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Exploration, identification, and characterization of Phtl gene family in Salviae
miltiorrhizae

MU Di-xiu, SUN Ying, WANG Qing-rong, CHEN Xin, YAN Zhu-yun
School of Pharmacy, Chengdu University of Traditional Chinese Medicine, Chengdu 611137, China

Abstract: Objective To provide a basis for further study and utilization of the functional gene family of Phtl in Salviae
miltiorrhizae, the Phtl gene family members from S. miltiorrhizae genome should be explored, identified and functionally predicted.
Methods By utilizing the bioinformatics methods, based on the genomic and NCBI database of S. miltiorrhiza, the sequences of Phtl
family candidate genes of S. miltiorrhiza were obtained firstly by screening, and then carried on the multiple sequence alignment,
conserved structure lookup as well as phylogenetic tree construction. Finally, the characteristic analysis and biological function
prediction were carried out. Results The results showed that 12 Phtl candidate genes were extracted from the genome of Salvia
miltiorrhiza, together with the reported Smphtl, there are 13 Pht]l members in total, their homology as high as 74.34%, and nine
members of them could provide more reliable functional annotation. Among the gene family members, Smphtl & Sm1, Sm4 & Sm6,
SmS5 & Sm11, in which these three pairs may share similar function as well as coevolution relation between each other; Smphtl, Sm1,
Sm3, SmS, Sm7, and Sm11, all of the six members can be only expressed in the roots of S. miltiorrhiza. furthermore, except Sm7
induced by p-deficiency and Sm3 member unaffected by the phosphorus supply factor, the other four probably belong to the
P-deficiency induced up-regulated expressive genotype, which play an important role in phosphorus absorption of S. miltiorrhiza;
Moreover, both Sm7 and Sm16 are possible to expressed in the flower organs of S. miltiorrhiza and then participate in the regulation of
phosphorus balance in the flowering stage of plants. In addition, Sm14 is likely to be a mycorrhizal-induced specific expressive gene
with the function of phosphorus transfer in Phtl family members. Conclusion The Phtl gene family was screened and identified
systematically from the genome of S. miltiorrhiza for the first time, in addition, the members with characteristic and biological function

were found out, which will provide dependable background support and ideas reference for the further research on the role of Phtl in
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the growth and development of S. miltiorrhiza.

Key words: Salvia miltiorrhiza Bunge; Phtl gene family; characteristic analysis; functional prediction; induction expression
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Table 1 Annotation overview of Phtl nucleotide sequences in S. miltiorrhiza

rRss “salvia.cds” {if 5 44 K K /op {E4 blast HEXER Sk AR
®Sml  SMil 00012750-RA_Salv 1548 5 Smphtl® #UMEN 99%, HmEN 5 AN FERR 36k P BB S5 9 Pht
82% B, HstEErRL
Sm2  SMil_00029056-RA_Saly 705 FUE7RN Phtl FIKHEA FPRIREL, AMEES T
®Sm3  0s10t0444700-01_Osat 1626 57K OsPTS  HILEE N 100% 14 S Pht, S STBEMIR R 32
®Sm4  SIN_1022332_Sind 1575 5 Z TN F SiPT1-4° AHBUE N Pht £ P, HAKDIREAR WARIE
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100%, 2 A Fiil e A
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"Sm§  SMil_00029053-RA_Salv 927  HHXERBRN Phtl b, A EUEERRY) 650 bp, TRTHEIEK, &
REIUELFADRAL, KT 80% 5, AMERSE T
Sm9  Os10t0444850-00_Osat 1215 557Kk OsPT8  AH{AE K 100% R R 380 bp, HEXF SR K
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Sml10  SMil 00008713-RA_Salv 1191 ¥R TMSEA Phe J& 52, WIRIHAE el 54 380 bp, EARAT TS A SR
ERy A %, AER ST
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a-the sequence that has been eliminated b-the sequence with high homology (identity = 100%) in NCBI c-the sequence with GSDS based on their

accession number in GenBank
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Fig. 2 Conserved sequences (A) and phylogenetic tree (B) of Phtl predicted genes in S. miltiorrhizae
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Table 2 Percent identity matrix of predicted Phtl in S. miltiorrhizae

FEH Smi4 Smi16  Sm7 Sm10 Smi5 Sm4 Sm6 Smphtl Sml Sml2  Sm3 Sm5  Smill
Smil4 100.00%

Sm16 56.05% 100.00%

Sm7 59.35% 69.08% 100.00%

Sm10 59.74% 69.63% 80.41% 100.00%

Smi15 60.31% 68.54% 80.65% 82.58%100.00%

Sm4 61.21% 70.39% 82.53% 84.09% 86.26% 100.00%

Smé 61.21% 69.41% 82.53% 85.10% 84.92% 96.18% 100.00%

Smphtl  57.23% 64.92% 71.85% 66.67% 68.76% 70.92% 70.53% 100.00%

Sml 59.01% 68.02% 78.79% 75.63% 75.94% 79.64% 79.24% 82.17% 100.00%

Smi2 60.58% 65.76% 72.28% 71.46% 71.35% 72.52% 71.76% 65.82% 70.58% 100.00%

Sm3 59.58% 68.02% 74.48% 72.34% 73.91% 77.39% 76.44% 67.65% 73.88% 72.05% 100.00%

Smb 59.27% 65.24% 71.89% 67.94% 69.07% 72.94% 71.59% 65.81% 71.37% 69.47% 75.90% 100.00%
Smill 60.69% 66.84% 73.74% 70.00% 73.49% 74.74% 73.68% 72.22% 73.67% 73.49% 78.74% 89.21% 100.00%
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Fig. 3 Phylogenetic analysis among predicted Phtl in S.

miltiorrhizae and Phtl—4 in A. thaliana
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Fig. 4 Phylogenetic analysis among predicted Phtl members in S. miltiorrhizae and other plant species
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5 MEME 7l SmPT #1 OsPT £ H A48 {KLEH
Fig. 5 Organization of putative motifs in SmPT and OsPT genes predicted by MEME
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Fig. 6 Specific amino acid deletion sequences deleted in Phtlof plants (region filled in yellow)
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