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Abstract: Nitric oxide (NO) is an important signaling molecule with diverse physiological functions in both animal and plant cells.
In this work, we isolated the full-length cDNA and genomic DNA sequences of 7aNOA-B1 encoding a putative NO associated (NOA)
factor in common wheat. Bioinformatic analysis showed that TaNOA-BI possessed a similar intron/exon structure as its orthologous
genes in Arabidopsis and rice. The amino acid sequence deduced from TaNOA-BI was more than 60% identitical to those of
Arabidopsis and rice NOA1 proteins. The primary structure of TaNOA-B1 contained the zinc finger and P-loop GTPase motifs
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conserved in Arabidopsis and rice NOA1 proteins. There existed at least three NOA gene members in common wheat, which were

mapped to homoeologous group six chromosomes 6A, 6B and 6D, respectively. TaNOA-B1 investigated in this work was located on

chromosome 6B. The transcripts of 7aNOA members were found mainly in leaves. TaNOA-B1-GFP fusion protein may be located in

mitochondria. TuNOA transcript level was up-regulated by abscisic acid (ABA) or NaCl treatments, indicating that 7aNOA might be

involved in wheat responses to abiotic stresses.
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Table 1 Primers used in this study

Primer name Sequence (5'-3")

TaNOA-P1 CAAAGCTTTCGCCTTTCTCC
TaNOA-P2 CCACAGCAACATTTCACTCG

CIF P1 ATACAATCTGCTGTTCCTGGAAC
CIF P2 GACTTTGTGGTGCAAGAGA AGG
CIF P3 CAGGAGAGAGCTGAAGGATG
CIF P4 AGTAATGCCACTTG(A)GGTCTC
TaNOA-P3 CCACCACAGAAGCAGATGA
TaNOA-P4 AGTAATGCCACTTG(A)GGTCTC

TaNOAL1- Hind III F
TaNOA1- BamH I R
Taf-tubulin 2 F
TaB-tubulin 2 R

CGAAGCTTATGGCGTCGGCGTG
TGGGATCCGTAATGCCACTTGGG
GTGCATGGTTCTTGACAACG
CCTTAGGCAGCAGGTGACTC

© FERZFRMEMARTATIKSHIEST http://journals. im. ac. en



BT 45 3

et /NG R — AL R T (TaNOA) Hwfith 3k B 1) 52 b Al o3 7 2 0 2 4 T 51

1.10 fRi&fE (ABA) Fnh4bie

W REEFR/NE R TR 3 d B4 AOK
R R (MR AY 1/4 Hoaglands K5387K) . kA
K2 JE R bt — I, X AT AR R A e Ab
AEFRTT AT RN A 3 M B A 20 pmol/L
ABA 5% 150 mmol/L NaCl ¥#ff 1/4 Hoaglands 15
FRWH, AREE 4 h 10 h BB HCA T 4 R A
b R AR RS IR AEAE=T0°C VKA 4 o B RNA
$EHL cDNA & L B2 2 5E i RT-PCR i 40 2 1 ik
JrikiEtT, Bt PCR 514151 3% 1.

2 #X

2.1 TaNOA ERE ) cDNA #1 gDNA =& U R EF
LIS

i 3 A A B2 Ao T e D i, AR
INZZ S FR/IME 54 T BRAR T — A K GRS X 1Y
NOA FEH 1 cDNA FISE K 2 s 3 )37 51 LU XT3
BT, 3R A 1 35 PR 201 T e ) 1K 1) I 401 5 T 3R A5 114
cDNA JEFE 751 & — 2 , 1% cDNA 5455741
R R R A 3R BT e ], RAE &5 B W SEP
MYV RHR R SAR RN hRIE GARAREIR), 45
G 22 821, MR 4R TaNOA-BI . W
FEFIKAE NOA VI K TaNOA-BI HFER 4546, IR 3
MRt NO4 g AEE Ry, Yk 13 MR T
A2 AN FAR (B 1A). LR E R R
255 FERNS TRE L2,

TaNOA-B1 5 AINOAI 751 — k3] T 61%,
5 OsNOA J¥4—Bkik 8 T 82% ., f—Stik
W], TaNOA-B1 HF HLAIY P-2F GTPase i (4% 11,
B EAT G4-G5-G1-G2-G3 81 B HEFI ) GTP 454 56 F
(F B! e N i A CX,CXas.55CXoC 51 FE
sEARF (K 1B), %W TaNOA-B1 M H[FJEE H
AR KRS G NEN,, ARMRITH BN
H R IE 2 TaNOA-B1 Ji 1% HA W) 2# D16k
2.2 NIEREENE NOA EEE NS0
LEIREN

T W 7SS A 58 N 22 NOA S DR Y 5
B, MRAEETASER S5 R RTS8, FIHIPCR

43 Y1 B NOA S W% F--3 (CIF PLAIP2FCXT) APy
B F-12 (CIF P3FIPARCKT) Ay DX I, If-#E 47005 530 Hr
(RS k17 . 458 BoR /ME 54 NOABE A
intron-3fllintron- 121 J3 51 ¥4 0] 73 A 3Fp 2l (2),

Xf ¥ intron- 12 35 #5438 # B, intron-12-1
5AH PR RIE29-1 (P8 45 50K W) by 5 1)
FEHl—5, H5225F%) (intron-12-2) 5AHFST T3k
5 19 4 K NOA ) gDNA JF 1]t N & T -12— 3%
(489 bp), Mi%E3J5F 5 intron12-35 DL LB K}
(As6TFIASO V)T M1 )7 51 — 3 (45K Bor). FIH
5 & F 1209 5O GAR I 51 4 G AL R B hT R
EI/NE (T urartu, 1E29-1), DZALAMILEEL (Le.
Tauschii , As67 Fll As91) , DU £ 1K 5 ki /N (T
turgidum ssp. durum, Langdon), %5& B4I4E Ik
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Fig. 1 Structure of Arabidopsis, rice, and common wheat NOA genes and the multiple alignment of the deduced amino acid
sequences of three NOA proteins. (A) The structure of NOA genes from Arabidopsis (AtNOA), rice (OsNOA), and common wheat
(TaNOA-B1). (B) Multiple alignment of the deduced amino acid sequences of three plant NOA proteins. The conserved zinc finger
motif (CX,CX55.35CX,C) is underlined. The sequence elements forming the conserved P-loop GTPase motif are boxed. Asterisks
mark the presence of identical residues among the compared proteins. The conserved and semi-conserved substitutions are indicated

by the symbols “:” and “.”, respectively.

-GFP i & 8 R DL I A S A o B2/ AG0IR 23 A
i SR SRR R4 (] 4B), M ZEOE .
5 ) s L5 1A o 2 D' 1) P8 A B 5 B 1 22 00 A A
Mogg AR AL, EHPEIFAES (K 4D).
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Fig. 2 NOA copy number in ancestral species of common wheat and chromosomal assignment of 7aNOA genes in hexaploid wheat.
The fragments specific for individual NOA gene members were amplified by PCR, followed by separation via capillary
electrophoresis. NOA gene specific peaks are marked by arrows. The minor peaks labeled by asterisks are due to DNA size standards.
The scale on the horizontal axis indicates fragment size (number of nucleotides), which was determined using the DNA size standards
co-separated with the PCR products. The genotypes used in this analysis are provided in the brackets. The data shown are
representative of five independent experiments. (A) Analysis of NOA copy number in the ancestral species (7. urartu, Ae. tauschii, T.
turgidum ssp. durum) of common wheat by fragment analysis. (B) Chromosomal assignment of 7aNOA genes in hexaploid wheat. The
templates for PCR were prepared from Chinese Spring (CS), the nulli-tetrasomic (NT) lines of CS. Compared to the presence of all
three NOA specific fragments in CS, the fragments were specifically absent from the NT lines lacking chromosomes 6A (N6AT6B),
6B (N6BT6A), 6D (N6DT6A). The three NOA specific fragments were all amplified in the NT lines lacking other groups (i.e. 1, 2, 3,
4, 5 and 7) of chromosomes (data not shown).

2.5 X} ABA FIEh4LIERY K2 B TaNOA R se A K22 647 1 20 #r (1 5),

AWFFERIAE RSN IRE RS, /NEFR 78 ABAALBISAETF, TaNOA W% A K A8 i
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5 T/NAER BRI NE B, T ABABESE 708 NaCl AbBE 10 h 5, HEFARA FHE . DL 4583
1) TaNOA FER IR RS H/NEY IR, WM& 0] 7aNo4 LA B %G A I i b2 ABA AbHiA
20 pmol/L ABA 5 150 mmol/L NaCl ABRI/NAZLN G $hab B HE K FALA — & 1 EIRFET
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R BHAEF3HALT- 12 PCRAEBMEEXE
Table 2 Polymorphic types of the PCR fragments spanning
introns-3 or introns-12

Types Number of PCR clone Spanning intron
Intron-3-1 5
Intron-3-2 14 3
Intron-3-3 4
Intron-12-1 6
Intron-12-2 21 12
Intron-12-3 3

E3 Z@NERTUNOAB REARRRRE FHERERX
b2 i)

Fig.3 Transcriptional pattern analysis of TaNOA in different
organs of common wheat (7. aestivum). Transcripts were
amplified using gene specific primers, with the PCR products
separated using 1% agarose gel. Equal loading was maintained
for all samples. The amplification of wheat tubulin transcripts
served as an internal control. R: root; S: stem; L: leaf; YS: young
spike; SP: spikelet.

3 Wik
31 AREENEZEEEE TaNOA K RE

INZE LA LU B A 2, R 2 K e e DA 2 Y
40 1%, PIREIF IR 100 775, LR A 80% LU
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WA TaNOA-BI cDNA K H % R (1) 36 R 41 7 3] o s
TaNOA-B1 Fl OsNOA (0s02g0104700) KK 45H, 1%
TERIX RSP & T 5149, @ BRI Z4H PCR,
SEREFTINT S TS 280 (3R 2), #E T/
FIHNA P ELETE 34 NOA B, 855 1T B4
EHLUKI B BTG X 3 ARG E NI TE 6A. 6B Al
6D Jetafhk | (& 2). Hif A BF201083 RSN X7
AR /NZE 4T Southern 2238 73 HT it & B 3 454458 4%
W, o BIEN T 6AS. 6DS Ytk | (http://wheat.
pw.usda.gov/cgi-bin/westsql/map_locus.cgi?). ZEA Al
NSRRI AR, HEW NOA FE N fi /N2 h
HA 3 AL, 4 BN T 6A 6B Fl 6D Yefafk I-,
3.2 TaNOA-B1 EfL F &Rk
R e O NI IRV W ) B -

TaNOA-B1-GFP fill &5 25 1 Y 2 (5 S-Sk 1Y
55 ES, £ TaNOA-BI-GFP 4 HAE
LAt apiirh o WHFOUE S 1704, D] A2
TELRLAR T, (ERf U] Y 43 A 1 5 B — 20 (9 S0
FTHAE . TANOA-B1 [W[RIVEZEE 1 PINOA & [V fEI-4R{A
Hil%, Guo ZFPSLE K, AINOAL-GFP fil &
ENTLRiA T, B Flores-Pérez "] AtRIF-GFP

El4 TaNOA-BI-GFPRE& & B 7£ 10l B 9% [ A B 1w A% 0 408 B E {3

Fig. 4 Subcellular localization of TaNOA-B1-GFP fusion protein. (A) GFP signal detected in the protoplast. (B) Background
autofluorescence of chloroplasts. (C) Bright-field image of the same protoplast shown in (A) and (B). (D) A merged image of (A) and
(B) showing the different localization patterns of TaNOA-B1-GFP fusion protein and chloroplasts. Bar = 10 um.
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Root Shoot
4h 10h 4h 10h

E5 720 mmol/L ABA ABA#1150 mmol/L NaCl4y 5 &b
T84 hFN110 h/5 TaNOAEE FHEX I 17

Fig. 5 Transcriptional pattern analysis of 7aNOA genes in the
wheat seedling treated with 20 mmol/ L ABA or 150 mmol /L
NacCl after 4 h and 10 h.
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BB R, i — 25 0 505 w5 R A A
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(R AT RE AT Ak, M OCSEI B AT
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