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INE DUF292 ZRREREENRIZEN

e, x| A, R O#Y

(1. FBBTFORS: 2850, B8 AR5 830001; 2. AT F K%, His AT+ 832003 )

HOE. NS N E ( Triticum aestivum ) L8 O il s 126}?%2%%@5%{%%%7?%, Xif 5 N
DUF292 SER G742 SR 2 %5 0 K D Resr i, S5 R R WL, (1) fE 5 /N2 rh L5058 Y 33 A TaDUF292
BB, 458 TaDUF292-01-TaDUF292-33  AE¥5) 4345 T 15 R4k, (2) K GE A R KER, F
BUENL TR BORAR XA, (3) REKR T AW R 3 A4 3, 40 S N LR S5 1 5 O A1 T
HA—8E . (4) 18 8P oo OGRS PR o b & BRI RS 5 E 58 A
(5) miRNA ¥ F0 27, 16 ZEUTHEI PGB AN 5 SEEEM i 2 miRNA R RLEE M 4%, (6) R0 B
/N, TaDUF292 FR A S B SURE e 23k, HLXF 52 R v Tk A Jir 17 42 % 1 el b 77 7 22 57, #8401 B
EEAMO T BE LR, R RGHR T /INE TaDUF292 F RS> THHAE S5 TR AE I RE , /N & Hr ik
O3 F B R AL T R PR A S A

KR /N, DUF292, BERZM, RFEA, £WEEBF

FESES . Q943 XERARINED : A XEHS: 1000-3142(2026)08-1339-14

Identification and expression pattern analysis
of the DUF292 gene family in wheat

MA Xiaoru', LIU Jie’, LIANG Jing1 :

(1. School of Economics and Management, Open University of Xinjiang, Urumqi 830001, China;
2. Shihezi University, Shihezi 832003, Xinjiang, China )

Abstract: To mine key stress-resistant genes in common wheat ( Triticum aestivum) , this study performed genome-wide
identification and functional analysis of TaDUF292 gene family using bioinformatics approaches. The results were as
follows: (1) A total of 33 TaDUF292 members were identified in common wheat and designated TaDUF292-01 to
TaDUF292-33, which distributed unevenly on 15 chromosomes. (2) All proteins encoded by the TaDUF292 family were
hydrophilic proteins and were mainly localized in chloroplasts, mitochondria and nuclei. (3) Phylogenetic analysis

divided the TaDUF292 family into three evolutionary clades, and genes in the same clade exhibited consistent gene

I FS B 2026-05-18 IEZ HHEA: 2026-06-18

BEE£WB.: TEMRAZE S —HIUE (2024-STYB-098S) .

F—1EE: SR (1990—) A, PEIN , N Fet 2k I 241 24 5 25 3 S h B2 B H FSE, (E-mail ) zqpm913711@ 126.com,
CEEESE P, BIBORE WS T R N ARV E M R R K AE P8 i 2, (E-mail) 1370275384@ qq.com,
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structures and conserved motifs. (4) Cis-acting elements in promoters were dominated by light-responsive and hormone

regulatory elements, which indicated that this gene family participated in the integration of plant environmental

signals. (5) miRNA target prediction revealed that 16 types of cleavage-inhibiting miRNAs and 5 types of translation-

inhibiting miRNAs jointly constituted a regulatory network. (6) Expression pattern analysis showed that TaDUF292

family genes exhibited obvious tissue-specific expression and differential response patterns to drought, salt, heat and

pathogen infection stresses, and several members were significantly upregulated under combined stress conditions. This

study systematically clarifies the molecular characteristics and potential function of the TaDUF292 family in common

wheat, providing genetic resources and a theoretical basis for stress-resistant molecular breeding of common wheat.

Key words; wheat, DUF292, gene family, expression patterns, bioinformatics

INEAE R ERREE MR EEY, K 85 5%
JoT B R Pk A2 B T 5 e T A AR AR W e ™
il 24, PRI 425 90 Pl 36 g 7 O B 5 DR R M Xk /N 22 e
WoFEMEXEZ, KM IEELS 5 ( domain
of unknown function, DUF) & H J& Pfam %4 /%
—REILTR )T AR SFEIRE M AR M E AR
W, Ho A EE R )32 o A TAE W R 4L, BOAS
PE M) A B FE AR R T PR S W an i
i 5 #E /E F ( Bateman et al., 2010; Luo et al.,
2023) . BEEDIREILF A FH RN LR, ZFHIEY
A~ DUF 0% % 51 10 246 1 24 T g € 9% 26 i
Mr. /KA, DUF266 K% BC10 JIRE B B 3 %
AR T 4 25 & & (Zhou et al., 2009) ; DUF 1644
FIGEIL 5L OsSIDP301 38 338 I8 7% 178 188 [ I8 42 46 i 2
P R AR K/ (Ge et al., 2022) ; DUF1645 L
By OsSGL bRt 396 55 PR LA 38 5i o 20 | (5] B 8 4
J o3 24 2 38 B PR E AR R 5 R L (Cui et al.,
2016; Liu et al., 2022) ; 0sDUF668 W{E Avr9/Cf-9
TR 6 VT e e oL v 1R e 5 LA AR 0 15
5 BasR A W) B BT (Zhong et al., 2019) , FEH
FIFH, DUF288 R STLI 5 STL2 i Bh 47 4 R
& W A 2 (Zhang et al., 2016) ; DUF538 %
J% SVB il i ¥ GLABRAL 2 51T ARIATE L ( Yu
et al., 2021) ; DUF246 K% PAGR =5 R & .,
23 R 5 2k AT 5% i B M B M (Stonebloom et al.,
2016) , ZTAEY Y, M 4E GhDUF4228-67 ULEK 2>
AR T R ( Lv et al., 2022), DUF288 % 1t Y
GhSTLI-4 Z 54 4 2 & 1 5K E 145 (Guo et
al., 2022) ; K& GmDUF4228-70 i 335 7] #4554
FEXTER A S8 BT (Leng et al., 2021) ;&
K DUF966 8% M, b1 ZmAuxRP1 3 i 2 05| W 2,
M A, U ) o8 AR K 52X TR P (Ye et

al., 2019) , XLEAFFEERIT, DUF K% 8 i 2+ 4k
L S SEYZ DAY Fad #

RAE DUF KR 0F 7% i e 3%, (0 3% 3 /N %
DUF292 ZIEM RGBSR R 2 1, A /N2 BE
P o> A AR AE R R e R R S b
T I A LR T B 1 R B A, A DG A T LS
7 BB X DL SRy /N 22 B 3 43 7 B Rl B A RO 1
FEGE R 5 HS X, BT, AR 5T LA A D
FNWFFE N G, KT FE A A W15 B pr 8
RCRHRG K E T LR Z5 /4 50 | 5 3h i
XAEHTCAE AT miRNA #E ] 00 G €6 1R 72 037 S
TR T 5T W A B Y T a5 R,
PR LU [, (1) 38 /N4 DUF292 205 R
(1) 4 B DR 21 S5 5 R A1 0 o] | A0 958 S0 A B e | e
AR A A DR 5 4 SR ST 25 R SRR AR, LR
Gk E K R 5 H Aty R R IR AR 51 AT AE T8 RE Y 22
St (2) ¥l /NEZ DUF292 R 8 81 F XA
WA sk Ao T A FH T A, LV A 1) miRNA A7 W
S LI miRNA 2 & 5/ E R K LT K
B0 A OG5 (3) M /N DUF292 56 LR AN
[FZHZ A EEHEA Y bbE (T 5 s RS ) A BT Y
R BN Z R, HRBFIEE RS H
VERAE )RR S 3 15w 7 BB 3 AH G

AWFSE B 76 WA X0 /N DUF292 52 5 19 4%
THES WD fe, M HAENEAEKERE S5
B33 N R A FBL RN 38 /N2 DUF292 FKT5
REMHT A, /N YU S e e B R D
5 35 PR 9 RN I S BRAS AR B

1 AR5 77 %

1.1 =@ R R AR 77 %
LUEG B R Dy A TR AL PR A7 B0 B 41 A /D A b
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B, PR — A T B R TR E
TOCHREE SRR 10 d, WEFRAMFIT .24 C/16
h L 18 C/8 h SR, MIXHEE 60% ~70% ., K%
Fr 10 d JEEAT A A 2], Ab BRI [] 2 6 h, B4R 4k
FRALHE 5 W8 (S, 80 mmol - L' NaCl) | T 2 Jjift
(D,20% PEG-6000) & Wi (H,30 C), LAIE
IR A X R (CK) o A BRES RS | R
Lt R WA R G T -80 CORAfE, T TG 2k
RNA $#2H,
1.2 EERRKERRETE

M Ensembl Plants %54 T #5382 5 %
PR 2H 1 B IR 20 4 LB T 91 S GRS R SC
PFo & T Plam B8 K R DUF292 45 4y 3k
(PF03398) f & oy R A e A AU (' hidden Markov
model, HMM) , 5% J§ HMMER 3.4 #4178 4% A4
) B ABE R 1 51 o R 28 STk SR I, il ] NCBI
CDD SMART 9.0 /% Inter Pro Scan 7E 4 F & 47
SR B R, B BR TUAR MASSE R T4
1.3 EARFUERRFELZE ST

W1 Expasy ProtParam . H.3158 & (4 F & .
oM om MO K M 48 2L (grand  overage of
hydropathicity, GRAVY ) % HE 244 ( Gasteiger et al.,
2005) . 2 AR TN WoLF PSORT fE£k -
B8 M. FIH MEGAT Xt A B2 K ¥ 8117
ZIFHI XS R RN S B AT XS 7347 ( Kumar et
al., 2016) , JETHEXFER RS HEA MR R A
B, S BOT 51 5L B AU B Bk VA A8 A IE
(Poisson correction ) ;{37 p, [A] FF A 38 3R 5% F 441 5 1 %
(uniform rates) ; 75 7 AL PR 7 X HE B30 70 M BR ( partial
deletion) , {37 15 8 3 B {HL 35 R 95% . N PPAS A 31 4h
gER R EME, SR 1000 ¥R A 24 K556 ( bootstrap ) #F
Fra R A, R GU AL i n] WAL K T R d
i Evolview 72k T.H5E 1Y,
1.4 ERSEMS5RTFEFBRIT

BT GFF3 TR SO R ORI 4540 15 2, R
JI MEME [ 3§ 500 £ 57 3£ 5 . M TBrools 2 F
Xof PR 54 1 47 AT ALAK 53 BT ( Bailey et al., 2015;
Chen et al., 2023)
1.5 B FIRCAE A T 53 4

PRI ATG & 46 %5 T L iF 2 kb 751
YERIABIFIX, KA PlantCARE R 338 13 0 JIsi = /E
JHICH: (Lescot et al., 2002) ,{#i [ Excel #x {4 #E47
it o,

1.6 miRNA 3£ 5] B {7l

K H psRNATarget W ¥ X %% W% W &t o 47
miRNA 7] 5¢ R il ( Dai & Zhao, 2011)
1.7 RiEEX D

I H WheatOmics FUHE 22 3R B 2H 405 S50 W A
Yy 19 368 b 3D A s ZH BCHE 5 {6 1] TBrools %R 444
REIMIA
1.8 qRT-PCR I&iF

fifi AR 5 RNA fh R4l fe il & [ 4 T
A TR () Befn A BRA R ] $E 0N D)
RNA, {i F§ M-MuLV %% —#f ¢cDNA & sk 7 & [ 4=
TAEY TR (L) e A FR S m] ] A7 I 5 AR
P FE A b e 9 T H 9Ot E i PCR 51 (K 1),
] QuantGene 9600 52 I 9% % 5 i PCR AX k47
qRT-PCR K1, LL/NE Actin FEIR ( TaActin ) 1R
SHMN

&1 RT-PCR5|#FE7

Table 1  Sequences of qRT-PCR primers

ElE/E2

Primer name

1975

Primer sequence

TaDUF292-08 : TGGAGTCAGCAGCCTAGAAGT

: TCCTAAATCATAAGATGGCTGTGAA

TaDUF292-21 : GCCGATGCAAAGAAATTCGG

: TATCCTGCTCTTCTCCGCGT

TaDUF292-29 : TAATCGGGCACGACATCTGG

: TGTTGGATTTTCATGCGCGG

~= == = =™

TaActin : CCTTCCGTGTTCCCACTGTTG

: ATGCCCTTGAGGTTTCCCTC

2 HEREAH

21 KRR REEREAENLERSH

P 38 /N A7 4 5 DR 4 3 TR P R e 1 33 A/
2 DUF292 FEDH AR HAE Yo e fk B 8 8 AR
WA 4 N TaDUF292-01 -TaDUF292-33 (2 2), &
FBEAL R 20 A1 R B, TaDUF292 H DR 52 15 46 11 Y
FIEMRKE R 172 ~1 118 aa, B& TaDUF292-01 KL
FP 81 K 2 A P8 IR 45 A TGk A B3 S e R
HAb R 52 2 20 TN 18.82~123.33 kDa, 2511 5K
4.67~9.64, Hih 15 4> DUF292 & (1925 5/ T
1.5, B TREEN, NaE RECHN28.29~65.13, Hrh
TaDUF292-12 , TaDUF292- 14 TaDUF292-15 . TaDUF292-
18 Fll TaDUF292-23 4t & A AFE REY /N T
40, BRI ARUE L, B TREERM,
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Table 2 Information of TaDUF292 gene family members in wheat
A \ ke TR Rpemm mRBRE RAR EARER
fir 44 LA 1D URERYN Molecular - e . . e w -
. . Length . Isoelectric  Instability Aliphatic LR Subcellular
Name Gene ID Chromosome weight . . . -
(aa) point index index GRAVY  localization
(kDa)
TaDUF292-01  TraesCS3A02G252800. 1 3A 1118 — — 62.07 48.40 -1.024 0 A%
Nucleus
TaDUF292-02 TraesCS3A02G263500. 1 3A 319 35.14 8.92 56.96 86.33 -0.348 2 Y TRIN
Mitochondria
TaDUF292-03 TraesCS3A026G459100. 1 3A 514 56.51 4.91 56.50 72.43 -0.490 I ESZIN
Chloroplast
TaDUF292-04 TraesCS3B02G284600. 1 3B 1111 122.79 5.94 64.52 47.40 -1.090 20 A%
Nucleus
TaDUF292-05  TraesCS3B02G288900.1 3B 1113 122.72 5.88 64.99 47.23 -1.073 A%
Nucleus
TaDUF292-06 TraesCS3B02G296700. 1 3B 319 35.06 8.99 58.27 87.87 -0.308 Y TREN
Mitochondria
TaDUF292-07 TraesCS3B02G498800. 1 3B 511 56.27 4.95 60.33 71.51 -0.515 LRIV
Chloroplast
TaDUF292-08 TraesCS3D02G253500. 1 3D 1117 123.33 6.03 63.07 48.11 -1.058 2N A%
Nucleus
TaDUF292-09 TraesCS3D02G263400. 1 3D 319 35.07 8.99 59.25 86.96 -0.320 ESYIRUN
Mitochondria
TaDUF292-10 TraesCS3D02G451700. 1 3D 512 56.34 4.95 59.27 71.56 -0.518 IE2ZIN
Chloroplast
TaDUF292-11 TraesCS4A02G084800. 1 4A 282 31.13 4.67 49.56 85.85 -0.425 ESY AN
Mitochondria
TaDUF292-12 TraesCS4A02G084900. 1 4A 172 18.82 9.64 28.29 102.79 -0.163 EZZIN
Chloroplast
TaDUF292-13 TraesCS4A02G085000. 1 4A 535 57.94 9.49 62.15 65.63 -0.763 ESZEN
Chloroplast
TaDUF292-14 TraesCS4A026G269300. 1 4A 354 38.70 6.61 38.72 77.71 -0.711 I
Chloroplast
TaDUF292-15 TraesCS4B02G044800. 1 4B 336 36.87 7.77 38.75 80.39 -0.690 2 TR
Mitochondria
TaDUF292-16  TraesCS4B02G045100.1 4B 353 38.68 7.78 41.25 79.58 -0.687 &k A
Chloroplast
TaDUF292-17  TraesCS4B02G219200.1 4B 542 58.84 9.47 63.55 65.13 -0.785 £k A
Chloroplast
TaDUF292-18 TraesCS4B02G219300. 1 4B 184 20.26 9.18 32.18 106.52 -0.129 IESZEN
Chloroplast
TaDUF292-19 TraesCS4B02G219400. 1 4B 264 29.13 4.83 51.01 86.89 -0.419 ESYIRUN
Mitochondria
TaDUF292-20 TraesCS4D02G044400. 1 4D 352 38.31 7.00 43.43 82.30 -0.534 IIE2ZEN
Chloroplast
TaDUF292-21 TraesCS4D02G044800. 1 4D 346 37.73 6.74 42.36 80.06 -0.652 TSN
Chloroplast
TaDUF292-22 TraesCS4D02G219400. 1 4D 533 57.86 9.60 65.13 64.93 -0.758 -2
Chloroplast
TaDUF292-23 TraesCS4D02G219500. 1 4D 175 19.38 9.36 30.72 100.97 -0.259 Y IREN
Mitochondria
TaDUF292-24 TraesCS4D02G219800. 1 4D 281 31.04 4.74 47.87 85.80 -0.413 ESIVN

Chloroplast
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‘ ki PTE i Rp sl BWRE Skt BAES
i %4 FEH D PRV Molecular - e T s .
Length . Isoelectric  Instability ~ Aliphatic EiER Subcellular
Name Gene 1D Chromosome weight . . . -
(aa) (kDa) point index index GRAVY  localization
TaDUF292-25 TraesCS5402G346800. 1 5A 485 53.55 5.99 51.14 64.35 -0.822 RSN
Chloroplast
TaDUF292-26  TraesCS5B02G347800. 1 5B 484 53.48 5.79 55.97 66.07 -0.784 LRSS
Chloroplast
TaDUF292-27 TraesCS5D02G353300. 1 5D 482 53.20 6.09 53.11 65.75 -0.782 EZIN
Chloroplast
TaDUF292-28 TraesCS6A02G133000. 1 6A 715 80.55 9.16 50.70 56.77 -1.116 ESZIN
Chloroplast
TaDUF292-29 TraesCS6B02G161300.1 6B 713 80.56 9.15 50.17 55.12 -1.152 ESZIN
Chloroplast
TaDUF292-30 TraesCS6D02G122600. 1 6D 715 80.59 9.25 51.28 55.52 -1.144 -4t 44
Chloroplast
TaDUF292-31 TraesCS7A02G445700. 1 TA 709 79.40 8.72 50.47 63.55 -0.934 SR
Mitochondria
TaDUF292-32 TraesCS7B02G345200. 1 7B 727 81.13 8.41 49.52 60.94 -0.950 E-3UN
Chloroplast
TaDUF292-33 TraesCS7D02G433700. 1 7D 726 81.49 8.72 46.82 61.14 -1.007 E2 RN
Mitochondria
T —RARTLEHHA,
Note: — indicates not calculated.

NEWT R BN 47.23~106.52, EKMEFEE N -1.152~
-0.129,¥/NF 0,38 ToRKE . W4 M e {7 i
W27, TaDUF292 K&K K15 8 51 A 4 A0 T 40
MR, 9 AL TLORiA 20 A7 T 244
22 REREHM

AN DUF292 FEHF R R R G %k
B R TIZEREREGEHOCR (B 1) . REK
BWEZS N 3K, B Group A Group B il Group
C. Group A H13% T U TaDUF292-14 , TaDUF292-15 %
14 /N FEP ok S 56 P o Hh B s A AR DL, SR B
AT R IE T fe il 0y L [ 40 5%, IF7F o Ak o 72 b 4
Fr T HIIZN6E, Group B WAL E T {Z AR A,
A 13 4, 41 TaDUF292-01 F1 TaDUF292-26 %5
s MKW Z2 R $2 7R 10 26 56 R n] BB AE B T
UNGEZS:R Ja Group C B RY 51 AR B b, H
H 6 A, U TaDUF292-28 ¥ TaDUF292-31 % {H
BT A RIPE AT SR B, AT RB AE A A 1 A
AR B R E R
2.3 BEESHSH

S5 5 W48 7R T /NEE TaDUF292 B K
R Z HEE TR SFHE (B 2) o PRSFEEF 0 &
I, Motif 2 | IZAEAE T I A L, Motif 5 5 Motif

6 A Group B WP 454 , Motif 9 A7 7E T Group
C R, S5RIR A BT 45 B, AT B 5L 38 DR <8
M & DUF292 FRfE PS5 A3k, a5 X 388 43 BT &
I, Group A WIERL AN & FEE A 1~6 4, Hrp
TaDUF292-15 , TaDUF292-19 } TaDUF292-21 7t
UTR X 3 ; Group B W% W 52 A 6 ~ 8 /4>, Ho
TaDUF292-01 F1 TaDUF292-04 J& UTR X 1,
Group C W HERL 5 N & THUE I R 6 A, HIFEAE
UTR X3 ,
2.4 B FIRXAER TS

3 35 i B DX 0 XA FH o A T e A )
2 913 MZLIIRETTE (E 3) , ¥ K WiE (148 1) |
RE (40 ) SEMAR (310 4N) Ml Z 4 (415 1)
WU, /INFZ DUF292 KGR G A Ja sh 7 7 51
R I e R 4 SIS ST 53 3R G-box
(256 )) . ABRE (£ 5 ABA J2)if) , TGACG-
motif (25 MeJA i ) il CGTCA-motif (55 MeJA
R, R FE A ae i Z W R FEEES S
JiE 3 Y . TaDUF292-03 5 TaDUF292-13 J5 8+
DIl T 0, B R XA FH T 43 391 2 58 A F 43 A,
35 = T A SR R 5L, I 78 33X B S 35k R AT RE 7 /)N
2 B AR R G
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Fig. 1 Phylogenetic tree of DUF292 proteins in wheat

2.5 miRNA 5 TaDUF292 EE Rk W [ % &
ol

WY E BN, RN DUF292 $E
FEIN B 32 B PI2E miRNA (50 4 7, M 3845 0
BLTIAT 43 SR U0 E0 00 ) P BRI 25 (R 3) . Y
ENH0 b, tae-miR159a/b 5 tae-miR5049-3p 3 [A]
B TaDUF292-01 . TaDUF292-04 . TaDUF292-05
Ml TaDUF292-08 ,iX Fh 22 miRNA i 42 91 42 0] fig
FA LTI RE T A% 10 43 F A 1 IR 4%, DA I ok 4 435 0 3
IR 26 3R T8 45 19 B2 2 M ; tae-miR408 Fl tae-miR9676-
Sp BB Tz Y B ) A BB, I tae-miRS5175-5p
tae-miR530 . tae-miR9677a Hl tae-miR9783 % 1V ¥

PN SED B A B R S R T RE S
R G A B T RE A Ak R g . B A
tae-miR9666b-3p #[na] 7 N 51, 44 B¥ I &R 2% i 30
il D 28 KB 43 B B3 AN AE AE — 28R R0, A
TaDUF292-17 . TaDUF292-19, TaDUF292-24 #il
TaDUF292-30 [m] b2 47730 400 1] 01 B 325 00 ) XL
¥, 2R 2 2 PR 45 ] BEORS B 45 o 3k R R Ak B s
2.6 /NE TaDUF292 EEMEBEI R ELME
S

Yot R A R B /NZ DUF292 JER ik
MBARY )0 A5 T 15 ek (B 4)  Hp e
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A. Phylogenetic tree; B. Motif analysis; C. Domain analysis; D. Coding region analysis.

2 /NE DUF292 BERKEB REH ST
Fig. 2 Structural analysis of DUF292 gene family members in wheat
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A. Phylogenetic tree of TaDUF292 gene family in wheat; B. Types and quantity distribution of cis-acting elements in promoters of each gene,

with the numbers in the matrix representing the occurrence times of the corresponding elements; C. Quantity statistics of cis-acting elements of

different functional categories.
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Fig. 3 Statistics of cis-acting elements in promoters of DUF292 gene family members in wheat
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Table 3  Targeted relationship between miRNA and TaDUF292 transcript
I 0 /N miRNA A ] B P
Inhibition effect Wheat miRNA Targeted gene
vkl tae-miR159a TaDUF292-01 .TaDUF292-04 . TaDUF292-05 . TaDUF292-08
Cleavage tae-miR159h TaDUF292-01 . TaDUF292-04 . TaDUF292-05 . TaDUF292-08
tae-miR2275-3p TaDUF292-20 . TaDUF292-28 . TaDUF292-29  TaDUF292-30
tae-miR395a TaDUF292-28  TaDUF292-30
tac-miR395b TaDUF292-28 . TaDUF292-29 . TaDUF292-30
tae-miR408 TaDUF292-14 . TaDUF292-15 . TaDUF292-16 . TaDUF292-20 . TaDUF292-21
tae-miR5049-3p TaDUF292-01 , TaDUF292-04  TaDUF292-05  TaDUF292-08
tae-miR5175-5p TaDUF292-02
tae-miR530 TaDUF292-03
tae-miR7757-5p TaDUF292-02  TaDUF292-06 , TaDUF292-09
tae-miR9657h-3p TaDUF292-19 . TaDUF292-24
tae-miR9657¢-3p TaDUF292-19 TaDUF292-24
tae-miR9664-3p TaDUF292-25 . TaDUF292-26 . TaDUF292-27
tae-miR9676-5p TaDUF292-13 TaDUF292-17  TaDUF292-22 TaDUF292-26 . TaDUF292-27
tae-miR9677a TaDUF292-32
tac-miR9783 TaDUF292-08
Bi% tac-miR444a TaDUF292-17
Translation tae-miR444b TaDUF292-17

tae-miR6197-5p
tae-miR9666a-3p

tae-miR9666b-3p

TaDUF292-30

TaDUF292-11, TaDUF292-12,  TaDUF292-18, TaDUF292-19, TaDUF292-23 .
TaDUF292-24

TaDUF292-11 , TaDUF292-12 , TaDUF292-18 , TaDUF292-19 , TaDUF292-23 | TaDUF292-
24 . TaDUF292-33
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Fig. 4 Intra-species collinearity analysis and
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Table 4  Evolutionary selection pressure on DUF292 genes in wheat

R LR K, [a] LR K,
A 1 A 2 Non-synonymous Synonymous K,/K A8
Gene 1 Gene 2 substitution rate substitution rate K,/K, value
(K.) (K)
TaDUF292-01 TaDUF292-04 0.023 809 922 0.054 458 026 0.437 216 031

TaDUF292-01

TaDUF292-02

TaDUF292-02

TaDUF292-03

TaDUF292-03

TaDUF292-04

TaDUF292-06

TaDUF292-07

TaDUF292-11

TaDUF292-11

TaDUF292-11

TaDUF292-13

TaDUF292-13

TaDUF292-13

TaDUF292-14

TaDUF292-14

TaDUF292-14

TaDUF292-14

TaDUF292-15

TaDUF292-15

TaDUF292-15

TaDUF292-17

TaDUF292-17

TaDUF292-19

TaDUF292-20

TaDUF292-25

TaDUF292-25

TaDUF292-26

TaDUF292-28

TaDUF292-28

TaDUF292-29

TaDUF292-31

TaDUF292-31

TaDUF292-32

TaDUF292-08

TaDUF292-06

TaDUF292-09

TaDUF292-07

TaDUF292-10

TaDUF292-08

TaDUF292-09

TaDUF292-10

TaDUF292-17

TaDUF292-21

TaDUF292-22

TaDUF292-14

TaDUF292-15

TaDUF292-20

TaDUF292-15

TaDUF292-17

TaDUF292-20

TaDUF292-22

TaDUF292-17

TaDUF292-20

TaDUF292-22

TaDUF292-20

TaDUF292-22

TaDUF292-21

TaDUF292-22

TaDUF292-26

TaDUF292-27

TaDUF292-27

TaDUF292-29

TaDUF292-30

TaDUF292-30

TaDUF292-32

TaDUF292-33

TaDUF292-33

0.023 689 614

0.012 520 578

0.008 323 785

0.016 379 961

0.019 000 656

0.023 895 298

0.008 321 861

0.005 994 466

0.424 776 472

0.636 112 237

0.388 705 376

0.578 025 388

0.597 103 398

0.560 271 411

0.041 609 930

0.583 252 207

0.067 030 599

0.586 345 747

0.586 289 345

0.080 011 978

0.565 456 921

0.554 438 864

0.034 195 159

0.568 344 914

0.556 972 157

0.020 176 991

0.017 441 312

0.010 050 402

0.021 858 726

0.015 240 555

0.020 826 165

0.021 578 678

0.034 206 364

0.037 195 185

0.042 931 133

0.091 507 103

0.086 656 641

0.060 668 286

0.039 885 970

0.036 063 034

0.048 978 824

0.036 948 034

0.781 380 216

0.917 999 943

0.731 895 023

1.092 954 012

0.921 696 058

1.071 156 963

0.138 564 468

0.926 960 137

0.183 850 454

0.997 337 519

0.886 977 777

0.150 253 295

0.922 432 479

1.019 569 924

0.079 901 003

1.032 643 657

1.041 976 412

0.080 427 230

0.080 427 230

0.080 365 021

0.109 696 342

0.115 720 424

0.113 634 230

0.074 147 860

0.092 594 497

0.094 817 622

0.551 804 998

0.136 826 300

0.096 054 783

0.269 992 158

0.476 374 427

0.662 598 100

0.169 907 320

0.162 240 448

0.543 623 274

0.692 932 763

0.531 094 438

0.528 865 242

0.647 831 129

0.523 052 578

0.300 292 930

0.629 209 590

0.364 593 054

0.587 911 049

0.660 996 656

0.532 513 968

0.613 006 300

0.543 796 801

0.427 969 085

0.550 378 545

0.534 534 325

0.250 872 630

0.216 858 299

0.125 059 405

0.199 265 775

0.131 701 512

0.183 273 689

0.291 022 268

0.369 421 127

0.392 281 354
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Fig. 5 Collinearity relationships between wheat TaDUF292 family members and those of Oryza sativa,

Triticum dicoccoides, T. urartu, Brachypodium distachyon, and Aegilops tauschii
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The right-side color scale represents the relative expression level of genes, with the color gradient from green to red corresponding to low to high

expression; the clustering tree at the top is constructed based on the similarity of gene expression profiles, showing the clustering relationship of

expression patterns.

E 6

INE TaDUF292 EEEARER AL R RIEZER

Fig. 6 Expression patterns of wheat TaDUF292 gene in different tissues
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CK 450
Powdery-24h 100

Powdery-48 h 3.00

2.50
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CK /R X} BFEZR ; Powdery-24 h/48 h/72 h 431378 3% IR TR MG 24 48 72 h; Stripe-24 h/48 h/72 h 43 5|36 7R 52 55 T AR 55 TR 1
38 24 .48.72 h, A7 E R R FTE AR X Fe b B, b 0 28 21 (0 0 1o Bk IR 2y 5 TOUBT 3R Ml 5 T 56 PR Fe sk i AR AL A 2,
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CK represents the control sample; Powdery-24 h/48 h/72 h indicate that wheat samples are treated with Blumeria graminis {. sp. tritici for 24,
48, and 72 h, respectively; Stripe-24 h/48 h/72 h indicate that wheat samples are treated with Puccinia striiformis {. sp. tritici for 24, 48, and
72 h, respectively. The right-side color scale represents the relative expression level of genes, with the color gradient from green to red
corresponding to low to high expression; the clustering tree at the top is constructed based on the similarity of gene expression profiles, showing

the clustering relationship of expression patterns.

B 7 /& TaDUF292 BEE /N A EMZHAREEME THRIARK
Fig. 7 Expression patterns of wheat TaDUF292 gene under the stresses of
Blumeria graminis {. sp. tritict and Puccinia striiformis {. sp. iritici
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The x-axis represents different stress treatments; CK ( control, normal growth conditions), D (drought stress), H (heat stress), S (salt
stress) , S+D (salt + drought combined stress) , S+H (salt + heat combined stress) , H+D (heat + drought combined stress) , and All (three-

way combined stress of salt, drought and heat) ; the y-axis represents the relative expression of the gene.
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Fig. 8 Expression patterns of wheat TaDUF292 gene under abiotic stresses
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PRSP f s, AR AR E R O AR SF SN, X 3
{RSF R 5K B8 DUF266 5% [ 45 27 4 2% 4
(Zhou et al., 2009) ] . # B JF DUF246 ZK % 1 hi
[ 25 B K4 W ( Stonebloom et al., 2016) ] 25,
TGN 5L 1E /N 32 W3 F 41 5 3E SR 40 A, 4B/4D
S i, 3A/3B/3D ] PR L R R 7 Ho Rk #a TR
4A/4B/4D [AlEFE 73 Ak H AL VRS | 33X b 37 3 A
2 AR R 7S A R /N 22 3 I el ) 8 5 PR 4 5

B HL TR AL SR (Pont et al., 2019) .
34 REBEFHED WA TaDUF292 Kk iE
5% 8106

LRI BN K W R S TaDUF292-
01 .TaDUF292-05 . TaDUF292-08 TEAR ik, o]
fEZ 5 MW R P 5 5 5 WL TaDUF292-12
TaDUF292-18 TEFEFRFE 57 % 18, TaDUF292-21 TE
FrRirp R SR FR T e S 540k B IR,
AL T /KT OsSGL P #5 K7 FL K /N B LT ( Cui et
al., 2016) .

A= 3 e 07 2L R T R S OB TR R
RN 2 5 e Bk B SR AR T
A fi A4 ) % B3 B 300 B B 7 0 B % B 7
INFE G g% AR AE B B 5 DR R S 4 T, qRT-
PCR 58 3F 2. 7K : Group A i TaDUF292-21 5 5 1
iR TR B ; Group B B TaDUF292-08 % T
BRI ; Group C 1% TaDUF292-29 #E T4 H/
A MNE T YA R R R EE A LA Rk L R X
e i T AT G 0 LA B SR Y ) 7 AR A DU
ZILH S 5 /N X 22 FpeAE AR e i) Ry A e R
IR R T R E AR R HHEEEM, A
IF) ST % g 4R 3 P 35 DR Xt =1 2 4 o a1 o o A5 X A7
TEB oAk X L AR AE GRDUF4228 F2 1% 1 51 i) 24
Jop 30 0 BT A % (v et al., 2022) , 3% — 4R AF A Y
I T TaDUF292 FEGETE/NAZ 38 W AN [F) 5./ 52 5 R
A=W AR v A T BE 2 REME O IR S AT %
FIE AP D BE S oy R AL PR AL T B H i 58
KA
3.5 FitTRE

AR E I RGN /N4 TaDUF292 H
D, WA H o PR AE  BEAb ML R R N 4% 5
TR IR SIE Rl S SRS 5k 2 2
oy WERATReRL, )2 S 5N EERK K
BT w0 A e e, AR S
AN T /N DUF292 RIGEWIFE 28 11, R/NZE i 43
T BRI G e pE 6 N 5 B S 9% ROk TAE
IV 45 B T RE B E , 4 8013 28 % B ) FH ] 5 FH#%4k
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