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Abstract: TIR-NBS gene is a class of gene closely related to plant disease resistance regulation and growth and develop-
ment, and its characteristic analysis contributes to the understanding of plant immunity and developmental regulation.
Through bioinformatics analysis method, the TIR-NBS gene family of tobacco was identified and molecularly analyzed from
the aspects of gene identification, chromosome distribution, gene structure, protein properties and structure , signal peptide,

subcellular localization and cis-acting elements. The results were as follows; The TIR-NBS gene family contained 30 mem-
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bers, distributed on 21 chromosomes, containing 3—8 conserved motifs; The encoded proteins were unstable proteins, no

signal peptides, mainly distributed in the nucleus, cytoplasm and chloroplast; The secondary structure was characterized by

a-helix and random coiling; It was mainly selected by purification in evolution, and had the closest relationship with TIR-

NBS gene of tomato; Analysis of cis-acting elements showed that it may be regulated by light, temperature, and hormones

such as auxin, methyl jasmonate, abscisic acid, salicylic acid, and gibberellin. The results provided a basis for further ex-

ploring the biological functions of the TIR-NBS gene and improving plant yield and quality.

Key words: Nicotiana attenuata (tobacco) , disease resistance regulation, growth and development, plant immunity,
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HE A e 018 52 BT AN BRI B S 45 RO IR
KRG T LR B8 OR3P H B BP0
EHLHL, R P FEH (resistance gene ) 13 G 22
F Nl — 2% E AR AR (5 T4 ,2015; 9
HA,2017) , RBEFE B 40/ 3R -1 Z 4K (toll and
in-terleukin-1 receptor, TIR ) %4 ¥4 35 | T it 45 #4) 0 4%
HERZE G 25 (nucleotide bindingsite, NBS) | & % 4%
FFRH & (leucine rich repeat, LRR) 1 & 55454 4H
B, Hor TIR F1 NBS 4544 55005 55 4 ¢ (Meyers
et al., 2002) , TIR-NBS &40k JE HAE b — IS HE
TP o e HE P, 02 RO A B0 s 0 98 1Y i 22 AL Al
(Staal et al., 2008 ;&4 ,2015) .

TIR \NBS 45 #4) 33§ 2 40 s i P # 8 J2 I b 75
(o M4 ST BT 2L RPS4 5 RPP1A 1EALE
TIR FI NB %5 ¥4 38 ) 8 J& 25 1 TIR+45 5} TIR+80
Jr By BV A TR 80 B 5 S L RE
YA IR FE ( Zhang et al., 2004 ; FF 3% 2018)
MHFHURTEE N A 09 S 7 F 5 TIR 254 B ik
1115 5% 54 52 ( Dinesh-Kumar et al., 2000) , it
A W5 RY], TIR-NBS KL [H RLM3 2 5 T M I+
TR U B e L TR ) G S B ) B (Staal et al.
2008) . &4 TIR-NBS 28 8 19 7646 9 o v o 2
P18 AR R T AR B AT i R R R
R T A A BR . AR S AE S B
2N T i, XEHR B TIR-NBS 3 K % 10 4 1 R
FEFNT e $E A7 B0 43 B, R B TIR-NBS 254004
B B TRAIR T S AR AR

1 MEE T *

1.1 TIR-NBS BEERKEE
1E Pfam H F#{ NBS(NB-ARC) (http://pfam.

xfam. org/ family/PF00931#tabview = tab6 ) #1 TIR ( ht-
tp :// pfam.xfam. org/family/PF01582 #tabview = tab6 )
B R Af A A | 3l 4 hmmsearch 2 FH T 2009
NB-ARC.hmm F1 TIR. hmm 3C A4 X 07 542 5 PR 21 8
F 8000 P22 Hh 1% 5 TIR-NBS 25 #4326 1 KR kAT
T, GEHCA R E 1107
1.2 FBEEM S

M\ Ensembl A8 ¥ 4= 3% PR 20 B4 6 (fip ./ /ftp.en-
semblgenomes. org/ pub/ plants/ release-42/ fasta/ nicotiana _
attenuata) K75 TIR-NBS & R 78 L A 4K 690 &A1
B HFE 4 T H MG2C ( http://mg2c. iask. in/
mg2c_v2.0/) HIAVE G ke &,
1.3 ER %5 motif 5347

I #E 28 T. 2 GSDS ( http://gsds. cbi. pku.
edu.cn/) XM & TIR-NBS %k R 5% pY, b dE 47 3
2ER o M, o 7E 2R T 2 meme (http://meme-
suite. org/tools/meme ) XJ 4l ¥ TIR-NBS & H motif
PEAT T 3 A
1.4 EREM 5T HEE L7

) H 7E 2k B F SOPMA ( https ; //npsa-prabi.
ibep. fr/cgi-bin/npsa _ automat. pl? page =/NPSA/
npsa_sopma. html) 43 §T TIR-NBS £ H — 2 45,
FH 7E 28 1. H SignalP 4.1 Server ( http://www.
cbs.dtu.dk/services/SignalP/ ) X} {fl #. TIR-NBS & [H
PEATE S IR #r . FIHITEZ T A DeepLoc (hitp://
www. cbs. dtu. dk/services/Deeploc/) X 4l & TIR-
NBS FE R BEAT 040 ML 5E 157730 B7
1.5 TIR-NBS & BB RS

FIH ExPASy H [ ProtParam (http://web. ex-
pasy. org/protparam/ ) B4 X {H F TIR-NBS 25 [ %
AFFEREAT 0T, AR ORI AR 2
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7 TIR-NBS # F F¢ 81l le X, 48 J5 #l i MEGA-7.0
(Kumar et al., 2016) 2K {F#4 8 TIR-NBS & [F & %
£84% ( NJ, neighbor-joining) & 4t &% & #, Boostrap
HBCE N 1000, HoAl 2800 R G BOAE, 55 il
H FigTree ( http://tree. bio. ed. ac. uk/software/
figtree/ ) BAF IR RGE KB R,
1.8 InsX1E AT

FIF T. B bedtools ( Quinlan, 2014 ) 3K 154 TIR-
NBS A il 2 000 bp ¥4, FIIHITEZE M i Plant-
CARE ( http ; //bioinformatics. psb. ugent. be/webtools/
plantcare/html/ ) Xt 38 75 #4) J¥ 21 g 47 1000, I X% 32
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B, FIH meme XF 30 Z54H % TIR-NBS & /3 51 i
3930 (I 3) , R IR OIT39360 Fif & 3 FF e /b AL 6
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0IT35745 W AFRE R BRIV, 4 33.98, TIR-NBS
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A WA A A R R T A2 B S R R T, X
R iET TIR-NBS 5 % 0] 3 2% X R fe il (9 10 2%
FED B 03 4T Ka/Ks 5387, 3% 3 458 R iz 5 A
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Fig. 5 Site map of TIR-NBS gene element in Nicotiana attenuata

ment | fF L0 R I TC A4 LTR 7 600 11 380 52 1 T
KAEHJCAF TC-rich repeats A7 19 13 428 il Wi = /F
FHIEST JCAF circadian | A2 4 F& e I =K A I oT 44
AuxRR-core \.TGA-element DA F 7 B & 2 i i = AE
FHJCF TATC-box . P-box %5, 43 #fr % W, TIR-NBS
FERWTRERZO0 | W XAE R R | RATIR H R BT
M2 K MIR R R 2 5 IR R, O ] R E i i
WAAE ST 2 5 7 MR b (4 By G AL, 76 A5 )
A K S 38 B A AN DR A R ) A

3 TR

TIR-NBS &5 A 3k R AE PP o R 50
H—AN AR Ay, B BRSO T S5
WALHE TIR A1 NBS W4, Kb MWy & M (R
) TIR S5H38 32 ZAFAE T 400 5 J7 A A X

A (Meyers et al., 2002) , 1 7£ 5. A5 )
W AR IR T 3R TIR 4 (Tarr, 2009) . TIR 4544 15
JERAA 200 A2 FE R 1 8 1 o 45 40 3, 48 — A~
T B AR ST O REE (Slack et al, 2000) . HET, B 44E
B AE W S 5E T TIR-NBS Z5#938,, 3F3F B & 541
YEosis S | A HALE Y 5 S S R A WA
Y ] ( Nandety et al., 2013) . {HZ] HAGH 1k, 7EHHE
FEPIZH K- | AU 2080 TIR-NBS Z8 3 R 52 15 1k 4
FE N R ZHOR LR A iR E

XA 55 48 /e JF | 76 i TIR-NBS 28 3 A R ik
AL IC FR 43 B R W, M 5 R0 736 19 TIR-NBS 3 A
() 1 A8 v, DAL I 0 5 R 2 5t Y TIR-NBS JE K 4K
GAEA ) 2E T RE AR K IR R AL L 0T BE A7 AE AH AL
PE. YHEY) 32 B0 IR i F I KRR AE S & A
RN Y R e AR A P T i 2 B N RS
SO (BRI, 2018)  HOW 1 1 S0 EUAH G 2
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Table 1  Secondary structure and subcellular localizations of TIR-NBS protein in Nicotiana attenuata

BT -8R S fifr i B-i% ffi TCHLN i P40 L A o
Protein Alpha helix Extended strand Beta turn Random coil Subcellular
(%) (%) (%) (%) localization
01T40722 45.27 14.44 3.95 36.34 Y I 4% Nucleus
01739360 50.86 13.83 5.42 29.89 41T Cytoplasm
01T37819 46.19 14.01 4.06 35.74 A% Nucleus
0IT35975 38.97 19.83 9.02 32.18 YL #% Nucleus
0IT35745 48.55 17.34 11.18 22.93 4IH)5 Cytoplasm
01135602 45.09 15.10 4.24 35.57 -4¢& Chloroplast
0IT35319 43.92 19.50 9.84 26.74 LA NI % AN
Chloroplast and mitochondrion
0IT35320 46.86 17.44 8.19 27.51 4IHL)E Cytoplasm
01734932 48.34 14.66 4.64 32.36 4R Nucleus
0IT31895 51.45 11.18 3.37 34.00 YL #% Nucleus
01730739 54.24 10.58 3.72 31.46 T Cytoplasm
0IT30741 53.68 10.81 4.41 31.10 Y% Nucleus
0IT30588 46.57 13.48 4.60 35.35 4 ie#% Nucleus
0IT29100 44.89 14.31 4.09 36.71 YiHI4% Nucleus
01129097 45.69 14.39 4.64 35.28 2% & Chloroplast
01729099 45.40 15.16 3.82 35.62 i1 Mitochondrion
01729096 49.84 12.91 6.53 30.72 4844 Chloroplast
0IT28454 44.80 14.25 4.10 36.85 A% Nucleus
01728456 41.91 14.67 4.47 38.95 AR Nucleus
0IT27720 50.28 13.09 3.64 32.99 YHL)E Cytoplasm
0IT26264 55.11 13.95 6.22 24.72 T Cytoplasm
0IT22858 51.81 11.12 4.68 32.39 Y% Nucleus
0IT08655 51.96 12.66 6.89 28.49 it-£¢ & Chloroplast
0IT08444 48.22 13.31 3.87 34.60 Y I 4% Nucleus
01702262 55.39 10.03 3.53 31.05 1% Nucleus
0IT00998 52.19 12.14 4.56 31.11 LT Cytoplasm
01897981 50.18 12.44 3.21 34.17 iMI4% Nucleus
01897980 51.82 10.91 3.35 33.92 WL Vacuole
01897230 50.62 12.35 3.70 33.33 AR Cytoplasm
01896639 43.85 14.81 4.53 36.81 4844 Chloroplast

( pathogenesis-related protein, PR 8 1) & ZFHihn  FIHR TR & RE WO A P B AL ), X B 5] kS 1)
HH A SAR BAEH (TE M4 ,2016) . KATER H D% A PO R PR EE P (T 5 AR AR

RZ ST R MK BT O RIERAMEE  JE) E B ( Cheong & Choi, 2003) , i i3 Xf
52RO T AV (ADUI,2015) , AN, K TIR-NBS HERIAE IS 53 BT W1, TIR-NBS
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Table 2 Protein physical and chemical properties of TIR-NBS in Nicotiana attenuata
D amino acid weight isoelectric point Instability Aliphatic hydropathicity
(aa) (Da) (pD) index index (GRAVY)
0IT40722 1164 132 616.63 6.30 45.34 98.59 -0.190
01T39360 405 46 733.23 6.71 40.23 92.17 -0.445
OIT37819 985 111 440.67 8.70 47.15 96.35 -0.205
0IT35975 721 82 972.87 8.53 43.08 95.94 -0.273
0IT35745 519 59 284.23 8.30 33.98 94.61 -0.308
0IT35602 967 110 665.57 6.24 42.22 100.07 -0.191
0IT35319 1159 130 160.26 8.79 39.02 102.51 -0.124
0IT35320 843 96 202.72 8.84 42.33 100.58 -0.184
01734932 1508 172 528.71 8.53 41.79 97.02 -0.115
0OIT30895 1306 150 144.62 6.04 43.60 99.78 -0.144
0OIT30739 1427 160 867.22 8.29 47.07 104.23 -0.127
0IT30741 1360 154 530.93 6.70 40.43 101.77 -0.214
OIT30588 1239 139 896.76 6.59 43.37 95.36 -0.264
01IT29100 1174 133 684.27 8.12 47.29 94.17 -0.240
01729097 1230 140 457.34 6.02 49.74 95.55 -0.208
0IT29099 1227 140 396.59 8.47 44.32 99.21 -0.207
01729096 612 69 709.89 6.36 40.71 92.04 -0.379
0IT28454 1172 133 098.54 6.00 43.27 92.73 -0.187
0IT28456 1186 134 835.18 6.60 50.18 96.88 -0.245
0IT27720 1070 122 707.11 5.78 45.65 92.73 -0.327
0IT26264 724 82 785.95 5.80 44.29 94.93 -0.245
01T22858 1133 129 688.00 7.64 47.71 97.29 -0.184
OIT08655 537 61 305.41 6.36 50.18 95.40 -0.240
0I1T08444 1292 147 623.45 6.44 47.14 94.29 -0.177
01702262 1 446 165 295.46 6.10 43.85 99.02 -0.216
0OIT00998 1 096 125 184.82 5.94 44.76 97.33 -0.233
01597981 1399 161 296.18 7.62 47.28 97.09 -0.332
01597980 1 403 160 681.97 8.68 46.19 99.12 -0.216
01597230 1053 121 469.36 6.40 46.61 91.92 -0.307
01596639 1236 141 801.16 6.14 47.17 95.64 -0.253
£ 3 MAE TIR-NBS ERZEBEHRE
Table 3  Nucleotide substitution rate of TIR-NBS gene in Nicotiana attenuata
55 27 [ R P 3 ]\?E IE]X’E’H%$ HX%%@K ‘ i‘ii’élﬂ—‘xﬁﬁtﬁ
Paralogous gene pair locus on-synonymous Synonymous substitution Sek'&(tt pressure
substitution rate ( Ka) rate ( Ks) ratio ( Ka/Ks)
01597981 01597980 0.169 6 0.303 0 0.559 6
0IT30739 0IT30741 0.451 3 2.193 3 0.205 8
01729097 01596639 0.228 5 0912 5 0.250 4
OIT37819 0IT35602 0.213 5 0.346 4 0.616 4
0IT22858 0OIT08655 0.241 1 0.609 4 0.395 6
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