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Abstract: UDP glucosyltransferase (UDPGT) catalyzes the synthesis of secondary metabolites and plant
hormones to regulate plant growth and development, pathogen defense and environmental adaptability. In this
study 18 members of the ReUDPGT gene family were cloned from Tibetan Rhodiola crenulata and analyzed using
bioinformatics. The tissue-specific expression, abiotic stresses and plant hormones (abscisic acid, auxin, methyl
jasmonate) induced expression patterns were identified by real-time quantitative PCR. The bait vector of ReUDPGT
(JX228125.1) was constructed to select interacting proteins from an Arabidopsis yeast library. The results of the
bioinformatics analysis revealed that ReUDPGT nucleotide sequences were about 1 400 bp and encoded 452-
498 amino acids. In the primary protein sequences, C-terminal sequences were more conserved compared with
N-terminal regions, which held a PSPG (plant secondary product glycosyltransferase) domain. In the tertiary
structures, ReUDPGTs contained a UDP sugar donor recognition binding site. In addition, all genes had multiple
phosphorylation sites. The results of qRT-PCR showed that ReUDPGTs genes were expressed in root, stem and
leaf. The expression levels were regulated by low temperature/ultraviolet light and various plant hormones
(ABA, TAA, MeJA), but the expression patterns were quite different among them. For example, ReUDPGT6,
RcUDPGTI1, and ReUDPGTI17 had the highest expression in leaves and were induced by all three hormones,
suggesting that the functions of these genes might be to respond to environmental changes. RcUDPGTY,
RcUDPGTI10, ReUDPGTI14 were most abundantly expressed in roots and were significantly induced by ABA and
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MeJA hormones, indicating that these genes may be involved in the synthesis and accumulation of salidroside.

Yeast two-hybrid results showed that ReUDPGT did not exhibit autoactivation and cell toxicity, and two significant
interactional genes were identified, 4/KCR1 (AT1G67730.1) and AtSNL4 (AT1G70060). The AtKCR1 gene encodes
a f-ketoacyl reductase (KCR) involved in synthesis of very long chain fatty acids. The 4tSNL4 gene encodes a

homolog of the transcriptional repressor SIN3, which could participate in the ABA hormone signaling pathway and

enhance the transcriptional repression of AP2/EREBP class factors in Arabidopsis. These results suggest that the

accumulation of the secondary metabolite salidroside in Rhodiola crenulata might be affected by several regulatory

mechanisms. The above results may lay the foundation for understanding the adaptive mechanism of Rhodiola

crenulata in a high altitude environment and stimulate an in-depth study of the synthesis and accumulation of

secondary metabolites in this species.
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Figure 1 Phylogenetic tree of ReUDPGTs proteins sequences
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Table 1 RcUDPGTs genes information in Rhodiola crenulata
Gene name  Nucleotide Aml.no Homologous species Homologous Identity Transmem.brane Subcellular localization
acid gene domain
RcUDPGTI 1473 490 Rhodiola rosea AUI41141.1 96.53% No Mitochondrial membrane
RcUDPGT2 1458 485 Rhodiola rosea AUI41118.1 96.08% No Mitochondrial membrane
RcUDPGT3 1461 486 Quercus suber XP_023877832.1 60.91% Yes Cytoplasm
RcUDPGT4 1359 452 Rhodiola sachalinensis ABP49574.1 53.46% Yes Mitochondrial membrane
RcUDPGTS 1338 445 Rhodiola rosea AUI41138.1 97.77% Yes Mitochondrial membrane
RcUDPGT6 1425 474 Rhodiola rosea AUI41126.1 92.83% Yes Cytoplasm
RcUDPGT7 1473 490 Theobroma cacao EOX91168.1 45.29% Yes Golgi membranes
RcUDPGTS 1488 495 Vitis vinifera XP_019077179.1 55.62% Yes Cell membrane
RcUDPGT9 1488 495 Vitis vinifera XP_019077179.1  55.62% Yes Cell membrane
RcUDPGTI0 1479 492 Gossypium arboreum XP_017617398.1  51.09% No Cell membrane
RcUDPGTII 1497 498 Citrus clementina XP_006423816.1 50.99% No Cell membrane
RcUDPGTI2 1401 466 Quercus suber XP_023883929.1 53.02% No Cytoplasm
RcUDPGTI3 1443 480 Citrus sinensis XP_006493646.2 50.35% Yes Cell membrane
RcUDPGTI14 1542 513 Vitis vinifera XP_010650424.1 58.61% Yes Peroxisome membrane
RcUDPGTIS 1425 474 Citrus sinensis XP_006484269.1 54.60% No Mitochondrial membrane
RcUDPGTI6 1416 471 Herrania umbratica XP_021286417.1 53.46% Yes Golgi membranes
RcUDPGTI17 1431 476 Hevea brasiliensis XP_021665291.1  57.77% Yes Cell membrane
RcUDPGTI8 1377 458 Theobroma cacao XP_007025500.2 61.30% No Cell membrane
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Table 2 The result of ReUDPGTs proteins physical and chemical properties

Molecular Isoelectric Instability . Aliphatic Hydrophilic Phosphorylation
Gene name R . . Stability R . .

weight/D point index index index site
RcUDPGTI 55290.39 5.91 46.73 No 88.31 -0.133 41
RcUDPGT? 54 677.44 5.52 42.53 No 77.01 -0.329 34
RcUDPGTS3 54 507.44 6.17 35.1 Yes 94.4 -0.088 43
RcUDPGT4 51188.33 6.09 33.24 Yes 86.62 -0.255 39
RcUDPGTS5 48 024.12 5.73 32.52 Yes 97.3 0.101 35
RcUDPGT6 52 733.83 5.23 43.03 No 90.32 0.098 52
RcUDPGT7 55070.49 6.36 37.54 Yes 93.94 -0.099 42
RcUDPGTS 55001.79 5.8 47.03 No 97.64 -0.009 33
RcUDPGT9 54 887.48 5.61 47.85 No 96.67 -0.076 32
RcUDPGTI0 55192.07 5.76 36.49 Yes 94.49 -0.059 28
RcUDPGTII 55294.65 5.59 32.84 Yes 92.19 -0.132 33
RcUDPGTI2 51388.18 4.97 46.0 No 85.52 -0.079 36
RcUDPGTI3 53270.02 6.02 43.38 No 85.35 -0.072 39
RcUDPGTI4 56 393.68 6.26 55.03 No 86.55 -0.179 47
RcUDPGTIS5 52512.42 6.09 31.16 Yes 88.4 -0.172 24
RcUDPGTI6 52 180.84 5.8 40.71 No 91.27 -0.042 47
RcUDPGTI7 54 137.04 5.55 42.93 No 87.02 -0.282 42
RcUDPGTI8 51334.48 6.08 45.7 No 90.68 -0.065 29
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Figure 2 Conserve motif prediction of ReUDPGTs. A: Conserved domains; B: Motif sequences; C: Sugar donor region; D: PSPG region
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Figure 4 The expression levels of ReUDPGTs under cold treatment condition by qRT-PCR.
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Figure 5 The expression levels of ReUDPGTs under UV treatment condition by qRT-PCR. “P < 0.05, P < 0.01 vs control. Note: Repeat 3
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