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Figure 1. Glycyrrhizin biosynthesis pathway
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SQS: squalene synthase; BAS: B-amyrin synthase; CYP88D6: p—amyrin 11-oxidase; UGT: UDP-
glucuronosyltransferase
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Table 1. Designed forward and reverse primers for the studied genes and actin gene
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Name of primer Nucleotide sequences (5' — 3") Annealing temperature (°C) Product size (bp)
SQsS-forward GCGAGGTCTAACTGCCAAAG 60.5
SQS- reverse CCGTTCCCATTCCTCAATAA 58.4 225
bAS-forward TGCGGACATTGTAGTTGAGC 58.4
bAS- reverse ACCAAGTGCGAACCAAGAAC 58.4 220
CYP88D6-forward TCGGCGATCTATTGTCCTTC 58.4
CYP88D6- reverse GGGTCTACATCGTGCCAACT 60.5 230
UGTs-forward CCCAACGACTTCAACCTCAT 58.4
UGTs- reverse ACCCAAGTTTTGTGCTCCAC 58.4 2
Actin-forward TCCTTCGTCTGGATCTTGCT 58.4
Actin- reverse GCAACGGAATCTCTCAGCTC 60.5 248
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Table 2. Results of ESTs cleaning and assembling
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Total length of the Total number of ~ Number of ~ Average length of contig Number of 10t ”“mbErSQI_f
genome covered (bp) unigenes singelton sequences (bp) contig sequences
26884666 37322 600.944 6427 55960
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Table 3. Important genes for synthesis of glycyrrhizin within the gene network

oS 05 awlis e Pl
Node Gene ID Annotation
BAS AT1G78950.1 Beta-amyrin synthase; Converts oxidosqualene to beta-amyrin
CAS1 AT2G07050.1 Cycloartenol synthase; Copverts (J_depsquale_ne to cycloartenol.
Involved in plastid biogenesis
UGT73B3 AT4G34131 1 UDP-glucosyl transferase 73B3; Involved in stress or defense
responses
SQs1 AT4G34640.1 Squalene synthase
CYP93D1 AT5G06900.1 Member of CYP93D
AT3G32047 AT3G32047.1 Cytochrome P450 superfamily protein
CYP716A1 AT5G36110.1 Member of CYP716A
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Figure 2. Gene network of genes involved in synthesis of glycyrrhizin against A. thaliana genome
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G. glabra
Table 4. Results of determination of isoelectric point (Pi), molecular weight (Mw) and cellular location of
protein sequences related to G. glabra

v s e 05 i Ol R (g 1 5 (Sl g g anllae

G5 w b a5 sn Sa s e LOSe 5 (MW) iS50 055 P Syl Sl sl s =8 st

s o led s pb S O SRl e J S5 055
Accession number Protein name Cell location Pi Mw
AMR98504.1 squalene synthase 1 Endoplasmic reticulum 8.18 47252.02
BADO08587.1 lupeol synthase Endoplasmic reticulum 6.61 86688
BAA76902.1 cycloartenol synthase Endoplasmic reticulum 6.35 86453.96
ARB43805.1 beta-amyrin synthase Endoplasmic reticulum 6.19 87072.74
AKM97308.1 cytochrome P450 88D6 Endoplasmic reticulum 8.51 56266.28
YP_009027303.1 cytochrome b6/f complex Extracellular 6.56 17472.83
YP_009027302.1 cytochrome b6 Extracellular 8.89 24126.47
AIN25418.1 beta-amyrin 24-hydroxylase CYP93E6 Plasma membrane 8.7 57905.47
BAAS89815.1 beta-amyrin synthase Endoplasmic reticulum 6.13 87516.3

G. uralensis
Table 5. Results of determination of isoelectric point (Pi), molecular weight (Mw) and cellular location of
protein sequences related to G. uralensis

o s osla RS EEES SRl d J S5 055
Accession number Protein name Cell location Pi Mw
ADG36724.1 squalene synthase 2 Endoplasmic reticulum 8.21 47084.66
ACV21067.1 beta-amyrin synthase Endoplasmic reticulum 6.19 87026.69
BAW34647.1 cytochrome P450 716A179 Plasma membrane 8.06 55285.2
ADES88148.1 beta-amyrin synthase Endoplasmic reticulum 6.19 87072.74
ACS66750.1 squalene synthase Endoplasmic reticulum 8.5 47276.08
ADE18771.1 farnesyl-diphosphate synthase Cytoplasmic 5.56 39359.12
ARB43808.1 beta-amyrin synthase Endoplasmic reticulum 6.13 87130.78
AAW73054.1 cytochrome P450 Endoplasmic reticulum 4.7 4366.93
ANJ03631.1 UDP-glycosyltransferase Plasma membrane 5.88 53868.89
BAL41371.1 lupeol synthase Endoplasmic reticulum 6.61 86790.09
BAG68930.1 cytochrome P450 monooxygenase Plasma membrane 8.78 58154.54
BAG68929.1 cytochrome P450 88D6 Endoplasmic reticulum 8.62 56372.49
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Figure 4. Comparison of gene expression changes between autumn and spring seasons related to rhizome tissue
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Abstract

Glycyrrhiza is one of the important medicinal plants that is in danger of extinction. Search for finding
accessions that have a higher glycyrrhizic acid is very important in breeding programs. Functional
genomics methods such as EST sequencing prepare the ability to identify consensus gene families
among studied species and interpretation of the genome. In this research, 55960 EST sequences of two
different species of this plant along with the protein sequences were analyzed in order to identify the
molecular aspects and functional analysis of the genome and the gene network involved in the
biosynthesis of glycyrrhizin. Also, in order to validation of results, relative expression of four
important genes in the pathway of glycyrrhizin biosynthesis including squalene synthase (SQS), B-
amyrin synthase (BAS), p—amyrin 11-oxidase (CYP88D6) and UDP-glucuronyl transferase (UGT)
were evaluated. After trimming and qualitative evaluation the sequences, 6427 contig sequences and
30895 singleton (37322 unigene) were generated, which covered a total of 26884666 bp (7.06%) of
the licorice genome. Genome functional activity showed that most genes play a role in the catalytic
activity and cellular and metabolic processes in which these genes interact within cells and
intracellular organels. Locating this group of genes showed that the genes involved in glycyrrhizin
biosynthesis pathway were localized in endoplasmic reticulum. Results of validation using gRT-PCR
showed that in the autumn and in the rhizome tissue, the genes of BAS, CYP88D6, UGT and SQS
were up-regulated. The results of this study can be valuable for genomic sequencing, functional
groups, genetic diversity and functional genomics of this plant.
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