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Abstract: Plant DUR3 homologous protein is a high affinity urea transporter which belongs to the family of sodium/
solute symporter family, and plays an important role in the active absorption of exogenous urea and redistribution of
endogenous urea by plants. The purpose of this study was to clarify structure and evolution situation of cotton DUR3
gene. Based on bioinformatics methods, DUR3 genes were identified from Gossypium hirsutum and G. raimondii genomic

sequences, and then the gene structure, transmembrane domain, motif location, as well as phylogenetic relationship,
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were systematically analyzed. The results were as follows: (1) Three DUR3 genes were identified from the A and D

subgroup chromosomes of upland cotton and G. raimondii genomic sequences. These three cotton DUR3 homologous

proteins, like other plant DUR3 homologous proteins, had 15 transmembrane domains and three highly conserved motifs

with consistent positions. (2) The gene structure analysis showed that the number of exons of DUR3 genes in

dicotyledons was significantly higher than that in monocotyledons, and so were the cotton DUR3 genes. (3) Phylogenetic

analysis revealed that the amino acid sequences of different species were classified according to species kinship, and

cotton clustered in one branch with dicotyledons. (4) The K,/Ks values of orthologous and paralogous DUR3 genes were

generally more than one, indicating that those genes mainly experienced positive selection among evolution. The results

of this study provide a theoretical basis for further research on cotton DUR3 homologous protein.
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Table 1 Basic information of plant DUR3 genes
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Length (a.a.) MW (kDa) pl

AtDUR3 4 360 2115 10 704 75.913 8.72
GmDUR3 3408 2 145 9 714 77.074 8.92
MtDUR3 4 789 2 136 9 711 77.006 8.75
SIDUR3 3139 2133 9 710 76.588 9.00
PtDUR3 2922 2124 9 707 76.480 8.21
VoDUR3 4 488 2133 9 710 76.857 8.76
SbDUR3 4 784 2 190 4 729 77.029 8.19
SiDUR3 4 468 2 196 4 731 77.010 6.89
BdDUR3 2 419 2214 3 737 77.608 7.81
HvDUR3 2 408 2169 3 722 76.525 7.79
OsDUR3 2 358 2 166 3 721 76.416 8.67
ZmDUR3 5567 2 196 4 731 77.425 7.17
GhDUR3.1 2 969 2 034 10 677 72.905 8.49
GhDUR3.2 3023 2 094 9 697 75.190 8.43
GrDUR3 3013 2 094 9 697 75.234 8.43
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Fig. 1 Multiple sequence alignment of DUR3 protein amino acid in different plants
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E PE FEFPALE
Name P value Motif location
GhDUR3.1 6.78e-149 [ —
GhDUR3.2 1.10e-149 [ — B—
GrDUR3 2.04e-150 [ === —
AtDUR3 4.14e-150 [ — -
GmDUR3  6.75e-149 — [ —
MtDUR3 3.87e-147 [ - —
SIDUR3 8.36e-146 e ——— —
PtDUR3 2.13e-150 [ - L1
VvDUR3  4.79e-150 — . L1
SbDUR3  5.67e-150 [ - L1
SiDUR3 5.72e-150 — [ L1
BdDUR3 3.71e-149 [ I— E—
HvDUR3  3.48e-149 [ - ==
OsDUR3  5.47e-150 ——_—_— I
ZmDUR3  2.89e-139 [ — I,
)yl 2 B33
Motif 1 Motif2 Motif 3
I I N

B2 AE#EYDURIEBEFHSTH
Fig. 2 Motif locations of DUR3 proteins in different plants
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Fig. 3 Motif sequences of DUR3 proteins in different plants
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Table 2 Prediction of the transmembrane regions of DUR3 proteins in plants

N < e g
Eas BB o TR
. . ransmembrane
Protein name  Transmembrane position
number
AtDUR3 37~59.80~99.114~133 160~ 182,187 ~209 216 ~238 289 ~311 332 ~354 388~410,431~450, 15
460~482 487 ~506.526~548 595~617 .621~643
GmDUR3 44~66 .87~106.121~143 164 ~186.196~218 223 ~245 296 ~318 .339~361,395~417 438 ~456, 15
466~488 493~515.530~552.593~615.625~647
MtDUR3 41~63.84~103.118~140,161~183,193~215,220~242 293 ~315.336~358.389~411,432~454 15
459~481 .488~510,530~552 .589~611,621~643
SIDUR3 38~60.81~100,115~134 159~181,191~213,220~242 290~312 333 ~355,389~411.432~450, 15
460~482 489~511.526~548 586 ~608 618 ~640
PtDUR3 42~64 85~104 .119~141.,162~184 194~216.,221~243 294 ~316 337 ~359 .390~412.433 ~455 15
460~482 489~511.,531~553 .590~612,622~644
VvDUR3 39~61.82~101,116~138 ,159~181,191~213,218~240.,291~313,334~356,387~409 .430~452, 15
457~479 486 ~508 528 ~550.589~611.621~643
ShDUR3 43~65.86~105.120~139 166~ 188 (193 ~215,222~244 295~317 .338~360,394~416,437~459 15
463 ~485.492~514 532~554 594~616 626 ~648
SiDUR3 43~65.86~105.120~142 .162~184 [194~216,223 ~245 296~318 .339~361,395~417 ,438~460, 15
464 ~486 493 ~515 533 ~555.594~612 627 ~649
BdDUR3 43~65.86~108 123 ~145 166~ 188 (198 ~220,225~247 298 ~320,341~363.394~416,437~459 15
469~491 498 ~520,535~557.598~616,631~653
HvDUR3 44 ~66 .87~109 . 124~146 167 ~189 (199 ~221 226 ~248 299 ~ 321 342 ~364 ,395~417 .438 ~460 15
470~492 494~516 .536~558 .596~618 628 ~650
0sDUR3 42~64 .85~104 .119~141,162~184 194~216,221~243 294~316 ,337~359 393 ~415 ,436~458 15
462~484 491 ~513 .528~550.591~613 623 ~645
ZmDUR3 44~66.87~106.121~143 164~186.196~218 ,225~247 297 ~319 340~362 393 ~415 444 ~463 | 15
467 ~489 494 ~516 534 ~556 596~ 618 628 ~ 650
GhDUR3.1 40~62 .83~102.117~139 ,160~182 192~214 219 ~241.292 ~314 335~357 .390~412 433 ~452 15
462~484 491~510,530~552 .573~592 .602~624
GhDUR3.2 40~62.83~102.117~139 ,160~182 192~214 219 ~241.292 ~314 335~357 388 ~410.431~453 15
458 ~480.487~509 .,529~551.589~611.621~643
GrDUR3 40~62.83~102.117~139 ,160~182 192~214 219 ~241,292~314 335~357 .388~410.431~453 15

458~480.,487~509,529~551.,589~611.,621~643
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N T o3 Wt DUR3 2 P AE AN [5) 99 o i) ) 2 A 5%
FCIERCT Y B B AR Sh YA 4 2638 20
A~ DUR3 3 A Z Ik 5 51 i i MEGA6 Hi {4 it it
R, 4528 (K 6) R, T A Y RETE 1
a2, WA A OB O[OER T R ( Saccharomyces
cerevisiae, ScDUR3 ) I ¥4 8 i B ( Aspergillus
nidulans ,AnDUR3) ] R 1E — 1532, A5k 3 1)
[ K 4t W5 ( Crassostrea gigas, CgDUR3 ) Fl W TR
( Tridacna squamosa, TsDUR3) ] RBIE—TM0 X . b3

[ ABEELSE ( Pyropia yezoensis, PyDUR3) ] Ml —
AN 32, A 1 B I 4 R XU R 4 3L i)
REEWANAFE R4,
2.7 Y DUR3 BlRERERNRTEERF R
TR L ES

SeF F MEGA6 B ClustalW Xt B A 85 49 19
DUR3 [R] JF 3% A 1) CDS J¢ 51 it 17 b X, 8k )5
DnaSPv5 T8 345 5% 2[R Y5 3 R A0 B & [A) Y8 2 (A
(IR TR] SO (K,) AR OB 4 (K,) TR K,/
KIWfE, W% 3 LA, B T GhDUR3.2 Hi
GrDUR3 L Ah, HoAl B DUR3 B Z [R) I8 3 [H] i) 4
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Fig.4 Transmembrane structure prediction analysis of the GhDUR3.1 protein in Gossypium hirsutum
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Fig. 5 Exon and intron structures of DUR3 genes in different plants
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Fig. 6 Phylogenetic tree analysis of
DUR3 proteins in different species

GhDUR3.1 F1 GhDUR3.2 43 J& T A W41 A1 D W 41
LR, 55 B IS D 24l — A5 IR A A, FL 3t
K20 ) GrDUR3 2 5 W {7 T D W40 1y
GhDUR3.2 FE[H 1) CDS J¥ 51 Fl £ jK 7 371 AH AL B2 3
T 99% , 13X AN 56 R ) AR (R BB T 4 A IX P
G FE TN 2 B R 2 K43 F i AR AE T/ 22 5 LU AD,
oAt 5¢ 4 — 350, Bh 8 22 K% 20 00 ) B 245 4
Sl o7 i 5 4 — K, AT AL X T S 3 IR AR P A
lj] hiiﬂﬂ"l‘ I%E%D

AR T, AR SCHTSI A I AE Y DUR3 &34 R 7
B ) —BUPE R 80% , X ik S8 2K 1 5 371 B S5 L A
5 PR35 ) B T A Y 4 A HR R WA 4 DUR3 A
ﬁthiﬁmaﬁﬁénL e, A% DUR3 Z Rk F 5 H A
SiDUR3 ()45 HL S IR T 7, 0 6.89 , HoAt it 45 HiL 5
FEAR FESE T 7, Hodh SIDUR3 A 45 H 5 fie vy, ik 3
9, KM Y DUR3 M H 1 0L F & Ttk A (3R
1), % DUR3ZH HA 3N RF, X3 NRETFE
BE R SE T LR 2 3 R 8 0 HE A bt B — 3K
FEY) DUR3 14 5 58 25 4 B 85 i AH R], F84 5 15 A
PR R I, I L3 e B 2 4 B A A R T

%3 MY DUR3 ERERBEZEEM K, /K L&
Table 3 K, /K| ratio of orthologous genes from plant

AtDUR3 0.426 0.166 2.566
GmDUR3 0.295 0.110 2.682
MtDUR3 0.328 0.101 3.248
SIDUR3 0.346 0.118 2.932
PtDUR3 0.273 0.105 2.600
VoDUR3 0.305 0.109 2.798
GhDUR3.1 SbDUR3 0.565 0.163 3.466
SiDUR3 0.559 0.162 3.451
BdDUR3 0.593 0.179 3.313
HvDUR3 0.556 0.169 3.290
OsDUR3 0.574 0.177 3.243
ZmDUR3 0.559 0.160 3.494
GrDUR3 0.020 0.003 7.960

AtDUR3 0.426 0.176 2.420
GmDUR3 0.298 0.105 2.838
MtDUR3 0.330 0.097 3.402
SIDUR3 0.349 0.125 2.792
PtDUR3 0.271 0.110 2.464
VoDUR3 0.302 0.117 2.581
GhDUR3.2 SbDUR3 0.576 0.166 3.470
SiDUR3 0.570 0.163 3.497
BdDUR3 0.614 0.181 3.392
HvDUR3 0.571 0.168 3.399
OsDUR3 0.585 0.179 3.268
ZmDUR3 0.575 0.162 3.549
GrDUR3 0.002 0.003 0.800

WK, AER SO K. TR O R

Note: K,. Non-synonymous substitution; K . Synonymous substitution.

AH) A CE R AE L, B s A8 GhDUR3. 1 Al
GhDUR3.2 ., & 5% 8 [C #f GrDUR3 &R 4% & L i 1
bk

TEFAL KR b, AR DUR3 &R ¥ 51 i
AR B 25 SR W] 3K 6 5 A 3 S AR B0 ) o 6] o
RGO AR ILIT MEAT TR, Y DUR3 &
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