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Abstract: This study applied bioinformatics and molecular biology methods to analyze the expression and natural al-
lelic variation of the wheat SeBP gene, providing theoretical basis and methods for screening and developing selenium-rich
wheat germplasm resources. Through the analysis of expression levels of SeBP gene in different wheat varieties and studies
under stress treatments, the results showed that TaSeBP-3D had the highest expression level. Furthermore, TaSeBP respon-
ded to selenium supplementation and cold stress, with Huaimai 18 showing an upregulation in relative expression, while

Jinghe No.1 showed a decrease in relative expression. Analysis of cis-acting elements in the candidate promoter region re-

vealed the presence of abscisic acid-responsive,
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ESWA: WK AAREILESTE (31971944) 5 TG4 HEITHIS
AYH LI TR IE (202357109) 5 PG H HH
FFl BT H (120220211 ) 5 1l 75 7 45 4 BRI £ 300 DNA variation analysis in natural wheat populations indi-
( SXNGJSKYZX201702) cated that TaSeBP had multiple missense mutation sites
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gibberellin-responsive elements, suggesting a relationship

with plant growth and development and response to stress.

genetic and evolutionary analysis of wheat SeBP revealed

differentiation between monocotyledonous and dicotyledon-
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ous plants. The results of this study can provide a reference for in-depth research on TaSeBP gene function and its applica-

tion in molecular breeding.
Key words;

stress; natural allelic variation
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1.1 EERIIBRE

FFH Ensembl Plants $UIE /& ( http ://plants. en-
sembl.org/index. html ) ¥ % #A B I+ [ Arabidopsis thali-
ana (L.) Heynh] SeBP J:[H 31, 45 645 S5 41 )i
Feiclie | i et /NAZ SeBP I
1.2 /hZE SeBP BHF 5 5B SH

il 1:f Expasy (http://www. expasy. org) M ¥k 43
Mr/NAZ SeBP 2 FIF 51, JF % H kA7 & H1 Ak 1t
AT, 0475 i 28 S B K A5 FiL L SRR P AR B
Bah
1.3 /N SeBP B K Z R 4545 17 K ML 48 i 7E L

il SOPMA [ 3%} ( https ://npsa-prabi. ibcp. fr/
cgibin/secpred_sopma. pl) Fililll TaSeBP & 1 — 2%
S5 0 AE «-BRIE B ff | TI0 KL ) s i A o £
fiFH Cell-PLoc 2.0 I’} (http : //www. eshio. sjtu. edu.
en/bioinf/ Cell-PLoc-2/ ) #EA47 .2 g 7 3z T
1.4 INZ SeBP E R R AT AL R IR=1E A T4
ST

i 3 TBtools Bf/NAZ SeBP 1Y bt 1 & R 25 44 4 7
ATALAL . (] TBrools M/NAZ off3 A4 Hh $2 G 46
RS _LFE2 000 bp ¥4, #238 F] PlantCARE $445
J ( http:// bioinformatics. psh. ugent. be/webtools/
plantcare/html) H7 15 21| H 43 B SO, X SCF 774
PRRNGHE . XTI B AR iAo i
1.5 /& SeBP & H I LR 54T

BNE  E K (Zea mays 1L.) JKAE (Oryza L.) |
I I (Arabidopsis thaliana L.) iM% ( Brassica na-
pus L.) [¥) SeBP & /75l 1t MEGA11 #fFilt1T %
X, 80 4827 ( Neighbor-joining , NJ ) #4) 5t 1%
HEAEAS, F| HH ATOL ( https : //itol. embl. de ) £ £& T. K.



TG WHENZE TaSeBP 3EFFIE S A R80T 1319

AT RGEHEALR SeAk
1.6 /INE SeBP BEEMTIESHT

TE S 90 2 5 1) FH VL 2% 1, bR /N 22 R Ji-
her916 Luzil F1 Heixiaomai76, 1% B 1 B 0GR IR
FEFNRRE S5 A FE/N 22 AR K B LI Ui B A1,
SR W R [ E 7R T KR AR AR 2r T i
her916 Luzil 1 Heixiaomai76 i Fl SeBP 3 [ By 3
SL i

Xf/NZZ A Donghei M- #E AT A0 A0 B 1K 4
AL, 5353 - SSe0 , AN IR B £, AS Il R 44, fin
FALEN (1 mmol/L) ;SSe2 , AR FRER , IR 4 (2
pe/mL) RS AEAN (1 mmol/L) ; ClSe0, A4 AL4H,
AT ER N, MR ERER (1107 mmol/L) ; ClSe2, AN
ISR IR (2 we/ml) K ARERE: . 73] B
I R A | B 4 W Rl 1 s € i e G SR 7 Y S
-80 CH#fF#& M.

TR AL FEXT SeBP ik A 3 35 52 i 1Y I 2 « s
Jinghe 1 %5 Huaimai 18 /N R ¥ B kKGR T
i, FHZEIBKIETE 3 K, H 1 g/L HeCLLiH R 15 min,
PEHZE A UE 3 UK, 4l TURAR BT #5013
BiAT 2 EugdRa B g 534 30 C IR 2 7
do B ZFEFERY T TTE X BIL T (BB A 81
TR FHARTRIEL - 1 4 RG) A, FES e A
FLR I B IO e — B R vk 0 31l 547 - 15 C
VREALIE 18 h(ZbFRAL) A1 25 C AL FE 18 h (X
MRAL) o o3 AL BRAE AR I 25 R0t R G O, 1
FEADE 3 AN T UK AE . LRI B9 BT A/
Ak AL E LR LR YR A R S8 U s A
Fr.

TE WheatOmics ( http ; //wheatomics.sdau.edu.cn)

1 TaSeBP ZEAMEAREUMER
Table 1 Basic physicochemical properties of TaSeBP

X1 28 ] o /DN 22 3 PR 21 0 2 B B ( The Internation-
al Wheat Genome Sequening Consortium, IWGSC) fi*)
BCS cv-1 Development %% S 2l 54l , X8 s 1417 i &
REI XF/NFE SeBP HERI AT 22 R 3RIK T
1.7 /N3 SeBP BEE R 5 DNA RS R BEE
T
TE WheatUnion ( http://wheat. cau. edu. cn/

WheatUnion) Myl 3R7 1142 42 F1 K 2% 99 By 3EA
LRI P B T X A Gk A Y A Y IR 22 A
(SNP) A8 S I Uit e TAE . JFilad /A BE A 2478 5
A 2 (https : //wheat. cau. edu. cn/ WheatUnion/
b_4/ ) X W/INZE i [ B HBCR DL 33 A4Sl /IME 6
T AR EE 63 & 2 5 Luzil (JR&A) BT 13,
%375 A 20 3L 26 B 13 P94 8 5 B
14 82 15 22 158 E A 47 V94K 881 88 2 21,
%A 41 3L 38 P& 175 AL 66 BT 26 i #
66 JL& 30 V4K 65 5% 3 5 #5455 HF 9
TN 22 B2 17 54 18 4B 26 5 /IME 96
NIFE 42 ] HEAT A B A4, p e 0 R B AL
1.8 TaSeBP BEREARIZRERAREIESHT

ffi F STRING ( https : //cn.string-db.org/ ) P il
WM /NAz 2 FE 2 SeBP W HARER M .

2 HERE

2.1 INZE SeBP ERERER

St FF A L S5 A S 8 e v ik, R 3R AR 3
SeBP FE[H 43507 T 3A 3B 3D Yefafk [, HAK(E
BN 1 Fros, SeBP J 51 B 38 55 1 1128 5.35~
5. 86;TaSeBP I Hfa e H BT, H SeBP Ry5EoK
PEEE

Vo= ey ERAR R EOIMEC RASTE  SWE O FRERE KRN
TraesCS3A03G0980000 TaSeBP-3A 3A 494 54 109.07 5.46 35.86 -0.268
TraesCS3B03G1129100 TaSeBP-3B 3B 520 57 140.50 5.86 35.32 -0.302
TraesCS3D03G0915600 TaSeBP-3D 3D 494 54 028.90 5.35 34.58 -0.263
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Hor - E+ TR 2 /N G 25 B 1
FE) B4y, b7 Heik 60. 00% LA L, 13X A F T %
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Table 2 Secondary structure of TaSeBP

, dit (%) V240 it
HEHT : Sy
o-BE  BAEM EfREE UM AW

TaSeBP-3A 13.56 8.10 28.54 49.80 21 i 5
TaSeBP-3B 14.62 7.88 26.35 51.15 21 it 5
TaSeBP-3D 1437  9.11 27.13 49.39 Eiifiiolo

2.3 INE SeBP EE LR
TaSeBP [FER 5 LI 1, TaSeBP FEH &4
ZAWE T, TaSeBP-3B W14 8 4, TaSeBP-3A |
TaSeBP-3D W T8 7 4~ ; TaSeBP-3B &4 2 4~
TUAEA IS ¥ 5], TaSeBP-3A  TaSeBP-3D ¥4 1 4
TUWEERL TS, A, BN INEE G S
F PRIAR ELAT A R B 1Y 7 A 2wt 731 (CDS) X,
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Fig.1 Structure of TaSeBP gene

Table 3 Function and number of cis-acting regulatory elements in TaSeBP candidate promoters

TaSeBP-3A  TaSeBP-3B  TaSeBP-3D

Jet Y izl ik OPTVG s e DI B e DI 6%
(™ M (™
ABRE HIRIF (Arabidopsis thaliana 1.)  ACGTG S5 BRI A F e 6 6 6
ARE FHK(Zea mays L.) AAACCA X PREF b AR E R AT 0 2 1
CAAT-box  $MR5IF(Arabidopsis thaliana 1.) CCAAT A ﬁ%‘ﬂltﬁ%zbirhﬂﬁﬁwmﬂ’ﬁﬁﬁ 4 6 4
S
C-box K (Hordeum vulgare 1..) ACGAGCACCGCC Z 55 eman; e E R e 0 0 1
CCAAT-box K ( Hordeum wulgare L.) CAACGG MYBHv1 Z5&0i 2 1 2
CGTCA-motif KFZ (Hordeum vulgare 1..) CGTCA 25 MelA USRI AR TR T 1 4 2
GARE-motif ~ 252%( Brassica rapa) TCTGTTG IREFZRMANTT 0 2 1
G-box HURGIF (Arabidopsis thaliana 1.) TACGTG GCCACGTGGA S50 R Iy E fEiE ok 4 3 4
GCN4_motil  KAH(Onyza sativa L.) TGAGTCA Z SRS FasnmREE T 2 2 2
TATA-box  HIRIFF (Arabidopsis thaliana 1..) TATATA ﬁ%@ﬁﬁ FHEZ9-30 Wiz R s Foe 16 21 19
TATC-box  JKF(Oryza sativa L.) TATCCCA S5 RN I EF T 1 2 1

MeJA - FRATIR PR

2.5 I7NESeBP RREAZLZ BN

XN AUREIT K OKFERNIEE 5 A Fhg
RGBS (8 2) . KIS TaSeBP #ELC R i
U2 /K R ABR25590. 1, 57l% |, £ oK SeBP & it
TR RN, /NFE K FEARJE T BT A, 1M
TSR T XA, Ui SeBP 784k # e Hy 3
TP RIRF 43k

2.6 TaSeBP EERIEER S

H % TaSeBP-3A . TaSeBP-3B . TaSeBP-3D
[ 7E Jiher916 Luzil Fl Heixiaomai76 ¥f i 71 %) A1
XPF Gk, 45 B (K 3) FW,FE Jiher916 1 Ta-
SeBP-3A il TaSeBP-3D A Xf 2 ik 142 3, Hok
Heixiaomai76 ; Luzil W TaSeBP-3D B3 ik E{E

i
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ZmSeBP2 [ K (Zea mays L.), NP_001131338.2]

ZmSeBP3 [ K(Zea mays L.), ONM35167.1]
ZmSeBP3 [ K(Zea mays L.), AQK54532.1]
ZmSeBP3 [ K (Zea mays L.), AQK91210.1]
[ ZmSeBP2 [ K(Zea mays L.), PWZ22048.1]
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B2 NES5HAMYTFR SeBP B RZSKE T LR

Fig.2 Phylogenetic tree of SeBP members in wheat and other species
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Fig.3 Relative expression of TaSeBP in different wheat varie-

ties
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HEIFS M H FZE b SeBP HIXE 2 1k 5 A X 14
T Jinghel 576 R E 5 5 T i R R0 253 AH X &
s RIS, R SeBP M ek B
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TN S R R I R S5 Rk
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Fig.4 Relative expression levels of the TaSeBP gene with Se

treatment
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Fig.5 Stems and leaves of Huaimail8 and Jinghel respond to

cold damage
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R4 TaSeBP BERENEFREFTPREREMNENRIEIENE 2.7 TaSeBP F%5i DNA R

= M Wheat Union Database P55 1| 37 42 F1 R
Table 4 Relative differential expression of the TaSeBP gene in dif- % 99 TuSeBP i 4 DNA 9 E‘— { %“ % ( %% 5)  TaSeBP %
JEAR ST T2 BN s LRAE AU FE TaSeBP-3A LA

ferent developmental stages and organs of wheat

EE/E TaSeBP-3A TaSeBP-3B TaSeBP-3D
4 4 MG AN A 436 1 b
MR 31.068 15.347 32.225 ﬂiﬁf:ﬁ 36 084 bp ALA9 G 2274 ‘67_63‘ 36 150 bp A&
[RElEES 20.351 11.300 10.209 T 227 C F1663 438 606 bp 4k G 220 A, TaSeBP-
B 55— 26.092 11.809 25.846 3B 700 067 794 bp 4t T 7% 4 C F1700 067 841 bp
=R 87.842 19.910 37.000 A A 228 G, TaSeBP-3D 11529 485 001 bp 4b C
S BEW AR 32.524 4.262 14.650 A5 T F1529 486 727 bp 4b A A2 C, ik SE4E L5
a3 UIES 39.009 24.482 12.503 4 JRy 2
BN A AR AT HERE U 26 14 R 4 RO
ST EEWISE — Frnt 24.093 8.081 4.455 5
HE A AR 15.776 3.701 11.949 2.8 /NE TaSeBP-3D RAEESH
SR 2% 40917 22.815 11.206 it —HAZYE TaSeBP-3D JEIN i H SR 25 53, Xt
HEnt 29.650 3.788 9.944 B AT SR AT (R 6) , KILA 8 M4k L5
TFAEI 25 21.924 19.820 31.951 AR AT 3 AN BRI AR S, 3L 3 Bl LG T, Hapl
e 48,831 o MR IR % | 2 25 %, Hap2 B
2R 9.873 10.437 7.617
Ve H. o1 Ve
TV AR 60.392 34.391 71.727 7K, Hap3 L 14
TS AR 30.083 42.030 56.908
RS TaSeBP EF DNA TRETFESTE
Table 5 TaSeBP gene DNA variation identification and annotation
E- 3 AFFALE (bp) Ref Alt JIZE 42 113 42 19 Depth 2299 K.#E 99 1Y Depth TR
TaSeBP-3A 663 436 084 G A A 12 A 6 s SUGRAR
TaSeBP-3A 663 436 150 T C C 12 C 7 [ &
TaSeBP-3A 663 438 606 G A A 9 A 4 5 AR
TaSeBP-3B 700 067 794 T C C 7 C 11 5 SURAR
TaSeBP-3B 700 067 841 A G G 8 G 7 il LGEAR
TaSeBP-3D 529 485 001 C T T 9 T 12 Al SLGEAR
TaSeBP-3D 529 486 727 A C A 5 C 2 s SURAR
Ref : %07 S AE YL R A7 B Al 20 S5 78 0P 50 h 5 T S DR BRI S 1Y s Depih - i rP BT IR 22 7850 (SNP) BTN P YR B8 5 11 22 42 )11 42

o SNP {37 s A FE R AR 8% 99, K2 99 1 SNP i S (3L R A

% 6 TaSeBP WIRIEEISHT
Table 6 Haplotype analysis of TaSeBP

{7 (bp) 529 484 955 529 484 995 529 485 001 529 485 287 529 485 334 529 485 649 529 486 344 529 486 370 529 486 394 529 486 727 529 486 833

Hap! G A c c o A T A G A C

Hap2 G A C c C A T A G A C

Hap3 G A C A o A T A G C c
Hapl XJSZAYE RIS . /MEE 6 55 (IR AR 63 84 2 5 Luzil (JEAF) (i 138022 7% AiFH 20 384 26 B 13 L 8 5 B4 14 B 1

5,
Y72 158 "B 42 47 VA< 881 842 21, BRFZ 41 3242 38 7 175 R & 66 #4226 W42 66 FLZ 30 WA 65 9542 3 5 ; Hap2 XN AR R AL .
%55 Hivt 95 I 22 %4 17 %54 18 4R FH 26 5 /IME 96 ; Hap3 X HYFERI B . )11 22 42,

2.9 TaSeBP EHERIEZREFEHREMESH YEFRIBE (E 6) FFER (3R 7) ,H4E TraesCS5A02-
i STRING A5 Tl TaSeBP-3D F) £ [ Jit & G300400 ( AOA3B6KLP1) . TraesCS5B02G300800 ( D-
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6QX85) . TraesCS3B02G102500 ( AOAO77RW30) . Tr-
aesCS3A02G087100( AOA3B6EB15) Fl TraesCS3DO-
2G087300( AOA3B6GLQ9) Z fith it 2 Jok 2 R 5 L
J& T2 B & R A Rl B B R - K R R
TraesCS6A02G187300 ( AOA3B6NN14) | TraesCS6BO-
2G217200 ( AOA3B6PL82 ) Fl TraesCS4A02G079100
(AOA3B6HPV) 4ifih % PALP 543819 & 1 T 5
TraesCS4A02G065100 ( AOA3B6HNVO ) FI TraesCS4-
B02G242700( AOA3B6IRY4) Zihth &5 45 & 45 H i iy
S

3 e

H RIS & 8 e B T KA )
E ARSI BB . Huang 20 G 371K
XHEFE 1168 4B 2152 ik 47 - 1 st 37 Ak #, & BR
SeBP AT LASHHT A AL B G PE3E N, 38 55 1 /N2 Ry X 2R
Bt 9BE J1 ;KA 9023 J2 B A P A i il i -8 IF
B RRER T 8 AR = /N A T e, AR LA
TR RO A APRLAR R | it AN R 5 32 2R
B R R RRSAE Y MR TR T R
WS, AT LA Skl s R e 2 VR

%7 TaSeBP-3D EHEES#T
Table 7 TaSeBP-3D protein interaction analysis
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Bl 6 TaSeBP-3D EAHRIXML
Fig.6 TaSeBP-3D co-expression network

U ) 21 B FLAE B B R EAE S
AOA3B6KLP1( TraesCS5A02G300400) WL A G , B T2E DR & e L= R 8- B % 0.896
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