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Expression Profiles Reveal the Function of Upland Cotton DUF642 Gene Family in
Stress Tolerance
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Abstract: [Objective] DUF642 (Domain of unknown function 642 genes), an unknown functional gene family, plays an
important role in plant stress response. The aim of this study is to analyze its function in cotton stress response. [Method]
The members of DUF642 gene family in cotton were systematically identified base on the information from Gossypium hirsutum
genome. The gene structure, physiochemical properties, subcellular localization, phylogenetic evolution and promoters of DUF642
were analyzed by bioinformatics. The expression patterns of DUF642 genes in different tissues and under various stresses,
including cold, hot, drought, salt and Verticillium dahliae infection, were analyzed by transcriptome data and real-time quantitative
polymerase chain reaction (RT-qPCR). [Result] The results showed that 23 DUF642 genes in G. hirsutum distributed on 14
chromosomes and one scaffold. Most of GhDUF642 proteins were predicated to be in the plasma membrane and contain 1 — 2
conserved DUF642 domains. GhDUF642 genes were divided into four subgroups and highly conservative in evolution.
GhDUF642 genes have a wide range of tissue expression types, most of which are highly expressed in roots and leaves. Combining
promoter analysis and expression analysis, it was speculated that GhDUF642-09 participated in cotton resistance to salt stress,
GhDUF642-08 and GhDUF642-19 were involved into the interaction between cotton and V. dahliae, and GhDUF642-02,
GhDUF642-14 and GhDUF642-17 were related to cotton growth and stress tolerance. [Conclusion] These results could provide
reference for further study on the function of DUF642 genes and the molecular mechanism for stress resistance in cotton.
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e I Z B PE Pfam A 3 700 £ Fp
N3 fiE kL (Domains of unknown function, DUF) 2k
H, BT ©O S i B T 25% 4840, BRI
21 2 5 58 o A A PR R Ol R e iiE 9 DUF
FIGE AR T EENAEYE B8R, B oK
71N 3 2 S R 435 4 S A i TR TR T A A ) AR KR
LA K e 7 395 58 1 38 5 T A IS B E T AR

DUF642 Z R L 1~2 A BEARSF 1Y
DUF642 L5458, J&Fh 48 4 BT e A7 100 v B2 DR <F
) 241 M BE AR OC AR 1), HE 7K FF (Oryza sativa) Fl UL
4 I (Arabidopsis thaliana) H' 43 5 A 12 4~ F1 10
/> DUF642 Z 5 i i 9, DUF642 1EAH H) LT
Jirt B A= G VIR A= 40 300 5 W 3 e iy 3o R o A 5
AR, LR T DUF642 3k [H At5g25460 Fi
At3g08030 A 52 4 I {2 Y A1 Ui S R0k
1 32 F0 75 K 5 K S 1 (Ralstonia solanacearum) Ji
At5g25460 F 8 % ik 0, i A3G08030 7E 1 it 4
1k 21 Bk 1 (Rhodococcus fascians) Ji b 8 223k 8
75 7 DUF642 %1% 25 11 BIDXI(BDX) 2 5
N [ 2 2 v 2 i R SR e TR AR, Xie SEUOM
r [ 4 % ( Vitis quinquangularis) 7} X\ 2 5 1 78
3| VqDUF642 , H: 2 3 1k RE 0% i A5k SR fise P T Tilg
(Pectin methylesterases , PME ) i 4 34 3 | M fij £
15 Xt K 4 %5 78 T8 (Botrytis cinerea) i TPk | 3% W
VqDUF642 5 3R % & MU vE A 5 o AFRL T
(Amaranthus hypochondriacus) AhRDGR2 & 1 1
% DUF642 £ 1 (Y A& R, 76 £ AT 5245 B 175
TR RAEBFERIKBAN, K ZmDUF642 M
e 5 Fh ARSI A 7S T W RE kA4 B Rk
AR,

Hap, F&E & KM X8 2 A R R
{1 RS e 7S AN = N St M N 2
T 3 ELAT BL 36 T 1 19 55 R i Sk A A6 BIF 5 40 3k
() H SR )l 22— Bl HU A (Gossypium hirsu-
tum) FE PRV ALy AR BG4 i Jre 2t R 4
b % 5E AT ST AL JE R R IR P RE . DUF642
FER O 2 WoR 2 A e RN 0 v A
P H H T R W AERR AL TP PSR . ASHIE
FEHE Tl M A 42 Ak X 2 B X DUF642 JE 1A 52
EHEAT T R G FAE IS B o B, R i 2
FH Bt 55 20 B8040 R S ) 2R S 8 A% X SN (Re-

¥ 31 %

al-time quantitative polymerase chain reaction,
RT-qPCR) i R 437 T DUF642 % 3 K 75 AN [
L AU Z2 Fh gt S5 30 T B 2 IR R Dy Jim ik A
H I RESLE SEAh

1 M#E o7&
1.1 DUFB42 EFEESEMEEES

i 1 TAIR (https://www.arabidopsis.org ) ¥ %
N AR T DUF642 Z i A 1, 75 fili o A
TM-1 3 H 4 %4 (NAU version 1.1) g 17
BLAST 4347, J#FI ] Pam %04 et — 20 %0
i 77 ExPASy-ProtParam tool (http: //www.expasy.
org/tools/protparam.html) 7E & %X {443 #1 DUF642
Y S BRI AR BRI X Ay i P AR
LR AN R 18 BAE Y, ] CELLO V. 2.5
(http://cello.life.nctu.edu.tw/) 7EL T HiE1T8H A
74 A 5 o TN SignalP 4.0 (http:/www.
cbs.dtu.dk/services/SignalP/) Tl {5 5 K=
1.2 DUF642 ER L BEEMMEREN I

M Cotton Functional Genomics Database
(CottonFGD) ( https://cottonfgd.org/ ) 2§ B i Hb
i DUF642 5 PR 215 9 A5 6L, AL 45 Ak 15
5] 445 7 51 (Coding sequence ,CDS) , 4 (o {4 {7
B4 FILFH TBtools 1453 Hr K& A Ay e (e o 45127,
i i GSDS2.0 (http://gsds.cbi.pku.edu.cn/) 7 £k 4%
1143 By BE PR 25 4128
1.3 DUF642 EE Rk Rt 5

FH % F MEGAT7.0 X Bl b 48 55 1 5 I
DUF642 J 4 4 % 149 8 H 2547 2 P 91 e, il
AH 4B % 3% 7% (Neighbor-Joining , NJ) #4 ## & 4t it
AL,
1.4 DUF642 EE LN 1ERTHED

R HBL #b A% DUF642 3 R | JiF 1 500 bp
DNA ¥ %1, #| Fi PlantCARE %% ¥ J& (http://bioin-
formatics.psb.ugent.be/webtools/plantcare/html/) il
W AT G A7 AE A AR oo
1.5 BRAREESH

M NCBI SRA (Sequence Read Archive ) % #i&
FEF R AR B 7 Bh AR E (R 2R MEER A
B ACEHAEAE ) FN 4 Fh i BE P aE (B B TR
) b 3 1 e S A B (R DRV AL 3 R e
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(Genome sequencing project accession ) ;: PRINA
248163 ), M AL A4 Rk Ak 3R A5 4 AR AT AR B DL
Zhang “5EPVAHFFEHiE . L FPKM (Fragments per
kilobase of transcript per million fragments
mapped ) > 1 £ % J B 3 24 19 0 ¥ b o, 38 3 %
BE PEAT log, (1 +FPKM) A #fEfk . LA I8 B A5
7% 1k (Fold change ,FC) >1.5 o <<0.8 1f & 3
OE A W 3% R0k 22 5 s, fif ]l Heml
(Heatmap Illustrator , version 1.0) 4K £ % il 5&
[H 2 3k R B0
1.6 WEEF EESEE

B AR AL SRR O BT Rl AR A R 601
(ND601) , Fi ATt A olh K 24 AE it B A1 8T 57l
PR BASR A AR ARSI JE R K20 24 h SR )5 &
TR B BT ERM; RY 1d 5, kK
—H(ZFK 0.5 cm) B9 & 25 R T #E Fh RIS BR
F 16 h OB /8 h WG A 25 CA&M4F F A K=
PEATER IR MR AE K2 7 d J5 TR B SR T
27 Yang GPI T R AT 8 200 IR T B TR
F1% ) 28 IR e b Ak B BROR) 4 o R R
30mL (BF & 107mL™), 7E4%H Oh.6h 12
h 24 h 48 h i, HORR AEAR T, HH 28 /KB vk T+
TR E AT —80 CORAF &, A ] L 3
PRAREE B 3 M EW R LAZR IR AR
] TR AL B AR B DR IR (CKO)
1.7 RT-qPCR 4 #f

4 8 EASYspin Plant RNA kit 257 & 3 /E i
B PR AR AEAR 41205 RNA, 28 1.5% (i i 43400
) B B AR R J1C L K R Nano Drop 2000 43066 &
TR RNA FE & A IR AR 5, ] Rever-
Tra Ace® qPCR RT Master Mix with gDNA Re-
mover (TOBOYO) [z #% 515 & 4 i cDNA, %
i THUNDERBIRD® SYBR® qPCR Mix (TOBO-
YO) & ik fl & 1T RT-qPCR, JZ i F 7500
Real Time PCR System (Applied Biosystems) H1 it
7, BRI S .95 CHUAEE 3 min; 95 ‘CA8ME 10 s,
58 ‘CiRk 205,72 ‘CHLfif 345,40 KAGHH ., BT
ST 1, Hh GhHis3 fE A NZS™, A
A EAT 3 RE AN, SR 270 R AR N Y
AN Fak EBY ) fd ] GraphPad Prism® 7 4 %1 %
Pa AT Tukey 2 5 LRI AN 22 1A

=1 AWHREAASY
Table 1 Primers used in this study

519 4 F FFAI(5 - 31
Primer name Sequence(5' - 3")
GhHis3-F TCAAGACTGATTTGCGTTTCCA
GhHis3-R GCGCAAAGGTTGGTGTCTTC

GhDUF642-04-F  AGGAGGCTTTGCAGTTAGGT
GhDUF642-04-R ~ CGGGAACAAACCAAAGTCGT
GhDUF642-08-F  AACGGTTGCAACGGAGAAAT
GhDUF642-08-R ~ ACCACAAAGAGACCCGAAGT
GhDUF642-10-F  GGTCGAAACCACACCAAACA
GhDUF642-10-R CTTTGGCCGTGAAGTTGACA
GhDUF642-16-F  TGGATGGGATTCGTATGCGT
GhDUF642-16-R ~ CCACAAGCAGCATCTTCCTC
GhDUF642-19-F  AACGGTTGCAACGGAGAAAT
GhDUF642-19-R ACCACAAAGAGACCCGAAGT
GhDUF642-21-F ~ GGTCGAAACCACACCAAACA

GhDUF642-21-R CTTTGGCCGTGAAGTTGACA

2 HEREHH
2.1 BheHE DUF642 HERELE

BET il M AR S DR 4H BHl , Gl BLAST 2k
FE F| 23 4~ DUF642 3£ 15, R4 B AT ik -
B 57 B MK YR A 44 H GhDUF642-01~ GhDUF642-
23(%2), Hvh GhDUF642-18 N ¥ 5 A 5¢ 4 |
AR 45 48 v A Ml K2 2 A 04 ol b A 5 P 2445
(HAU version 1.1) XHZFEEH 53847 T & EP
fiti Hi A DUF642 8 J% & A JF 7 152 5% #E (Open
reading frame ,ORF) & J& & 612~1 245 bp, % i
MR A 203~414 DMREEERRIEIE, HXT 55+
Ji A T 22.10 ~45.15 kDa, P % B 7E
4.37~9.41 , NFUEFE BN 27.85~41.13, 45 K A
X EESE . Bk GhDUF642-11 #h , 5% H Al 1 b2 4B 75
55K, BR GhDUF642-23 %A 1 4> DUF642
RSN A R B S A 2 A SRR, &
F IV 41 g 72 3 70 2 7%, GhDUF642 H 45 8 4~ 22
I FE A1 LS 6 > 5 v A L AN |5 A A 7 7E 4
A2 A LA AT, 2 A TR AR
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Table 2 The information of Gossypium hirsutum DUF642
TF ) EEAE AT IR AR
e ISP A G 5 Open TR Relative Theoretical iR i A i
Gene name Gene ID reading Protein molecular weight  isoelectric  Instability Subeellular
frame/bp length/aa (M)kDa point (p]) index localization
GhDUF642-01  Gh_A02G1063 1110 369 40.19 9.24 30.73 PM, Ext
GhDUF642-02  Gh_A02G1106 1110 369 39.90 6.84 39.29 Chl
GhDUF642-03  Gh_A05G1252 1182 393 43.07 4.71 37.29 PM, Chl, Ext
GhDUF642-04  Gh_A06G1640 1125 374 41.25 8.11 41.13 Cyt
GhDUF642-05 Gh_A07G0326 1098 365 39.30 7.51 32.42 Chl,Ext
GhDUF642-06  Gh_A07G2099 1200 399 42.84 437 33.43 Ext
GhDUF642-07  Gh_A07G2100 1134 377 41.21 4.78 31.55 Ext,PM
GhDUF642-08  Gh_A08G1294 1158 385 41.64 8.79 30.58 Ext
GhDUF642-09  Gh_A09G1148 1188 395 43.39 8.78 34.85 PM
GhDUF642-10  Gh_A10G0376 1188 395 43.29 4.95 32.37 Ext
GhDUF642-11  Gh_A10G0685 1059 352 38.56 7.12 36.46 Mit
GhDUF642-12  Gh_A10G0686 1125 374 41.02 8.12 34.64 Ext, Mit
GhDUF642-13  Gh_D03G0618 1110 369 40.18 9.41 27.85 PM, Ext,Mit
GhDUF642-14  Gh_D03G1761 1110 369 39.93 6.84 40.57 Ext, Chl
GhDUF642-15 Gh_D05G1414 1182 393 42.96 4.57 35.16 Chl, Ext
GhDUF642-16  Gh_D06G2006 1125 374 41.22 8.11 38.29 Cyt, Mit
GhDUF642-17  Gh_D07G0383 1134 377 40.84 6.90 33.41 Chl
GhDUF642-18  Gh_D07G2313 1191 396 42.79 4.73 33.85 PM, Ext
GhDUF642-19  Gh_D08G1586 1245 414 45.15 9.06 31.29 PM
GhDUF642-20  Gh_D09G1152 1176 391 42.93 8.79 33.73 PM
GhDUF642-21  Gh_D10G0384 1188 395 43.18 4.84 33.00 Chl,PM
GhDUF642-22  Gh_D10G0700 1125 374 40.99 8.12 35.81 Mit, Chl
GhDUF642-23  Gh_D10G0701 612 203 22.10 7.68 30.11 PM, Chl

H L PM, 4RI Ext, 40 A A1 Chl, 2844 ; Cyt, 40 H 5T ; Mit, Zk7 14
Note: PM, plasma membrane; Ext, extracellular; Chl, chloroplast; Cyt, cytoplasm; Mit, mitochondrion.

23 > GhDUF642 % K| 43 A1 75 Fifi 1o A% 1) 14
2% YL A6 R (A02 ,A05 . A06.A07 A0S A09 A10,
D03 . D05 .D06 D07 D08 . D09 .D10) il 1 %% scaf-
fold (scaffold3920 D03) I, GhDUF642-06 5
GhDUF642-07 .GhDUF642-11 5 GhDUF642-12 .
GhDUF642-22 5 GhDUF642-23 /35I| £ B 43 4 78
A07 . A10 1 D10 B ek (& 1),
2.2 GhDUF642 ERE&#4r 17

HR 4 2 [ 4 K f CDS %1 % GhDUF642 it

P3N 450 43 Fr . 4nlE 2 Bii7s , GhDUF642 K%
TH 2~4 AR T BAEN & RSN R T 5L
WENE  ZRGEREA 34, 8T IR
I, 3 506048 10 4~ .6 AF 7 AR [R] 20 P B A
R AL S5
23 AR S5 IEIT DUF642 Rk RS
Vs

) F B HAR 5 LR % DUF642 5% 3 K 4 %
()2 TR T 5 R R Gt A b 25 51 (18] 3) o, i
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é02 éOS 1306 z;\07 408 1;\09 1}10
H GhDUF642-05 H+-GhDUF642-10
I\GhDUF642-11
L GhDUF642-03 CEDUFGA3-12
HGhDUF642-01
HGhDUF642-02
+-GhDUF642-09
U GhDUF642-06 -
U GhDUF642-07
H- GhDUF642-08
v-GhDUF642-04 U
1?03 I?OS 1906 907 1?08 1909 1?10
HGhDUF642-17 H GhDUF642-21
H GhDUF642-15 [t
H+GhDUF642-13 ) GhDUF642-23
- GhDUF642-20
t GhD 42-19 Y
\-GhDUF642-18 DT ? 20 Mbp
¥ o-GhDUF642-16 U _
1 B8 DUF642 EE AL EIEEN
Fig.1 Chromosome location of Gossypium hirsutum DUF642 genes
GhDUF642-]| comn-amms
GhDUF642-23 ¢ TE—
GhDUF642-12 ¢ S
— GhDUF642-22 ¢ -
GhDUF642-04 —————— i — e
] —{__ GhDUF642-16 ———— e —ammm

_': GhDUF642-02 ¢————— s —ammm
GhDUF642-14 ¢———— s —eams

_|: GhDUF642-05 @ -_— o
GhDUF642-17 ¢ - (a—
_: GhDUF642-08 &—cnmn—aams

1 GhDUF642-0] o—cnmn— D
GhDUF642-13 ¢—cnmn—aamn
GhDUF642-09 o-amms————ams-0

GhDUF642-2( ¢-cmms———ams-0

GhDUF642-(7 (- -
GhDUF642-18 o -

111 GhDUF642-06 ¢ e
GhDUF642-03 ¢ S . ® 557 Exon
GhDUF642-15 ¢ E— ) :
GhDUF642-10 # an e — W ¥ Intron
GhDUF642-251' [ = .

0 1 2 3 4 5 6 7 8 kbp

2 GhDUF642 EH %4
Fig.2 Gene structure of GhDUF642
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A1) DUF642 AR 70 4 D4, At2g41810
5 GhDUF642-01 GhDUF642-09 .Gh DUF642-13
Hl GhDUF642-20 i 4 /4~ 8 (A T [ — 7 %,
At3g08030 5 GhDUF642-08 Fl GhDUF642-19 fif
TRl —73 32, At5g11420 At5g25460 FlAt4g32460
5 GhDUF642-02 ., GhDUF642-05 . GhDUF642-14
1 GhDUF642-17 iX 4 N& A0 TR — 5% .

dole-3-acetic acid ,IAA ) Jii 7% 2 (Abscisic acid, A-
BA) . Z /% (Ethylene ,ET) . /K # 2 (Salicylic acid,
SA) .77 % % (Gibberellic acid, GA ) F1 % #i i 1 ik
(Methyl jasmonate , MeJA ) , R85 38 FH 56 (1) I 28

%
@
os!
o)
B
[\*}
=)
b=

BRI LH AN TR L6 b i 40U 97 DUF642 FIAL 60 7 (A58 ) R .
Subgroups are marked with different colors; Arabidopsis DUF642 are highlighted in red.
B 3 it 53T DUF642 Kkl Rt 4L o 4
Fig.3 Phylogenetic analysis of DUF642 from Gossypium hirsutum and Arabidopsis thaliana
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AN AL IV AT R A b 2 S T B o B 2 28, 3k

0 il M A 5 400 R JF DUF642 5% 15 il 61 A7 5530 1Y

FGERFR, MR A MU EY 2= YihE

2.4 GhDUF642 ERE BT HIRKERTHES
WE 4 FroR bl ks DUF642 7% 3 5 1 JiF

1 500 bp 71 H5 AN 55 4 1 1oy AFL 4 035 R ER 5

TEAH N A T, X R AR K R (In-

LI-2y94Naud

YERTCOEA 3 A 4E 1 5o b o4 (MBS) L B
A6 F0 B 38 0 7 oG A4 (Defense and stress ) Al ik i
i 7E 4 (LTR) , Mt GhDUF642-08 #il GhDUF
642-21 %5 A 9 MIAE I SCHF 2 BA T
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1 B 2 Wy 3 [N ; GhDUF642 & 4 Wi [ ABA 1 )it
K AEH G BR B £, W GhDUF642-01 ,Gh-
DUF642-04 % 8 M4 &4 345 B T Gh-
DUF642-01 .GhDUF642-11 #1 GhDUF642-13 4},
H4x 20 4~ DUF642 SEH P #8 B AT 1 A~ i ET
HMRAE e . B ] L, 51 GhDUF642 Jii

10¢
9_

@ 8r H

W 5 7l

=3 K I "

N P11l

IR § s}

Ehlll IIIII

<~ = T

22| [l il

ol B 1]

Z oL
il [l
s ogssEszec oo
NN NS N N N S S B S S
%3%%3%3%@%%%%
S 5555585558555 55KK5
SEERR R

JER Genes

)1 AT AN TR R0 A 2 A I AR e, 2 W]

EATATBEE A A [ B9 15 5 1l 2 5 2 BRI

SENRAS

2.5 GhDUF642 EEMERRIEFRESH
X GhDUF642 JE N AE R AEAR (25 i HERE |

HESS AE=E ML 7 A HEUP B R IRBIA I Hr 4

Defense
& Stress

MBS
LTR
GA

[ -
|

E N EEN
m
p—]

I I TIAA
111 ' | ABA
il ] sA
JA
T 222228898
=222333888%2
S8Ecicsses

B 4 GhDUF642 =X 1E A st 5 #h
Fig.4 cis—acting elements analysis of GhDUF642 genes

WK ,23 4~ GhDUF642 SR A7 14 S HAT4H
ZURIR R SPE (B 5) AT 40k 5 Rl 413 A
T R 1 4356 H GhDUF642-02 , H E 7
Al 2R AR ek B I {9 45 GhDUF642-03 .Gh
DUF642-09 . GhDUF642-15 . GhDUF642-20 il
GhDUF642-22 'EAI1HE 7 R el 40 0 HL A 3K
ik U6 45 GhDUF642-08 . GhDUF642-10
GhDUF642-19 1 GhDUF642-21, EAT{EMH (25 |
R S B B E Rk i NIV S Gh-
DUF642-04 .GhDUF642-14 1 GhDUF642-16, &
IBRAE 22 Ry IS 2235 FE LA 5 Al 8L il sy
Fik AV LA GhDUF642-17 , H 3 B4 @l 3 |
MR ik
2.6 GhDUF642 £ F Nt 5z i 15 il R ik 45 47

XJ Bt M A DUF642 Z G SRR 4 T2
FIER 4 Fofr 30 855 ol 200 kb B 0 2 38 A0 T 45 R B
Vi A B 14 4~ GhDUF642 F: [H /Y £ 38 &
4T B EAEAL, Hd GhDUF642-09 7E4L B 1 h i)
W LKL, MR O B N RERIL; I Gh-

GhDUF642-02
GhDUF642-03
GhDUF642-15
GhDUF642-09
GhDUF642-20
GhDUF642-22

GhDUF642-08

GhDUF642-10
GhDUF642-21
GhDUF642-04
GhDUF642-16

ETS RSN CA

Fold change 02 4 6 8 10

B 5 GhDUF642 EEMAELRRIEHFRE
Fig.5 Tissue specificity expression of
GhDUF642 genes
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DUF642-18 7EALHE 1 h J5 3% TRk, HFEkL
12 h B AR O 2 L H 2R Gk ; GhDUF642-20 £
AFR 6 h I i R FRGA  HA4 11 4> GhDUF642
R A B S Y RO B E R RL (K
6A), a4 13 4> GhDUF642 F: A ik
& AL Hoh GhDUF642-21 #E4bBE 1 h
if 2. B3k ; GhDUF642-09 Fil GhDUF642-20
TEALFE 6 h B 25 DR ERE, BEJS e o W R
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#%1K ; GhDUF642-16 #1 GhDUF642-22 7EALHE 6 h
B2 F N )8 % ik ;GhDUF642-02 Al Gh-
DUF642-14 fEALFE 12 h B & F T &5 (A
6B) ., iliid % Z [ (Polyethylene glycol ,PEG )1
P 5E 0, F3 13 1> GhDUF642 5: K 1Y
Kk kA FE A2, Hh GhDUF642-09 1 Gh-
DUF642-16 fEARFE 1 h B} 3% FH &L, {2 Gh-
DUF642-16 7E 4L B 12 h i} ) 8 % F 8 %35 ; Gh-
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Fig.6 Expression profiling of DUF642 genes from Gossypium hirsutum under four stresses, including cold (A), hot
(B), drought (C) and salt (D)
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Fig.7 The expression analysis of GhDUF642 genes from upland cotton induced with Verticillium dahliae
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