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Abstract

In order to explore the potential functions of the DUF760 gene family in wheat growth and devel-
opment, whole genome identification, protein characteristic analysis, promoter cis acting element
analysis, and expression pattern analysis were conducted on the wheat DUF760 gene family.
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A 5

Through bioinformatics technology, a total of 16 TaDUF760 family members were identified in the
wheat genome. Evolutionary tree analysis divided them into two subfamilies, Group I and Group II,
with different gene structures and motif distributions. By analyzing the cis acting elements of the
promoter, it is speculated that the expression of TaDUF760 gene is regulated by factors such as
drought, low temperature, and light. Analysis of wheat transcriptome data shows that some Ta-
DUF760 genes are expressed in various tissues of wheat, with TaDUF760-6, TaDUF760-7, and Ta-
DUF760-9 exhibiting stronger responses to drought and heat stress. This study clarified the mem-
bers and expression patterns of the TaDUF760 gene family in wheat, providing a theoretical basis
for the exploration of functional genes in wheat.
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1. 51§

N R IRE EE R EAEY), ADNEEre R B, TTEREMAINEREE AR, A TR
PErm B PR, i B FRAERR , IR A G 5 PR R R 1 T RE BT FUAE 7E JE B o A< 0 Th e 45 #4382 1 (DUF,
domains of unknown function) & — KRS g i Ak L AE 1) 5 1 [1] - ££ Pfam 35.0 hitAH, H T 2k 19,632
MEBEKR, Hrf DUFs 2005 5 LEisik 30%, BIYOREI X B84 A DI RE R B 5 [2] B 70 T A0 7
IR, KEARFIDIRERE DRIP4 ok, HAY DRt R3] 73k, (HRME 2 AR AR I,
IR AG KB R (1 D e A7) A B AT

ARk, SRR % s 22 Bl A = R e, it DUF SRR ThRe iRt 7/ 1S,
—1 DUF S E DR B2 a8 ok, AWK, K& DUF 8 AR A K K B A B 13 5 e
ok EEHEENEH . EMR T, DUF231 KRR At3g55990 2 5 A nH IR 8 1) 4 i 23]
DUF966 ZK iR i1 At3g46110 il it A5 A K R G ok a4 K K G 15 0L[4]; DUF4228 X% il it g
% 534V i R T R AE EAE, 40 Atlg76660 fAefir 5 CML38 il WRKY40 H.AE[5], Atlg21010 figh
5 PP2A TAE[6], WIS S AEAEYIE RN [7]. $UFFIT DUFS79 KRR i AGM1 Fl AGM2 5
FELADAH R BE - 2T 4 2R Bl A SR ) £ AT 2K [8] [9]; DUFT761 S Ak bR (11 ik o T B bR B
AN, IRARHT LR TI[10]; DUFBAT FKIERLA RUSA 5 JA FH L IR IR A7 AE — E e R [11] [12]. 7EK
farf, IR DUF966 FE A, BEM B3 MR il T2 SRR ba it 52 4 [13]; DUF1645
SRR RS BB R e R R K R T R BTN 32 [14]: /K A% DUF1644 S 1L bt OsSIDP366 1E [ 4%
IKFERE T 5 (1) i e S [15] . DUF & LY HUR 7 R A BEMEH .. AT, Bddxia
DUF581 & [ 5% [K - IRM1, AJ DAME S AE bR 0L R Fdef itk [16]; 7ERRAE+, GhDUF642-10 2 fig
BT EHEARRE . NO. H0, )2 POD &&, LLMSKIEmE XS 2m P17, AR R, TEKFEM
R TF 3 HIAFAE 6 1~ 8 A~ DUFT760 F:[K, DUF760 ikl i fE 4/ I+ HH & 51444k CLP A R4
MEEHAE, A2 CLP AR DUFT60 5% A A R B % 42[ 18] .

DA BRI TR 25 SRR W], DUF FDR SRR A= A R B A S A Pt 5 i ae vh R 456 B2 VE . (H
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FH %

H /N IEA IR %2 DUF AR KA D RER A E , JUHIE [ A AP N &2 DUFT60 JE A X R 4
BRI 2 5 5 RIKTT I ARGEIE R AL AW TEAE /N A Ak R AVl P X DUFT60 3k Bl 58 R 5 2t AT 1
B8, JPRHEAREE. R TIEE R e MR AT T, it JE TaDUF760 2 A1)
RESR At H ZE IR AR

2. MRER=E
2.1 FEEENLEESTEE

M Ensemble Plants %4 /% (http://plants.ensembl.org/index.html) of '~ 4 35l /N JE R A 7 51 . B E T
FIAMBEPRNERE SN £ Pfam B P b 1 3R B /R W] KA R DUF760 (PF05542) 11 8 =AY, FI
HMMER 3.4 ¥k & A S 4 s fir &2 5 741, AH] NCBI-CDD
(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsh.cgi)f1 SMART (https://smart.embl.de/)# Ml 5 M %% & H ,
FBRTUARAGE L K o

2.2. BTN

FH ExPASy ¥ 3ii ProtParam tool . (http://web.expasy.org/protparam/) Fiill /s 32 DUF760 2 K] 1) & A
RAPE[19], AR AR KL L 7 T & (Mw). 25 R (p1) SR K TR EU(GRAVY) FIANER € 2% FIF CELLO v.2.5
(http://cello.life.nctu.edu.twy/) X sk Xt 7 1) 13 47 7248 ffd 5 37 T [20] -
2.3. EEHR. ERSEHMEQRTERSH

[ ClustalW %%}/ DUF760 & H 75187 2 FF AR M MEGAT B rb ik B 285
RGN [21], FFIF Evolview 72k T B (https://www.evolgenius.info/evolview/#/treeview) Xt 3t 44 4 13
174k 18 MEME 78 £k #04 (http://meme-suite.org/index.html) %t /N2 DUF760 3 K 25 (4 57 34T Motif 43
1, W E Motif # ZAA > 10 [22]; HR 45 /N 22 DUF760 J: RIVEREAS ., 183 TBtools #f-42 il 5 25 14 [ [ 23]

2.4. BEIFIRAAER L4

HRIE ST ATG LiF 1500 bp MR 7 JIE NI R ) B3+ 54, FIH PlantCARE 3
(http://bioinformatics.psb.ugent.be/webtools/plantcare/html/) 43 H7 5% 12 % 52 5 5h T IR AE H o [24], K54
KRB WEMNZ . Pl m A< 1) e 1T 8e i o .

25. BFEASH

T /N2 2 TR K038 2 expVIP (http://www.wheat-expression.com/), #k75/N3 DUF760 5L I 1E /N
AEHBFAE A RIS EIE. FIF TBtools B2 H|FIA M,
3. BRE 4R
3.1. TaDUF760 EFER KL EME BTN

SR /N A B AR R A4, SRR B 16 D IwAD DUFT760 1357 45 M () HE PR, MRS e A 17E Ge ik
HIRLE , 7354~ TaDUF760-1~16 (% 1). /N32 DUF760 %3 K 4 i i 2 FE MR K 4 333~413aa, 73
FEE 36.7 KD & 455 KD 2 |f], K EZEH 5N 4.92~9.19, /KM HUN-0.411~-0.186, ¥ NsE/KI &

AR, TaxRECN 47.67-66.26. TaDUF760 FKikFLRE A A B. D =AYetofkd H¥5H o4, JEHE
A i E A NS R BoR, BT TaDUF760 & [ AL T 4R s gn k% L .
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Table 1. Information of DUF760 family members in wheat
2 1. /3 DUF760 RIERRRIE2

s 3 1D Beth Kigea OO0 m dokdp ooAR TEAREL
Name Gene ID Chr  Length kD pl GRAVY Inétablllty SubCfeIIu-Iar
Mw index localization
TaDUF760-01 TraesCS1A02G390400.1 1A 391 44.16 9.1 -0.328 58.77 IH- 434
TaDUF760-02 TraesCS1B02G418600.1 1B 391 44.38 9.19 -0.408 61.68 IH- 434
TaDUF760-03 TraesCS1D02G398600.1 1D 391 4437 9.15 -0.372 62.18 AR R
TaDUF760-04 TraesCS2D02G443500.1 2D 392 44,06 5.39 -0.411 50.04 A, R
TaDUF760-05 TraesCS4A02G236800.1 4A 394 43.72 5.05 -0.3 62.5 S A%
TaDUF760-06 TraesCS4A02G264500.1 4A 413 45.45 7.9 -0.282 65.5 A%
TaDUF760-07 TraesCS4B02G050500.1 4B 409 44.97 6.82 -0.282 66.26 Yl A%
TaDUF760-08 TraesCS4B02G078200.1 4B 357 39.49 4.92 -0.355 65.08 Yl A%
TaDUF760-09 TraesCS4D02G050700.1 4D 410 45,09 7.9 -0.286 63.49 AR, 4R
TaDUF760-10 TraesCS4D02G076800.1 4D 397 43.96 5 -0.299 64.16 Yok
TaDUF760-11 TraesCS5A02G072100.1 5A 382 42.43 5.2 -0.339 60.23 4 A%
TaDUF760-12 TraesCS5B02G078800.1 5B 376 41.71 5.21 -0.323 63.28 4%
TaDUF760-13 TraesCS5D02G084800.1 5D 382 42.28 5.2 -0.324 60.76 Yl %
TaDUF760-14 TraesCS6A02G418600.1 6A 342 36.99 6.87 -0.186 47.67 H-£3: A
TaDUF760-15 TraesCS6B02G470800.1 6B 333 36.76 8.65 -0.236 51.7 AL R
TaDUF760-16 TraesCS6D02G408000.1 6D 347 37.59 7.76 -0.22 47.7 YN

3.2. TaDUF760 EE RS L B 94T

IR 16 NN 8 ANMUEG TR AT 6 NG DUFT60 S EE (P 51T T 2 78It , AR &
Gt (] 1) RGEER T8 REIR, AN FUFETT. 7KAG DUFT60 Z5 R 52 AT LAWY 24308 2 AN TE
ZKJt(Group | f1 Group 1), TaDUF-1. 2. 3. 4. 6. 7. 9J&T Group I, TaDUF-5. 8. 10. 11. 12, 13.
14. 15. 16 J&T Group ll. 7E/NEFEHd, DUF760 3K B £ F /KRR TT, ATRERA/NE N
SURFSAER, AN F Y AR R [RIR 2 R S B0 [25]

3.3. TaDUF760 ERF R FEFr(motif) S EE %5 #hr

it —3% 1 f# DUFT60 S RIHRHIE, X TaDUF760 Z0 A R BEAT 1 8 A BR-<7 3 2 A ALEE [R5 440 2347
(K 2). fRAFEEFF M4 RIEoR, E TaDUF760 & A 5411 1% R 2 Motif KM 29 3 50 A4, [F]—1F
11 TaDUF760 & [ 7 31 B A ML Motif )4, BT & R #8554 Motifl A1 Motif7, i Motif4. Motif9
Al Motif10 72 Group | SEWRKFA I, Motif2 RAF/ET Group Il Wik . SR MR, [ TR
DUF760 &R 451t HAT A, FTA 1) TaDUFT760 Fr31 954 &4 UTR JEgmtd X k. Group | LA
FIIEA 3ASPETF i Group I TEHeR 5 IS 6~7 MMET-

3.4. TaDUF760 & H B3 FIREIER Ttk 5 #h

JEEEXF TaDUF760 2K 5 ) 1 IsA M F oA I aTAife oo, JL4E e 3] 762 M EMENE . £ KKEE
A e A 5% R A o R (5 3), HBE BN 293 S0 166 4>, 303 A, AN e ERNSE S BN
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Figure 1. Phylogenetic relationships of DUF760 proteins in
Triticum aestivum, Arabidopsis thaliana and Oryza sativa
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Figure 2. Conserved gene sequence and gene structure of TaDUF760 genes
2. TaDUF760 EERRTFEF FEEEH

11, 13, 30 Fh. RN RIRAE o, FEB FEFRFEE(MelA). BiiEE(ABA). KK (AA)
MFRFEZE(GA), Hth ABRE (ABA i), G-Box (IAA i), TGACG-motif (MeJA i)si) 1 CGTCA-motif
(MeJA i ) 7 AT TaDUF760 F (K] i 2 7 FR 447 4E o e i AR S 2008 F ot 4 5 1 2 5 . RIS

A 37 S E L A S S TR G TR
3.5. TaDUF760 fE/NFHLAFHFRIEZIRN 5

AR N RNA-seq £z & expVIP, Xt /N2 AR ZH 2 ) TaDUF760 i (K iEAT T 8 s Rk /K
AT (E 4). g5 IR TaDUF760 K 7EA R A RIAAAE, HH, TaDUF760-1. TaDUF760-2,
TaDUF760-3,TaDUF760-11., TaDUF760-12 . TaDUF760-13 7£ /N3 &N H 2 ik K A% ; TaDUF760-4 .
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Figure 3. Cis-acting element analysis of TaDUF760 genes. (a) Phylogenetic tree of TaDUF760 family; (b) The cis-acting
element of TaDUF760 genes; (c) Statistical map of cis-acting elements of TaDUF760 genes

3. TaDUF760 = ERIRNKAEA T 5347. (2) TaDUF760 RIERLG L ERY; (b) TaDUF760 EEIRXAER TH; (o)
TaDUF760 ZREIRRAER T ES it

TaDUF760-14, TaDUF760-15. TaDUF760-16 J:RRI/EAR . 25, FEAUFFR h R K PFE B ZE T . 1M
TE/NFE R R 4%, TaDUF760-5. TaDUF760-6 . TaDUF760-7 . TaDUF760-8 . TaDUF760-9 Al TaDUF760-10
T B K P I 2k o 7E /N2 Z5FF B TaDUF760-10 36 K (13 34 7K P fie i« £E /N2 KR TaDUF760-5.,
TaDUF760-8. TaDUF760-10 ik /K2 & T HAhIE A

3.6. TaDUF760 FEIE4E ¥RiB TRORIE 4T

I N AE T RN R 8 AL BE T A S A PTG BT I, AN[R] TaDUF760 5 B5]6f - 52 #
oM 3L (P S R P AN TR (1] ) 7E T 5l , TaDUF760-8, TaDUF760-10 & K ik &4 A FFEE T,
TaDUF760-4 3£ MIE A L, 1 TaDUF760-5, TaDUF760-6. TaDUF760-7. TaDUF760-9 X% ik
BRI AT B EC. ERENE 1 h 42T R R HAWHE 1 h 42 R, TaDUF760-6. TaDUF760-7.
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Figure 4. Tissue expression profile analysis of TaDUF760 genes
4. TaDUF760 E[EH AR LEE S
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Figure 5. Transcriptome analysis of TaDUF760 genes under abiotic stress

[ 5. TaDUF760 EE fEIE4EYIBNE T HEE RE ST
4. W1ig

AT I NN A B R H AT AR R AT, LA E F 16 > TaDUF760 K KRR, 1E A
B. D =AY B S, 40 M e A7 35 5 AL 7E SR A Bl A% L. LL%%&%WME%D%I
ZER) Sy M, TaDUFT760 S8 72 7] BA23 ik Group | F1 Group 11 ANV SR 05, AN 550 AE 45 5 5 20 A 1
TR PR 25 48 bt B — SE 22 Sk, (RSP Motifl 11 Motif7 5 TaDUFT760 45 K5 5 51 LA 15 1A
Kk,

NGV SR 5 R EoR, TaDUFT760 JERITE/NEMR . 25, b, BEAUFR B3ERE, HAR
KK ik 8 A — . TaDUF760-4. TaDUF760-5., TaDUF760-6. TaDUF760-7. TaDUF760-8 .
TaDUF760-9. TaDUF760-10. TaDUF760-14, TaDUF760-15. TaDUF76016 fE/N& M A ik &I R
mT AR G, A TSRS, WX 10 MR ATRES 5 A EH] . TaDUFT760-5,
TaDUF760-6. TaDUF760-7. TaDUF760-8, TaDUF760-9, TaDUF760-10 7£/NE 4R % rh & iA E AR
HEM T HE S 5N E MR R L Ciid 72 . TaDUF760-5. TaDUF760-8, TaDUF760-10 fE/N& 4k ik
AKPELEE m T HALRR 5L, BRI ATREAE /N RLR B i FE R B BAE . bk, 30 SR AR 53 2 [H]
TEAERPANFRIEAE I, W TaDUF760-6, TaDUF760-7 f1 TaDUF760-9 ALK TaDUF760-5. TaDUF760-8
I TaDUF760-10 55 , X £ i3 75 /)N 32 AR KO 7 b 2 1 R 433G VPR B AR BLIV D e A A AR dE— AR B0 IE

LR FIE 52 2 PG A F oA R S AR, X 3RS 3 A F e R AT A, REBE 0 T
R AT RES 5 105 Sl K [26]. AR KL, TaDUFT760 53§ X IAE e K& 5 mp ., A KR EM
PR N B A R B E F e o AEBER A ORI AE 7ot ABRE JTAF(ABA W), G-Box Joff
(IAA i %7). TGACG-motif Jo/4:(MeJA 1 %) F1l CGTCA-motif Jo4:(MeJA i 333 B 2 1776 T Frf ik 52
JE BN X3, 1B TaDUF760 0% % 02 n] REAE /N2 IR S5 5@ s h R ¥ — € 1EFH . TaDUF760-16 JH
B IR E A RE R 2 W 5B MBS E A ok, B8 12 4> ABRE Joff#l 10 4~ G-Box Juft,
PLEAEN TaDUF760-16 RIBETE ABA 15 5@ AT IAA {5 5@ M b R R ol 8B AO/E R o 76 B N AH
KA e, FEZ A S5RE . E DR R NAH G CARAEAE, 45A A% TaDUF760
FEAEAE MG N RA AR M, TaDUF760-6. TaDUF760-7. TaDUF760-9 FJ AEAERL) T 52 15 i iim 400 455
B RIEEEEEH.

5. &&ig
AW 5%t TaDUFT60 SRk R AT T 2 LT, R A EAR R4S b kA AR —, x5
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FJPIA T, 2% R AR R 2R A NRIAARE S, i TaDUF760 X7 A 53 75/ 22 2E AR A R B i
I ] e KA BB ThEE, TRAN T E PSR GE N2 DUFT60 J D 53 1 4 5 IR 20 % i 5 3R 5E 75 THI I 72 11
HH, NEHIRAIRZR TaDUFT60 FIR %S VA Dhfe, LLEARIH > 8 Fh 35T BLUE i 7 SRR
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