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Molecular evolution of NRT2 gene family in plant
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215008, China)

Abstract: In order to study the evolutionary relationship of NRT2 family of nitrate transporters in plants, synteny a-
nalysis approach and sequence similarity were used to identify putative orthologues of Arabidopsis NRT2 genes in other eight
fully sequenced genomes ( Chinese cabbage, soybean, western poplar, grape vine, maize, rice, sorghum, and purple false
brome). Sequence analysis reveals that these sequences belong to the nitrate/nitrite poter ( NNP) family of the major facili-
tator superfamily (MFS). However, there is significant difference in the NRT2 gene structure between monocots and di-
cots. Phylogentic tree analysis showed that, most members of the NRT2 family developed primarily following the divergence
of the monocots and dicots. Simultaneously, the evolution models of NRT2 in different kinds of plants varied. NRT2 family

of Chinese cabbage ( Brassica rapa) generated the genome triplication and gene loss. Therefore, the NRT2 family in Chi-

nese cabbage has a relatively close evolutionary

7 B #:2014-06-27 relationship with that of Arabidopsts.
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Table 1 Database of 9 plant genomes used in this study

Y2 i fAE Bl
Arabidopsis thaliana LI IT TAIR 9.0 (Jun 2009) TAIR
Brassica rapa KE Version 1. 1 BRAD
Glycine max N Release 1 ( Dec 2008 ) JGI
Populus trichocarpa L) JG12.0 (Feb 2010) JGL
Vitis vinifera Hidi Genoscope ( Aug 2007) Genoscope
Brachypodium distachyon RN Phytozome v6.0 JGIL
Oryza sativa K Fe RAP 2.0 (Nov 2007) RAP
Sorghum bicolor fieEd Sbhi 1.4 ( Dec 2007) JGI
Zea mays Eok Release 5a ( Nov 2010) AGI

2 HiR50Mr

2.1 RFIWELERESH

R T %AE NRT2 G RV EEL A i 2 R R 4
PG B T I b, 25 R WKL 1 FIE 2, )7
ARSI 2, 5 T 9 AR 48 25751,
FERNREIT Y, NRT2 SRT5 9 7 A4~ 35 R N30 8] ) 5 4
RIEE L NRT1 M, FIHIRE I 7 %%
G LM AT E R s R 12 5078 7R

KRR 6 575 1Ef% TR S &7, 165
BRI 6 275, A EKREY 3 4751, il 3t
LANE AT e RN R R R B 3 2R )F A TRk R
RIL3 KT TERE SR R 3 K75,

FIH BLASTP X} 54T T 45T, thIA\ 2 %,
THREEAN A A, R AL KRE L &L R 2 &
SR ENii)ag @JLL cDNA FI NCBI 9 CDD ##ig /4 1%
RN BRI (3R 2) i 311 49 55791, i
1= 1537,

GSVI 0102 ,==.,a.‘
Bra *1- 0770

3@\‘\\“\\ l'\‘; (009501410

Br{03830

“ “"@)

QN e
.;\\\\\::,.!«, T

‘\'A },\9“}. ' 907 R1.6508100
\1\ IAERK »\/

Y ‘ V ?' 'h
Bra v" “ ,4‘ ,»:3“ X13045060
POPT Qﬂo 4 ’«(‘ 4 2g30050

AT5780 \\ / \‘\l /ogmr 1031522001
Brd033302 Gl ...@ 220090

Glymal8439850

TR AUFEE N, T ) ) JE AR AU R IR ] A MG R, P8R A FL R I (AT) KRHZR(Bra) (KE(Gly) J#H (POP) % (GSVIVT) ,
1 5 FWFHEWH NRT2 FHIHZENTER

Fig.1 Result of synteny analysis of NRT2 sequence in five dicots species
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Fig.2 Result of synteny analysis of NRT2 sequence in four monocots species
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Table 2 NRT2 family sequences identified by synteny analyses in nine species

YiFh 2 R % NRT2 FZFEHE R K H R P

Arabidopsis thaliana IR ST AT1G08090 ,AT1G08100 ,AT5G60780 ,ATSG60770 ,AT3G45060 ,AT1G12940,AT5G14570

Brassica rapa INEE Bra002451 ., Bra002453 ., Bra016747 ., Bra018655, Bra018656, Bra020230, Bra023475 .
Bra030713 ,Bra031610 ,Bra031611 ,Bra037625 ,Bra037626 ,Bra038301 . Bra038302

Glycine max K= Glyma08g39140 , Glymal 1220090 ,Glymal2g08380 * ,Glymal2g30050 , Glymal3g39850 .
Glymal8g20510

Populus trichocarpa A POPTR_0001s35020 * ,POPTR_0001s35030 * , POPTR_0004s22370 * . POPTR _0009s01410 ,
POPTR_0012508950 ,POPTR_0015509290

Vitis vinifera % GSVIVT01013802001 * .GSVIVT01013803001 * .GSVIVT01025721001 ,GSVIVT01031522001 *
GSVIVT01032430001 *

Brachypodium distachyon R S A Bradi3g01250 , Bradi3g01270 , Bradi3g01280 , Bradi3 01290 . Bradi2¢26210 * Bradi2g47640 |
Bradi2g40740

Oryza sativa IKFE 05010547600 ,0s0120704100 ,0s0220112100 , 00220112600

Sorghum bicolor S Sh032025300 ,Sh03g032310 ,Sh04 000970 , Sh042000990 , Sh04 001000

Zea mays ESP/S GRMZM2G010280 . GRMZM2G010251 ,GRMZM2G163866 ,GRMZM2G455124

*AREEED , H cDNA 1 NCBI 9 CDD Bz a2 il 1)

NRT2 J& T MFS # % j% ( Major facilitator super-
family ) ) NNP ZZJ% ( Nitrate/Nitrite porter family) , H:
SURVRRAE Sy HAT 12 AR5 RS A, 755 2 I 3 4>
5 AR R LA G Z [A) A — 1) 12 B9 MFS J¥ 51 ( G-x-x-
x-Dx-x-G-x-R) ") YE4 5 IS IR e ss ) A —
A~ NNP #7355 51 ( G-W/L-G-N-M/A-G) 2", X i
PG ARG 49 ZA% 1 TR T ) e Ak Sy B BE 1R P 51 1
XFIG, R 49 ZRFP AR & FIRRHE (181 3) .

Xf NRT2 L[N S5 1) 53 B 45 R W], X4
Wiy NRT2 IR B AT MG S IR 9 25, ZE AR 4

THNE PSR A AEY Y NRT2 5
HAMAETHNEF(F3), B OWUFHAEY Z[H
X I Y PR 2540 22 57 W /R T NRT2 JE IR 505
BB B — Rt & B AL
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Table 3 Summary of NRT2 genes in nine species
L7/ br's 515 (ID) SARF-NET IR
ARG IF (Arabidopsis thaliana) AINRT2. 1 AT1G08090 32 530
AtNRT2.2 AT1G08100 32 522
AtNRT2.3 AT5G60780 32 539
AINRT2.4 AT5G60770 43 527
AtNRT2. 6 AT3G45060 2-1 542
AINRT2.5 AT1G12940 32 502
AtNRT2.7 AT5G14570 2-1 493
K3 (Brassica rapa) BrNRT2. 1A Bra031610 32 529
BrNRT2. 1B Bra018656 43 487
BrNRT2. 1C Bra018655 43 501
BrNRT2.1D Bra030713 32 530
BrNRT2. 2 Bra031611 32 506
BrNRT2.3A Bra002451 32 536
BrNRT2.3B Bra020230 43 488
BrNRT2. 4 Bra002453 43 527
BrNRT2.6A Bra037625 2-1 541
BrNRT2.6B Bra038302 2-1 538
BrNRT2-likel Bra037626 4-3 546
BrNRT2-like2 Bra038301 43 543
BrNRT2.5 Bra016747 7-6 575
BrNRT2.7 Bra023475 2-1 484
K& (Glycine max) GmNRT2.4A Glymal 120090 32 530
GmNRT2.4B Glymal2g30050 32 530
GmNRT2.4C Glymal3g39850 32 530
GmNRT2.5A Glyma08¢39140 2-1 508
GmNRT2.5B Glymal8g20510 2-1 510
W% (Vitis vinifera) VvNRT2. 4 GSVIVT01025721001 43 485
Ll ( Populus trichocarpa ) PtNRT2.4 POPTR_0009s01410 32 469
PtNRT2.5A POPTR_0012s08950 10 384
PtNRT2.5B POPTR_0015s09290 2-1 508
TR RN R ( Brachypodium distachyon) BdANRT2.2 Bradi3g01250 10 509
BdANRT2. 1 Bradi3g01270 10 498
BdANRT2.2 Bradi3g01280 1-0 509
BANRT2.3 Bradi3g01290 1-0 503
BdANRT2.5 Bradi2 g47640 10 515
BANRT2.7 Bradi2 g40740 2-1 468
EK(Zea mays) ZmNRT2. 1 GRMZM2G010280 1-0 524
ZmNRT2.2 GRMZM2G010251 10 524
ZmNRT2.3 GRMZM2G163866 1-0 522
ZmNRT2.5 GRMZM2G455124 10 520
JKAE (Oryza sativa) OsNRT2. 1A 05020112100 10 533
OsNRT2.1B 050220112600 10 533
OsNRT2.5 0s01¢0704100 10 486
OsNRT2.7 050120547600 2-1 485
=S (Sorghum bicolor) SbNRT2. 1 Sh04g000990 10 527
SbNRT2.2 Sh04.¢001000 1-0 527
SbNRT2. 3 Sh04¢000970 1-0 535
SbNRT2.5 Sh03g032310 10 515
SbNRT2.7 Sh03¢025300 2-1 484
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Fig.3 Multi-alignment of NRT amino acid sequences in monocots and dicots
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Fig.4 Phylogenetic relationships of the NRT2 family
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Fig.5 Evolution model of NRT2 extron in plant
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