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Abstract: Terpene synthase (TPS) plays important roles in the synthesis of terpenoids which are the
main fragrances in Rhododendron flowers. To understand the function of TPS genes in terpenoid
metabolism in relation to flower aroma formation, we identified all 7PS gene family members in
Rhododendron by analyzing its genome database. We then used a transcriptomic approach to analyze the
differential gene expression patterns of 7PS gene family members in the scented flower Rhododendron
fortunei compared to the non-scented flower Rhododendron ‘Nova Zembla’. The contents of terpenoid
compounds in petals of the above two Rhododendron species at different developmental stages were also
measured by using qRT-PCR and head space-solid phase micro-extraction combined with gas
chromatography-mass spectrometry. Our results showed that a total of 47 RsTPS members, with
individual lengths ranged from 591 to 2 634 bp, were identified in the Rhododendron genome. The
number of exons in RsTPS gene ranged from 3 to 12, while the length of each protein encoded ranged
from 196 to 877 amino acids. Members of the RsTPS family are mainly distributed in the chloroplast and
cytoplasm. Phylogenetic analysis showed that RsTPS genes can be clustered into 5 subgroups. Seven
gene family members can be functionally annotated as TPS gene family since they were temporally and
spatially expressed as shown in the transcriptome data. Notably, TPSI, TPS10, TPSI12 and TPSI3 in
Rhododendron fortunei were expressed highly in flower buds reached the peak in the full blossoming.
Correlation analysis between gene expression levels and terpenoid content indicates that the expression
levels of TPSI, TPS4, TPS9, TPS10, TPS12 and TPS13 were positively correlated with the content of
terpenoids in the petals of R. fortunei at all flower developmental stages, suggesting that these six genes

might be involved in the aroma formation in R. fortunei.
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F1 TPS RIEEERTIEHHTE qRT-PCR 3|4
Table 1

All-in-one 1st Strand cDNA Synthesis SuperMix
(gDNA Purge) 2 #% 31X 5] & (Novoprotein,
China) &l ¢cDNA, Ll EFla NNZBIN, {f
H TransStart Tip Green qPCR SuperMix i& 7] &
(et e EYEARARAF) #4T qQRT-PCR
BB, RSN 3 AEE . R 27 ik
FIRAE AT, i SPSS 26.0 HHfT RN K Iy 22
S8, H Origin #A4F2A ,
1.2.6 AEBEHAMREEMEPIELEMRSENE
RIS W R AE Tk, EB R,
K T 25 [ A% £ B (head space-solid phase
micro-extraction, HS-SPME) &% & S AH 4,1k - it
TR A, I AN [ B 3 2 5 A B R A ek
ASAEMER TPS X By AHRS & i . A @1 -
Bt o3& Bk AL SR A Agilent , B S Ok
78890B-5977B, {ailktt 5N Agilent, KI5 N
DB-Wax (30 mx250 umx0.25 pm). HFE 7
(100+£10) mg F 20 mL TiZsjf, JnA 10 pL 2-
VRS, BETUE; BRI 6 X
RIS ZEBUREE -
30 min; FEHTHYE]: 4 min,
@ik B3 A Wk 1 mL/min;
THERF : YRR 40 C, 45§ 4 min, D
5 °C/min F+ £ 245 C, {#+F 5 min; AL,
AT IRIERE

60 C; #HLHTH] .

qRT-PCR primers for expression analysis of 7PS

Gene name Forward primers (5'—>3") Reverse primers (5'>3")

TPS1 TGGTTAGTCACGCCTTGGA CTTCTTGGTGAGTTGCTTGC
TPS4 TCGTTTGCCTTGGGACCTAT CTGCGGATGTCGTTGAGAAG
TPS9 CGACAGGGTTCTCCAAGTATG TAGCCTCAGCCACGGAATC
TPS10 TGCCGTTGAAAGGTGGGATA GGTGAGGGATGATGTGAATGC
TPSI2 CAAGCTCATCCAATGATCCG GCCCAAATTCAGTGATTGCC
TPS13 GAACTAGGCACAGACATCAAGG CATCCAACCATCAAGGAGTAGG
EFla CTCGATTGCCACACTTCCCA CATCTTCACCATCCCAGCGT
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*2 HESTE TPS EAREKEHBAER
Table 2 Members of RsTPS gene family in Rhododendron

Gene name Protein ID No. of AA Mqlecular Fnstablhty .Ahphatlc GRAVY Subcellular location
(NCBI) weight index index
RsTPS1 KAF7150501.1 864 99.08 6.61 4221 84.79 —0.325 Cytosol
RsTPS2 KAF7151762.1 835 51.63 6.19  39.99 85.51 —0.315 Cytosol
RsTPS3 KAF7151494.1 419 45.50 6.16 3594 82.63 —0.325 Chloroplast
RsTPS4 KAF7150330.1 368 38.12 5.87 40.13 85.05 —0.278 Chloroplast
RsTPS5 KAF7151169.1 369 39.97 570 39.20 84.04 —0.324 Chloroplast
RsTPS6 KAF7148595.1 707 60.56 524 4772 83.86 —0.320 Chloroplast
RsTPS7 KAF7144461.1 525 36.91 6.04 38.02 91.83 —0.258 Cytosol
RsTPSS KAF7145602.1 480 52.52 5.78 45.51 89.83 —0.319 Cytosol
RsTPS9 KAF7146392.1 547 101.69 7.90 46.35 93.80 —0.293 Chloroplast
RsTPS10  KAF7145501.1 453 47.35 7.21 47.52 93.66 —0.255 Mitochondria and chloroplast
RsTPS11  KAF7146224.1 399 24.55 5.54 44.02 93.38 —0.331 Cytosol
RsTPS12  KAF7146676.1 331 95.09 8.20 31.28 98.43 —0.133 Cytosol
RsTPS13  KAF7144807.1 347 29.50 597 29.32 96.14 —0.216 Cytosol
RsTPS14  KAF7146169.1 533 28.98 5.59 49.40 87.47 —0.279 Cytosol
RsTPS15  KAF7145561.1 324 34.73 5.52  50.75 74.04 —0.441 Chloroplast
RsTPSI6  KAF7145077.1 462 29.13 4.88 47.46 92.25 —0.242 Nucleus
RsTPS17  KAF7142879.1 877 24.86 7.33  40.65 83.07 —0.428 Cytosol
RsTPS18  KAF7141001.1 414 30.53 5.71 35.04 87.42 —0.263 Cytosol
RsTPS19  KAF7140427.1 210 42.92 4.73 43.54 92.43 0.069 Cytosol
RsTPS20  KAF7140868.1 256 26.04 437 35.81 90.74 —0.062 Chloroplast
RsTPS21  KAF7141198.1 245 25.07 5.15 41.68 91.14 —0.056 Cytosol
RsTPS22  KAF7142010.1 303 32.51 4.83  46.26 95.54 —0.110 Nucleus
RsTPS23  KAF7141456.1 251 48.03 5.02  50.82 106.45 0.182 Chloroplast
RsTPS24  KAF7141749.1 211 28.09 4.80 47.11 90.09 —0.131 Cytosol
RsTPS25  KAF7142095.1 265 29.27 521 36.81 95.66 —0.093 Cytosol
RsTPS26  KAF7140217.1 378 28.15 544 3522 90.08 —0.245 Nucleus
RsTPS27  KAF7141331.1 224 35.36 493  44.60 96.70 0.070 Endoplasmic reticulum
RsTPS28  KAF7140772.1 218 34.46 4.87 47.17 101.51 —0.052 Cytosol
RsTPS29  KAF7139794.1 284 30.16 4.51 4543 94.40 0.012 Cytosol
RsTPS30  KAF7141729.1 245 22.37 5.06 44.49 102.73 0.090 Chloroplast
RsTPS31  KAF7140902.1 259 72.28 4.69 45.29 99.38 0.137 Chloroplast
RsTPS32  KAF7141077.1 245 68.22 530 4222 101.96 0.106 Chloroplast
RsTPS33  KAF7141507.1 315 50.89 576 41.41 93.75 —0.026 Cytosol
RsTPS34  KAF7141310.1 304 42.50 4.83 43.55 94.87 —0.015 Cytoskeleton
RsTPS35  KAF7129345.1 258 49.25 6.01 44.57 97.91 —0.033 Cytosol
RsTPS36  KAF7126774.1 196 46.26 493 47.72 97.45 0.058 Cytosol
RsTPS37  KAF7123307.1 621 71.25 5.53 4534 86.81 —0.240 Chloroplast
RsTPS38  KAF7123219.1 586 63.99 5.13 4231 89.32 —0.210 Chloroplast
RsTPS39  KAF7123140.1 437 55.27 498 432 88.99 —0.206 Cytosol
RsTPS40  KAF7123893.1 424 67.38 529 4555 87.38 —0.229 Cytoskeleton
RsTPS41  KAF7125050.1 404 65.26 525 50.29 89.31 —0.182 Chloroplast
RsTPS42  KAF7120544.1 614 44.64 5.34 4482 91.16 —0.305 Cytosol and Chloroplast
RsTPS43  KAF7119419.1 549 42.54 543 43.44 92.37 —0.364 Cytosol
RsTPS44  KAF7115943.1 484 81.54 5.57 4574 93.29 —0.271 Cytosol
RsTPS45  KAF7115926.1 582 60.68 5.33 4238 88.81 —0.322 Cytosol
RsTPS46  KAF7112783.1 560 55.19 5.05 42.56 86.52 —0.297 Cytosol
RsTPS47  KAF7112304.1 386 62.84 6.51 45.49 87.64 —0.201 Chloroplast
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Figure 1  Genetic structure of RsTPS gene family members.
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Figure 4 Chromosome locations of RsTPS gene family members.
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Figure 9 qRT-PCR analysis of correlation analysis of gene expression and content of volatile terpenoids in

TPS family members of R. fortune.
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