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Abstract: [Objective] The aim of this study is to explore the expression patterns of OfABF gene family
members in different tissues and flower opening process of Osmanthus fragrans ‘Yanhonggui’, and screen the
key members involved in regulating flower opening. [Method] The related OfABFs gene sequence was
screened from the O. fragrans genome database for the full-length sequence and bioinformatics analysis. The

spatio-temporal expression mode of OfABFs gene in different tissues and flower opening process of O. fragrans
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“Yanhonggui’ were analyzed by fluorescence quantitative PCR. [Result] 5 OfABFs sequences were screened.
Bioinformatics analysis showed that O. fragrans OfABFs gene family protein was hydrophilic and unstable, and
had no signal peptide. It was predicted that the protein secondary and tertiary structure had similar
characteristics and irregular curl, and a-spiral was the main component of its structure. The 5 OfABFs
transcription factors all contained the conserved domain of bZIP transcription factor family. Subcellular
localization prediction showed that 5 OfABFs coding proteins were located in the nucleus. The results of
fluorescence quantitative PCR showed that the expressions of OfABF1, OfABF2, OfABF3, OfABF4 and OfABF6
were tissue-specific, among which OfABF1, OfABF4 and OfABF6 were highly expressed in flowers. Of4BF1
was transcriptionally activated in the apical shell stage, and its expression increased significantly. Although the
expression level decreased after boll stem stage, it still maintained a high level. The expression of Of4ABF2
peaked in the apical shell stage, and the relative expression level was significantly higher than that in other
stages. The relative expression levels of OfABF3, OfABF4 and OfABF6 were the highest in flower senescence
stage. [Conclusion] Of4ABF1 and OfABF2 may be related to the blooming process of O. fragrans, while
OfABF3, OfABF4 and OfABF6 are more likely to participate in the regulation of O. fragrans flower senescence.
[Ch, 10 fig. 4 tab. 32 ref.]
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bZIP ¥t R R R P ik . mefRsF DR SN BN R IGZ —, 2S5 2R AEY
it #2U, ABF (ABRE binding factor) % ¢ A 1 J& T bZIP 3L R Z i) A WiED, %5 fAaE Ty,
ABFs /& ABA g 5/ P2 W G FE R, BE 98 4% 1R 73] ABA 1 [ JC 14 (ABA-responsive element,
AREB), Jfii it 5 AREB%E & 2 5 T i . ABA {5 5 #0835 K 49 98 #2¥.  H Z= Rosa chinensis '
RhABF2 JEH 0% 5 54 ABRE JUF 1Y RhFerl Ja 8 F454G, LRI EF- 2 SRR = 2l b,
W% Nymphaea colorata bZIP % A ALK 11 A 51 WA a1 X3 K ABA I o, 78 ABA {55
B Sh A FEAEMY; 3578 Chrysanthemum xmorifolium ¥4 8 11 BBX19 Fl ABF3 H.AE, #itikS:
ABA i N H PR 3% 38 ok o8 35 45 A6 B9 IS SR k. REAE Osmanthus fragrans J& T K FEFl Oleaceae A i J&
Osmanthus T 52K, BT EESE T RAMZ — WE . BEZZmELATF RN EZEE. BT #H
ABFs ¥ g N FAEREAE P VE T, AW DIRKEE A HEMTAE O. fragrans ‘Yanhonggui” SMAFEL, TEAE
A6 FE R 41 rh i 28 H AH DG OFABFs JE K741, i i SE A 2 i it PCR(RT-qPCR) 73 HT OfABFs JE[HI7E ‘3
WTAE" ANRIZHZURAETE O AR A i s Rk i, RIEZ2 W] ABFs &K 50545 il 01 i 2E W2 D g 4 fit
IR K

1 MBS &*

1.1

DLHTEAMOR A AR S IR AR AL A B HEUTA:” 2R A phRL, SRRk AR R] . 3 — 3t fat
FEFERE, 2000 TR 1 (RIBRIIET 3.d, By), &4 2 8 (RBRBIET 2d, By, &4 3 (RIZRWIET 1 d,
By), BRI (S)), W7 (Sy), #HWI (Sy), WITFH (Sy), BITH (Ss), MITARI (Se), &M (Sy) I
10 BT HORE (6 DB, [RIAE, BUCREAEARTRIZHZURE S, E4EAR . Bt Bkl et k. BT
WrAEde, BEAEHURE SRR 3 0, WA RS 6 T—80 C VKA
12 Ak
12,1 #£76 OfABFs 4 % B F 5 Z A M F£ 0 AR TR PRI THEAERE N Bl 2™, AR o7
Arabidopsis thaliana {5 B 9% Ji (TAIR) £ 4% )& (http://www.arabidopsis.org/) #1 PlantTFDB (http://planttfdb.
cbi.pku.edu.cn/blast.php) 4 B ARSI R IF (19 ABFs 2502741, LAMAE MA x4, {#i ] NCBI-Blast
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) 75348 & K 2H 2 (80 e rh gk AT R U X, B e A Y ABFs i
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Figure I  Phenotypic of O. fragrans in different periods

¥ %1 . F|H NCBI-CDD (https://www.ncbi. nlm.nih.gov/cdd/) ¥ OfABFs #f 17 {f ~F T e s wi i . i
SMART (http://smart.embl-heidelberg.de/) 5341 OfABFs ZE [ &5 #4488,

RNA (32 ] RNA prep Pure Plant Plus Kit #2075 & [ KARAEHE dba) ARAHE ], A
PR AT A (FEER R R BHE A \]) XF RNA A4 5k BEEA T, I FH B 53 B0h 1% W BEREEBE R F
TKAG I RNA A58 # . fdi ] HiScript II Q Select RT SuperMix for qPCR(+gDNA wiper) i 7l & (7 5t 4 4k
BEE IR A ), AT ORI Y cDNA #1786 1.

iz Ff Primer 5.0 JEA7 ] PR TERES I M0 it (e 1), LAZETFRLETYI A9 4E 2 cDNA MM gt f7 PCR ¥4
PCR JZ W 1A % (20 uL): b F#E 514 (10 pmol-L™") 4% 1 pL., cDNA AR 1 uL. GreenTagMix10 pL
M1 ddH,0 7 uL. PCR 4" ¥4FEF . FiA8PE 95 °C, 3 min; 281 95 °C, 15s, BJAGREELIE A5 WAtk
R, 15s, ZEfH 72 °C, 3 min, 35 PMEFR; 72 °C #EH S min. K PCR V=T 1% BigAEe i i
WA, H R Bl aifl )5 5 pMD-18T K% #:, = WE5 b KR A Escherichia coli DHSa J&%
UMM, PCR 12555 BAPE ve B e ik MU N A A IR A FRA RN, 28 B 5 i 4

® 1 #E7 OfABFs B H&TEES|Y
Table 1  Primers for Cloning of OfABFs in O. fragrans
FEP AP SIYFHI(5'—3") P BE op SIYRRIE/C
F: ATGGGGAGTAATTTGAACTTCAAGAATCCG

OfABF1 1557 54
’ R: TTACCATGGACCTGTCTGAGTTCGTCTCA

F: ATGGGGTCATACATGAACTTCAAG
OfABF2 1353 58
’ R: CTACCAAGGTCCCGTCAGCA

F: ATGGGGAGTAATTTTAACTTCAAGAATTTTGG
OfABF3 1455 56
’ R: TTACCATGGCCCTGTCTGTGTACGTC

F: ATGTGGAGTAATTTTAACTTCAAGAATGT
OfABF4 1572 56
’ R: TCACCATGGCCCCGTTTG

F: ATGAACTTTGGGCCGGACACATCA
OfABF6 1329 45
R: CTACCAAGGTCCTGTCAGCGTCCTTCT

122 #:4t OfABFs A B 3 &8 245547 FIFH TBtools"”! IWHE:AEIE 4] GEf SCi4rf LU £ OFABFs 3t
YR E8AE B, i 7EZ T T A TBtools #4724 EIATHAL

1.2.3 #76 OfABFs # % B F 4 #5547 1| DNAMAN Xt ©fifi ki FE 4 OfABFs 4% 5% [N F 4T B IL IR 5
GULEXE, oA L ORSF G540 B 2 R PP 9 [P s 38 FE k40 M B MEME 5.1.0 53471 ABFs (19 R 57 2
J¥ (http://meme-suite.org/tools/meme), JfH TBtools %f H i 174 BRI AT WAk . XFHE 4L OFABFs — 4514 F¢
iR FHAE 2R /4 SOPMA (https:/npsaprabi.ibep.fi/cgi-bin/npsa-sopma.html) FE47 TN 4387 5 FH 76 26 ) 3
Swiss-Model (https://swissmodel.expasy.org/) ¥ % OfABFs 25 [ Y — &5 F i 7l

124 # 76 OfABFs # % B T % 9 R AW T 5 A & T 29 o & 4= ) 15 1] ExPASy & 48 81
(http://web.expasy.org/protparam/) %} OfABFs #4725 I BT . 43 F & . FRIGHL A . R M 55 FU I 43 BT 0 G
i M| SignalP 4.1 Server 73 #1H: £ OfABFs 25 [ Jofi5 5 K. V40 it 52 {3 03 1< 7E 28 T EL wolfpsort
(https:// wolfpsort.hge.jp/) 5E o

125 # 3 OfABFs# % W T 2 ot w2 M3 XA 15 B L (NCBI) (www.nebinlm.
nih.gov) " 3R B L F I . MW B Nicotiana tabacum. 7K F& Oryza sativa. K 7% Hordeum vulgare. /|7
Triticum aestivum ., &l Solanum lycopersicum ., WHHY Olea europaea W] ABFs 23[R )7 4], i ] MEGA
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11.0 AT RIS 2, HEST R G0 K B W IT-1%4% Bootstrap (1 000 1K) PEAL G I R S AL

1.2.6 #:76 OfABFs 46 % B T4 &5 547 FIH Primer Premier 5.0 % 5 1~ Of4BFs 5 H #4794 6 5E 4%
SR (5 2), BAE OACT /RIS IEHN, DL HEAT AR N [ A1 8 SO R A T s 3 A 6 25
cDNA N M it 47 RT-qPCR 734 . [ W& & 4 20 pL: cDNABEIHR 2 ul, 2xTag Pro Universal SYBR
qPCR Master Mix 10 uL, #5149 (10 pmol+L™) 45 0.4 pL, ddH,0 7.2 pL. RT-qPCR #&J¥: 95 °C 30 s;
95 °C 5s, 60 °C30s, 40 MEH; SRIELL 95 C FfLk 15s, 60 C 722 1 min, 95 °C 74EL 15 s VENIGAR
&Y. B MHENIE 3 IRESR

#F 2 HETE OfABFs #REF RT-qPCR $5 571454

Table 2 Specific primers for RT-qPCR of OfABFs in O. fragrans

SEH A TR HTIOLE KT IHIFI(5—3)

OfABF1 F: GGAAGGATGGGAGTGGTAGTG R: TTAGGCTTTCCAGCCAACTGA

OfABF2 F: TGGTGCAAAAGATGGAAGTGC R: ATTTGCTGTCCAAGAGGGCTG

OfABF3 F: GAGTATGGTGGCGGGAAGAAT R: GGTAGGCTTTCCAGCAAACTG

OfABF4 F: TCTGGAGAGAGAGGTGGAATGA R: CAAACTGGGCATCTTCCCTTAC
OfABF6 F: GAAGGGGTAGTGGAGGATCAA R: ACCACCATAAATTCCACCAGC

2 HERESN

2.1 #1E OfABFs B REFLERTE

3 3o X A AR LBl A BT, A3 B S Sk OfABFs ST S, MK fir 44 OfABF1, OfABF2,
OfABF3. OfABFA. OfABF6. 1 ‘M&uTA:" FEIFICIHAEZE (EAE) cDNA AR T PCR 374 (&1 2)
45K . OfABFs B9 IV 8 2 4HE (ORF) K J&F 4 1329~1572 bp, 4 fh 442~523 & Kk ; Hod 3 A
OfABF4 HHMR T AN A, i 523 NEIERR; N OABF6 (NREILTRIF S e, i 442 DR

M Of4BF1 M Of4BF2 M Of4BF3 M Of4BF4 M Of4BF6

2000 bp —
1 000 bp —
750 bp —
500 bp —
200 bp —
100 bp —|

B 2 47t OfABFs A K # PCR ¥ 3%
Figure 2 PCR amplification of OfABFs of O. fragrans
2.2 1T OfABFs EEREFEBEEMS
FRHE HEaT AR R4 GIf SCIFE 7 51 OfABFs 22K . 455 WK 5 M8 OfABFs 5: K 40 1 76
SH&GL R b, HAMIEEAGREE LAmMEEHES, 15, 6%, 115, 125822 SQ@afk L4450
i 1~ OfABF £ (& 3).
2.3 #E7 OfABFs R EFEHHHT
FIH SMART 7E4R 70 MK /4 X B 4 OfABFs AT RESS Mk 0 . 25 R WoR: 5 ML ABFs ¥
A BRLZ #5438 (&1 4), BRLZ 254302 bZIP ZEMG4RA M PRSI,  Hy stk DRSS 2R Pk X, e
PUNHREE 1 DNA JPH, DA RRE R KD, it DNAMAN #1F, 4 OfABFs & 3Ly 5l it 17
LEXT (B 5). 45345 : OfABF3 Fl OfABF4 [R5 1R =, OfABF1 1 OfABF6 [RIEYERAR; 51~ C uidd &
A RERE R ) PR SF 751 RXXS/T,
XIEEAE ABFs ZAEIR 7 91 AT PR <7 HE PP 20 & B (151 6): OfABFs H FIZS I &7 10 N LT
(Motif 1~Motif 10), H:H Motif 7 7£ [ OfABF4 M) 4 4~ F R 9 6 2 ], Motif 8 1£ % OFABF6 A1)
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Figure 3 Chromosome location analysis of OfABFs genes in O. Figure 4 Functional domains of OfABFs in O. fragrans
fragrans
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OfABF4 -BEN . - ELI1SIfe .GELD LEELYREAN _ . L 198
OfABF1 .csvnsrsm H KENCIfe FEG p.nc IVCGECHeNAC. . CNVEW 295
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OfABF6 JEsce. H iaclE .I¥E sc. VIIRE@®CSS. . AS 208
g 1 q
OfABF3 22sTRESRrTaNCE iz NG ARCIMETCHRSSECELIENCIALAYGACEGRNCIAMESR . IELNVEGGRRRT 276
OfABF4 RICESSCIAMCSSIMDLEY CAQCMESCOWIACOELIRNCEAFAYGAFMDRNQIOMCSANLILNVEGVEERG 278
OfABF1 RIDENSREVAMCSHIBITHNVHEURE . )= Lol 332
Of4ABF2 CLAESMIUVENICR MERNMJEVIE . . . . RO . ... 232
Of4ABF6 cL M mLssls. cMNTQEVEE . . .- SRINTOR o e =2 cpveee s sepe coepss SERe 243
1 g s q
OfABF3 CCIESQCHSH G . 1vE IEBavi2iNIR psacL Gmmc 351
OfABF4 CCIESCCRFV s ...................... 332
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Figure 5 Sequence alignment of OfABFs transcription factor in O. fragrans

4N E AP ER], HAY 8 4 Motif R EERSF, J& OFABFs #0250 Sl i 2 1 4

FEAE OFABFs 25 F1 1Y) R E5F P 0H . BEAE OfABFs 25 110 &M & A o180 . B-4TE .
fips . TR, RIS S AR EMRE O TN M . o485 . ZEMPEE . p-irs. Hr, Bﬁ
BN, TR 5% LT 5 IEAREE 5 N 10%~13%;  o-B2EFI G HL I 36 il (5 — 20 45 40 B Y 83%,
“h OfABFs 4 H R A5 1 FE M oT (55 3).

FEAE OfABFs 75 1 =R 4504347 Bon (K] 7): OfABFs M [ =453 & 32 5 09 o-S25EFIJo 0I5 il

X5 TR T AE R —3 . & TN IR 2 M E AR e ER TS o iRE . B-ITSZNEN,
OfABFs & [ H JTCHLI G il L B3 5 T 50%, WAREEE, X5 H I For B B 45 51— (3% 3).
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REF fRoEE RS

. om Motif 1 M LEKVVERRHKRMTKNRESAARSRARKQAYTMELEAEIAKLK
7- O/ABF3 1.93E-238 SESEERE-8- ' Motif 2 NYPLARQSSIYSLTFDELQNTMGGPGKDF

L 0fABF4 3.83E-282 S0 EEES ¢ gy ! Motif 3 B SNLPQRQPTLGEITLEEFLVRAGVVREDIQPAGKPNNIGIFGDLPQSSNN
’ Motif 4 B GQEGVGNLQRQGSLTLPRTLSQKTVDEVWRDVSKEYGGGKB

OfABF1 7.12E-301 44800888 88— Motif 5 N SMNMDDLLKNIWSAEENQAM
Motif 6 M LSSDGIAKSBGDTSSLSPVPYVFNGG
—— OfABF2 445E-136 #5EEG 088 =8 Motif 7 QAEYMEMQKNQILETTNMPRGGKRRCLRRTLTGPW
Motif 8 MGSNFNFKNFGBDVPADGGGG
Motif 9 B GLGFGYQOAPGNQGVMANQIPESSNQVAM

o OfABF 6 8.19E—259 —HSEBERE- . Motif 10 ¥ QQPKQQQELLPKQPVLPYGAPMGIPNSGQLASPATRG
50 7
0 100 200 300 400 500 600
VA=

B 6 #:it OfABFs & @ i1 F 2 #5%

Figure 6 Conserved motifs OfABFs proteins in O. fragrans

*3 BH OfABFs EA_REHMHHT

Table 3 Secondary structure analysis of protein OfABFs in O. fragrans

AR 0% PR iM% THWEM% | EEAK  oliEe PR iM% TR %
OfABF1 27.80 4.05 13.32 54.83 OfABF4 28.49 4.78 11.85 54.88
OfABF2 28.67 1.78 12.22 57.33 OfABF6 31.67 3.17 10.86 54.30
OfABF3 30.99 3.10 11.16 54.75
24 #7% OfABFs R ETEAEUMERI MR ﬁ % r.,, gs
0Bl 45 T y E\"' u&% {
XFHESE ABFs S0 8 FH BRAL M I 10 43 Bir &5 SR 3 . ,
Eua . ﬁ%ﬁ%@ﬁﬁﬁ%} 450~523 /I\ , *H X‘Tﬁ:}‘?‘)ﬂi% OfABF1 OfABF2  OfABF3 OfABF4 OfABF6
H 25.7~56.2 kDa, BHiBZEH1 5K 4.77~10.03, 4t B 7 #4t OfABFs & & =R LM TR

GAEETR T 9 B OfABF4, HARGH > T i Figure 7 Prediction of tertiary structure of the OfABFs protein in O.
K, K 562 kDa; i 5 A KR ¥ 6 B 0 2 fragrans

OfABF2, HARNHF TR/, H 25.6 kDa. 5/ OfABFs 3 i B I AR B 80N 46.76~54.43. 1]
FRATEE RB>40 EA AW ATREER, A 5 DMEENPMEAARE KL T 40, HHARE
SERE [, HEAE ABFs IR RN 65.29~78.07, /KM R ECN-0.659~-0.482, ¥/hF 0, Ky
SOKMTREL, (52K TAE iR . BEAE ABFs S0 28 1R A 59K, 4 WIHE/E ABFs IR 13
BN . AN O R B (5 4): 5 NS A AN, X 5 HC M s D T AR
FIIREARMI & o

R4 B OfABFs EAEBL RS

Table 4 Physicochemical properties of OfABFs proteins of O. fragrans

EHAH AR 5‘;3(%%? *ﬂjﬁy\ ity i Pﬁit%% wﬁzf‘fﬁ ﬂé% ﬂE‘?ﬁ%‘ﬁ ff7kr$$ Wffﬁﬂ@% s,
KA Fik/kDa HEEA- EBRA FBE AL SO OAGHL

OfABF1  gui0017720.1 518 55.6 9.24 49 56 46.76  78.07 —0.482 YA ¥

OfABF2  gui0167370.1 450 25.7 477 25 16 46.95  71.04 -0.536 YA ¥

OfABF3  gui0180650.1 484 51.9 9.35 43 50 5280  67.77 -0.615 A% ¥

Of4ABF4  gui0305040.1 523 56.2 5.38 60 52 50.61  68.66 -0.659 A% ¥

OfABF6  gui0100630.1 442 46.8 10.03 35 50 5443 6529 -0.593 Y% ¥

2.5 1Tk OfABFs ¥R EF % 7 5t X3 Fagt 4L o3t

Fa e R G it A i — 2D 9E OfABFs ML G R, S5 RI (K1 8): 8 MNMFh Y 25 LA LR )7 5]
IR SAE (L 1~V), Hr OfABFs 43 i #E 2 4332 . OfABF1, OfABF3 Fll OfABF4 ¥/ A 1E 4%
X, A S AFE MM OeTRABL . MHRL NtABF2 . 4% Solanum tuberosum StABF . %378 StABF1 .,
Tl SIAREB1 FL B IT AtABF2, Ui OfABF1. OfABF3 Fl OfABFA {E#E Ak 7 b 5 X Be W Fib 25 4% 56 &
50T ; OfABF2 Fl OfABF6 5% i SIABFA B R4y 32 11 .
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o 100 WO_}‘AB[Q (gui0180650.1)] -
0.02 W IS Olea europaea OeTRAB1 (CAA2970193.1)

55[70.09 . A
0.03 11 19/A4BF4 (2ui0305040.1)]

99 Tw_fABFl (gui0017720.1)]
0.06 100 T JHHE Nicotiana tabacum NtABF2 (KF736850) A
77 007 2 o003 L% Solanum tuberosum StABF (AFA37978.1)

0.13 0.01 % & Lyopersicon esculentum SIAREB1 (AAS20434.1)
0.02 ool D Solanum tuberosum StABF1 (ADL70202.1)
028 LRI Arabidopsis thaliana ATABF2/ATAREB1 (AT1G45249.3) =
100 o021 i Lyopersicon esculentum S1ABF4 (NP_001239043.2) =
L 0.10 89 G Tc|0/MABF2 (gui0167370.1)] Al
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