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Bioinformatics and Expression Analysis of Salt Tolerance
Related NAC Transcription Factors in Wheat
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Abstract; NAC transcription factors play an important role in plant response to stress. In order to fur-
ther understand the biological functions of salt-tolerant NAC transcription factors in wheat, the tran-
scriptome of salt-tolerant material Cangmai 6005 and salt-sensitive material Kenong 9204 were se-
quenced. NAC transcription factors related to salt tolerance were screened and bioinformatics ana-
lyzed. RT-PCR was used to identify the key candidate genes by reverse transcription of cDNA and
RNA extracted from the roots under salt stress. The results showed that among the 28 NAC tran-
scription factors, 10 had alkaline isoelectric points and the others had acidic isoelectric points, and all
of them were hydrophilic proteins. The protein secondary structure is mainly irregular curl and a-he-
lix. In the collinearity analysis, there were many pairs of collinearity in wheat and rice, indicating that
the close relationship between wheat and rice. The promoter region of NAC transcription factor con-
tains many cis-regulatory elements related to hormone response and stress induction, among which
TaNAC24 has the most(51) cis-regulatory element binding sites. The results of RT-qPCR showed
that the expression levels of four genes were significantly up-regulated and five genes were significant-

ly down-regulated after salt stress treatment, which was consistent with the results of transcriptome
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sequencing. These genes may mediate the response of wheat to salt stress.

Keywords: Wheat; Salt Stress; NAC; Transcription factors; Bioinformatics analysis
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Table 1 Primers for fluorescent quantitative PCR of NAC genes

5 B TUESI Y
Gene Forward primer Reverse primer
TaNACS GTTTGTTGTTGATGCGTGCAAG CTCTCACCCTCCAATTCATCCC
TaNACY GTTCAGTGTGTGTGTGAGCTTC TGGGTCGAACTTGTAGATGTCG
TaNACI0 GTGAGCTTCTCCCTTCCTCTTC CTGAAGAAGTACCACTCGCAGT
TaNACI2 GGATCGTCGTGTGTTTGTTGTT CTCTCACCCTCCAATTCATCCC
TaNAC13 TGTGTGAGCTTCTCCCATCTTC GGTCCCATGGATCGAACTTGTA
TaNACI18 GCTACCTACAGTCGATGAGCTC TGGTTCCATCTCAGAATGGTGG
TaNAC21 TCTCCAAAAGTTCGAGCTCCTC CAGGCTTGGAAGAAGATCTGGT
TaNAC22 AGACGCTGCTCCATTTCTAACA CTGCAGTACAATCCCTTTCCCT
TaNAC24 GTGAAGAACCAGAGAGCTTGGA ACACAGCAAGCTAGCTAGATCC
TaGAPDH TAAGGGTGGTGCCAAGAAGGT AGCAAGAGGAGCAAGGCAGT

2 HREAM

2.1 HFRANFLERDH

FE T I S 2N 7 45 2R A /N2 rp AL v #) 28
A5 AH KA NAC 57 52 78 HAR R 44
K TaNACI ~TaNAC28, TEit 7% 6005 H, & i
B AL 5 X R A 18 > 225 R AR IA I FE R4
9204 H, FhJpE AL B 5 X IRE A 12 25 7R IAHE
sV A 6005 HRHA 9204 XFHRIAIA 7 22 Kk
FE (K 1), 5 X% IR AL, TraesCS2B02G118500,
TraesCS 2B02G119000, TraesCS 3B02G371200., TraesCS4A02
G131000 H1 TraesCS5B02G142100 3t 5 N EEPRLER 4
6005 FHRL A 9204 fY R 38 4b B 5 2R o 3R 0K
TraesCS2B02G119100. TraesCS 2D02G100900, Traes
CS2D02(G101400 1 TraesCS4D02G175700 3t 4

AFE ) BRI IX 9 A DI Oy e e
AT IR SERT 5T

ah

e

AV 6005 R 5 5% IR L B BRA 9204 R a5
xR A C i 32 6005 HRMR 9204 X IR HLEL,
A: Cangmai 6005 under salt stress compared with control;
B: Kenong 9204 under salt stress treatment compared with con-
trol; C: Cangmai 6005 control compared with Kenong 9204 con-
trol.
1 £2RErER0EBE

Fig. 1 Venn diagram of differentially expressed genes
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110 4~ NAC & 2 s a4y 18 4~ NAC & A

PIRWRME 28 A~ NAC W8I R 55. 58 ~75.
32, R WIS 2 PEAE7E 22 5528 > NAC 2 1 5%
IKPERT R A, R L 26K PE R . B TaN-
AC16 fil TaNAC28 4. HAlh NAC 2 A #5747 1
1 B H Ay BT W 28 SR B AR S B A b
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Table 2 Physicochemical properties of proteins of NAC family

S HLR i i 22 %

P%t‘,:elin i g)) Amino acid Mglecular Isoelgctric ﬁiﬁzﬁiﬁ E}:&fﬁ%ﬁﬂ Aliphatic ’%(?jj\%yﬁ
residue number weight/kD point index

TaNAC1 TraesCS1A02G261800 392 42.48 6.22 43 39 60. 54 —0.538
TaNAC2 TraesCS1B02G272600 387 41.91 6.52 41 39 60. 54 —0.510
TaNAC3  TraesCS1B02G274300 301 33.09 8. 96 32 38 65. 28 —0.545
TaNAC4 TraesCS2A02G101400 353 39.02 5.46 47 38 60. 57 —0.532
TaNAC5 TraesCS2A02G101900 348 38. 31 8. 66 32 36 66.55 —0.504
TaNAC6 TraesCS2A02G102000 357 38. 40 6.52 34 31 63.56 —0.418
TaNAC7 TraesCS2A02G338300 355 38. 22 7.21 37 37 64. 14 —0.412
TaNAC8  TraesCS2B02G118500 352 38. 81 5. 44 46 37 63.27 —0.494
TaNAC9 TraesCS2B02G119000 350 38.35 7.29 33 33 62.83 —0. 505
TaNAC10 TraesCS2B02G119100 356 38. 28 6.56 34 31 64. 30 —0. 383
TaNAC11 TraesCS2B02G627200 317 35.02 6.01 36 31 62.59 —0.582
TaNAC12 TraesCS2D02G100900 353 39.05 5. 34 47 37 61.98 —0.524
TaNAC13 TraesCS2D02G101400 355 38. 17 6.52 34 31 64.76 —0. 385
TaNAC14 TraesCS2D02G324700 353 38.08 6. 86 38 37 65.33 —0.397
TaNAC15 TraesCS3A02G245900 336 36.51 8. 83 34 39 62.29 —0. 660
TaNAC16 TraesCS3A02G269900 586 62. 89 9.48 62 79 56. 40 —0.657
TaNAC17 TraesCS3A02G375400 255 27.72 5.67 34 30 58. 67 —0.647
TaNAC18 TraesCS3B02G371200 312 34. 82 5.91 40 37 58.49 —0.601
TaNAC19 TraesCS3B02G407600 254 27.62 5.61 34 29 59. 65 —0.617
TaNAC20 TraesCS3D02G367900 256 27.54 5. 60 33 28 58. 83 —0.572
TaNAC21 TraesCS4A02G131000 354 38. 39 9.23 31 39 61. 89 —0.500
TaNAC22 TraesCS4D02G175700 357 38.75 9.08 31 38 60. 25 —0.527
TaNAC23 TraesCS5A02G049100 305 33.40 9.21 27 35 65. 54 —0.355
TaNAC24 TraesCS5B02G142100 354 39.59 6. 26 40 36 64.55 —0.696
TaNAC25 TraesCS5D02G059700 302 33.18 9.21 27 35 67.78 —0. 363
TaNAC26 TraesCS5D02G420800 364 40,41 6.02 44 39 55.58 —0.659
TaNAC27 TraesCS6A02G208900 532 58. 68 5.08 79 49 75.32 —0.536
TaNAC28 TraesCS7D02G295100 695 77.06 4. 84 112 70 66. 10 —0. 682

2.3 NACTHREEMEEBEHHHT

V240 it 5 o7 TR 25 SR (3% 3) WL NAC #5 53%
PR~ 2 B2 5 AV 40 LA, A0 I L b SR AR L 2R iR
FVE AL 8 A A A 70 o 1) 2 7 U I /N 22 7 52 3
AR A I NAC 5 5k I A48 AE T I AL 2 7T g 2
0 M A%

NAC # FI 1 R 2509 DL ISR A it A o B85

S TR T & L Ry 42,2996 ~70.10% .
a- BB BEFT & Fe 5l R 15. 36 % ~34. 40 % . 4iE K B FilF
R 9. 80% ~ 21, 13% . B-%%5 ff FIf i L 9]
2.33%~8.63% (F 3)., B = GLL5 K T &5
(F 2)# B NAC HE AW =5 R E DS
KA [FI P ik 85, 38 % . H L AT LA HE I 3% 5K ik
HE PRI AT REAT (5 AH [m] =l AR (L 2 BE
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Table 3 Predicted secondary structure and subcellular localization of NAC proteins

HH o2 JE I K 5 B-#% To AL ith STV 24 i 5E 3L

Protein a-helix/ % Extended strand/ % B-turn/ % Random coil/ % Subcellular localization
TaNAC1 17. 35 10. 97 6.63 65. 05 4HE#% Nuclear
TaNAC2 16. 28 11.63 5.94 66. 15 A% Nuclear
TaNAC3 13. 62 13.95 2.33 70. 10 YL 4% Nuclear
TaNAC4 27.48 13.03 4. 25 55. 24 401 i Cytoplasmic
TaNAC5 18.68 12.07 3.45 65. 80 4 #% Nuclear
TaNAC6 17.09 9. 80 4. 20 68.91 4N #% Nuclear
TaNAC7 20. 85 13.52 5.63 60. 00 A% Nuclear
TaNAC8 22.73 16. 48 6.82 53.98 4T Cytoplasmic
TaNAC9 21.43 11.14 3.43 64. 00 4fE#% Nuclear
TaNAC10 17. 42 10. 67 5.62 66. 29 M HI#% Nuclear
TaNAC11 31. 86 12.62 3.79 51.74 A K% Nuclear
TaNAC12 24, 36 17. 28 7.93 50. 42 4 HI#% Nuclear
TaNAC13 20. 28 11.55 5.35 62. 82 4 MI#% Nuclear
TaNAC14 24.93 11.33 4.53 59. 21 4HE#% Nuclear
TaNAC15 24, 40 21.13 8.63 45.83 AL A% Nuclear
TaNAC16 15. 36 16. 21 5.97 62. 46 4% 4K Chloroplasts
TaNAC17 23.14 12. 94 6.67 57.25 2Rk Mitochondria
TaNAC18 35. 26 10. 90 3.85 50. 00 ffi4% Nuclear
TaNACI19 23.23 12. 20 5.51 59.06 £ kiiE Mitochondria
TaNAC20 26.56 10. 55 5.47 57.42 R Mitochondria
TaNAC21 18. 36 13.56 3.95 64.12 i Mi#% Nuclear
TaNAC22 19.61 10. 64 2. 80 66. 95 4NHE#% Nuclear
TaNAC23 30. 82 15. 41 4.26 49.51 B AL IR Peroxisomal
TaNAC24 18. 36 17. 80 2.82 61.02 i Mi#% Nuclear
TaNAC25 26. 82 13.91 4.97 54. 30 i ALY EEA Peroxisomal
TaNAC26 23.63 15.93 7.69 52.75 4HE#% Nuclear
TaNAC27 34. 40 16.73 6.58 42.29 22 ik Mitochondria
TaNAC28 26.04 12.09 4. 60 57.27 i 4% Nuclear

TaNAC1 TaNAC2 TaNAC3 TaNAC4 TaNACS TaNAC6 TaNAC7

JRve

e

TaNAC15 TaNAC16 TaNAC17 TaNAC18

wg@/"%

L ~
TaNAC22 TaNAC23 TaNAC24 TaNAC25 TaNAC26 TaNAC27 TaNAC28
B2 NENACEH=ZLEHTN

Fig.2 Prediction of tertiary structure of wheat NAC proteins
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2.4 /IZE NAC RIEK RRSF Motif 43 #f

NAC # H Motif 7 #1455 (K 3) F£H, 28 4~
NAC W AR ~F 2P M ECH 8 1~10 4>, Horp
TaNAC5, TaNAC6, TaNAC9, TaNAC10, TaN-
AC13 4t 5 MEFIEAE 10 4 Motif; ik TaNACIL6
Ah, Hifl NAC % 113 & 4 35 )% Motif3 #il Mo-
tif 7, MeAh AR B 8 B A AR R R SF Y H
BLY LB AT AE 25 5, LW NAC #% 5% K] 76 i

ZREME R R
2.5 INENACEREEHMELBEECS T
LR g5 40 4y Mr 25 R (B 4) &, 28 4~ NAC
RS E TN 1I~T. W& TR 0~7, 8
TaNAC19 4, Hi4x 27 4~ NAC HH ¥ & UTR
X, NAC R FE/NZ Rtk b mRm, A Yt
YL B 114D Jetathdl | 8 A~ B Yetafkdl I 9
AN 5), £ NAC FEIEH A BH

e B AR IR L, X AT RE R ZE N DB B @R = b

Name P-value  Motif locations
TaNACl  1.31e-96 | 1 | e
TaNAC2  2.12e-96 i 0
TaNAC3  3.80e-109 UMW 11
TaNAC4  3.03e-137 | /IZEEN_ 1
TaNACS  4.00e-265 [ /IINENET 77 SN
TaNAC6 1.37e-263 T/ INEREN 77 D
TaNAC7  2.18e-108 [ |HNTEENT] |
TaNAC8  4.96e-139 | /MIMME_ ]
TaNACY9  1.15¢-265 IMENE 0 NN
TaNAC10 7.15¢-271 VIS 70 [ —
TaNAC11 3.92¢-79 | | mEENT
TaNAC12 2.93e-138 /NN [* ]
TaNAC13 6.52¢272 LIINEE ™ BB
TaNAC14  2.50e-109 [ HTEEET
TaNAC15  4.49¢-19 i
TaNAC16  3.52e-15 |
TaNAC17 1.39e-89 __ EIEENNT [
TaNAC18 1.03e-108 [ |HITEERN [T
TaNAC19 1.916-g0 | HCENET
TaNAC20 7.20e-89 _ NN |
TaNAC21 3.6le-151 CINENT T B9
TaNAC22 5.73e-152 [ /HFEENT T B9
TaNAC23  3.00e-101 [ INDEENT |
TaNAC24 3.53e-115 /DN
TaNAC25 2.05¢-101 [ ETEENT
TaNAC26 1.52¢-75s | 1 EENT
TaNAC27  3.99¢-17 n
TaNAC28  2.00e-g0 | /N
Motif symbol Motif consensus
1. == RDRKYPNGI RPNRATGSGYWKATGTDKPIY
2. =] LPPGFRFHPTDEELILHYLRNKAA
3. FYRGRAPKGTKTDWIMHEYRL
4, i VPIADVDJYKFDPWDLPSKA
3. | FRNPSMRLDDWVLCRIYKKTGLAS PMVPP
6. W YGEKEWYFFSP
7. M GRLVGMKKTLV
8. = QQQPHAGRLPTI PSFSELFDDYSLAQILD
9. @ EHGATHHLAVHPSLNQLLPVGDSAHGVQPSYYAPSSSS PDASGGSAGKRK
10. B PYZASAKRLNGSCFDAPPZSASGWQALASVLGGLSHQMLPQ

3 NACEBRTFEFSHT

Fig. 3 Conserved motif analysis of NAC proteins
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Fig. 4 Structure analysis of NAC genes in wheat
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Fig. 5 Chromosome location analysis of NAC genes in wheat
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Fig. 6 Phylogenetic tree of the NAC gene in wheat
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