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Abstract: [ Objective] Bioinformatics and expressions of the nitrate reductase gene of kenaf(Hibiscus cannabinus) were
studied for breeding varieties highly efficient in nitrogen utilization. [ Method] From the leaf of kenaf 349, the coding
sequences (CDS) of HcNiR was amplified by PCR. Bioinformatics method was applied to analyze the amino acid sequences,
protein transmembrane structure, protein signal peptide, high-level structures, and homologous evolutionary tree associated
with the gene, while the expression in various tissues detected by qRT-PCR. [Result] The full length of HcNiR cDNA was 1395
bp encoded 464 amino acids. The amino acid sequence contained two conserved nitrite and sulfite reductase 4Fe-4S domains
and two conserved nitrite/sulfite reductase ferredoxin-like half domains. The predicted stable, hydrophilic HcNiR protein with
an isoelectric point of 5.49 and molecular weight of 51.68 kDa had no transmembrane domain or signal peptide. It contained 26
potential phosphorylation sites in a secondary structure that consisted of more than 70% in the forms of alpha helix and
irregular coils. The amino acid sequence of HcNiR was 97.37% homologous with that of H. syriacus, and both included nitrite
and sulfite reductases iron-sulfur/siroheme-binding sites. The phylogenetic tree on HcNiR showed it closely related to HsNiR.

The HcNiR expression was higher in the leaves than in the roots of a kenaf plant. [ Conclusion] HcNiR contained two
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conserved nitrite and sulfite reductase 4Fe-4S domains and two conserved nitrite/sulfite reductase ferredoxin-like half

domains. The gene was abundantly expressed in the kenaf leaves and speculated to be mainly involved in the process of

primary nitrogen assimilation.
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Table 1 Primer sequence

ElEZEy s

Primer names

1975 (5'-3")

Primer sequence(5'-3")

HcNiR-F ATGACAGATGGGAGATTTATGATG
HcNiR-R GCATTTTCCACTTCTTCTTCCC
HcNiR-qPCR-F TCTTGGTTACAGGGGCAATAGAC
HcNiR-qPCR-R TGGACACCAAGATAGTCTCTCCT
beta-actin-F ATCCTCCGTCTTGACCTTG
beta-actin-R TGTCCGTCAGGCAACTCAT

1.4 HHERE PCR ¥ 1%

DLELJRR I Fr B RNA 5% 5% i cDNA, 47 15 21 fk
HeNiR ] cDNA 4x K551, PCR AR & A 25 pL:
¢cDNA 1 pL, 2XPCR Buffer 12.5 pL, dNTPs (2
mmol'L™') 5puL, KODFX (1 U-uL ) 1 pL, L5149
HeNiR-F 1 uL, Fi#514 HeNiR-R 1 uL, ddH,O #b &
25 L, PHGFESF: 94 °C WUEYE 5 min, 32 PMERY
(94 °C 30s 78H:, 58 C 30s &P, 72 °C 1.5 min A1),
72 C ZSEAH 10 min, 4 C fR1F PCR ¥, 5196 M
S TAE A R R A BRAA 7] 58 1.
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services/NetPhos/ ) Tl @ 2 fb.f o5 ; I FH ExPASy %X
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TR FER 5N R ;. ProtComp v. 9.0 #di 4 (http://
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qPCR Mix it B 45 #£ 5% B %€ & PCR Y (BIO-RAD
CFX96 ) A7 S 2¢ 56 % &t PCR, 6l A [A] 2H 21
HCNiR F& R 8 55 5 K - B B9 M X 2k K P, R
2T AR R R
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1395 bp (P HIEAE (ORF ), %ifi 464 ME MR .
JH SMART # %% £ )bk HeNiR 25 (4 2 17 ¢ 51 43 47
OIMTARANIEN 2, HeNiR B AR ¥ ) h AL 5% 2 MRS
(14 STV 2 1 IV T2 3 D5l 4Fe-4S 4545 30 ( Nitrite and
sulphite reductase 4Fe-4S domain ) 435l 3 T 74~234 aa
1 335~459 aa, [Alf 6 BAT 2 /4> 0 PR /AIE B PR i it
il Bk S0 £ 1 4 R A 1R 0 45 A ds (Nitrite/Sulfite
reductase ferredoxin-like half domain ), 435/ T 1~66 aa
Fl 257~323 aa.
2.2 ZIJk HeNiR £ [E YRS & B R E /BRI 574
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2000 bp —

1000 bp — — 1395bp

M-DL2000 DNA Marker; 1 § HeNiR-1, 2 5 HeNiR-2, 3 9 HeNiR-3 .
M: DL2000 DNA marker; 1: HcNiR-1; 2: HcNiR-2; 3: HeNiR-3.
Bl 1 HeNiR 5 [F 52 2 HY T A5 #E BB B Ik A M 45 3R
Fig. 1 Gel electrophoresis of HcNiR cloning result
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Fig. 2 Predicted conserved domain of HcNiR protein
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Fig. 3 Hydrophilicity and hydrophobicity of HcNiR protein
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LA 25 0 2% 0 7 Ay a0 2 1 B TR Ak Aor
&L, HeNiR e F 4 % 8 H BT /Y AT Re % iR Ak A7 40 4an
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YRGNRQKTRMMWLIDELGLEVFRSEVAKRMPQKELERASTEDLVQKHWER #
RDYLGVHPQKQEGFSYVGIHIPVGRVQADDMDELARLADTYGSGELRLTV # 300
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A: Potential phosphorylation site; B: Phosphorylation potential.
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Fig. 4 Predicted phosphorylation sites in HcNiR protein
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Z1RR HeNiR FE R 9 it 25 (1 53 7 1) — G 45 44 53 B
WO A5 R 2, MR A, ZEARARE R
#37.930, %Ki BIfE 40, HeNiR 7 H 42 5 i R M 5%
JKE . FF ProtComp Tl HeNiR 25 A IV 21 Jifd
SENL, R FUENM TSR I
2.5 41K HcNiR BEERBEBR R~ R LA
g5

iz F SOPMA 3443 41 R HeNiR F F it 1) 2
B =gk, WAt nl & (&15), HeNiR
B ZHEEM R o B8E . ARG, IS & B
AR . Hd, oBREE & 35.99%, A B
41.81%, P& 16.81%, BHEfA Y 5.39%., FlJH#E
JI5 15 0 il 55 3 FH Phyre2 $504# 22 7 28 53 AT HeNiR JE 1A
LN A S DU 7/ BE S TR B I e = D TN X 1 I
JH Rasmol ZA;53-H7 21K HeNiR F K 4w 6% 1) 25 (4 it re
W =g, I LLEIEAR BT o DA B i vhoe] 43
B, HcNiR H K b i) 8 1 BT 1) = RE5 0 h 3 o 1R
JiE25 4>, A 286 1, pHrE36 1, M43 A (Kl6).
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R 2 HcNiR ZERRIDE B R~ Y—REBTN 54
Table 2 Primary structure of HcNiR encoded protein
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Characteristics of Number of " Relative molecular Molecular Bk BRE: Average Fatty Instability Estimated
primary structure amino acids P mass/Da formula Arg+Lys Asp+Gluhydrophobicity  coefficient coefficient (1) half-life/h
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Prediction result

37.930 30
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Fig. 5 Secondary structure of HcNiR encoded protein
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Fig. 7 Predicted transmembrane structure of HcNiR
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Fig. 6 Tertiary structure of HcNiR encoded protein

1.2 ¢
2.6 HeNiR RS A R MBS A1 R A5 S RA AT %08 [ AAEEBERED —
) FH 5 B 500 IR 45 %% TMHMM Server 2.0 43 7 E o $Lfth Other
HcNiR PR 2 it 25 1 5 i 5 I 24 (11 7)), o i 4 H
RRWIHAERAE B X UL BT 1, ififE RO
P DL B A, 7 7E 5 TR B A L A e 0 0 4 60

i Jr LAHEIN HeNiR 25 1 464 > LR 5% 5L LT 58 EEFSI
A7E A FLC W) GBS DB [T 7T 61 HeNiR 8 14 Protein sequence
IR WEEES, AR L2k, 8% W
5~30 MR IR IR I — DB A TR BN S
JIK. HeNiR & AR5 5 Ik 25 S8 a0 (1 8), 3 2.7 4Rk HeNiR BIELERM S Rt o4
BT I AT HES K. BlastP £ 7 %} HeNiR 464 1~ 3 i1 5 HAt 4 Ff v

[E 8 HcNiR 155 BA TN
Fig. 8 Predicted signal peptide of HcNiR



5 53] TRABF

41k I0 5K BR AL R B A B HeNiR 09 %16 5 & 3k 47 605

NiR 2R 7 5 47 U b X, ehgs e (K9) Al
I, 1Bk HeNiR 5 K # (XP_039006864.1), 5 5%
A (XP_012463711.1), Ffi A7 ( ADJ68001.1)

FIRIAIRE (XP_007042430.2 ) BYAILE S350 97.37%
93.65%. 93.00% i1 92.12%. X £1 bk HeNiR 25 [ 7 41
OIMT R B, FAFTE R 17 A S R 41 1 1 2k - /42K 1
41 & 45 4 7 2 “ TGCPNSCGQVQVADIGF” . i [
MEGA7.0 X§ 3k A 12 F A 9 i) HeNiR 20 3% /2 7 1) 222

ifil NJ ( Neighbor-joining ¥ ) RGEHEM (K 10), 25
SRR, ZIBR HeNiR S5RHE HsNiR  ( Hibiscus syriacus )
RIEF — 8, B RRKRIE,; T GNIR

(XP_012463711.1 ). [fi #ifhi GhNiR ( ADJ68001.1)
5j HeNiR FEESHAHX #3E . £0FK HeNiR 2 11 5 Al /]
B TeNiR ( XP_007042430.2) BEHEEE %,
2.8 HcNiR BEE LKA RIR L R RIE 7

LT BRI . A cDNA SA#if , LI HeNiR-qPCR-

HcNiR
GhNiR
HsNiR
TcNiR
GrNiR

NSSFSVRFFAPQQCPLLPSTASSFKPKTW/NAAPTTAPATSVDVDGGRLEPRVEEREGYFVLKEKFRDGI NPQEKI KI EKD
NSSFSVRFFTPQA. . LPSTTSSVRPRTW/LAAPTSAPAASVDVDAARL QPRVEERDGYFVLKEKFREGI NPQEKVKI EKD
VSSFSVRFLAPQA. . LQSTSSS. RPKTWLAAPTTAPAS. VEVDAGRLEPRVEERDGYFVLKEKFREGI NPQEKVKI GKD
NSSFSVRFFAPQQCPLLPSTASSFKPKTW/NAAPTTAPATSVDVDGGRLEPRVEEREGYFVLKEKFRDGI NPQEKI KI EKD

Consensus

HcNiR
GhNiR
HsNiR
TcNiR
GrNiR
Consensus

HcNiR
GhNiR
HsNiR
TcNiR

GrNiR

Consensus gcadvttrgnwgirg vl dvp ilkgl e gltslgsgndnvrnpvgnpl agi dpeei vdtrpytnlIsqfitansrgn

HcNiR IZANL PRKWNRCVVGSHDL YEHPHI NDL AYNPATK[BGRF GFNLLVIGGFFS OEAI PLDAWRL'DDVI PHCKA 2 195
GhNiR INL PRKWNYCVVGSHDL YEHPHI NDLAYNPATKI\GRF GFNLLVIGGFFS OEAI PLDZWAY'DDVI PHCKA A 320
HsNiR IA@ANL PRKMNACVVGSHDL YEHPHI NDLAYNPATK[DGRF GFNLLVIGGFFS DEAI PLOWWRFZ'DDVI PHCKA a 318
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HceNiR: H. cannabinus; HsNiR: H. syriacus (XP_039006864.1); TcNiR: Theobroma cacao (XP_007042430.2); GhNiR: Gossypium hirsutum

(ADJ68001.1); GrNiR: Gossypium raimondii (XP_012463711.1).

B9 HcNiR FREEFFIxEE
Fig. 9 Amino acid sequences of HcNiR
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Fig. 11 Expressions of HcNiR in various tissues
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