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Cloning and identification of two squalene synthase genes from Salvia miltiorrhiza
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Abstract: Objective To clone and identify the squalene synthase genes in Salvia miltiorrhiza. Methods The primers were designed
based on the predication result of S. miltiorrhiza genome genes and two squalene synthase genes (SmSQS! and SmSQOS2) from S.
miltiorrhiza were amplified via RT-PCR method. Some bioinformatic methods and softwares were used for the gene structure analysis, the
analyses of sequence homology and protein conserved domains of the two gene encoding polypeptides were carried. Real-time quantitative
PCR (RT-gPCR) method was used for the analysis of gene expression patterns. Results The two squalene synthase genes of S. miltiorrhiza
were obtained by RT-PCR method. The encoded polypeptide of the two genes has the related domains and a conserved motif for squalene
synthases. The two genes had the different exon/intron characteristics and the different tissue-specific and time-specific expression patterns.
Conclusion There are two squalene synthase genes existing in the genome of S. miltiorrhiza, which have the different gene structures and
expression patterns, and probably play the different roles in the biosynthesis process of steroids and triterpenoids in S. miltiorrhiza.
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Table 1 Primers used for gene clone and RT-qPCR

F145 K SIS (5°—3)
SmSQS1-F  CCATGGGGAGTTTACGTGCGATTTTGA
GGTTAGACGGCTCTCTTTGGTGCAAAGT
CCGGAAGATTTGTATCCGATGGT
GCATTGTATTGTGGCTTCCTCTGGAT
AGATGGGCGGACACTTGCTGATTA
ACTCTCCACCTCCAAAGTGATGGT
CAAAGATCCTAATGCGGGAACGACA

SmSQSI-R
SmSQS2-F
SmSQS2-R
SmUBQ-F
SmUBQ-R
RT-SQSI1-L
RT-SQSI-R  AGACGGCTCTCTTTGGTGCAAAGT
RT-SQS2-L
RT-SQS2-R  CTGGTTGGTCGAGCTGCTGACAGGA

GATGATGCCGATCCTAATGCCAGAAAGA
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00 01 020
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Black solid blocks represent exons, black lines represent introns.

Figures at the top right corner of exon represent intron phase
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EATEE
Fig.1 Diagram of exon/intron structures of thaliana squalene
synthase genes from Arabidopsis thaliana

and S. miltiorrhiza
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SmSQS1 : A PROLYPLLKL: 271
SmSQS2 ¥ PIY)LYPMVKLKIFAL c 7
AtSQS1 : ¥ PP TYPLLKMKIJAINHNA t 71
AtSQS2 : w PRIYLYPLLKL: 1LRIT AQ! 171
GeSQSt i PDPLYPLLKLKMAINISA PH : 71
GgSQSs2 i : 7
SmSQS1 1 142
SmSQS2 1142
AtSQS1 T 142
AtSQS2 D142
GgSQSs1 L 142
GgSQS2 : 142
SmSQS1 2 211
SmSQS2 911
AtSQS1 : 213
AtSQS2 $ 213
GgSQsS1 2211
GgSQS2 511
kkkkkk
SmSQSI : 282
SmSQS2 . 282
AtSQS1 . 284
AtSQS2 - 284
GgSQS1 : 080
GgSQS2 1282
B
SmSQS1 : CAIPQIMAIGTLALCYD A N . 353
SmSQS2  : CAIPQIMAIGTLALC A g 353
AtSQS1 : CAIPQIMAIGTLALCYNN) A A \ . 355
AtSQS2 : BICATPQIVAIGTLALC A . 355
GgSQS1 : CAIPQIMAIGTLALC A A \ . 353
GgSQS2 : CAIPQIMAIGTLALC A A y . 353
C
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AtSQsl ¢ S Qi NS K-GQPNSVFMiiM/V/
AtSQS2 G M THEK) S E-TQSKAIFy'MFV
GgSQS1 ¢ T S QET -SIPLRNGNGYGS IV
GesQs2 ¢ TLMLS QIITEIES PYMLRNESTNSS IV
WA MRS LRI, AL BRI C T “—7 Bt SRR SRR A 1R KA EREEX (DXXXD) i “*” ki
Squalene synthase conserved domain A, B, and C are underlined by “—”, and two aspartate-rich regions (DXXXD) that mediate binding of prenyl

T

phosphates are marked out by
2 AE. UEFTAERHELRSHMIERF T ERME LR
Fig. 2 Homological alignment of amino acids in squalene synthases from S. miltiorrhiza, A. thaliana, and G. glabra.
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Fig. 3 Phylogenetic analysis of plant squalene synthases ANIRE R IEZEIBAE KL 8 & 00 153 & =l . K,
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Y axes represent the fold levels of gene expression relative to

SmSQS2 gene expression level in flowers that arbitrary set to 1

4 ASERSHEIARTRUERERN (xt5,n=3)
Fig. 4 Tissue-specific expression patterns of S. miltiorrhiza

squalene synthase genes (x+s,n=3)
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Y axes represent fold levels of gene expression relative to SmSQS1

gene expression level in 0:00 that arbitrary set to 1
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Fig. 5 Expression patterns of S. miltiorrhiza squalene
synthase genes in seedling leaves at different
time points in a day (x+s,n=3)
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