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Abstract

To investigate the molecular mechanism of Bupleurum chinense responding to high-temperature
stress under the background of global warming, the varity “Zheng chaihu 3” was as the experimental
material for high-temperature stress and control treatments in this study. Based on transcriptome
sequencing data, we screened high-temperature responsive NAC transcription factors, and analyzed
their physicochemical properties, conserved motifs, phylogenetic relationships and expression pat-
terns by using bioinformatics methods. The results showed that 22 differentially expressed NAC
transcription factor family members in Bupleurum chinense were identified, of which 11 genes were
up-regulated and 11 were down-regulated. Physicochemical property analysis indicated that the rel-
ative molecular weight of the 22 NAC proteins ranged from 8681.83 Da to 60469.14 Da, with an av-
erage isoelectric point of 6.67, and all 22 NAC family proteins were hydrophobic proteins. Secondary
structure analysis revealed that random coil and a-helix accounted for a relatively large proportion,
among which the average proportion of random coil was 69.90% and that of a-helix was 13.18%.
Conserved motif analysis showed that Motif 2 had the highest frequency (presentin 18 transcription
factors), and Motif 6 had the longest amino acid sequence (49 amino acids). The 22 NAC transcription
factors could be divided into five categories according to motif combinations. Phylogenetic analysis
indicated that there was a conserved evolutionary relationship between Bupleurum chinense NAC
proteins and Arabidopsis thaliana NAC proteins. This study systematically identified high-tempera-
ture responsive NAC transcription factors in Bupleurum chinense based on transcriptome data,
providing potential clues for the identification of candidate heat-tolerance genes and breeding of
new heat-tolerant Bupleurum chinense varieties.
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M2 AR S AT TR 43 AIEL 6 BREEEALITT, ST RIBONREGE T 5 T—80°C UK FiARA7 % H
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3.1. iR NAC & REFriFE

MEEBARE S A SC R Rt T 22 AN R R B NAC #5355 R 7. HIERKETE 633 3] 2156 bp
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Table 1. Characteristics of NAC transcription factor genes in B. chinense

5% 1. 5548 NAC &R EFEERIFEHE

S£[4 1D HRKE RHIEMAH
Gene ID Gene length/bp Number of amino acids
TRINITY_DN22287 c0_g2 1132 321
TRINITY_DN23361 ¢0_gl 1965 277
TRINITY_DN24802_c0_gl 1097 215
TRINITY_DN25283 ¢l gl 1070 194
TRINITY DN25412 c0 gl 1270 137
TRINITY DN25690 c0 gl 1727 542
TRINITY_DN26222 cl_g2 887 219
TRINITY_DN26418_c0_g2 1467 384
TRINITY_DN26418_c0_g3 1419 336
TRINITY DN26517 c0 gl 2156 487
TRINITY DN26517 c0 g2 1057 290
TRINITY DN26766 c0 gl 633 79
TRINITY DN27064 c0 gl 1295 271
TRINITY DN27633 c0 gl 1590 394
TRINITY DN27809 c0 g2 1500 349
TRINITY DN29787 c2 g3 655 177
TRINITY DN30115 cl gl 1066 348
TRINITY DN30176 ¢2 g3 1673 353
TRINITY DN30463 ¢2 g3 1026 267
TRINITY_DN30688_c0_gl 748 74
TRINITY_DN31753 ¢2 gl 982 326
TRINITY_DN33460 c2 gl 782 234

3.2. 5&# NAC EEEBEUMRE ZRE T

ALV b 45 SRR, 22 A NAC K EE AP M X 20 7 &8 32403.82 Da,  HH 40 )i & 5
K72 TRINITY_DN30688_c0_gl #ifdi)d A, 7rF A 8681.83 Da, s 1 )it & /M2 TRIN-
ITY DN25690 c0 gl Zmtdii A, HTHEN 60469.14 Da; 58 SN FHRMEN 6.67, f/MERRZ
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TRINITY DN26517 c0 gl 4ififIE A, HEHE AN 4.55, HmAME N TRINITY DN25412 0 gl 4ifidiE
129 9.99 (3% 2). 22 > NAC FKIEE I HIF 5K EE /N T 0, FA TRINITY_DN30115_cl_gl (—0.921)
HiR/ME, 22 A NAC FIGEE AN E T BKEEE A .

TREERTRIN S R OR, 22 AN NAC B AR EAT o IBHE. B HE A LA EE A TC R 3 o DY b A
(#2)s Horb, o BEHERNTO R A dh 72 8 LS5 R R AT SR LA, e AN T 13.18% A1 69.90%, AEAH
BEA B L A T35 5 EE I 4 )2 14.06%F0 2.86%, 1M HLAEIX 22 A~ NAC KREE S H, M EAM
TR i 5 LS e RO . A, 8 AN NAC S A o MR F kI T aE A EE i Lu i, 5340 14 A~
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Table 2. Physicochemical properties and secondary structure of B. chinense NAC family proteins

2. S NAC RIREBBUMRE R

B A X7 FE PLE I ER KA o BRiE  EMREE  BITE MG

Geneid moll;:l?;irvrilass PI value Average hydrophobicity o-helix/% Eﬁﬁﬁ?&d [-sheet/% liiﬁﬁf;?
TRINITY_DN22287 c0_g2  36976.31 6.8 —0.851 9.03% 11.53% 2.49%  76.95%
TRINITY_DN23361 c0_gl  31245.29 5 —0.757 4.69% 10.83% 1.81%  82.67%
TRINITY DN24802 c0 gl 24597.33 9.76 —0.401 1488% 17.21% 4.65%  63.26%
TRINITY DN25283 cl gl 22842.02 9.3 —0.581 19.59% 18.04% 3.61%  58.76%
TRINITY DN25412 c0 gl 15067.86 9.99 —0.731 8.03% 17.52% 5.11%  69.34%
TRINITY_DN25690 c0_gl  60469.14 5.1 —0.599 14.02% 11.07% 1.66%  73.25%
TRINITY_DN26222 cl_g2  24972.45 4.75 —0.8 21.92% 17.35% 3.65%  57.08%
TRINITY_DN26418 c0_g2  43975.77 7.01 —0.442 9.64% 11.72% 1.82%  76.82%
TRINITY DN26418 c0 g3 37828.55 5.62 —0.532 10.12% 10.71%  2.08%  77.08%
TRINITY DN26517 c0_gl 54189.23 4.55 —0.444 1437%  6.57% 1.44%  77.62%
TRINITY DN26517 c0 g2 32684.5 53 —0.708 11.38% 12.41% 2.07%  74.14%
TRINITY_DN26766_c0_gl 9395.85 5.1 —0.075 20.25% 13.92%  5.06%  60.76%
TRINITY_DN27064 c0_gl  30695.67 9.72 —0.799 9.96% 12.92% 221%  7491%
TRINITY_DN27633 c0_gl  44112.47 5.04 —0.638 17.51% 10.15% 2.54%  69.80%
TRINITY DN27809 c0 g2 38852.37 5.08 —0.568 1691% 10.89% 2.58%  69.63%
TRINITY DN29787 c2 g3 20250.33 9.78 —0.572 12.99% 20.90% 5.65%  60.45%
TRINITY DN30115 cl gl 40443.85 5.55 —0.921 18.68% 11.49% 1.15%  68.68%
TRINITY_DN30176_c2 g3  39997.56 5.96 —0.629 7.93% 11.61% 2.55%  77.90%
TRINITY_DN30463 c2 g3  31527.59 6.6 —0.871 7.87% 14.61% 2.25%  75.28%
TRINITY_DN30688_c0_gl 8681.83 6.75 —0.314 14.86% 25.68% 2.70%  56.76%
TRINITY DN31753 c2 gl 37464.78 4.82 —0.813 10.74% 11.66% 3.37%  74.23%
TRINITY DN33460 c2 gl 26613.35 9.21 —0.62 14.53% 20.51% 2.56%  62.39%

3.3. L REF NAC RTFEFSH
SEBAH A NAC g5 Mk Fill 5 SRR BH, 7ESEHH R0 22 M F A, Motif2 HILEI SR fe s, 18
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AN AL S Motif 2, Motif 6 P FIK R, B8 1 49 MaEERR, XERFEF 1 B (E 5k
BUE, BWHSHEEMEREIE 1, % 3). @K 1 iPELEH] NAC #7584k Eoy NTds: 5K
11 MNEERER A4 Motif 1. Motif 2. Motif 3. Motif 4. Motif 5, [AHf 4 2 M3 [K(RINITY _DN27633 c0 gl
[ B A& 2 /> 3 A (TRINITY _DN26418 c0 g2 . TRIN-
ITY_DN26418_c0_g3)&% A Motif 7; S _FH 5 MEFGEH Motif 3. Motif 4, [FIEA 1 ASHEHE(TRIN-
ITY_DN25283_cl_gl)& Motif 1. Motif2, [ 45 1 MEEPI(TRINITY_DN26222_cl_g2) % Motif 2. Motif
5, [FIBFA 1 ANFERE(TRINITY_DN27064 c0_gl) 7% Motif 2. Motif 5+ Motif 8; 5 =24 2 MEF A Motif
1. Motif 2. Motif 5, [FIA 1 ANEE(TRINITY DN30115 cl gl)&F Motif 4; BIUKA 3 MERESH
Motif 2. Motif5. Motif8, [FIKf 4 1 MFEFE(TRINITY DN26517 c0_gl)y& A Motif6, [FIRA 1 ANIERH A
A Motif 3(TRINITY_DN27809_c0_g2); 25 .3A 1 ANEK NS4 Motif 3. Motif 8 fEHIL 1 4~(TRIN-

TRINITY DN31753 ¢2 gl) % # Motif 6 ,

ITY DN24802 c0 gl).

Table 3. Amino acid composition of conserved Motifs in B. chinense NAC transcription factors

3. SRHANAC ¥ RETRTEF SEBRER

2950 HILM T A E i K
Motif Amino acid sequence E value Length
Motif'1 GEKEWYFFSPRDRKYPNGSRTNRATAAGYWKATGKDKAIYS 1.1e—348 41
Motif 2 NKKLVGMKKTLVFYKGRAPKGZKTBWVMHEYRLE 2.4e-323 34
Motif 3 LPPGFRFHPTDEELILHYLKRKILGKPFSASIIPE 3.5e—262 35
Motif 4 VDLYKIEPWDLPGKA 3.1e—077 15
Motif 5 AQDEWVLCRVFKKSEGGQK 1.1e—063 19
Motif 6 YGAPFKEEDWADDECVGFSGFFDQENIVKEADNSCIDNNKAKNLPQGQV 3.4e-012 49
Motif 7 TTRRRLQKFMGGMFSFSVIGIVCAILWVLIGISVKLLGKYT 1.8e-010 41
Motif 8 GYWKATGKDKYI 1.8e—006 12
= Motif 3
TRINITY_DN22287_c0_g2-"waan -&———— = Motif 4
TRINITY_DN23361_c0_gtos  @—— &% Motif 1
TRINITY_DN24802_c0_gt—"%—+ —— Motif 2
TRINITY_DN25283_¢c1_gt—smamm — == Motif 5
TRINITY_DN25412_c0_gt— —&— Motif 8
TRINITY_DN25690_c0_gt+=wa-ms- & Motif 7
TRINITY_DN26222_c¢1_g2—""8— —8— 8 Motif 6

TRINITY_DN26418_c0_g2—"we—mw  -8—

TRINITY_DN26418_c0_g3—"w&amm  —&—
TRINITY_DN26517_c0_gt- -S-mmm-
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Figure 1. The motif of NAC transcription factor in B. chinense
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34. ARG DGR

NTHRFEEH NAC HAMHEX R, KH MEGA7.0.26 844, KLeH NAC KEE A 138 MU TF
NAC FKEEAWX G RERGR . HE 2 °fA, NAC HEFEZKEAE AR EMRTE, Hf TRIN-
ITY_DN26517_c0_g2 AL+ AT1G54330.1 (5EZ K R E0L, TRINITY_DN30176_c2_g3 5 AT5G46590.1
fRISES 5 R IHE, TRINITY DN27809 c0 g2 F1 AT5G04400.1 134 % 25, TRINITY DN26517 c0 gl
Al ATI1G19040.1 M3 2555 R %L, TRINITY DN25412 c0 gl 5 AT3G01600.1 )35 % % R &L,
TRINITY DN27633 c0 g3 il AT2G46770.1 fil AT1G32770.1 {5545 &5, TRINITY DN27064 c0 gl
Al AT5G14000.1 [ISEZ0E 256, TRINITY DN29787 ¢2 g3 5 AT3G15500.1 1 AT1G52890.1 HISEZ%
AL, TRINITY DN30115 cl gl A1 AT1G56010.1 [I35E %% /%L, TRINITY _DN33460 c2 gl Al
AT1G28470.1 [3E% 5 28T, TRINITY DN31753 ¢2 gl 5 AT3G18400.1 HISE% 55 A2 %L, TRIN-
ITY DN23361 c0 gl Fl AT3G56560.1 HI3E&K REGT, TRINITY DN22287 c0 g2 5 AT1G33280.1 f2E
% % R %L, TRINITY DN30463 c2 g3 M1 ATIGI2260.1 5 AT1G62700.1 3 % 5% & % iL,
TRINITY DN25283 cl gl A1 AT3G44350.1 5 AT3G44350.2 (154 R 5L, TRINITY DN26766 c0 gl
A AT1G32870.1 5 AT1G32870.2 [H5E 46 R BGE .
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Figure 2. Evolutionary tree of B. chinense NAC transcription factor and Arabidopsis NAC transcrip-
tion factor
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3.5. X NAC HERAFHREER 4

FET L AR, JLimiE 22 N EFRIEN NAC BT, £ 7575 miRmE T~ RS
(1 3). iR SR, EmiPEfE, 11 NEEERE B, 10T, Hdg 8 MR Z Rt RakoK-F
BUR, logFC 48Xl >3, fE FIARIAERF , 4 MEF RIS FIEA540R K, TRINITY_DN23361_c0_gl
T 4.06 £%, TRINITY_DN25690 c0 gl Ei§ T 8.16 fff, TRINITY_DN26418 c0 g2 i1 4.13 {5,
TRINITY_DN26517_c0_g2 Eifi 7 4.36 f%: 7E NIHZREIEEH, TRINITY_DN24802_c0_gl T ifif&#uR K
9 3.13 f%. A, TRINITY DN29787 c2 g3 Al TRINITY DN31753 c2 gl iX PN #E sk P 13 R A2 ) [
S AN R e 2 P R IR B AR
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Figure 3. Expression analysis of NAC gene family in Bupleurum chinense under high-temperature stress
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