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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 OfIA414 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, OfPIFS5, OfUFO, OfYAB2 and OfAUX5 were
selected to verify 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 J&H E+ KIEEG B L —, FMEEE FREIEM AN 25 %, 7ERARESE
AN SIS GU rh Bz ARk, TEARAEAES . FETF . AR fe R B Sy
T 4 5 F AL CHUS T — i, (HR AR e AL 2R A 438 (ISH) AR 2R 1 i i o T 2%
AL AR T HER i B B R ) 25 [B) Rk B S HAE R B AR i Dh g A 2R .

J A7 2 AEBEAGE A AR IC R EE 53 8 Z 18] 1R PR AL R 2 S O vt , SR ZH 2 v H AR AL R RS i
A7, PNTTAE 20 AL 22 0 20 K1 T 48 7R SR 1 I R AE o B s 4 s B e oK BE iy . 25 (] 3 FE R0
G, O N HTHEYERSES MAMESENEE " AZAEAEN . I kAT K fp
FHIRL L/ S5, AR REfT T KRR BRI, 2R R RIEE AL BT 3
MEARFEZ U HET, BRAAEARCEZSFAEY SN, BRI HG % Vitis vinifera . 3
fift Solanum lycopersicum™ . B A% Populus trichocarpa™ . 5\ Cucumis sativus™ 55 . Ry BHHHAS [F]RE 16
A AR ZE R B A B T Y FRINHIE, ARSI A AR T T R, DU IS TR R
Kl 5%, IELL OfPIF4. OfPIFS. OfUFO. OfYAB2 Fl OfAUXS JEIR A, JHEALJE i H AR R 7EAH
b s A AT, DAV AT SE RS I, S St e A S P R B DR Y 2 () o o S Dy et
FEIRHEHAR SHE

RS

1.1 &

PEHEAE AR HERTAE  Yanhonggui® A ‘PUZEAE:’ ‘Sijigui’ A AT BRI ZERNZE, HK
B W AR 2= L S i o B2 U T AT FH 1) 43 AN R 15 45 A S AL A TR TR A B, B0
Sk AFFE M 19 75 AL WAL B (RNase) FlIG A BERZ IR M (DNase) 15 4Y, kES RNA FEfif . SC90HIZK M4
FEBRIR —. TR (DEPC) 3857 i i He KA Y JC RNase 7K .
1.2 Fik
12,1 AR E ORIHRE . A ORUEREF RS ME, I mRNA B R S M X, KEh 200~
500 bp. 7EIF 7] 514 5% 48 I SP6 AY 4% .0 )7 3] (GATTTAGGTGACACTATAGaatGCT), 7E 2 1] 51 ¥ Y
5UR TR T7 B4 .0 )8 51 (tgTAATACGACTCACTATAGGG), 43 %ILL ‘HEdTH:" A1 < PUZAE B2
cDNA J#itl, FIFH PCR AGHATY 1S, & 1 P HATHITI . @F5%. B2 ug DNA LA 200 uL PCR
R, SR E IR I 10x%5 5% 2% W X (transcription buffer), 10xXNTP labeling mix, RNase fiJl il 7] (RNase
inhibitor), RNA % & f (RNA polymerase) Flif it i) JC RNase 7K, i1 SRRk 20 pL, WATIR A )G K
T PCRAYH 37 C2 h ik f7H 5k, O 4lifh . B 20 pL W54, PCRE H A 75 pL WK K
(ddH,0), 100 gL 'tRNA (1 uL), RNase-free DNase (1 pL) it T PCR {1 37 °C #&# 10 min, il A ZE AR
4 mol- L' ZFR%EE (97 uL), 2 fHAFIZEE (194 uL), F-20 °C VKA HLE 30 min, 4 °C 14 000 r-min" #.L>
5min, &l FIER, A 600 uL 70% (R340 L BEEYE. 4 C B0 JFBULER T . @K, A,
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Table 1 Amplification primer sequence

FEH EB SIS (5'—3") KRI85 195751 (5'—3")
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% (FRFA%0 K212, 0.1 KR 3 mol- L' ZR4H (pH 5.2), 2 5 AFAYIC/K 2 T-20 C
R R 3 haiE . 4 °C 14000 remin', B0 5min, @3 FER, 1A 600 uL 70% (RF%0) &
BV 2 K, 4 C B0 IR BUTERNT o SIS TEDTRET A 20 uL A9 JC RNase ZKIRA) RIS, 4K )5 Fm
A 20 uL HBERE T 20 C vKFPR-AT o
122 REHBEGHFLE OBMS5EE . BURFEBIHALZERES, BT B0 0P RE-4 K- L5
(FAA) [ EW o AT [ 5 VR 78 438 AFE S BN SR 2 1, 1808 2 A Zs iU Rl B, 29 bt
ELZ3 30 min (1 %) 130 min (2 ¥K), E25E584 0.08 MPa, flIEZS45 /@M )E, EHHEE FAA [F5E
W, JFET 4 CRIKEIRGE SR . QWK B E 5 RS £ BRI T K AL 38, 46 B Ak
FH 90 min, KB EE (IRFE0 IR A 50%. 70%. 85%. 95%. 100%; B B8 & 100% £ B,
JETF 4 C KT ETRKPIRGBOKER . @FEH ., EERFAM TR E TRAR DA, R EGH
fif 100% % 2 h, BlGHA OIS R RN 111 RSP AR 1 h, FET 100% —H K
WIALHE 3 Y% (YK 1 h). BIHLEH)S, THGHEE 1009% 7, FFMAL V4 RFBRgFE A, iRk
THEBESR ., @R, KRHESAE 60 C U T B . FiEESLANBE 4~7 d BRSO R A
L BEH T 2 R (R 1R, DMRIEAR B A, QS5 R . R m i A s E A A
WRLEPY, fRARsoseBiEG, FAsHIeE T 4 C WA T IRER . FYIR L (Leica) VIBUEE ) 10 pm,
[) B} 75 7 S IBE (ZEISS) AR S5 #5288 . Y) i B FJC RNase K B J5 Wb FkBk A7 1, ek
2ok, T 42 C R HLHP RS R .
123 fEREEX OBEEK. A RKET H PRS2 K (BRK 10 min), FJG 28 LB
(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
PER B 45 min, FET TBST I 3R RALFE 45 min, $47 1:1 250 s BPiiA R TBST W% T3 A
b, FEEDE . BT EEME 2h )5 TBST MRi&H A 4 K, K 15 min, @B 4, 3§ P4
T Buffer C ZZ &+ 5 min, FJ5 ) NBT/BCIP (0 5 4H4, ROGRM 1~3 d,
125 st B ABBIHSORE, #H17 QBB E (KRS580 BK L EBRIFE6R: 10% LB 10 s,
30% LBE10s, 50% LFE10s, 70% LS5 s, 80% LBESs, 95% LT 5s, 100% LBESs, madT—
H2R A 2 mine JBKJE R R IR 3 A AR s iy, DR 7E 8045 (Olympus) T IR IRIE SR .
2 ERGHH
2.1 ARHFBESHREXYF T2 ERIE

2 Fpdl s B AR AE R B SRR S B RE S, T RIS RCRRE R /BB 28N, S
HIGERIEATE A, YA ol Re & B T, YR B i2s (B 1A). Mz T, 2 e
ANEREAE S, EERRE B E AN, BRI, VIR, PR
THWAT L, AR SRS R PRI AR (B 1B), MM AR T T B FReR

i /i
; i 1004 ,
A AEGIME 2 J7: (30 min 17R), 2NFES: CHISYIR): B, AL E I A 7518 (30 min 21K), 2 (ARSI ). 40 2R R R
FRFIREA T 2%

A B B

R
)

;\“k’v I 100 pm 100 pm

400 pm

B 1 REMAZERSF kR
Figure 1 Flower bud sections with different vacuumization times
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P ST B T i e R AR SR R, R 3 T I R AE B R (5 B Pt (NCBI) 204 P 047 2 11397
FEXT B R AT . G5 R R IR S BIE ST RNE LR Atldd14 R —32, BABEWFHIRST
PE, RRIZFEHEIEYIRE LT RE A — @ MR SFE, L@ &8 0fl4414 (E 2A), #E— 2 %F Z A4 ¥) Fl
IAA14 B B E IR N AT EE XS 081, 45 R B . OfIAA14 B (AL & BL R () PR 57 25 4 38 Domain 1 |
Domain Il . Domain Il I Domain IV (/4] 2B). [A]i, FH] AlphaFold Xf OfIAA14 £ [ 1) = 4E 45t 47 1
W, FEiE T PyMOL X Hgs My e A7 al WALKRYE (8] 2C). T 145 OfIAA14 (R 243845745, % PCR
PP B R e, FRASCEE 2 500 bp A4 SPE R BE (K] 2D).
23 AREEAM KELERENELZESHRME

LI OfTAA14 MG I, PEAFAE 2RV A 2 B K AL ROR g . 45 5R BoR . WH1K 10 min BYAE 2]
FHA M SR, HREA S SR (K 3A); JHAL 15 min A9Y1 A ZHZUR 10 min AHL, I ELBEA WAL R
W A5 % (& 3B); THAk 20 min W YI 7 BR LS5 R 47, 2N EREE /i el 0L, l WL AR S
(1 3C); THAk 25 min A9Y) 5 20 min AHL, Z5495¢3& AT WA A5 (€] 3D); H Ak 30 min A Y] 7 3R 18
BUEH B 25 A BEE (8] 3E), $RA2Ud WAL, A2 BBIR, BIEEIEAE 25 IR 07 4438 i B A 25 A il
K JHALES[E]2h 20~25 min,
24 WMBEXXEMEZESHIZNE

FERR I K AL 20 min (94RPF T, B8 T W3S AR T A28 2 Pl b BEAEAT X HL S0 86 . 255 R0
TEREACAL AU, SRR AT TSN 258 A 5 0 B TS S K52 M AN B B (181 4A AL 4B). HIL, 7RAde
A A AR R T A W T S A0 B, DA FRT A0 S 6 3 A O 0 2 2= 38 W A il 1
2.5 ZRIBERENRCEZE ST

FEER UG K A0 20 min AYSERE L, 20500 8 2 Fh24ACIRE (50 F 55 °C) I 2 Fpese it ] (15 120 h)
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Figure 2 Screening, naming, and cloning of the OfI4414 gene
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Lﬁ%ﬁ%ﬂ”ﬁ%ﬁﬁﬁﬁdﬂMﬁWMm M 15 h &0 M S8 . &5 %ﬁﬁﬁﬁf\“%
TR s ga e e, TR ST EAIRTHE T, B 50 °C . 20 h 8 A 2% 52 A B IR At Ta]
26 BRUUFZEARBLAFRIERME
261 RAEEZE ‘wWERE RALFTHEEFARFHRA NRIEILI A IS EA FH LM%
BB HERA P, DU S 20 25 S 3 Gk R DA v O 4 £ %6 2 X evm.model.Contig80.43 . evm.model.Contig
168.40, XJH{JFIE (LP). 467 I 3E (IM) LA K /IMEJFEIE (FM) B9 5E T - BE (reads) BUEA 75047, R IRAE
P JFIEE, 2 Y reads BT 8 LT (B 7A). i RG bR, HZ& A4 0 OfPIF4. OfPIFS
(7B, FIHMALH RN 2238 76 PUZRHE" T8 28 AR & B BT OfPIF4 0fP1F5ﬁiF fif 25 i S P A
W, 25RE87R, OfPIF4 F OfPIFS (A RE S AEAEZF oA m A9 A8 PP I B vh gt ol LA A ), 5% sg
HEHE—F (B 7C FE D), (Rl HE 20 W% R AR A 2 1 (i 2s k.
262 RALEZAEMAE GBI RRAXFHBRAFAR TR ETHFARIRRERS 251
B R EHCHRE R (K 8A), ik OfUFO 1 OfYAB2 fF R AAREE R AT R IR GG UE . e U AL
Ffr CHEUTAHE AEZE A BIBRIGIFITE BI0RE S, SR DLARRY I A7 2 5246 OfUFO #1 OfYAB2 FEAN[RI4E
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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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L Ab IR SE A SRR (181 9C), HMEMIZEEN AT REAE “HEMTH: 2R F BB A et @il EARE
W, DEAR BB AR 5207 10l F T AN TRTEE AR i il 1 ZUR R B BB mRNA 2 (7 LIRS
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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 the flower buds of “Yanhonggui’
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Figure 9 Phylogenetic tree, tissue specificity, and in situ hybridization sections of OfAUXS protein in the leaf buds of “Yanhonggui’
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