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Study on the Effect of Tomato Glycosyltransferase Gene SIUDP
in Improving Cadmium Stress Tolerance
in Arabidopsis thaliana L.
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Abstract: Cadmium (Cd) stress severely restricts plant growth, so it is particularly important to identify
genes associated with plant cadmium stress tolerance. The UDP-glycosyltransferase gene (SIUDP) of tomato
was screened by transcriptome data in response to cadmium stress in preliminary tests. In this research, the full-
length sequence of the coding region of SIUDP gene was cloned, the expression of the gene were higher in
leaves and fruits than other tissues, and the expression of the gene was up-regulated by cadmium stress.
Cadmium tolerance analysis of yeast showed that the transfer of SIUDP gene improved the tolerance of cadmium
stress in yeast. SIUDP-overexpressed Arabidopsis thaliana lines were obtained further, and the degree of
cotyledonous greening of Arabidopsis overexpressing lines decreased under CdCl, stress (40, 60, and 80
uM/L) compared with wild-type lines. The germination rate, root length and seed survival rate increased, while
the malondialdehyde content decreased, meanwhile the soluble sugar content, superoxide dismutase activity and
peroxidase activity increased, the expression levels of metal ion transporter genes ZIP1, IRTI, CSDI and COPT?2
were significantly higher than those of wild type. These results showed that the SIUDP overexpression line
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improved the cadmium tolerance of plants by regulating the antioxidant enzyme system, improving the ability of

plants to scavenge reactive oxygen species, reducing the degree of membrane lipid peroxidation, and improving

metal ion transport. This study provides a theoretical basis for the study of the role of glycosyltransferase genes in

plant tolerance to cadmium stress, and provides candidate genes for molecular breeding of horticultural plant

resistance.
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Table 1 Summary of primer sequences
Gl EA S G2 JH
Primer name Primer sequence Use
SIUDP-F AATGGAGGGAGTGAC T R A A
SIUDP-R AAAGTGTTTCCAGGTC
SIUDP-D-F GGGGTACCAAGTTGCTGTGGTTATGGTG(Kpn 1)
SIUDP-D-R AACTGCAGAAAGGGGTGCCAGTAGG(Pst 1)
SIUDP-MF GGGGTACCATGGCATCAACAACAAACCATGTAAAT (Kpn 1) [afE RSN A} iy A
SIUDP-MR GCTCTAGACTATCTAGTGATGTGGGCAACAAAAGAT (Xba 1)
Sldctinl1-qF AAGATCCCATTCGTCCCCAT MZ519)
Sldctinll-qR CAAGAGCCTCAAGGAGAGTTGG
AtActin7-qF TCGTTTCGCTTTCCTTAG
AtActin7-qR CTTCACCATTCCAGTTCC
SIUDP -qF GAGCAACAGTAATGGAGGGAGTGAC S 5 1 PCR AT
SIUDP -qR TTCTCCGTAAAGTGTTTCCAGGTC
ZIP1-qF AGACACCATAAAGCCACTCA
ZIPI-qR TTTCCTGTAGCCTAAACCAC
IRTI-gF TGGGTCTTGGCGGTTGTATC
IRTI-qR CCGAATGGTGTTGTTACCGC
COPT2-qF CCTTTCGTATTTGGTGATGCT
COPT2-qR AAACACCTGCGTTAAAGGAC
CSDI-qF TCCATGCAGACCCTGATGAC
CSDI-qR CCTGGAGACCAATGATGCC
GSHI-qF TTTGAGCAGTATGTTGACTACGCAC
GSHI-qR GCAGTTCACCAGGGAGACAGG

TR R P IR
The underlined line indicates the restriction enzyme recognition site
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FRAGHR AN I 5E SIUDP 3R 22 ik 5, W58 4R aa
N R[R] ] SIUDP F23k 754k,
1.4 RNASBEFMEERHEEEPCR

{8 FH FOREGENE i 72 72" DA 25 it I FIAR Hh 43
25 & RNA, {8 F ReverTra AceTM qPCR RT izt 5
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DML 94 °C 5 min; 94 °C 105,56 °C 305,72 C
1.5 min, 35 MG, 72 °C 5 min, VA Sldctinll g %}
B 5IFA IR 1 R, e B4 T TRAR
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3 ) Ak B i 2 R ) TR RE TR R INVSC1-pYES2-
SIUDP (VL F fai ¥ N pYES2-SIUDP) Fl 5 45 25 3 {&
F % B B ok INVSC1-pYES2 (LA R f&i #k M pYES2),
PR35 K5 57 20~24 h, WA TRV, ¥ PRV TR ¢ 10
100100010000, 100000 1% , B 2 L i ¢ o W 422
TR FREL, 30 CHIEH IR 2~3 d, WE R E LK
T, 10 pL FREEF T 10 mL IR E PR R 77 3L
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TR B E 3 R E K, Iri 454 ] SPSS 3k (i1 7
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FUWAKZ :9.5 uL ddH,O .1 pL SIUDP-qR (10 pmol/L)
1 pL SIUDP-gF (10 umol/L) . 12.5 uL 10xPCR
Buffer Mix .1 pL ¢cDNA, 3£ 25 plL., PCR 2% #E% N
94 °C 5min;94 °C 105,59 °C 30,72 °C 1.5 min, 357
&R 372 °C 5 min, LL SIActinl] A%} B, X6 5% 5L K 1
ARG R LR TR TR 3 d, SR E R
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3 h 16 hFBTHUT 0.1 gGRE 3 WAV FEE),
K H qRT-PCR J5 ¥, [ i 1k & FLAR 7 4 1.4, DA
AtActin7 FEH Ry NS 5 8 4@ A T 55 3L IR
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FH535 3 (ZIP1  IRTI . COPT2 )47 58 3238 4%
Br 511,
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SIUDP 5 A 7E B nii A [R A0 2 rp () R 38 53 B 45
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SIUDP JERIAE 25 it i AR 25 e A0 st
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o, 50 4 dJ5 SIUDP B& IR 36k 5 418, 76 5 b
BsdiE Ao dr 621 (E2B) ., %%Hd}iﬁz d
J& , SIUDP & A F At v i 5 5t LU AT AR O

%Mﬁﬁﬁﬁﬁﬁﬂlﬁﬂ@ﬂDoKﬁWE%
JiiraE Ak 2R e R BT, AN [) 9k 32 (20 .40 . 60 . 80 FH1
100 pmol/L) ) CACL k8 F Al FE % 12 h, 60 pmol/L

CACLMMAJG , SIUDP JEPRTE R iR H () 22558 5 LT
H& 0 pmol/L /& 7% (F KAE 0 7.6) (E12D) , 40 pmol/L
CACL i1 J , SIUDP 3[R £ 7 it 1 vp Al 32 ik 1
FE X R 11265 (B KRB 11.2) (BI2E) . GxX gk
WREW A FIE T SIUDP FEDIAE M F FAR £
Rk .

A B
Ml 1 2 3 M2
. 15000bp 100 ® XP 004249229.2 Solanum lycopersicunm F&Hi
+— 10000bp { .
69 XP 006351249.1 Solanum lycopersicunm %%
2000bp — 100 XP 047253403.1 Solanum lycopersicunm 3
UHH90505.1 Nicotiana benthamiana JH5
750bp —— ; S
P XP 022853579.1 Olea europaea var.sylxestris MR
. . . . = o 1 79
96 ARUO08116.1 Gardenia jasminoides W5 T4t
; 3
100L— ¥p 027070019.1 Coffea arabica /RN
; . o
KAG5252899.1 Salix suchowensis 55 FA))
99 { XP 009363193.1 Pyrus x bretschneideri Z3%
86— KAG7854353.1 Vaccinium darrowii #f
C
i Solanum lycopersicum .LLSGCNK.. ... QTL ETN STTTL 299
4% Solanum tuberosum .LLSEGNKCSNK. CBQTL ETNS IV STTTL 289
M Capsicum annum .LLSEGNKCSNK . HEQIF! ETNSIY TPTSS: 289
MH% Nicotiana benthamiana LLLIEGKKNSLK.REQTL EHDSY LY TSTSL 291
ABEM Oea europaea var. sylvestris .MVIEEKRLCLNS.HEKCLE[JMBHSEINSIF STSSF 291
#i 1t Gardenia jasminoides .VEMIGCKSSTK. K3 YCL|IMMROAENJEVE STISV 299
/NRIYIME Coffea arabica .VEMNGGKNSEK. -M[ AEDYIF STTSV 294
ik Pyrus x bretschneideri TTVAY M eEcR VY TTTAM 288
G Vaccinium darrowii VIAIGANLGSNG. l\w_I TEN TTTSL 287
M Salix suchowensis VIVP :MUL AKNT)IY! TTTTF 294
wld g v
i Solanum lycopersicum SNEETEEIR I{EE: EE.RRA 338 FAi Solanum lycopersicum Mo TV 418
LM% Solanum tuberosum SNKEIKEIR I[BiE: FE.RRA 328 I¥4% Solanum tuberosum KTeL TV 408
BRI Capsicum annum SCKEIEEL TEE! EE.RRA 328 BM Capsicum annum KIEINV 408
JHE Nicotiana benthamiana SNEE IEGIR T[@E KE .RET 330 JHE Nicotiana benthamiana KIEL TV 410
AKBM Oea europaea var. sylvestris SCEQVKEIS = ET.RRS 330 ABEM Oea europaea var. sylvestris KI[€1EV 410
WeF1E Gardenia jasminoides SCEEAKE]] L EC.WRA 338 HETFHE Gardenia jasminoides KIeLSv 418
/NRIYIME Coffea arabica SCEEAKE] I EC.RRA 333 /NRIYME Coffea arabica KI€1 1T 413
AU Pyrus x bretschneideri KCEQICET E; \[EGEVRRA 328 BB Pyrus x bretschneideri RVIEFVM 408
H#iAE Vaccinium darrowii SLAQITE] 5 EGERGD 327 #A% Vaccinium darrowii K 407
M Salix suchowensis CLCEQIKEL R E [NEEE . RRA 333 M Salix suchowensis KIgIVV 413
a gl fiwv r adkg f g g
i Solanum lycopersicum PEGYEERT TV 378 i Solanum lycopersicum RHJARRCELFASEIVENVJRTL 458
%% Solanum tuberosum e
BH Capsicun annun JIFEGYBERT TIFRL 368 5443 Solanum tuberosum RHARRCELWASE IVENARRTI] 448
oty N'p tc’ benthami JEESYRERL VIR 368 B Capsicum annum RHAHRCELITSETTENARRTIL 448
*Jﬁ*ﬁlgo dana. Jen. amlanal iris HPECYEERT LV A 370 JHH Nicotiana benthamiana RHYTRRCELJ TSETVENAY 450
f??ﬁ Geadeu{opz{ea x./ar,.(siy Vestris rrcHaKRVEEREITVED 370 AJEM Oea europaea var. sylvestris RNJASRCKLSPAMVENWYRRI 450
IR Coffen srabice o 1 G5 ks o BT 378 HEF4E Gardenia jasminoides ROFSCROETRTSTTVENARRRI] 458
14145;} P ° ia irahlca»d : FECFRERIHEHE TVVR]] 373 /NRIMIME Coffea arabica ROJISKCNELMTSTTVENARRRI 453
e Vyru§ X ro’ Schnelderl HEQGHEERT v KS' 368 B Pyrus x bretschneideri ROQCKRCELWTSCNVKNGYCKE 448
i accinium ddrrowll' QWRKGYRERVEEHEMVVEE ES 367 #i#% Vaccinium darrowii KORERRCCIMEATTIERAMKIL 447
BIH Salix suchowensis HeEcyENSVIEKELVIET] 153 373 JESEM Salix suchowensis KOWARRCETTSKIVENANRI 453
e gg r weggleil h ggf shcg w v ¥
A e [ s
A SIUDP 3 [H 7g |6 B 20 ok 4 5 s M1: 2000 Marker; M2: 15000 Marker; 1: 25 1% 52 .3 : SITUDP 2 [H 7 [ 5 20 Jfohr V) 4575 3 B - STUDP iEAL

R G35 LLRARRA BT P e R RE K I 2 i 1) 17153 5 C = STUDP 21 11 Y Z SRR P 41 He X4

EES

A: SIUDP gene cloning recombinant plasmid identification; 1 : Blank control;2,3: SIUDP gene cloning recombinant plasmid enzyme bands; B

SIUDP evolutionary tree analysis; The red dots represent the proteins encoded by the cloned genes in this study; C: Amino acid sequence alignment
of SIUDP protein
1 EHARNMREYTIEEN SIUDP EAMNENEERESN

Fig.1 Double digestion identification of recombinant plasmid and bioinformatics analysis of SIUDP protein
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A:SIUDP JERTE T A FLHA P 265150 B .C o AR ESHAN I T SIUDP KENAEFR A A iR 3535 D E: AR IR
SIUDP 3 R7EZ A A B o (R 260 5 BUEUE HAA AR ELR 2248 10 3 AT & (35948, AR I 78 P<0.05 B3R i 35 25 5+

A': Expression patterns of SIUDP gene in different tissues of tomato; B,C: SIUDP gene expression in tomato root and leaf under different time

cadmium treatment; D, E: Expression of SIUDP gene in tomato roots and leaves under different cadmium concentrations; The value is the average

of three replicates with a standard error line, with different letters indicating significant differences at P<0.05
B2 E£BERIMETHEMYESIUDPERERIEEX S

Fig. 2 Analysis of SIUDP gene expression patterns in tomato seedlings under heavy metal Cd stress

2.3 REME TEABRSREKNTHRIES T

20 pmol/L 48 A i pYES2 1 pYES2-SIUDP %
A E 250,100 pmol/L CACL 4b FEI 54 pYES2-
SIUDP JF kL it I £ B A% EE 80 wmol/L CdCI, b B i
A pYES2-SIUDP J5i #1141 Ak 1< #5455 , 100
umol/L CACL, &b Hf s} Xt B 78 5 B 1000 5 T B 75
KK B A K, M pYES2-SIUDP T % A5 AT LU AR <

(&3), PEHLpYES2-SIUDP FlpYES2 HLlf V& 214 ,
HEAT ODgo [E I A, XF T B 7E 55 W 38 T E 47 2 it
Mo Bl CdWE U B AN , BERE ODgy, HIEAS W
B, {H pYES2-SIUDP — B i T pYES2, H.im ¥ F
AR 22 5 W EE (K 4) o 452 R BoRBEE SRbba iy
b B B W T R, SIUDP BE K g 25 4 v 1 BB
FRMME RPTE
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10" 107 10°107°*10° 107102 107 107107 — /K H,0
pYES2 25 . — FksR cdel,
pYES2-SIUDP| 25 N — ?
0 umol/L 20 umol/L g T I
g = i # .
10" 107 107 10*10° 10" 10 10710 10° © R = {
PYES2 1 ks,
pYES2-SIUDP 051 o |
40 pmol/L 60 pmol/L 0 . L ‘ . \ |
0 20 40 60 80 100
10" 102107 10 10° 10" 107107 107107

pYES2

PYES2-SIUDP|

80 pumol/L 100 pmol/L
E3 #¥SIUDPEFEBEERERKERE
SNEEHNRESH

Fig.3 Phenotype analysis of yeast with SIUDP
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