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Abstract: [Objective] In situ hybridization(ISH)technology is widely used for studying the spatiotemporal
expression patterns and functions in different tissues. This study utilizes materials from different cultivars,
tissues, and developmental stages of Osmanthus fragrans to establish an efficient and stable in situ
hybridization system for this flower species, providing a technical method for the spatiotemporal expression
localization of functional genes in O. fragrans. [Method] Using the auxin response factor OfIAA14 as the
detection gene, based on the conventional ISH process, key parameters such as sample vacuumization time,
protease K digestion time, whether to perform pre-hybridization, and hybridization temperature and time were

systematically optimized and compared. Meanwhile, the functional verification of related genes was conducted
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across different varieties, tissues, and developmental stages. [Result] The results showed that the optimal
hybridization signal could be obtained under the conditions of vacuumization for 30 min at 0.08 MPa (2 times),
proteinase K digestion for 20—25 min, no pre-hybridization, hybridization temperature at 50 °C, and
hybridization time of 20 h. Furthermore, genes such as OfPIF4, OfPIF5, OfUFO , OfYAB2 and OfAUX5 were
selected to verifty the applicability of the optimized system in different O. fragrans cultivars, tissues and
developmental stages. Good tissue structure preservation and clear and stable signal expression were obtained,
indicating that the method has good reliability and certain universality. [Conclusion] This study established an
optimized ISH technology system suitable for O. fragrans tissues, providing reliable technical support for in-
depth analysis of the spatiotemporal expression characteristics and molecular regulation mechanisms of genes
related to flower development in O. fragrans. [Ch, 9 fig. 1 tab. 25 ref.]
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FEAE Osmanthus fragrans 7 H E+KIEF AL —, FIFES FRE MBI 25 2%, FERARESE
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JFA7 2258 (in situ hybridization, ISH) % A8 i pric BERER 5 807 51 Z (8] 0 e 7 PR A R 22 sS o v, 55
PRXT b HRA% G B 8 7, AT E 240 b 22 S 240 B /K 48 7 JRE PR A s 28 R R AIE . o7 25 LA
FENOREEE . A A HERR LA, O W T E RS ES MRS E AT AR
DA IR R AT R AR S A F Y St i, R H YRR h RIEE EEEN, 25
TR R R B AL AR H R TRz U™ B, A HOR CAEZ RS T s, ankk
M %5 % Vitis vinifera™ . 7 i Solanum lycopersicum™ . T J 4% Populus trichocarpa® . ¥ J\ Cucumis
sativus® 55 . IR AL PP AL 2F 2 B b R th R IRRRIE , AN S IR 28 S i AR AT T RS
1k, PAEESE & TR SR @R 5 vk, IFLL OfPIF4. OfPIFS. OfUFO. OfYAB2 Fl OfAUXS KK
B, XHEAIE FIFARM RLERFREAE S A AT, RIS T SRS v, A e ST R R
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PEFEE L AP CHEMTAE” Yanhonggui'Fll ‘PUZEAE"  ‘Sijigui” AN[FEA B BTHIREZERIT2E, R bs
T TTAARA 2V LU B b ST BT U I i (s FH A9 A s 1 25 ok A E - TR TG A0 B, BSO8R
SLEEFEM BT TR TR (RNase) FII EAZ A IR (DNase) 5%, e RNA M. SR K b 245
kIR —. T (DEPC) Ab 3855 ik = e KB Y JC RNase 7K .
1.2 FHik
12,1 AR E ORIHRE . A ORI F PRSP, I mRNA BRSSP, KR 200~
500 bp, 1EIF [ 519 5% A I SP6 (4% 0> J¥ %1 (GATTTAGGTGACACTATAGaatGCT), 7EJZ I 51 ¥ 1)
SUmAR AN T7 MR 0 % 51 (tgTAATACGACTCACTATAGGG), 7+ LA “HEHTA: A1 PUZEH:” LR
cDNA J#iti, FIH PCRAGHATY Y, £ 1 Y ITHITI . QFIME S, B2 pg DNA filA 200 pL
PCR & W, SR G MK IR A 10x%; 5% 2% b W (transcriptionbuffer), 10xNTPlabeling Mix, RNase il ifi] 7]
(RNase inhibitor), RNA % & fifi (RNApolymerase) Fllidi & [ JC RNase 7K, #1538 KF A 20 pL, WHTIRA
JE T PCRAYH 37 °C 2 h A 7H% 5% . OFRET 24k B 20 L 1Y S5 5% 74, PCRAEH A 75 uL RFEK
(ddH,0), 100 g-L'tRNA(I pL), RNase-free DNase(1 pL)ji T PCR X 37 °C ¥ 10 mim, A ZF{ARF
4 mol- L' AR 4% (97 puL), 2 fHIAFL LB (194 uL), T-20 °C yKAA T E 30 min, 4 °C 14 000 r*min' B5.0»
5min, 3 LW, A 600 uL 70%(A B0 50) CEEWETE. 4 C B0 5 IR T @KFE. .
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Table 1 Amplification primer sequence

FEH ERGIHIFS (57 —37 ) RIa5IHF53 -5 )
OfIAA14 ATGGAAGTTGGCCAGAA AATGCGGCCTTCTCAG
OfPIF4 CTCCTTCTCCTCTCCGACA AGCATCAGAACTCGGGAC
OfPIF5 CCAATTCCTGGTTGGAGTATTGAG TTGATCCTGTCCCTCCGTT
OfUFO AGTTCAAGAAAGTCATCGGAA TCTCCCCTACAAAATGTCGAA
OfYAB2 CAATCGTGCAAATAAGACACT TTCACACTTTACTCCGACCAG
OfAUXS ATGGAATCCTCGGACAAGGTT TGCCCAATAATCCATAGAA

FEVLHEH A 100 uL A9 JC RNase 7K Fl 100 pL 2xBRERERZZ o, ¥ T 60 °C &)@ 1 H b AT /K i S 0L .
A 10 pL 10% (R %0) vKBERZ , 0.1 f5AARFR 3 mol- L' BERR4M (pH 5.2), 2 f5AARFRIGTE/K 2.8 T—20 °C
BB 3h a0, 4°C 14000 r-min™', B0 5min, 5 EHW, A 600 pL 70%(A A 5350 2B
B2, 4 CEOERITERNT . BJSAETTET A 20 pL (978 RNase ZKIRS SR, SRS FIA
20 uL H LR T—20 °C VKARTRAT -

122 REHBEGHALE OBRMS5EE . BORFER AL, 8 TR 0K DHK-0%-
L (FAA) BIEW T, R A8 408 AR A LU B AR 5, 18 2 PhELas IRl gb 3, 435
A EZS 30 min(1 YK)F 30 min(2 ¥K), EZSJESR A 0.08 MPa., fli 25 5 W G, H R FAA
FEW, JEET 4 C K LIRG B . QWK B fa RS 4% O BRI T K A B8, A4 Hp
JEALBE 90 min, JBEAKHES B (IRFU B0 KK N : 50% . 70%. 85%. 95%. 100%; BfiJ5 ¥ 100% 2
B, JFF 4 C &MU TETRKRPIRGIUKSKR . @FW ., EERSF TN E TR AR, Kk
BBt 100% LB 2 h, BEEHACBES ZHREFEN 101 MIRAW AR 1 h, FET 100% —H K
HBIHALBE 3 K (BRR 1 hy, BMHEEHG, BHOHEE 100% A, FFIMAL V4 R EIARA N, 2%
A THESBEIKR., ORE. BHEME 0 CHEPBEIR ., MiE &AM 4~7 d
T B LR AR A I, T H R 2 K (RIS 1K), DMRIEA RSB AAE, O 5Y) 5. #E
(R B () AL SRS EL D, R A IS B S, K A PUE T 4 C KT RER . Y AL
(Leica) VIBUS R 10 um, [RIAH5 76 B 6085 (ZEISS) TSR Szt #y ¢4k, Y1 i & T JC RNase /K i @
ISR TS R b, WREZRKA, IFT 42 C B R LR R H

123 x5 OBEEK. A REKCE T ZH PRS2 K (3K 10 min), FJE 2R
(B0 EKALBE: 100% £ 1 min, 95% W% 30s, 85% ZWE30s, 70% LBE30s, 50% LB 30s,
30% £ T 30 s, BEJEE TR 8N 0.85% SALME R 2 min, 55k ABRIREE 2% th ¥ W (PBS) H -
5 2 min, Q@ M K ERIHL . BB BT 37 °C &M T HEARM KIERAE, DA SN EHBE
BT HE m R X A0 M RNA AT Jetk o RIRAIs RS E, 20l & 10, 15, 20, 25 F1 30 min AS[A)3H ALY
[ERERE . THAREEHE , SERVRARBI 0N 0.2% W H 2R PBS % WAL BE 2 min DL R &R S PEIF 20k
N, FfJE ] PBS {5k 2 min, Q3B RFIECK 4% (HEE PBS %W, 10 min, 7EFEIR 4T, B
J& PBS WYk, 2mine @WZREFH M. & T ZMEER (pH 8), 7EFEIK ¥R 10 min, FfJ5 H PBS ik
2min, @WK, BER KK E T B ECH 0.85% B EIAR T AL 2 min, RS 28 O REREE (AT
B HIRIBEK : 30%. 50%. 70%. 85%. 95%, £-ALFH 30s; FlJ5E T 100% LB Ab 3] 2 3k (B IR
1 min), WiKTEMSG, FFOEETERER G TG 22428 500 . @A, B Wi s8 5 AR Hi 425 4k
FEUEATXT R, BRoKBE R N 150 uL ARSI (JCHED) . K 2uscilivkfn TR I, BB ET, K
AMFEE 1.5 h, D452, B BG, T 80 C &)@ 78t 2 min, AF5KE I A INA L) 150 uL &
PRE 2438, TREF S54SR 104, B IR G5 MERE 2238 B S m T4k v b, il
50 F1 55 C 551 FHEATZ28, 23] 43 i 8 15 il 20 ho

124 2& OUWEKELZW . BB A5G 3R o 76 55 C 19 0.2xSSC AR ik L5k B 2438 Wi : 0.2
SSC, 2, AKX 1h; 37 C IxNTE, 2 ¥, HHK 5min, @RNase Zb#. T 37 C &% 20 ug-mL™' RNase
A ) NTE 1 4b38 30 min, DAEBRIEFESPE RNA. B FRRE T 37 °C IxNTE $E¥% 2 K, K 5 min, ff
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JETE 55 °C 0.2xSSC H k% 1 he QF M SHUAME . 78 TBS H VP8 A 5 min, FfiJ57E% [RE AR H T
PEIR B 45 min, T TBST I T30 PRANFE 45 min, $47 1:1 250 #s BPiiARn TBST W% T 9% A
b, FERDE . WIS EEBEE 2 h, B TBST VEIRIEH 4 W, K 15 min, @R@, 3§ AP
T Buffer C ZZ P 5 min, FifiJ5 M NBT/BCIP B (0B w6 2041, ROGE A 1~3 d.

125 4t MBOBBHIASCRG, 17 OB E (KRS580 BOK UL EBRFA: 10% LB 10 s,
30% LIE10s, 50% LIE10s, 70% LI Ss, 80% LBESs, 95% LEESs, 100% L Ss, Wi ET
F28H 2 mine Bi/KJE A BE 3 AR B R, DI #E B 0408E (Olympus) N WREEIHHARRIE % .
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L2 R, 2 Mz b B AE S, SRR 5t /88 R A 4VNER, RIS EE s, YA 2%,
FOSERE, PIPESFITE O T L, BRSO SE AR A B B (B 1B), A SR T T A R FICR

A . CIF B B ’ %,
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S W T ‘?'{ . i / g £
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Figure 1 Flower bud sections with different vacuumization times
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Domain Il . Domain Il F1 Domain IV (/& 2B). [FIf}, 1 AlphaFold X} OfIAA14 £ 1Y = 4454 HEAT T
W, JIfiE st PyMOL X HZE Rt A vl MAAR I (B 2C) FeJa il 4 Of14A 14 ()R 24 28 #R8%E, R PCR
TP R TERE, RIS KBEELN 500 bp BIRESME A B (K] 2D).
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VL OflAA14 X GHEN, 72U S i K IHARCR tedss . 5 R WoR: WAL 10 min AY4EZEY)
AR5, (HREAES ER (8 3A); JHAL 15 min (Y] H 42U 10 min AL, - H %A W]
2 A5 % (K 3B); M4k 20 min Y] s G SN 4 R AT, LU ERESF i obi ml DL, AT DL BH &8 45 5
(1 3C); TH Ak 25 min (Y] 55 20 min AAL, 2549525 0] WA 5% (1€ 3D); 4k 30 min AV 3R 1H H
PR 2 e (K] 3E), $ERdl8Ud B b, 52z 2R, BIVEEAE A6 28 A0 2% 28 1Y fie A6 2 1
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TERE IS K AL 20 min (45 PF T, 8 T B AC AUARTIZR2E 2 Al Ab B4 T XT L5256 . 25 53R W]
TEFEAEH A, AR BT AN A5 5 o AT SR A B i (18] 4A. 4B). BRI, 7EREfE)R
PIZAEAR R AT A WG T2 A0 9K, DA f57 Ak S B AR I sl /D 2 38 M ) A
25 ZXBERFENRMgELZESHENE

TERR I K A0 20 min Y5EAL E, 30l & 2 PPZe s (50 155 °C) f 2 FhZsg it ia) (15 1 20 h)
AT A, Z5IRRI . 7E 50 C AR, 243 5 XSS, HF S TR (K 5A); TifE 55 C %&1F
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Figure 2 Screening, naming, and cloning of the OfIAA414 gene
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A.10 min; B.15min; C.20min; D.25 min; E.30 min. 2L k38R EEFIES .
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Figure 3 Hybridization sections of flower buds digested with different digestion times of proteinase K
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Figure 4 Impact of pre-hybridization on the signal Figure 5 Impact of different hybridization temperatures on the signal
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Figure 7 Data analysis of OfPIF4 and OfPIF5, phylogenetic tree construction, and in situ hybridization sectioning in the flower buds of ~*Sijigui’
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Figure 8 Phylogenetic tree of OfUFO and OfY AB2 proteins and in situ hybridization sections in ‘Yanhonggui’ flower buds
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