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Abstract: [Objective] This study aims to investigate the regulation of OfNAC genes on flower opening of
Osmanthus fragrans. [Method] From the transcriptome data of O. fragrans ‘Yanhonggui’, the related OfNAC
genes were screened and analyzed to predict the physicochemical properties and structure. Real-time
fluorescence quantitative PCR was used to analyze the expression characteristics of the flower opening process.
[Result] 22 OfNAC sequences were screened from transcriptome. Bioinformatics analysis showed that all of
the 22 OfNAC transcription factors contained NAM domains, and the amino acid sequence contained 5

conserved subdomains (A—E). The sequence of conservatism ranging from strong to weak was C, A, D, B, and
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E. The proportion of different structures in the secondary structure from large to small was random coils, a-
helices, extended strands, and B-sheets. Subcellular localization and transmembrane structure prediction showed
that OfNAC17, OfNAC17-X2, OfNAC53, OfNAC91, OfNTM1-9 were membrane-bound transcription factors, and
most OfNACs were located in the nucleus. During the O. fragrans flowering process, the relative expression
levels of OfNAC100-2, OfNAC43 and OfNACT73 reached the peak at the boll stem stage (S;), and then
decreased. The relative expression of OfNAC43 was the highest at the boll stem stage (S,). The relative
expression of OfNAC71, OfNAC29-1, and OfNAC21/22 increased slowly from the initial stage (S;), reached the
highest at the apical shell stage, and then decreased as a whole. The relative expression of OfNAC29-2 increased
sharply at the bead stage (S,) and reached the lowest at the boll stem stage (S4). [Conclusion] It is speculated
that OfNAC100-2, OfNACA43, OfNAC73, OfNACT71, OfNAC29-1, OfNAC21/22, OfNAC29-2 may be involved in
the regulation of O. fragrans flower opening. [Ch, 6 fig. 3 tab. 33 ref.]
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TMHMM/) #E4743871 . FTEL 0 HT 4k 4 Wolfp sort Genscript(https://www.genscript.com/wolf-psort.html?src=
leftbar) 47 IV 20 Jifd 2 43 T

123 #H30 ONAC %% B F 2%t M PlantTFDB(http://planttfdb.cbi.pku.edu.cn/blast.php) H1 5k
BHURGIT . KRG Oryza sativa 1) NAC J741), {8 MEGA 6.0 B4 RS L EW, KL E (neighbor-
joining), 1000 ¥X Bootstrap it .

124 #3 ONAC 3 F B F %k 54 RNA #HCR [ UltraClean Polysaccharide and Phenol Plant RNA
Purification Kit il & (HARZI A, FEXHA), TRkS B, AR P IMPLEN 2 #],
TR X RNA B 400 5k BESEA TR, O FH B8 404K 1% (0 B Bobi 58 A i Dk AGr D RNA (R 58 8V . R4
18 B F5 {51 PrlmeScrlptTMRT Master Mix Perfect Real Time(TaKaRa, H[E %) 857 & XL AL AS [A) 46 T ik
A A9 cDNA #E47 4 1. #)H Primer Premier 5.0 Xf 22 4~ OfNAC K #H47 € mRp 51 Wi it , HAk
OfACTVE R NS ELH P S p Nk 1 iR . POE B RVAAFRIT : SYBR Premix Ex Tag 10 pL,
¢cDNA 2 uL, F¥E5IH RS9 (10 pmol- L") 4% 8 pL, MZE/K (ddH,0) & 2 20 puL, HFFES R E
3WAEYFEE . NERF R 95 °C WA 30s, 95 °C AEYE Ss, 60 °C &1k 30s, 340 MEH; KRG
PL95 C 542 5s, 60 C ¥4 1 min, 95 °C F£F4E 15 s fE MM ML MR T . MEF B EH Light Cycler
480 i A iR, Sa AR -AACHE TR H Y A Y ARG 2Rk 5t

F 1 T OINACEHZXEF RT-PCR #2454

Table 1  Specific primers for RT-PCR of OfNAC in O. fragrans

LN AR TS E RS IS5 —3) BN LR MTFYSEE G 1 FE1(5'—3)

OfNAC100-1 F: TGAACAAGATTGAGCCTTGGG OfNAC104 F: TGCATTTTACATTGGTGAAGATGTC

R: CCTTTCCTGTGGCTTTCCAG R: GCTCGTACACTTGACACACCA
OfNACS3 F: AGATTGTGGGGATGAAGAAAA OfNAC92 F: TCCTAGTCGGAATGAAGAAAACTC

R: CAACTCCATATCAGTAAGCCG R: ATGGCTTTCTAATCTGTATTCGTGC
OfNTM1-9 F: GGTTGCTCTAATGCCCACTTC OfNACT2-1 F: GGAAAAGCCCCCAAAGGAAC

R: CTGGTTCCGTAGCACGATACT R: CCCAATCATCCAACCTTGAGC
OfNACT3 F: AGGCAAGGATGGCCAAATTC OfNACT72-2 F: ACGTAGGAAAAGCACCAAAAGG

R: TTGTGCCATCTTGTTTCTCC R: AGCATCCAACCTTGCGCTTC
OfNACA43 F: AGGCTACTGGTCGTGATAAAG OfNAC29-1 F: TTACAAGGGAAGGCCTCCAAAG

R: GGGGTCATGAGTGTCGTCC R: TTGAGCCATTTTGCGTGTTAGG
OfNACI91 F: TCTACAAAGGTCGTGCTCCG OfNAC29-2 F: CCCAAAGGGCGTCAAAACTG

R: CCCTGACCAGGATAAGTGCC R: GCACACAATCATCCAACCTCA
OfNAC50-X2 F: TGGCAAAGGGTATTGGAAAGC OfNACT1 F: CTATCGTGGAAGAGCACCACT

R: TCGCCCACTATGGAAAACAAG R: TCCCTGAAATCTTGGGGTGTC
OfNACS0 F: AAGCAACTGGAAAGGATCGC OfNAC2 F: TTGGGAATAAAGAAGGCTCTGGTG

R: AATTCTGCATCGCAAAGCCTG R: ACACAACACCCAATCATCAAGCCTC
OfNAC21/22 F: GAAGGGAAGCCTGGTTGGAAT OfNAC100-2 F: TCAGAGGAAAAATCCTCGTCGG

R: CCCAATCCTCCTTGACAGATG R: TTTGGGAGGTTGTGGATCGAG
OfNACS6 F: TCTATGGTGGAAAGCCTCCT OfNAC32 F: AAGCCTTGGTTTTCTATGCCG

R: CATCAAGCCTTAAAGAGCCC R: AAGCTGTTGTTCTTGTTTCGA
OfNAC17-X2 F: TCCTGTTGGGGTGAAGAAGA OfACT F: CCCAAGGCAAACAGAGAAAAAAT

R: ATAGTCATCCTGTGCATCCTGC R: ACCCCATCACCAGAATCAAGAA
OfNAC17 F: TGGTCTTCCATAAAGGTCGTGC

R: TTGTACAGAGCATAGCAATCCCGTG

2 HERA

2.1 F?E OINAC B R B FEERBUHER S
WXL HRMTAE R SRAUEE ST, JF45 A NCBI-Blast fifiik, XFH 22 AMHAE OfNAC S
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Figure I NAM conserved functional domain about NAC
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Table 2 Physicochemical properties and secondary structure analysis of OfNAC of O. fragrans
R iveiva
FPAIAHR ERERR A AN SR BRMEEER MR ARERE IRATERRE BOPEBOKE —————
g HE%

OfNAC100-1 345 38986.11  8.69 40 36 40.06 61.01 -0.574 4 6154
OfNAC53 558 62807.47  4.60 51 88 38.87 69.37 -0.564  WFIM 4242
OfNTMI-9 606 68053.70  5.63 71 86 51.49 62.43 -0.725  #iEE 7692
OfNAC73 300 3376895  8.79 39 34 38.21 69.47 -0.754 4 76.92
OfNAC43 399 45513.66  5.77 43 55 46.31 63.26 0752 4iMIE% 69.23
OfNAC91 609 6774152 498 63 86 52.83 71.07 -0.593  4ifEE 76.92
OfNAC50-X2 389 4376529 529 46 58 47.83 69.43 -0.629 Mk 5833
OfNAC50 399 4495252 535 46 61 50.45 67.69 -0.652 W&k 46.15
OfNAC21/22 296 33613.15  6.54 33 34 51.26 66.52 -0.570  difER 7143
OfNAC56 322 3594651  8.62 37 34 39.48 64.81 -0.725  4MIE 9230
OfNAC17-X2 573 6482871  4.87 63 91 40.60 77.70 -0.530  4iif%  53.85
OfNAC17 606 68408.12  4.85 60 97 46.79 74.62 -0.571 ek 30.77
OfNAC104 186 2149877 459 19 31 46.96 68.60 -0.695  4IMiE%  s4.61
OfNAC92 325 36813.71  6.47 40 'y} 29.27 71.35 -0.579 AR 38.46
OfNAC72-1 339 38289.93  8.64 40 37 40.14 64.96 —0.671 Mg s4.61
OfNAC72-2 342 3884846  8.64 42 39 40.04 61.64 -0.762  4IMIEZ 100
OfNAC29-1 280 3253856 7.71 36 35 42.96 61.96 -0.816 AR 5250
OfNAC29-2 275 3133036  9.33 35 26 33.81 61.35 —0.741 HMpE 100
OfNAC71 303 34 864.61  5.42 33 43 51.89 53.37 -0.795  4MiE% 8571
OfNAC2 296 3424955  6.09 35 38 50.01 66.22 -0.735 4% 69.23
OfNAC100-2 334 37778.80  6.51 38 40 43.10 67.96 -0.540 AR 8571
OfNAC32 263 30253.45  8.45 38 35 4391 69.32 -0.635 UMK 61.54

Y] ARUE R TAONATREFI, /NT408FE TS
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Consensus o

OfNAC100-1 ITEGNEVE. . . . ISGLYRMNSVENREFSPSTLEPLMESSTYNCTMNEDESE . .o ovvvennnn. SSRVHCESNESQEELLHSESN 233
OfNACS53 3GSGEEMGE. . . XKYGAPFIEEEWELLELELVPRQEAREEVEFGLDFYI CGRILEGTLGNETLSCNT PLELNTYSADNASNEEET 245
OfNTM1-9 FDERFD. «vvnnwn SSRFLEVEFSRSSESINKSSFDETSHOLEGERSVID. .. ... .. MPICRESGCERGWLTYESENMTSNIL 245
OfNAC73 KI GE YQUQERG, «wo v aeviais CAGSSIIKCHKSSREDSHIFEVENKLEVEYYNTST . 0veunenenntronseronanssnannnnos ez 260
OfNAC43 WYVERVERR (NYHKALESNSCTSIYSRSSVEVGNSNNDGVLDGIIMEMRGSCEREHELM . v v vv v e en s INNSNINYNCEECCEMGEINH 245
OfNACI1 E IXGEENT. . .ESSNVNEEVEEIISSPILTIAKEFPAEDEGSESITEAVS. .o vvus s SLVEMQPSSAESSETLNSEXETNETP 233
OfNACS50-X2 3GLGEPNGED...RY.APFVEEEWDLCMALVVEGSEAECCVENGLEARFEG. v vu v Wt NDLCQLCTIREHSME. .LVGN. ..o vu s 239
OfNACS50 3GLGEPNGE. . .RY.APFVEEEWCDCAALVVEGVEAECIMENGEEAGVEC. o v ou et NHLNQDAHELSMVEPLVENQIE.... 244
OfNAC21/22 L] VERKEETGSNEENEIF..IS555........ LBB. . iennrnnenns IMRECVTFNGNQATTCEYNRE 209
OfNAC56 BT e s EQREVEQERCEMMPIFFSIPMELEGASNYCTLIE v eurauranss NEGHEY e innnns samIn 223
OfNAC17-X2 { SEFGEENGE. . . HHCAPFREEEWCEDCRLLVNGLIGOENSARKDYETVSFIN. s v v vneana s AIRCLEEFLMRODD....... 229
OfNAC17 | SGFGEENGE . . . QYGAFFREEEWLGCELCVNGLICSEHSARGVNETVSICNTIR . . . VNEQRGSFLLCLEEFENRCODCERVRETY 245
OfNAC104 1B s e eemannnnnnnnnas 1 of g 161
OfNAC92 SLGGHKVH. . . . ILGLIKSRNSGENSESTDLEPLMELSSOONQTGYSVAE v o v nnrnnn- CSKVECESN. .QLECEREGNN 229
OfNAC72-1 8 155IGQHE. .. . SE5.CAQSHENSHGS. . . TSSTSHQYDOVLESLEEIEN. .o vnvvnnnnns RESSLE..... RIFRGECGEL 224
OfNAC72-2 15.GGGKE. . . . TCSEMLGSKEYSHES. . . YDEVLESLEDIDE. .o vovravenss REFSLERMNSLRTEGQEDGEA 225
OfNAC29-1 = PO O LGEAAEGEVEN. .FIAGNVIL..... NNABSEGE. .o vovranenss EEEER.............KFP 198
OfNAC29-2 3 PR LGRATAGTIEN. .PVEGARTT..... AMDAT : T vt b s BEREE v iinr abinas zFE 196
OfNAC71 IGHSER. . s o s TCAHGCATHRLAGNCSSSSCSVSHEPVVSFSNMERGT . oo vu st NOMYNESNHTIHFTSQYBVEETEGYH 223
OfNAC2 1 TLEXHYN. . ..VLCQEAVEFSCIEEGKFNILS . .SQYNIVEH....LAGRVGPEGE 205
OfNAC100-2 . . .NLFKLFI NEWV] 55 RRCPEN.ELAFSILFPLMOLSS...... FEVSE . . SSHVHCFSNEMFVVSGHENGED 217
OfNAC32 VENKNNSLRI I BG  ea a SIEKQR..... VNSREVMASE .EDEKEVIMT .« v cvvvurnnns Bl R SRR 187
Consensus

B XIFERITH] —8, a0 XKERSr RS, S oeXERS R, A, B, C. D, E FEAFHET SN
OfNAC F5# I+ N UsfRSFIX 5 ANRSF IS5 Rk

A 2 OfNAC # % B -F &KL 53 ek

Figure 2 Sequence alignment of OfNAC transcription factor
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Figure 3 Evolution analysis of 22 OfNAC transcription factors and analysis of conserved motif
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Table 3 Secondary structure analysis of OfNAC of O. fragrans

ZREH AL TR R
¥4 Fi J¥ 3 44 ik
o-20E/%  B-UE/%  FEM/%  TCHIE: /% o-125iE/% B-UEIE/%  FE/%  TCHUNE: /%

OfNAC100-1 15.07 3.19 1478 66.96 OfNAC17 24.59 2.81 12.71 59.90
OfNAC53 21.33 3.76 14.52 60.39 OfNAC104 18.82 3.76 15.59 61.83
OfNTM1-9 23.27 3.14 9.74 63.86 OfNAC92 14.15 3.69 15.69 66.46
OfNAC73 13.00 3.67 20.00 63.33 OfNAC72-1 17.99 3.54 16.22 62.24
OfNAC43 21.55 426 14.29 59.90 OfNAC72-2 16.96 3.51 16.08 63.45
OfNAC91 20.36 2.63 10.51 66.50 OfNAC29-1 3.21 3.57 17.86 55.36
OfNAC50-X2  31.11 591 12.34 50.64 OfNAC29-2 15.64 436 16.73 63.27
OfNAC50 27.82 5.01 10.53 56.64 OfNAC71 16.17 4.95 14.52 64.36
OfNAC21/22 17.23 3.04 15.20 64.53 OfNAC2 21.62 4.05 11.82 62.50
OfNAC56 16.15 3.11 15.84 64.91 OfNAC100-2 16.47 3.59 14.07 65.87
OfNAC17-X2 2583 2.97 12.91 58.29 OfNAC32 17.11 2.66 12.93 67.30
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Figure 4 Transmembrane structure prediction related to OfNAC protein
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Figure 5 Phylogenetic tree of OfNAC, A. thaliana and O. sativa
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Figure 6 Expression results of 22 OfNAC genes in different flower opening periods
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