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Abstract

[Objective] Further analyze the properties of DUF642 (Domain of Unknown Function 642) gene
family related cell wall in wheat. [Method] The DUF642 family members were identified through-
out the whole wheat genome, and their evolutionary relationships, gene structure, protein cha-
racteristics, conserved motifs, cis-acting elements and transcriptome information were systemat-
ically analyzed. [Result] There were 34 family members in TaDUF642 family. Phylogenetic tree
analysis, gene structure and conserved motifs showed that TaDUF642 family members were highly
conserved in evolution. Protein characteristics showed most of the TaDUF642 proteins were acidic
and hydrophilic. Subcellular localization prediction indicated that TaDUF642 was mostly localized
in chloroplast. The analysis of transcriptome data suggested that TaDUF642 genes is widely in-
volved in the growth and development and abiotic stress of wheat, and is closely related to the in-
fection of Fusarium graminis, stripe rust and powdery mildew. [Conclusion] Members of the Ta-
DUF642 genes family and their expression patterns were accurately identified in wheat, which pro-
vided a theoretical basis for the genetic improvement of wheat resistance to stress.
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1. 51§

[T 582 LY /N 22 (Triticum aestivum) 2 A58 — MR EAEY), BEHUR. Hull. 5K, suid, T i,
FROT = RN S B OC N EL N /2 EE VR D Re B N vw BE AN DI REARICTT K, RERE PR /N 22 18 4% 24t
RBEFE, 4650 & FRAE PR, $2 5 & FcE (1] AR ENThag i B 5% DUF642 (Domain of Unknown Function 642,
DUF642) /2 f T HEY) iR A AR I DI RE A IR EE A G SR 1, & 1~2 A FEORSF 1) DUF642 45 Fik[2],
EAMSEHMBEERIE R, HWE A AERKKE3], M HAMREE a5, AR, W
WAEYMR Q5T T R B DIRE, &N B A ER A E.

LA AWEseit 2 ] #0577 (Arabidopsis thaliana) DUF642 JE[X At4g32460 #f & M AE S EE[4], &5
TR LR RS (Pectin methyl esterase, PME)YER! 11 & AIAEME K & H HIATE[5]. #IRGTF DUF642 & H
At2g41800 TEAR  FE S FI N RFlhFRIL, HIBRBEWE L 1 N IR BRI, BEHZIE R 25 R IR
K [6]. BFFERI, DUF642 & S5 R AR e A ) B AP 38 o Sl 7R i (Amaranthus hy-
pochondriacus) DUF642 £5 [ [1) & [X] AhDGR2 RE (03 4 i B (1) 25 A N2 e, AET S AR E FRIBER
AR AR, FF H AT DL T B DR DL R T R I 7 R (Abscisic acid, ABA)F i BUBE[7]. 7EXT K FE
(Oryza sativa) DUF642 Z LK R 7 & B, OsDUF642 JE: KAl §E2 5 ABA A 1 AEAE Wil 555 b,
Bl 5 shas58]. 1ERT 7T K (Zea mays) DUF642 & (A ERT, AL T £ ANREmE 5 1m0 3
T2 ERAERMEAIEA9]. Ak, BT DUF642 3K Atsg25460 Al At3g08030 1] 32 41 12 Yuifs S %
k. FEEE RN AL K [CHE (Ralstonia solanacearum) i At5g25460 i & NI [10], 7E 3Rl 4k 21 BR 18
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(Rhodococcus fascians) /& At3g08030 Fik & Fif[11]. EFEHuAT(Gossypium hirsutum) DUF642 25 FH 5tk 1
R I, 6 4> GhDUF642 JER 2 s 3 I 5 T 22 k08, IRl VIGS BoRIIEHIFfi ity DUF642
N2 5 T MAE bz fE[12] . BF 78 M B 3 25 (Vitis. quinquangularis) R 2 5 4 5e % ) VQDUF642 &
L, VqDUF642 Z SHEW) RS E Kons BB B MUK 5 B K B 18 [ B . VODUR642 5E A7 T B 35 K 4 a2
Jf0EE, 72K AR AR It BRI VoDUF642 PR AE K, I HLREWE PR 2K 25 B (I Uk itk . 3R
15 VODUF642 1) 5L PR J6 A% i 1 FE R 10Ky B R K 2600 T ) i 3 5 [ 13]

[ABFMYIA ] 25T DUF642 A KRR A fridsh H I E R X, A /N ek Hm 4
DUF642 J:RF IR AT 75 5E, FERHENICR . WmSEARE. R IE. ORAE . B3/
MG EAT T b LR SRR /Y Stk — P 9t /N 22 DUF642 J PR 50 1) D REFH /N2 (1) 3
R RERE THA R

2. M5 %
2.1. TaDUF642 EE L EMARGLE

B4, M Pfam (https:/pfam.xfam.org) [14] F# Pfam 14 PF04862 (DUF642)[K)[5]Fh ¥ 51, M
EnsemblPlants £ 2 (http://plants.ensembl.org/index.html) F#FUEE 7F KFEH DUF642 & A28, LA EiRF
BIVE N W 4747 BLASTp (E < 10-5)70#71, MIBRAEH PF04862 L5141, FEMIR T 2R 55 P F1 (4%
FA, B2 /N2 DUF642 SR KGR 1« SRS 3E(T Clustalw2 [15]Lbxt, FIH MEGA 7.0 H KSR
(maximum likelihood, ML)4: % £ 4t & & #f (bootstrap = 1000) [16], F£{# ] ITOL T E.(http:/itol.embl.de) 4k,
REREM,

2.2. TaDUF642 EEE A0

1 FH 28 (A 40 B 1B EXPASY (https://www.expasy.org) [17] 7l TaDUF642 & [X (1) & FREE, BRI
TR K (aa). 70 FE(Mw). Z5H 5 (pl) Fag MERISE KM (GRAVY). 7E/N 3L R4V ERAS H GFF3 b
PEEL TaDUF642 Ryt ki B5 8, H Maplinspect #E1T I #4447 . @i ™% Plant-mPLo
(http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/) [18]3F 47 V. 2 a2 A7 ) .

2.3. TaDUF642 EAEFMEFELEH O

¥ TaDUF642 & [1)741 b4£3] MEME v5.4.1 (http://meme-suite.org/index.html) [19]48 % H AR5 /7471,
BEME Motif [E4 15, #5)5 H TBtools £: i motif 737 1&] . ¥ TaDUF642 S5 5, it TBtools
21| JL DR 45 44 B[ 20] 6

2.4. TaDUF642 EEGRER T4 E

/N2 H A FESREX TaDUF642 [ Fi# 741 1500 bp, i PlantCARE
(http://bioinformatics.psb.ugent.be/webtools/plantcare/html/) [21148 % J& 51K 4 th IR o, 2805 R %
HALE) “Pheatmap” Jié 7~ TN 45 5 o

2.5. TaDUF642 EREEFRLE 5

M NCBI [1] SRA £ ¥z FEUEE /N EZ 22 26 A i e Lo T IR i 4R RNA-seq, FFKF RNA-seq £i#5id 1T Hisat2
Lot BN S R R . BRI RIE KVl A B% R 5 5 3E 6 A0 7 5 T o il B (FPKM) B AL 10847 )4
—A4k[22]. RJEFIH R #A4EK) “Pheatmap” 2 il #4& .
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3. BZRE 7
3.1. TaDUF642 BEEEEMARGELE S

LRI R, TE/NE TS E S 34 A DUF642 HER KR 01 . #d /N SR T AR ARG 1Y DUF642
HEGEE G R (1 1), RERIEHSEGCR/RIET T 4. R RW, DUF642 FRHE K W] 4
A5 #H(group a. group b, group c. group d. group e), TaDUF642 fE&-4HH 156 54, Hr, groupe &
[t DUF642 3£ [K £ £ (23 1), group ¢ &4 ) DUF642 JE (K e/ (2 4N . S0 E FF MK FE AT EL, /N 32 DUF642
FIEHERBERZ, XAfeaH T/ N EE S e 2R R A ZHE S IE 7S i, ATSEAS [8) e e f 41 1)
HA T [R5 HE 18 R [23]
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=)
3 s &
2 B 9 2 = & ¢
/NZE Triticum aestivum @ % ‘”oo & % 3 3 3 3 &
o0 2 2 B 9 v I ¥ o
© KB Opzsativa & 9 % & g 2 ;5 § £ $ s >
0, % P D S & S i
N . . . o % T e 828 & 8 48 & 8y S %
© H#IFIT Arabidopsis thaliana “‘“%O % %, B 7 P & $ & 05*? o ®
2 % © e v &5 & o
v, % % e o & & o
0 b @ o & 6&" o
A 2, al
2 % @ O N
€5 0 & NS
O, B © S 0
5 0 o s
Y475 ° o
aDUp 0o o> G’SLA‘@
64 “€20.. A 246 @
aDUp642_elg 75GT 'o;
- 0 B
T: T5G1142
aDUF642.¢14 24 o X o
TaDUF642-d2-7D
TaDUF642-e23-2A
TaDUF642-d3-7A
TaDUF642-¢22-2D
B TaDUFg45 4,
2-e21-2 7B
UF6A CYs)
D ]
Tal 1
o 50 ° g061100
oM o Ostgy,,
2 Ty, ey,
NCIPN N Dy, Z
% N 2 642
%b‘,e 55 O(/p ‘8]2
5o N By g Z
RO % 9@99
S X
@0 ‘;‘V@ Vi\y 9 % % Sz:&
« LY ° 2 2 % G
& I g3 e o 2 Y S R %
<3 & & NS o 2% & % %
& & ~N/ b5 S o = “ 0 X
) < 2 v 9 ¢ s
S &£ JFHIFETTERR D % v
T SEITFTSET R K
& S & » g & 2 2 B ow 2
S S & Y S5 v B ok ¢
& S g £ & &% ¢ B
© 5 = 9 ‘;
2 5 ©
g B

group e

Figure 1. Phylogenetic relationships of DUF642 proteins in Triticum aestivum, Oryza sativa and Arabidopsis thaliana

1. N, KIEFEIEETT DUF642 EAMIHIL X ER

3.2. TaDUF642 EFEZE 470

F EXPASy Server 10 Tiillf¥) 34 4~/N32 DUF642 £ 1 8 FRFIE (R 1) 2R, TaDUF642 f#8 (A ¥
WK TN 377 aa (307~432); “FHZHL AN 6.8 (4.54~9.24), KZ NWVEEEAT: AraEfEEE ) 38.47
(31.1~47.51), HAFAIXIFE(FaEUNT 40); HRIEPEIREUE Y 84.02 (74.3~92.89); E/KMHE4E%1°4—0.032
(-0.21~0.115), K#4r ANsE/KIEE AR RSN T 0). TaDUF642 X RIEKLE AL B Al D =AM Yeta ik
Y6 A HEA R, 22 4ifE chr2AL chr2B 1 chr2D EEERZ, 88 7. 7 F16 4. TWAHME
REFRIMSE R BoR, K23 TaDUF642 & [ AL T 44k
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Table 1. Sequence characteristics of the 34 TaDUF642 genes identified
5= 1. 34 /> TaDUF642 EE 87 FIHIE

s 1D ki opEm oke owe CRER ek pe
Name Gene ID Le/r?gth E1\//:;'\/3& cﬁfr ﬁl Instability G;E,IA%Y F;:)ecilt%end
P index
TaDUF642-a1-3D  TraesCS3D03G0675900.1 394 41.84 3D 456 36.52 0.084 R
TaDUF642-a2-3B  TraesCS3B03G0839500.1 394 41.89 3B 454 36.73 0.076 2
TaDUF642-a3-3A  TraesCS3A03G0732600.1 395 42.08 3A 458 37.13 0.088 4 5
TaDUF642-b1-6D  TraesCS6D03G0373700.1 340 36.61 6D 9.24 40.97 -0.132 SN
TaDUF642-b2-6B  TraesCS6B03G0541800.1 374 40.14 6B 9.23 39.38 -0.118 Ak
TaDUF642-b3-6A  TraesCS6A03G0441500.1 374 40.08 6A 9.12 39.59 -0.001 Ak
TaDUF642-c1-5A  TraesCS5A03G1084300.1 432 45.36 5A 9.23 43.29 0.115 A%
TaDUF642-c2-5D  TraesCS5D03G1036900.1 397 41.66 5D 9.07 37.92 0.105 A%
TaDUF642-d1-7B  TraesCS7B03G0947600.2 365 40.09 7B 7.7 31.44 0.008 YN
TaDUF642-d2-7D  TraesCS7D03G1049200.1 365 39.94 7D 8.19 36.62 -0.029 ST
TaDUF642-d3-7A  TraesCS7A03G1099200.1 365 39.9 7A 6.55 33.07 -0.006 -S4
TaDUF642-e1-2B  TraesCS2B03G1119300.1 385 39.21 2B 5.49 311 0.052 QE;‘H@H%I éﬁjﬂgﬂ’@
TaDUF642-e2-2A  TraesCS2A03G1007100.2 377 40.28 2A 6.49 36.46 -0.111 2
TaDUF642-e3-2B  TraesCS2B03G0950600.1 379 40.45 2B 4,67 41.38 -0.004 RN
TaDUF642-e4-2D  TraesCS2D03G0799100.1 377 40.64 2D 9 42.96 -0.015 RSN
TaDUF642-e5-2A  TraesCS2A03G0858200.1 379 40.14 2A 5.17 40.65 -0.181 Ak
TaDUF642-e6-5B  TraesCS5B03G0975100.1 370 39.57 5B 8.21 39.08 0.054 gﬁﬂﬂ@% "R
TaDUF642-e7-5D  TraesCS5D03G0883900.1 370 39.65 5D 8.46 40.42 0.07 gm@%; "
TaDUF642-68-5A  TraesCS5A03G0924200.1 370 39.6 5A 8.45 39.04 0.041 ?EH@%& "R
TaDUF642-e9-2D  TraesCS2D03G0799400.1 375 40.42 2D 8.72 38.27 0.005 i i e
TaDUF642-e10-2B  TraesCS2B03G0950900.1 379 40.56 2B 481 45.98 -0.033 i
TaDUF642-e11-2A  TraesCS2A03G0858400.1 379 40.28 2A 5.18 42.35 -0.194 %H@% "t
TaDUF642-e12-2B  TraesCS2B03G0950400.1 377 40.35 2B 6.59 36.99 -0.131 Ak
TaDUF642-e13-2D  TraesCS2D03G0798800.1 377 40.81 2D 8.77 38.72 -0.038 A
TaDUF642-e14-2A  TraesCS2A03G0858000.1 379 40.2 2A 5.17 42.7 -0.175 QH”E%S "
TaDUF642-e15-2B  TraesCS2B03G0951000.1 358 38.47 2B 6.68 40.53 -0.21 AR
TaDUF642-e16-2D  TraesCS2D03G0799600.1 307 32.88 2D 6.23 34.07 -0.118 A
TaDUF642-¢17-2A  TraesCS2A03G0858500.1 377 40.26 2A 6.07 34.09 -0.09 RSN
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Continued
TaDUF642-e18-2A  TraesCS2A03G0860100.1 378 40.37 2A 5.85 33.34 -0.106 -4 A
TaDUF642-e19-2D  TraesCS2D03G0800100.1 373 39.96 2D 6.64 36.24 0.036 H- 434
TaDUF642-620-2B  TraesCS2B03G0951100.1 416 42.9 2B 5.51 34.84 0.006 H- 43 A
TaDUF642-e21-2B  TraesCS2B03G1155900.1 373 40.15 2B 6.46 37.61 0.043 RN
TaDUF642-e22-2D  TraesCS2D03G0974400.1 373 40.19 2D 7.21 41.07 0.005 ES YN
TaDUF642-€23-2A  TraesCS2A03G1034000.1 379 40.64 2A 4.94 4751 -0.098 N YEN

3.3. TaDUF642 ERFERF M5

KR EIR 15 4 Motif @42 4 motifl~motifl5, FEFHITEREM 6 B 42 A%, % 34 4> TaDUF642
EAFHIMIERSAA(E 2). g8 ER, F—WAM TaDUF642 & [ HA ML IEF AR, Flun,
TaDUF642-a3-3A. TaDUF642-a2-3B il TaDUF642-a1-3D )& K5 5 B A m . Hab, B
TaDUF642-b1-6D 4t, ZEFTA ) TaDUF642 741 h#IR A S| | motifd. FF S5k Hr BoR, [F— 4L
TaDUF642 & (3L R &5t B A A, H o410 TaDUF642 75 fii# B UTR FE4IS X (1A 2).
TaDUF642 S R 57 3 7 ML IR 45 0 A AU, 300 TaDUF642 S MR BB IR ST .

(@) (b) (©)
TaDUF642-65-2A T Y - ™ [ Motif 12
ﬁTaDUFeztz—ea—zB . - o — iy
TaDUF642-e4-2D e O O — P Motif 9
TaDUF642-67-5D e e i ™ e i
&TaDUF(MZ-eB-SA A - H Motif 3
TaDUF642-6-5B — L —T— f P it 1
{TaDUFGAZ—eZ—ZA R B S f 332:3
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Figure 2. Conserved gene sequence and gene structure of TaDUF642 genes. (a) Phylogenetic tree of TaDUF642 family; (b)
Motif analysis of TaDUF642 family; (c) Gene structure of TaDUF642 family

& 2. TaDUF642 ZE£ERIIRTRIIFIEE L. () TaDUF642 RIERFE L ER; (b) TaDUF642 ik motif 73#7; (c)
TaDUF642 R igE E 4544
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3.4. TaDUF642 EFE B FIRRIERA THLE

Xf PlantCARE Tl it o A 1E AT rTARAR 23 A (1] 3), AT 55 2R 791 MG/ =26 KK
B BENEREDAEYIIG, HER BN 192 (24.3%). 287 (36.3%) 11 312 (39.4%)4™, AH N (1)1
PR T R4 70008 14, 8 #1125 Fie o, HEZ 6B TTHH(G-box. Spl. Box Il. GATA-motif. I-box.
GT1-motif. Box 4. AE-box. TCCC-motif. ATCT-motif. TCT-motif. GATT-motif. GTGGC-motif.
ATC-motifchs-CMA2a. Gap-box. GA-motif. ACE. chs-CMAla. L-box. MRE). 4 fiific) HINRAE R JC
P20 BN e G-box (88.2%) , Ik 2 Mt v IR I B e A ABRE (82.3%), ik #i I8 H s e B ot A
CGTCA-motif (76.5%)F1 TGACG-motif (76.5%) 7 M LNz . JashF i Bon e R B etk iz 504
X5 044 i 5 A7 U sz B (14 K 22 50 R 5 v AE 2R AR A — 3K
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Figure 3. Cis-element analysis of TaDUF642 genes. (a) Phylogenetic tree of TaDUF642 family; (b) The cis-acting element
of TaDUF642 genes; (c) Statistical map of cis-elements of TaDUF642 genes
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Figure 4. Transcriptome analysis of TaDUF642 genes under growth and development
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Figure 5. Transcriptome analysis of TaDUF642 genes under abiotic stress
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Figure 6. Transcriptome analysis of TaDUF642 genes under biological stress
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