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Abstract: Steroidal saponins are major active constituents of Maidong (Ophiopogon japonicus (L. f.) Ker
Gawl.), and their structures and pharmacological activities are strongly influenced by glycosylation, whereas
glycosyltransferases from Maidong remain poorly studied. In this study, we performed de novo transcriptome
sequencing, assembly and annotation of roots, stems and leaves of O. japonicus, and combined domain-based
screening to identify and conduct phylogenetic analysis of the UDP-dependent glycosyltransferase (UGT) gene
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family. In total, we obtained 109 UGT candidate coding sequences (CDSs) and identified 34 full-length UGT CDSs
(OjUGTI - OjUGT34). Phylogenetic analysis grouped OjUGTSs together with Arabidopsis UGTs into 15
subfamilies, among which clade D (UGT73 subfamily) and clade G (UGT85 subfamily) contained relatively more
members. Conserved motif analysis and multiple sequence alignment showed that 31 OjUGT proteins possess the
canonical plant secondary product glycosyltransferase (PSPG) motif. Expression profiling revealed pronounced
tissue-specific differences in OjUGT transcripts, with OjJUGT32 (UGT73 subfamily) highly expressed in tuberous
roots and OjUGT34 (UGT73 subfamily) highly expressed in leaves. Comparative analyses across species
suggested lineage-specific expansion of UGT73 and UGTS85 genes within Asparagaceae, which may be associated
with steroidal saponin biosynthesis. By integrating phylogenetic relationships, PSPG motif conservation, three-
dimensional structure prediction and tissue-specific expression patterns, we propose that OjUGT32 and OjUGT34
are likely involved in the glycosylation of steroidal saponins in O. japonicus. Overall, this study establishes the
expression profile of the UGT gene family in Maidong and predicts the physicochemical properties and sequence
features of OjUGTS, providing candidate genes for elucidating the glycosylation steps in steroidal saponin

biosynthesis.
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Figure 1 Morphology of Ophiopogon japonicus (L. f.) plants and
different tissues. A, B: Whole-plant morphology of O. japonicus;
C: Tuberous root; D: Stem; E: Leaf
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Figure 2 Phylogenetic relationships of the full-length UGT CDS in O. japonicus. UGT: UDP-dependent glycosyltransferase; CDS: Coding

sequence
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Table 1 Physicochemical properties and subcellular localization of UGT family proteins in O. japonicus. GRAVY: Grand average of

hydropathy
Amino acids Molecular Instability Aliphatic L
Gene name pl . . GRAVY Subcellular localization
length mass/Da index index
OjUGTI 508 56 982.41 5.79 53.87 91.36 -0.091 Cytoplasm
OjUGT2 588 65013.13 6.77 444 90.03 -0.142 Chloroplast
OjUGT3 468 51 820.34 5.81 42.93 88.74 -0.316 Chloroplast
0OjUGT4 465 51902.42 4.76 45.82 96.86 -0.037 Cell membrane, chloroplast
OjUGTS 476 53202.34 5.8 48.72 88.13 -0.134 Cell membrane
OjUGT6 466 51758.79 5.4 44.48 102.17 0.028 Cell membrane
OjUGT7 456 50 369.77 6.44 41.91 77.87 -0.296 Cell membrane, chloroplast
OjUGTS 479 51625.78 5.98 50.44 85.49 -0.126 Cell membrane, chloroplast
OjUGT9 469 50 486.11 5.81 51.04 98.76 0.114 Cell membrane
OjUGTI0 461 50 564.09 5.55 52.99 88.46 0.002 Cell membrane, chloroplast
OjUGTI11 379 42262.8 5.7 40.8 88.28 -0.065 Chloroplast, nucleus
OjUGTI2 355 39357.67 5.55 57.8 88.99 -0.208 Chloroplast
OjUGTI13 460 51823.44 6 49.82 85.98 -0.212 Cell membrane, chloroplast
OjUGT14 480 53 909.64 5.38 34.12 81.62 -0.223 Chloroplast
OjUGTIS 482 53 605.59 4.97 40.72 88.01 -0.087 Chloroplast
OjUGTI16 485 54 052.47 4.92 42.82 85.01 -0.218 Cell membrane, chloroplast
OjUGT17 460 51280.9 5.01 42.82 84.39 -0.261 Chloroplast
OjUGTI8 465 50771.28 5.69 41.05 90.54 0.045 Cell membrane, chloroplast
OjUGTI19 475 51759.23 491 49 98.74 0.012 Cell membrane, chloroplast
OjUGT20 484 53 846.68 7.26 51.99 88.64 -0.169 Cell membrane, chloroplast
OjUGT21 455 48 947.36 5.68 41.39 97.78 0.231 Chloroplast
OjUGT22 491 53 563.47 6.1 48.69 95.68 0.059 Cell membrane, chloroplast
OjUGT23 481 52491.16 5.8 43.5 90.02 -0.079 Cell membrane, chloroplast
OjUGT24 465 51317.99 6.2 49.28 91.66 -0.015 Cell membrane, chloroplast
OjUGT25 484 52907.85 6.25 37.00 83.24 -0.090 Chloroplast
OjUGT26 487 53 652.71 6 4432 86.88 -0.074 Cell membrane, chloroplast
OjUGT27 368 41087.11 6.02 46.75 83.99 -0.086 Chloroplast
OjUGT28 486 53 151.24 5.6 45.17 83.85 -0.177 Cell membrane
OjUGT29 466 51383.75 5.8 46.03 88.71 -0.064 Cell membrane
OjUGT30 478 53 866.4 5.37 55.03 84.06 -0.217 Cell membrane
OjUGT31 488 53278.94 5.7 42.23 88.34 -0.071 Cell membrane
OjUGT32 496 55381.9 5.74 37.89 94.52 -0.058 Cell membrane, chloroplast
OjUGT33 495 55 050.53 5.5 36.37 92.77 -0.125 Cell membrane
OjUGT34 487 55 140.38 5.49 44.46 85.01 -0.168 Cell membrane, chloroplast

EARE, AP UGTH NS M St EAAAER ML EMEERAG K EW (K5). 2T
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Table 2 Statistical summary of UGT in different species. BUSCO: Benchmarking universal single-copy orthologs

BUSCO completeness Protein-coding  Predicted number UGT proportion

Family Species name Data type C. %) senes of UGT %
Asparagaceae O. japonicus Transcriptome 61.40% 59 855 109 0.18%
Asparagaceae L. spicata Transcriptome 77.40% 64 349 180 0.28%
Asparagaceae A. kiusianus Genome 85.60% 59208 123 0.21%
Asparagaceae A. officinalis Genome 91.60% 26 459 90 0.34%
Asparagaceae A. fistulosum Genome 93.60% 62 242 144 0.23%
Poaceae H. vulgare Genome 93.90% 37961 201 0.53%
Poaceae O. sativa Genome 81.30% 42 582 192 0.45%

Poaceae Z. mays Genome 94.60% 143 679 212 0.15%
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Figure 3 Conserved motifs, PSPG motif, and structural features of O. japonicus UDP-glycosyltransferases (OjUGTs). A: Conserved motif
distribution of OjUGTSs; B: Consensus sequence defining the plant secondary product glycosyltransferase (PSPG) motif; C: Structural
comparison of OjUGT3 and OjUGT4. The red-marked regions indicate the PSPG motif. PSPG: Plant secondary product glycosyltransferase
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Figure 4 Comparison of gene expression levels and counts of OjUGTS in tuberous root, stems, and leaves of O. japonicus. FPKM:

Fragments per kilobase of transcript per million mapped reads
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Table 3 Distribution of the UGT in the different phylogenetic groups

Species name A B ¢ D = F G i ! ! K L M N o6 Isolated cluster
79/91 89 90 73 71/72/88 78 85 76 83 87 86  74/75/84 92 82  80/81
O. japonicus 7 3 2 30 12 0 24 0 2 2 1 15 2 1 3 5
L. spicata 13 7 2 41 18 3 38 0 2 2 4 25 7 1 13 4
A. kiusianus 10 1 5 31 13 3 18 0 1 3 1 18 6 1 6 6
A. officinalis 11 0 1 28 8 3 13 0 1 3 1 11 3 1 4 2
A. fistulosum 6 3 5 44 16 8 32 0 4 1 5 6 4 1 4 6
H. vulgare 15 3 6 26 37 3 36 9 12 6 4 29 4 2 3 6
O. sativa 19 4 8 25 42 2 29 7 8 3 1 23 9 2 4 6
Z. mays 9 3 10 16 39 2 21 16 11 6 2 33 3 4 32 5
A. thaliana 14 4 4 13 25 4 7 21 1 2 2 18 1 1 5 0

Figure 5 Phylogenetic relationships and subfamily distribution

of UGT across multiple species
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