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BAT M, K ILNRT2s KAk R B LM RANHIH KT 104>, 7 NRT3s Kk i 5 4 #3384
K24 @RE 2 K(Zea mays) NRT2/3s 69 L & 4dT; &AL MRETH £ MFS_1 #2 NAR2 & @
MR, THPATZH F A BRI AHE; R AUNUK ST T4, HREEZRKFET6) NRT2/3 KB F
Y%k R P, REBEFIRXAEA TSV LIL, SDNRT2/3 A B 6 BT R34 EA H ARt
Foif B AT, AR HRAERRIRE LA, REREAE R FEAEN FTARFFRENL
SBNRT2-1a. SBNRT2-1b %= SBNRT3-1, FEM T I & RARI AL R 4= 2 A B 2 69 B R4 1242,
FE SDNRT2-4 #= SDNRT2-1a 58 % NAER X SNP T &, hBFE N )W KA, 53R NRT2/3 AE K
FRAERACIEAR P AR FAER . SPNRT2/3 A B R AR RIZ L& m 5 AR ERRE 4L F o) &L
SHT4E R —H, SBNRT2-1b#= SONRT3-1 FE R R on & 5-27sug RARL R E, SHEFRRZETH
2 EM4AKT SONRT2-3. SHNRT2-4 F= SDNRT3-2 #) % kKT . KR Pt & R 2K E L NRT2/3 A&
B Rak#ATE T, RiELH DNA ER ST, A2 RGBT Aah,

XHRIE: HRAREN,; AMBREAIEEG 2 (NRT2); AL RIEXES 2 (NAR2); A E kiA;
DNA & #

Identification, expression and DNA variation analysis of high
affinity nitrate transporter NR7T2/3 gene family in Sorghum
bicolor
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2 Sorghum Research Institute, Shanxi Agricultural University, Yuci 030600, Shanxi, China
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Abstract: Nitrate is the main form of inorganic nitrogen that crop absorbs, and nitrate
transporter 2 (NRT2) is a high affinity transporter using nitrate as a specific substrate. When the
available nitrate is limited, the high affinity transport systems are activated and play an
important role in the process of nitrate absorption and transport. Most NRT2 cannot transport
nitrates alone and require the assistance of a helper protein belonging to nitrate assimilation
related family (NAR2) to complete the absorption or transport of nitrates. Crop nitrogen
utilization efficiency is affected by environmental conditions, and there are differences between
varieties, so it is of great significance to develop varieties with high nitrogen utilization
efficiency. Sorghum bicolor has high stress tolerance and is more efficient in soil nitrogen
uptake and utilization. The S. bicolor genome database was scanned to systematically analyze
the gene structure, chromosomal localization, physicochemical properties, secondary structure
and transmembrane domain, signal peptide and subcellular localization, promoter region
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cis-acting elements, phylogenetic evolution, single nucleotide polymorphism (SNP) recognition
and annotation, and selection pressure of the gene family members. Through bioinformatics
analysis, 5 NRT2 gene members (designated as SODNRT2-1a, SODNRT2-1b, SDNRT2-2, SDNRT2-3,
and ShPNRT2-4) and 2 NAR2 gene members (designated as SbBNRT3-1 and ShNRT3-2) were
identified, the number of which was less than that of foxtail millet. SbNRT2/3 were distributed
on 3 chromosomes, and could be divided into four subfamilies. The genetic structure of the
same subfamilies was highly similar. The average value of SbNRT2/3 hydrophilicity was
positive, indicating that they were all hydrophobic proteins, whereas a-helix and random coil
accounted for more than 70% of the total secondary structure. Subcellular localization occurred
on plasma membrane, where SbNRT2 proteins did not contain signal peptides, but SbNRT3
proteins contained signal peptides. Further analysis revealed that the number of transmembrane
domains of the SbDNRT2s family members was greater than 10, while that of the SbDNRT3s were
2. There was a close collinearity between NRT2/3s of S. bicolor and Zea mays. Protein domains
analysis showed the presence of MFS 1 and NAR2 protein domains, which supported executing
high affinity nitrate transport. Phylogenetic tree analysis showed that ShNRT2/3 were more
closely related to those of Z. mays and Setaria italic. Analysis of gene promoter cis-acting
elements indicated that the promoter region of SbNRT2/3 had several plant hormones and stress
response elements, which might respond to growth and environmental cues. Gene expression
heat map showed that SbBNRT2-3 and ShNRT3-1 were induced by nitrate in the root and stem,
respectively, and SODNRT2-4 and ShNRT2-3 were induced by low nitrogen in the root and stem.
Non-synonymous SNP variants were found in SbNRT2-4 and SDNRT2-1a. Selection pressure
analysis showed that the SODNRT2/3 were subject to purification and selection during evolution.
The expression of SANRT2/3 gene and the effect of aphid infection were consistent with the
expression analysis results of genes in different tissues, and SABNRT2-1b and SBNRT3-1 were
significantly expressed in the roots of aphid lines 5-27sug, and the expression levels of
SbNRT2-3, SbNRT2-4 and SbNRT3-2 were significantly reduced in sorghum aphid infested
leaves. Overall, genome-wide identification, expression and DNA variation analysis of NRT2/3
gene family of Sorghum bicolor provided a basis for elucidating the high efficiency of sorghum
in nitrogen utilization.

Keywords: Sorghum bicolor genome; nitrate transporter 2 (NRT2); nitrate assimilation related
protein 2 (NAR?2); gene expression; DNA variation
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DRI 2L R B R AR B 3 NRT2/3 B[R R 1,
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SignalP-4.1 Server (www.cbs.dtu.dk/services/SignalP/)
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K FI PSORT Prediction 3%f4(http: //psort1.hgc.jp/form.
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7K(ddH,0) 7.5 uL. ¥ 3EFRIT . 95 °CHIUASE: 30 s;
95°C5s, 55°C30s, 60°C5s, 40 PMEHK,
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2 BER540

2.1 SR NRT23 HKEEKREEREEHENM

FIFH NCBI od N 245 21 /5 5t 4 SE R 4
S K GFF RSO, 456 B R 18U 5%
ZH I R I e S R I, AR E 5 A
SBNRT2 J: N (fv 24 & SBNRT2-la . 2-1b .
SHNRT2-2-4) 1 2 4~ NAR2 LN (fiv &% K
SBNRT3-1-2). fEi%% NRT2/3 FIWEM0 B4k B
Nz 2 Fr7R o SBNRT2 JERHKFE N 1 954-4 018 bp;
FAHMRECBIE 484-535 Z[a); 4y T K/ME
49 346.27-57 265.08 Da ZIi]; PS4 S AE
7.03-8.94 Z Il ; AERERBASH RV, B
SbNRT2-2, SbNRT3-1 M AEEH (A EE R
$>40)51, HABI AT E R M BeiE BB =K
P TR MR S, REGE R W AT
% SbNRT2-4. SbNRT3-2 % [14h, HAREMAM
BRI ZE/NT 90, R A HITRSIMERSS;
FKMEEIER L, RBIPTA R 5 NRT2/3 &
B KPR .

SbNRT2/3 HEH YL K501 (B 1); ‘EA150 45
TE SBI-03. SBI-04 1l SBI-06 Ht 3 4L ik il
Kimai K, Hrp ShNRT2-2, ShNRT2-1a .
SONRT2-1b L HTE 4 SYLAIR |, HF—2PRX 3 4
IR B E P H AT %P, SBNRT2-1a Al

Fz 1 57 SDNRT2/3 TESRA L RIZH qRT-PCR 5]

Table 1 Primers used for quantification of expression of SbNRT2/3 in sorghum tissues by qRT-PCR

Gene Forward primer (5'—3") Reverse primer (5'—3")

SbNRT2-1a TGGAACGACGACGAGAAGAG GTAACAGCAGGTGAACATGGA
SbNRT2-1b TGGAACGACGACGAGAAGAG ACGTACATTTGAAGACCCATCG
SbNRT2-2 TACTCGACGGGGAAAGGGAT CTGCGGCATAGTAGCTCTCC
SbNRT2-3 CGGCGGAGGACTACTACAAC GTGTGTGTTTCACACGTCGG
SbNRT2-4 GGTTGCCGCACGTGAATTTT TCTATCCACGCTGTTGGCAC
SbNRT3-1 CGTCATCGAGAACCGCAAGA CCAATCCATGGGAGCAACGA
SbNRT3-2 GCGGTGCAGTTGTAACACG GGGATGACAGCGTCGAACA
18S rRNA GCCTTTCGAAGCACTTTCAC AACCAAACCTCCATGCTCAC
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SBNRT2-1b () DNA FEE (154 = FEARRE ,
T2 F ER B TR B o
2.2 SR NRT23 RIERFZZHNREF LN
T

XS A5 NRT2 JER A 2 A~ NRT3 FER )
IR P 5 AT 22 B 7 4 F o R R S kAL
BH(E 2A), 4550 S5 NRT2 il NRT3

TE 2 48 AR v 4 R 22 B3O8 = U0 H B, 4
SHNRT2-1a/SBNRT2-1b. SbNRT2-3/SbNRT2-4 Fl
SHNRT3-1/SbNRT3-2, =51 5 /1> NRT2 £ [1F1
2 4~ NRT3 & 38530 4 %, fIﬁFHEﬁ%
ORGSO R WEGE, RS fb i FE AT g

AT —SRIE AR R BRI EER  pr BoR (B
2B): [ SBNRT3-1 LR AL, 474 BT el E gt

7 2 SbNRT2/3 EERKRM A KIBLMR
Table 2 SbNRT2/3 member and their physico-chemical analysis

Gene ID Gene Genome position Length  Molecular pl Instability  Fat Total average
of amino weight (Da) coefficient factor  water
acids (aa) absorption

SbNRT2-1a  Sobic.004G009400 SBI-04: 803 923-805 984 527 57053.17 796 35.71 88.54 0.37

SbNRT2-1b  Sobic.004G009500 SBI-04: 814 199-816 152 527 57041.12 796 35.87 87.99 0.36

SbNRT2-2  Sobic.004G009200 SBI-04: 788 282—790 240 535 57250.15 7.51 45.52 89.98 0.40

SbNRT2-3  Sobic.003G270800 SBI-03: 60 744 742—60 746 865 515 55265.08 894 3949 89.83 0.40

SbNRT2-4  Sobic.003G188200 SBI-03:50 725 472-50 728 056 484 4934627 7.03 30.65 101.78 0.63

SbNRT3-1  Sobic.004G202400 SBI-04: 55452 58855454711 211 2177880 8.84 4221 83.89 0.18

SbNRT3-2  Sobic.006G121200 SBI-06: 48 781 50448 785 522 217 2233453 923 37.50 90.14 0.21

Chr3 Chrd spNRT2-2 Chr6
-0 Mb SONRT2-1a
SbNRT2-1h
- 10 Mb
20 Mb
30 Mb
40 Mb
50 Mb SbNRT2-4 SONRT3-2
ShNRT3-1
60 Mb SbNRT2-3
70 Mb
L 80 Mb
El 1 ShNRT2/3 BERFEFE IR EN

Flgure 1
A

B
SBNRT2-1a s
_|_—|: SBNRT2-1b =
SHNRT2-2 ==
— L NAo
SONRT2-3
— Nk
SBNRT3-2 o
Obp  500bp

Chromosome location of SbNRT2/3 gene family.

—
'

1,000 bp 1500 bp 2 000 bp 2 500 bp 3 000 bp 3 500 bp 4 000 bp

Legend:
CDS == Upstream/downstream— Intron

B2 ShNRT2/3 BERERRAGHE LKA SERELEH(B)
Figure 2 Phylogenetic tree (A) and gene structure (B) of SbNRT2/3 family.
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IX; CDS A4t /YT, SbNRT2/3 (1)
CDS HfRAERF7E 1 AL SPNRT2-3 JEH Y
WETFHREK, TN TSN TSk XA E—
B BEARST I —BP A, A NI DA HoAy
1) SBNRT2/3 J& R 5 2 () BE AR T 7 91 B i
23 SENRT2BEBZRLEN. FSHKM
M 5 I 28 B X 5L 534

1o 5 NRT2/3 G0 1 01 28 11 i — 0 2540 Tl
(F ERFW: —HEEWPEE o-1R0E . BT
. SEAREEFICAN G, JFH F M o8 0E
FTCHE I A5 R (BT o R A R L
BIRT 70%), 7 FIFTERER 5 1 Rk 25 AL
G TIEPEE(B-HT S AL S 1) . B-FE A LA
B Fh I AT AR ), ou- W A0 I AU ) 45 2
SbNRT2 Fl SONRT3 # [/ K L5 e, TMidE
e B-FE MmN R E B @ik
130V 20 B 5E (VLR 5, AT LA R i DR i e A

73 SbNRT2/3 EH _R4H
Table 3 Secondary structure analysis of SODNRT2/3

TEEFRAL, 455 o HE (e 7 i 1
Hrp NRT2s FHEAAGE SR, NRT3s HAEHE
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SbNRT2/3 25 [A7EA T = Zh il , el 4 n] %,
SbNRT2-1b, SbNRT2-2 il SbNRT2-3 &[] =24k
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Protein ID Percentage (%)

a-helix Extended strand B-turn Random coil
SbNRT2-1a 42.88 17.08 6.26 33.78
SbNRT2-1b 43.07 15.94 493 36.05
SbNRT2-2 42.62 16.26 5.61 35.51
SbNRT2-3 45.44 15.15 5.44 33.98
SbNRT2-4 47.31 1591 5.58 31.20
SbNRT3-1 28.44 26.54 5.69 39.34
SbNRT3-2 26.27 27.65 4.61 41.47

< 4 SbNRT2/3 EBES S I 4R E L TN

Table 4 Signal peptide and subcellular localization prediction of SbDNRT2/3 protein

Protein ID Signal peptide ~ Subcellular localization

Number of transmembrane domains

SbNRT2-1a No
SbNRT2-1b No
SbNRT2-2 No
SbNRT2-3 No
SbNRT2-4 No
SbNRT3-1 Yes
SbNRT3-2 Yes

Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane

Plasma membrane

11
11
10
11
11
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Figure 3 Prediction of SbNRT2/3 protein transmembrane helix.
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Figure 4 Prediction of SODNRT2/3 protein transmembrane helix.
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Figure 5 Protein domain of SbNRT2/3.
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Figure 6 Amino acid sequence conserved motifs of SbONRT2/3 (A) and sequence (B).
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Figure 7 Functional annotation of the cis-acting regulatory elements of gene promoters of SODNRT2/3.
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Figure 8 Phylogenetic tree of NRT2/3 family in Sorghum bicolor, Arabidopsis thaliana, Oryza sativa, Zea
mays, and Setaria italica.

&: 010-64807509

: cjb@im.ac.cn



ISSN 1000-3061  CN 11-1998/Q /£ T.#2*%4f  Chin J Biotech

T ———

L

ERmm——- |

SBNRT2-2 1,50

5

| e i
SHNRT2-1b =00

- =

I AL @ L A& W@ o o o .
FEFFFFST T T S
‘b& & & \S\ ‘g} & & & \‘\;A & & ‘f’q &P & &
* L A L = S . . & & 3 o . oF
FEFITFTTE FTFT & T & &
o A 3 5 X A b - SO N A& ks 2 o
FT T T TS TS T ST TS
¥ & & T & TS SN
o‘g‘% rﬁ\-\% é}& » QPON ‘%00 %\@6\ D %‘Q %\\
Y a’& Kg}\ A% &6\ \}o {\\Q
é’;’\ \5‘3’ F \»éb
N

9 SbhNRT2/3 EEEARALHRIRIEDTHT

Figure 9 Tissue expression analysis of SONRT2/3 genes.
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Table 5 Field results of aphid resistance of sorghum lines

Lines Type Number of aphids per plant Resistance grade
5-27sug Sorghum 876 48
2457B Sorghum 43 1R
A B
52907 s 527sugRe N 5 % g 2457BLs
£ 180F O 527suglf N 2 50t :
g 160 a 5-27'sugSt % 8 o 2457BAphl
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Figure 11 Expression profiles of SONRT2/3 in various sorghum tissues and effects of cane aphid infestation A:
Infected with aphids line ‘5-27sug’. B: Resistant to aphids line ‘2457B’. 5-27sugRt: ‘5-27sug’ root (control);
5-27sugSt: ‘5-27sug’ stem (control); 5-27sugLf: ‘5-27sug’ leaf (control); 5-27sugLfAphi: ‘5-27sug’ aphid
infestated leaf (experimental group); 2457BLf: ‘2457BLf’ leaf (control); 2457BLfAphi: ‘2457B’ aphid
infestated leaf (experimental group).
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Table 6 Identification and annotation of SNPs of SODNRT2/3 in sorghum germplasms
Gene ID  Pos Ref Alt Effect Codon Mutated germplasm
change

SbNRT2-1a 804083 A Non_synonymous_coding Acc/Geec LRI198, Ai4, 100 M, 80 M, IS3620C,
Macia, P1525695, RTx7000,
S-bicolor-P1226096, SC170-6-17,
SC56-14E, Std-Broomcorn, Tx7000,
Zengada-IBC-E-308

SbNRT2-1b 814638 G Non_synonymous_coding aCc/aGe  S-bicolor-P1226096

SbNRT2-2 788446 G SYNONYMOUS_CODING gcG/gcA  S. bicolor subsp.
drummondii-P1330272,
Zengada-IBC-E-308

SbNRT2-3 60745227 G Synonymous_coding gcG/geC  Early-Hegari, Greenleaf, 1S3620C,
PI1525695, S-bicolor-P1226096,
SC170-6-17, SC62C

SbNRT2-4 50725722 G Non_synonymous_coding Gece/Tee 100 M, 80 M, BTx642, Hegari,
SC170-6-17

SbNRT2-4 50725869 A Non_synonymous_coding Acg/Geg 100 M, 80 M, BTx642, Hegari,
1S3620C, Ji2731, SC170-6-17,
Std-Broomcorn

SbNRT3-1 55453109 G Non_synonymous_coding Cgc/Age  E-Tian, Keller

SbNRT3-1 55453282 G Non_synonymous_coding gCg/gTg  E-Tian, PI585749, SC62C

SbNRT3-2 48782 608 G Non_synonymous_coding Ctg/Atg 1S3620C
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T BERE K G2-like %5 55K T-H1 Nin-like
(NLPY#: 572 5T NRT2 WRAIHASHRIE,
IXLEBIFSY N AT S R R R B T O ), R
NRT2/3 7EAEI K HA T 32 (R R

SR A P R R E L B E T
U b PR LT AR B v SR R A BT ML AR B
G R DU BB F i R A2 YL R T R SBNRT2-3
SHNRT2-4 1 SBNRT3-2 17235 7K F-BH i F&AE
E— 25 U8 B i 2 s 1 R WA B 8 B 5 L i
BB R R o o e 3 1o Hf W = 11 28 AR R AR
BB R, oxnt R 4 s R %, SE0EH
W SROK T RRA o of A B R P VA PR . SRR S
EALL BAFMAES, Rk EN S
T, MR BRI, S5 SE A AE BT AL
il 5 M K F 2 (jasmonic acid, JA) . Z M8 2K
FRIAR A% o T R A P AN T i R B g 7K S5 Wi A
Rrib—058 . S o0, BAR B AR BRI BT L
KA E T R FEFE M, AAXEFif b i hid o
FHLHNZ FE/0 . Broekgaarden M5y £ W,
R SEPU I T WO, SHCHORTR . BEAh, s
ot SR 3 PR (R AR 9, BV AR PT BB 2 1 ek
T A 3 HP AR A Bl R s I DR SR s G B o) 2
B DRG, B4 XHLHA FRRABE,

=5 NRT2 Rl NRT3 JE R )3 27 X ¥ HA
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B HE DR RSB T, AT LA A P A
WAL IRASRMET, diir R . EORA
BB, KB R R . AR R
(K1 8), SBNRT2-1a. SbNRT2-1b | SANRT2-4 1)
Ja B F XAFTE KGR |« AR R | T 1R R 875 0
B N T, SANRT2-16 A KR . T 545 540
K MYB Z56f 80, R34k iR LR e 4
TNo miSE NRT2/3 FEH K ) nl DL Sk SR
ik, B EEA T . ERR N SSEVEY E AR
PR, WENEEMEE . B2, AR E N
7 AN NRT2 5 NRT3 RN FEM G, 40HrH:
FEHFRIA . DNA 28 5 O [R] R SR 41 21 SbNRT2/3
HRRBELGRBRZWMZEIH LR, N
NRT2/3 ZRIEH M vl L Yiag, E—L At A
PERAEY) N WSO 3L 2 ORI 8 A3 T 451«
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