5
HgS5 F& AR T 5 (9 R 1, 6 oalb 47 s e, I 2 2B W B R R 58 1 628 B i 52 23 7 AL, O 38 2 40 1R 20 47
P T i FC A H R s FL A 2R 8 TR R K MR R 1 MR T RRUE 1 o WBNE RN B F A5, o BT L R TE
TN i 5 e d 2, I8 TN RRE B 1, LR {5 5 ORI B X 5 ST 40 29 A1 S50 240 B A% PN I S 67, AR RE I ST 40
SE IR I 7R IO S AR U N SR BT Y A R AT A A A BT R A Y 0 HgS5 ik DA A 4 it
FLA I R Ve 8 R R AT REE

Jt Bl 395 358 130 me) g A FH O 3 a5 A SR TR 4 G R R I R R SR R A AR N OB A AR B B
JIEE B 11 Rz 30 2 SR AR R R WAL 4y R 48, Ca” TP, (JULBE — W 2 inositol 1,4, 5-trisphosphate ) F1 CDPK (5 4 i 1
8 M PG calcium-dependent protein kinase) 23 £ MAPK (22 %4 i 1 {6 85 111 3 B mitogen-activated protein kinase) {5
538 BB B 7 TR (abscisic acid , ABA) ik 72 /E IG5, #E 1051 & AR SC 06 B I 1y 3235, il MYB/MYC Y 1 51
M ERY, BEITEH 1§ (Medicago sativa) ' MuDREB1 3 AE7E S 2 F DRE Jo 4, N 7E T R B h 45 &
SR R RS R Rk R G LR T A HgSo R 5 HOAH: 08 32 B 3 45 Bt S AE 9 A/ [A] T8 3% [
B M FERSF 5 5 A _thal_3526 ,FZ A5 i AR RAEDIGRE , W1 HEN 2 590 1R 4 . HgS5 5& B 0 L ~F 25 1 B 45
A P00 30 4 R S T SR e ST A MY B i — 25 1 B H ¢S5 Bk PRIE W ) 1 5 3 v B S SR

WFoE 2B R IR T R dr ik 2 — R A SIS Hrh R A HAE K A F A ERE L.
AR A7 2503 o X6 AN [ B TR S [ 5 5 W 36 1% 2R B 5 RAR R R AT R I B, £ 2k B Hg WRK Ys 5 0% 1) 3k

ks EE A IR T BE 2 A8k . ABEIERAE T AR T R A T 0y Eh A B 5 AR & #EAT S SO0

PCR K 21 1 S vE ek, K BUE AR (0.3.6.9.12.d), A LR EAR & rh Rk B8 T R 78 k23 i
T S5 SRR (A, ) T AR S A AL T R R B R OGS T BT s Ab BEAR 6 K ik B g 2 25 ROK T (P<<
0.05) , R UL HgSS B N AE T 5 4400 F iV FEAE e o W3, 0F BAE SR A RO R ¥ 2R, B A A8 7
PEo X — R — R UE T HgS5 3 K 8 08 14 s A W bt 5 68 ) , (0 HARAE FHAL I 75 BB R ABF5E o

T 5 W8 235 K LW A A N R N 2R T A K 36 P 45 (reactive oxygen species, ROS) , IR AL 4 3
LIV R ROS, LUCR 374 4 48 L B 52 B J57 3k 4R Ak 52 T, O 78 Al 977 80 A DG 3 2 v R # d 2AE Y . Al e 8t 1% e
P BT, T, A e DR 00 g I %0 L A D o, AR R SR RS AR i T A O R ) i o R BB TR R R W SR L A
W) 1) 300 M AR IR e L A AR 005 T T R B 0 O T BRI T R AR A R N B R R 1 B AR ) xR
AR T; 3 O [ Y15 7 (SOD .CAT FPOD) o HJ, >4 38 A5 0 A2 45 51 Ry J™ IR B, A% 40 v i) AR AR i ) 72K 8
U, T 3 4 T M S B T R R AR A AT 25 5 FEARIIF SR b, B R A FE R0 1 4
AT AR Z e 3 i AR Ak A SR T R 34 S B JE 0 A AR AR S e o TR PEG BT R AL R, S
A RUAUL R T A LU B R DR UL T R R e TR AT [ B L B AR PR AE T A T R A e R B T Y A2
FERE #E SOD . CAT . POD {if A4k b, OE B ARAS AL} B e T WT, B35 12 R =& ¥ & T WT, ii B
OE 52 2| 1 S 6l 9 F2 B2 AL T WT, J5 ] OF B0 M 08 &5, 3E W HgSS % BL P L ma I Pt P o 25 b ik, 3L W]
HgS5 5 Fl e 3 s AH g S, 33 28 FOAR R FE R B0 0 92 O Il 4 3R 7 39 B it R = S 40 4

4 it

ARAIF 5T DA A B AR 3 2 S 21 RS v O o ok k HigS5 FE A, X H AR W ME B A AT 0020 A BT AR Y K G A R
FUO PR PR 2K PR 1, AN AR 35 T DX, A7 7 38 AWl R AL V7 10, SIE 40 5 o7 o 4 O 5 28 0 7 o 3 T ] 0 A 1y
PUAE FLKE FI0E 32 55 A0 Wb, HLA A R DR SF S5 M 30 A _thal_3526 , W15 HEMZ B U K S 5 T R hin Bk 54
SR 0 I A T OC A MY B, 80 25 4 HgS5 2 [N Bt R AE S e o qPCR 56 iE i 156 5 P9 /) 4 43045 S5 1k, % B
HgS5 3 [N 3= B AL MR AR R IK 5 AL R AL PRI I , I A 0 A 5C S f 3 D 405 1, % 256 DR 400 e v £ Ak B 09 Tl 0 4 24 0
TEAR . ARSI RIE T $h A 5 HgSo H N AE 1 5 Wil 7 2 i i vh A9 S g, vl o ik — 2042 i A+ 5
M 17 ) i 2 [A] $i2 {3k P38 LAl
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