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ARTICLE INFO ABSTRACT

Keywords: Background: Cytochrome P450s have essential roles in oxidative reactions during the
Glycyrrhiza glabra biosynthesis of secondary metabolites, such as terpenoids. Objective: This research was
Cytochrome P450s aimed to identify the gene CYP72A154 as a gene involved in the glycyrrhizin
Homology biosynthesis pathway in Iranian licorice. Methods: CYP72A154 gene was isolated from
Bioinformatic analysis Iranian licorice and cloned it into the PTG19-T vector. After confirmation of fragment
RT-PCR length, the recombination plasmid was sent for sequencing. NCBI BLAST was used to

analyze the nucleotide/ protein sequence homology between Glycyrrhiza glabra and
other plants. The characterization of predicted amino acid sequences such as sequence
homology, protein domains and functional sites, was performed using InterProscan. RT-
PCR was performed to improve the relative expression this gene in the licorice root.
Results: The query length was 314 aa, which after blasting in NCBI had about 78 to 80
% identity to the cytochrome P450 72A154 and 11-oxo-beta-amyrin 30-oxidase in
species of G. glabra, G. uralensis and G. pallidiflora, as well as about 64 to 67 % with
other species of the Fabaceae family. TMHMM analysis indicated the Exp number of
AAs in TMHs was 22.11931, Exp number and first 60 AAs was 20.013. The results of
RT-PCR revealed that the expression of this gene was comparable to the 5-AS gene and
CYP88D6, both being involved in the glycyrrhizin biosynthesis pathway. Conclusion:
According to bioinformatics analysis and RT-PCR, it can be stated that the desired
fragment belongs to the CYP72A154 gene and is also involved in the biosynthesis of
glycyrrhizin.

1. Introduction The roots and stolons of Glycyrrhiza have a
Licorice (Glycyrrhiza glabra) is one of the large amount (8 % of the dry weight) of
most popular medicinal plants in the world [1]. glycyrrhizin, an oleanane-type triterpene

Abbreviations: MVA, Mevalonate; SQS, Squalene Synthase; 5-AS, g-Amyrin Synthase; EST, Expressed Sequence Tag
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saponin. Glycyrrhizin has high economic value,
therefore the biosynthesis of glycyrrhizin has
received extensive attention [2]. The major
pharmacological activities of glycyrrhizin are
anti-inflammatory [3], immunomodulatory ([4],
antiulcer [5], antiallergy activities [6], antiviral
activity against various DNA and RNA viruses
including HIV, [7] and severe acute respiratory
syndrome (SARS)-associated coronavirus [8]
and corona virus (Covid 19) [9]. It has been
reported that glycyrrhizin strongly inhibits the
replication of SARS-CoV-2 in vitro. It blocks
viral replication by inhibiting the major viral
protease Mpro, which is essential for viral
replication [10]. It has been reported that some
licorice compounds have inhibitory activity for
PD-1/PD-L1, (Programmed death-ligand 1)
which is a ligand of PD-1, which is expressed
on tumor cells surface [11].

In licorice, glycyrrhizin is  mainly
synthesized via the MVA pathway. SQS and
[-AS are two genes that encode enzymes
involved in the early stages of triterpene skleten
formation. these genes have been successfully
isolated from  Glycyrrhiza glabra [2].
Cytochrome P450s have essential roles in
oxidative reactions during the biosynthesis of
secondary metabolites, such as terpenoids. As a
resource for gene discovery in glycyrrhizin
biosynthesis, it was used collection of licorice
ESTs to search for glycyrrhizin-biosynthetic
genes. As a result, research for putative P450
genes and subsequent transcript profiling-based
selection of the candidate P450s led to the
identification of CYP88D6. CYP88D6 was
shown in vitro and in vivo (in p-AS-expressing
yeast) to involve in glycyrrhizin biosynthesis
pathway [2]. Furthermore, it was reported that
CYP72A154, a second relevant P450, is
responsible for C-30 oxidation in the
glycyrrhizin pathway. It was expressed in an
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engineered  yeast strain  which  would
endogenously produce 11-ox0-b-amyrin
(a possible biosynthetic intermediate between
p-amyrin and glycyrrhizin) [12]. It was isolated
an oxidosqualene cyclase cDNA, termed
GgbAS1, from cultured cells of licorice
(Glycyrrhiza glabra) [13]. It was cloned a gene
encoding p-amyrin synthase (5-AS) involved in
GA biosynthesis in G. uralensis and expressed
in Saccharomyces cerevisiae [14].

Different genes involved in the biosynthesis
of saponins have been isolated from different
medicinal plants, such as GmbAS3 from
soybean [15], p-amyrin 11-oxidase from Iranian
licorice [16], and FPS, SS, SE, and DS genes in
the medicinal plant Panax notoginseng [17].
genes p-amyrin synthase, f-amyrin-11-oxidase,
11-oxo-beta-amyrin  30-oxidase and UDP-
dependent glucosyltransferase, complete
biosynthetic gene cluster committed to
glycyrrhizin  biosynthesis along with their
corresponding promoter regions were isolated
from Glycyrrhiza glabra [18].

We aimed to identify and clone the gene
CYP72A154 in Iranian licorice and prove the
involvement of this gene in the glycyrrhizin
biosynthesis pathway through the homology of
this gene with other genes involved in this
pathway and RT-PCR. This is the first report of
the existence of this gene in Iranian licorice of
Semiram region. The identification of this gene
in Iranian cultivars confirms the existence of the
secondary metabolite of glycirrhizin in this
species and it will be valuable for future
research on metabolite engineering.

2. Materials and Methods
2.1. Plant Materials

Licorice seeds were collected from the
Semirom area of Isfahan province. These seeds
were disinfected and after scarification with
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concentrated sulfuric acid, it was cultured in the
Y% MS medium. The cultures were placed at
25 °C and photoperiod 14 h for more than two
months.

2.2. Gene Isolation

DNA extraction was performed using cTAB
method [19]. For designing the primer, the gene
CYP72A63 in Medicago trangatula and
CYP72A154 in Glycyrrhiza uralensis were
used, as they have had more than 95 %
homology and are also involved in glycyrrhizin
biosynthesis. The sequence of these two genes
(CYP72A154, accession number: AB558153
and CYP72A63, accession number: AB558146)
was aligned in DNaster software (version 6.13)
with Clastal W procedure. Then, a primer pair
based on consensus regions of these genes’
sequences were designed. Next, using the
Oligoanalyser software (versionl.0.3), the
melting temperature of the primers was
investigated and the melting temperature was
considered close to each other with a maximum
difference of 1 °C. The forward primer sequence
was AAATCCATTGGTCTCTCCAAAG and
the reverse primer sequence was
TCTTCARTGCTTTTTCTCGTTTT. The primers
were synthesized by Sinaclone Company.

PCR was performed as follows: 200 ng
DNA, 0.5 pM from each of the forward and
reverse primers; 10 microliters of Master Mix
PCR (Takara company) poured into a microtube
and the reaction volume was diluted 20 pl. The
PCR program was as follows: 95 °C, 3 min, 34
cycles: 94 °C for 30 seconds, 59 °C (after the
temperature gradient) for 1 min, 72 °C for 1 min
and finally a final expansion at 72 °C for 5 min.
After amplification, the PCR product was
electrophoresed in 1 % agarose gel and TAE 1X
buffer. DNA extraction from agarose gel was
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done using Silica gel [20]. The DNA
concentration (supernatant) was determined
using a Nanodrop device and the peak of curve
was 230 nm. The extracted samples were stored
at 20 °C until use.

2.3. Molecular cloning
2.3.1. Transfer of DNA desired to T vector
Initially, the competent cell was constructed
from Ecoli strain DH5a using the CaCl, method
[21]. Then, the desired DNA segment was
inserted into the PTG19-T vector (Vivantis
company) using T4 ligase enzymes (Takara
company) and ligation reaction according to the
company protocol. Then, microtubes, vortexed
for a few seconds were spun and exposed to a
temperature of about 10 °C overnight.
Recombination plasmid was transferred to Ecoli
bacterial strain DHS5a. After 14 hours of transfer
of recombinant plasmid to bacteria, many clones
were formed on the culture medium. The clones
were transferred to new petri dishes and their
lids were tightly closed with parafilm, and
incubated at 37 °C for 14 hours overnight.

2.3.2. Extraction of recombinant plasmid

To extract the recombinant plasmid, the
bacteria were cultured overnight in liquid LB
medium with 100 ppm ampicillin antibiotic.
After vortexing, the falcons were placed in a
shaker incubator at 37 °C for 14 hours
overnight. The plasmid extraction was
performed from falcons containing bacteria
using Li et al. [22] with slight modifications.

2.3.3. Polymerase chain reaction

To prove the DNA fragment inserted in the
plasmid, the extracted plasmids were diluted ten
times. PCR was performed using forward and
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reverse primer designed for CYP72A154 gene.
The PCR program was as follows: 95 °C, 3 min,
34 cycles: 94 °C for 30 seconds, 59 °C for
F1-R1 primer (after temperature gradient) for 1
min, 72 °C for 1 min, and finally a final
expansion. It was performed at 72 °C for 5 min.

2.3.4. Enzymatic digestion of recombinant
plasmid with BamHI enzyme

The vector used in this study was PTG 19-T
vector (Vivantis company). Digestion with
BamHI was performed using enzyme
manufacture company. According to the
genomic map, the enzymatic digestion of the
recombinant plasmid with this enzyme should
produce two fragments, containing plasmid and
foreign DNA.

2.4. Bioinformatics analysis

After confirmation of fragment length by
colony PCR and enzymatic digestion with
BamHI enzyme, the plasmid was sent to
Microsynth Switzerland ~ company  for
sequencing.

Open reading frame (ORF) detection was
conducted using the NCBI online tools
(http://lwww.ncbi.nlm.nih.gov/gorf/gorf.html).
NCBI BLAST (http://blast.ncbi.nIm.nih.gov)
was used to analyze the nucleotide/ protein
sequence homology between Glycyrrhiza glabra
and other plants. The characterization of
predicted amino acid sequences such as
sequence  homology, protein  domains,
functional sites, and protein physicochemical
properties, was performed using InterProscan
(http:/Aww.ebi.ac.uk/Tools/pfaliprscan/), ProtParam
(www.expasy. org/tools/protparam.html), and
ScanProsite (http:/prosite.expasy.org/ scanprosite/).
The phylogenetic trees were drawn by MEGA X
[23] and based on the neighbor-joining (NJ)
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plus maximum likelihood (ML) inference
methods.

Amino acid sequences were aligned using
CLUSTALW [24]. The evolutionary distances
were computed using Poisson correction. A
bootstrap analysis with 500 replicates was also
conducted to obtain confidence levels for the
branches, where branches with confidence
levels more than 50 were shown. The protein
secondary structure was determined by SOPMA
tool (https://npsaprabi.ibcp.fr/). The sub-cellular
localization for Plant proteins was predicted
using ProtComp 9.0 (http://www.softberry.com).
The online tool used for the prediction of
transmembrane helices was TMHMM Server v. 2.0
(http://www.cbs.dtu.dk/servicess TMHMM-2. 0/).

2.5. RT-PCR

After disinfection and scarification with
concentrated sulfuric acid, the seeds of the
Iranian species were planted in half MS
medium, exposed to 25 °C, and photoperiod of
14 hours of light and 10 hours dark. After about
three months, RNA was extracted from the
roots, stolons, and leaves of these plants using
the cTAB-Litum chloride method [25-26]. To
remove possible contamination of genomic
DNA with extracted RNA, the samples were
treated with DNasel enzyme (Thermo
Scientific's catalog number: EN0521) according
to the manufacturer's instructions. For cDNA
synthesis, 500 ng of RNA treated with DNase |
was used based on the Takara cDNA synthesis
kit (catalog number: RR037A) according to the
manufacturer's instructions.

The primer design was done based on the
sequence of the obtained segment and the
largest ORF using Primer 3 software and
Oliganalyser. Beta actin gene was used as
internal control gene, while two genes -AS and
CYP88D6 were used as genes involved in
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glycyrrhizin biosynthesis pathway. There is no
glycyrrhizin in licorice leaves [12], thus the
leaves were used as a control sample. For all
samples, each reaction was performed in four
replications (two biological replications and two
technical replications). The relative expression
of genes was calculated using the formula Fold
Chang = 2724 [27].

3. Results
3.1. Cloning and blast resulting

The primer designed based on the consensus
regions reproduced approximately 1000 bp
fragments. The fragment was transferred to the

M. Allahdou, et al

PTG19-T wvector and the plasmid was
transferred to Ecoli susceptible cells. The
plasmid was extracted from the transformed
bacteria,  where  recombinant  plasmids
containing the desired fragment were identified
(Fig. 1). The recombinant plasmid was
amplified by PCR with primers related to the
gene and the 1000 bp fragment was amplified
(Fig. 2). To confirm the inserted fragment,
enzymatic digestion of the recombinant plasmid
was performed with BamHI enzyme with two
fragments separated on agarose gel (Fig. 3).
This sequence was recorded in NCBI with
accession number: OP056325.

Fig. 1. The recombinant plasmid contained a 1000 bp fragment amplified with FICYP72A154 primer

R

" e
-mmm“““

L R T

Fig. 2. Amplification of a 1000 bp fragment by an extracted plasmid containing the inserted fragment and
F1CYP72A154 primer
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Fig. 3. Enzymatic digestion of recombinant plasmid with BamHI enzyme

The sequence was introduced to the
www.ncbi.nlm.nih.gov and after blasting in
NCBI had 78 to 80 % identity to the cytochrome
P450 72A154 and 11-oxo-beta-amyrin 30-
oxidase in species of G. glabra, G. uralensis
and G. pallidiflora, and about 64 to 67 % with
other species of the Fabaceae family (Table 1).

The phylogenetic tree was constructed based
on a multiple sequence alignment among the
resulting proteins and other proteins of
cytochrome P450 from the CYP72 family. The
results showed this protein had the greatest
similarity with cytochrome P450 from the
CYPT72A subfamily and 11-oxo-beta-amyrin 30-
oxidase (Fig. 4).

3.2. Physicochemical properties of proteins
related to this sequence

Initial sequence characterization analysis was
performed using the ProtParam tool. The results
indicated that the protein related to this
sequence had 523 amino acids, its molecular
weight was 58997.81, and its isoelectric point
was 9.26. The molecular formula was
Ca690H4251N7210733S18 and its number of atoms
was 8413. The half-life was estimated 30 hours
(mammalian reticulocytes, in vitro), > 20 hours
(yeast, in vivo) and > 10 hours (E.coli, in vivo).
The instability index (1) was computed to be
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38.25; since stable proteins have instability
parameter <40, thus this protein would be
classified as stable protein.

The aliphatic index, as an important factor in
heat resistance, was 99.43, which indicates that
this protein is resistant to high heat. The grand
average of hydropathicity ~ (GRAVY)
was -0.140.

The hydropathicity pattern was calculated
using ProtScale with Kyte and Doolittle method
[28]. The lowest score was -2.94 in position
310, (D) in polypeptide chain while the highest
score was 3.10 in position 17 (Isoleucine) which
are related to the strongest and weakest
locations of hydrophilicity. The hydrophobic
and the hydrophilic domain were located above
and below the zero line, respectively (Fig. 5).

The secondary structure of the cytochrome
P450 72A154 using SOPMA tool indicated that
this protein has 265 Alpha helix (50.67 %), 60
extended strand (11.47 %), 28 Beta turn (5.35
%), and 170 random coil (32.5 %) (Fig. 6).

Prediction of the sub-cellular localization for
plant proteins showed that integral prediction of
protein location is plasma membrane with score:
9.0. TMHMM analysis revealed Exp number of
AAs in TMHs was 22.11931, Exp number, first
60 AAs was 20.013 and Total prob of N-in was
0.9868

December 2022, Vol. 21, No. 84: 26-38
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Table 1. Characterization of sequences with the desired sequence for CYP72A154 gene in Glycyrrhiza glabra

Quary cover

Gene ID Species Accesion number % Identity %

cytochrome P450 72A154 Glycyrrhiza glabra QFS19015.1 58 80.7
11-oxo-beta-amyrin 30-oxidase Glycyrrhiza glabra QBC36432.1 58 80.7
cytochrome P450 72A154 Glycyrrhiza uralensis H1A988.1 58 79.82
cytochrome P450 monooxygenase Glycyrrhiza uralensis QMX78160.1 58 78.07
11-oxo-beta-amyrin 30-oxidase Medicago truncatula RHN40420.1 50 66.67
cytochrome P450 monooxygenase Lotus japonicus BAL45205.1 59 63.15
11-oxo-beta-amyrin 30-oxidase Glycine soja RZB82947.1 59 64.91
cytochrome P450 72A697 Lotus japonicus QFS19021.1 59 67.26
cytochrome P450 72A154 Glycyrrhiza pallidiflora QFS19016.1 58 77.19
11-oxo-beta-amyrin 30-oxidase Arachis hypogaea XP_025610734.1 58 63.15
cytochrome P450 72A698 Pisum sativum QFS19018.1 58 66.67
Cytochrome P450 72A63 Medicago truncatula H1A981.1 58 66.67
cytochrome P450 family 72 protein Medicago truncatula AET02541.2 58 66.67
cytochrome P450 72A699 Trifolium pratense QFS19031 57 67.26
cytochrome P450 72A698 Lens culinaris QFS19017 58 66.67
cytochrome P450 CYP72A613 Trigonella foenum-graecum QDS03634.1 59 66.67
11-oxo-beta-amyrin 30-oxidase Cajanus cajan XP_020233595.1 58 63.16
11-oxo-beta-amyrin 30-oxidase Glycine soja RZB82945.1 59 64.91
cytochrome P450 family 72 protein Medicago truncatula AET02544.1 59 64.91
11-oxo-beta-amyrin 30-oxidase Glycine max XP_003543170 59 64.91
11-oxo-beta-amyrin 30-oxidase Mucuna pruriens RDX90634.1 58 64.04
cytochrome P450 monooxygenase Medicago truncatula BAL45201 58 64.91

sp|H1A881.1|C7263 MEDTR RecMame: Full 11-oxo-beta-amyrin 30-oxidase AltName: Full Cytochrome P450 72A63
AET02541 2 cytochrome P450 family 72 protein Medicago truncatula

AET02544 1 cytochrome P450 family 72 protein Medicago truncatula
BAL45201.1 cytochrome P450 monooxygenase Medicago truncatula
QDS03634.1 cytochrome P450 CYPT72A613 Trigonella foenum-graecum

QFS519031.1 cytochrome P450 72A699 Trifolium pratense
QFS519018.1 cytochrome P450 72A698 Pisum sativum

4B

100 ' QFS19017.1 cytochrome P450 T2A698 Lens culinaris
———————————————————— BAL45205.1 cytochrome P450 monooxygenase Lotus japonicus
——————— QBC36432 1 11-oxo-beta-amyrin 30-oxidase Glycyrrhiza glabra

- QFS519016.1 cytochrome P450 72A154 Glycyrrhiza pallidiflora
a0 QFS519015.1 cytochrome P450 72A154 Glycyrrhiza glabra
g1 [ SPIH1A988.1|C7254 GLYUR RecMName: Full 11-oxo-beta-amyrin 30-oxidase AltName: Full Cytochrome P450 72A154

63~ QMX78160.1 cytochrome P450 monooxygenase Glycyrrhiza uralensis

QFS519021.1 cytochrome P450 72A897 Lotus japonicus
4* ——————— RDX90634 1 11-oxo-beta-amyrin 30-oxidase Mucuna pruriens

AP 0256107341 11-oxo-beta-amyrin 30-oxidase isoform X2 Arachis hypogaea

KP 020233595 1 11-oxo-beta-amyrin 30-oxidase Cajanus cajan
ﬁ‘_ﬁl}[}%gﬂj 11-oxo-beta-amyrin 30-oxidase isoform D Glycine soja
100 RZB82945 1 11-oxo-beta-amyrin 30-oxidase isoform B Glycine soja
100 ' XP 003543170.1 11-oxo-beta-amyrin 30-oxidase Glycine max

RHMN40420.1 11-oxo-beta-amyrin 30-oxidase Medicago truncatula
seq quarry

oo

Fig. 4. Phylogenetic relationship between amino acid sequence of Glycyrrhiza glabra (seq quarry) and other
CYP72A154 proteins
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Fig. 5. Hydrophobic-hydrophilic pattern of cytochrome P450 72A154; Hydrophobic domain is located above the zero
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Fig. 6. The diagram of secondary structure of cytochrome P450 72A154 (blue lines), extended strand (red lines), S-turn
(green line), and random coil (purple lines)

3.3. Expression of CYP72A154 in Iranian
licorice

To explore the expression of the
CYP72A154 gene using an isolated fragment
from the Iranian species, after sequencing and
confirming it through bioinformatics analysis, a
pair primer was designed based on the sequence

of the desired fragment with gene expression
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analysis also performed. The results indicated
that the expression of this gene is comparable to
that of the S-AS gene and CYP88D6, both being
involved in the glycyrrhizin biosynthesis
pathway. The mean of fold change was 56.4,
11.08 and 15.6 in b-AS, CYP88D6 and isolated
gene from Iranian licorice respectively.
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4. Discussion

Licorice grows in different parts of Iran such
as Kerman, Sistan and Baluchistan, Isfahan and
etc., but the species that grows in the Semirom
region of Isfahan has more glycyrrhizin. The
Iranian species belonged to glabra species.
CYP72A154 gene was previously isolated by
Seki et al. [12]. In order to isolate this gene
from the Iranian species, RNA extraction was
performed from the perennial roots, but it did
not lead to the isolation of cDNA, so DNA
extraction of this plant was performed and
according to the designed primers, we were able
to isolate a part of CYP72A154 gene. After
identifying the ORFs and blasting of protein
belonging to this fragment, the results showed
that predicted amino acid sequence of
CYP72A154 exhibited an extreme similarity
with the corresponding enzymes from other
plants in the Fabaceae species and was closely
related to CYP72A154 gene in the G. glabra,
G. uralensis, and G. pallidiflora species.

It was also highly homologous to the
S-amyrin Synthase gene in this species as well
as in Medicago truncatula. Most triterpenoid
saponins, which are mainly derived from five
different triterpenoid aglycones based on the
S-amyrin skeleton, have been detected from
roots and/or aerial parts of the model legume M.
truncatula [29].

Phylogenic tree revealed that the predicted
amino acid belonged to segregated cluster, but
had the highest similarity to CYP72A154 and
S-AS in other plants from Fabaceae family. Seki
et al [12] showed that CYP72A154 is
responsible for C-30 oxidation in the
glycyrrhizin pathway. Seki et al [2] also
identified CYP88D6 and CYP93E3 from
G. uralensis as p-amyrin 11-oxidase and
p-amyrin 24-hydoxylase, respectively. Shirazi et
al [13] isolated CYP88D6 from Glycyrrhiza
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glabra (lIranian licorice). They found that
isolated segment has 99 % similarity to
p-amyrin sequence of Glycyrrhiza uralensis.
Their results corresponded to our results for
S-amyrin sequence of Glycyrrhiza uralensis and
Glycyrrhiza glabra. The predicted amino acid
had similarity to 11-oxo-beta-amyrin 30-oxidase
from Medicago truncatula, glycyrrhiza soja,
Arachis hypogaea, Cajanus cajan, glycine max,
and Mucuna pruriens with these plants
belonging to Fabaceae family. Bioinformatic
analysis showed the predicted amino acid had
the greatest similarity to CYP72A154 protein
from G. glabra and G. uralensis.

This suggests the same role of this enzyme in
the biosynthesis pathway of glycyrrhizin in the
two species. Grand average of hydropathicity
(GRAVY) was negative while higher positive
score indicates a greater hydrophobicity.

The expected number of amino acids in
transmembrane helices was larger than 18
(22.11), thus it is very likely to be a
transmembrane protein, or have a signal
peptide. The expected number of amino acids in
transmembrane helices in the first 60 amino
acids of the protein was 20.013, which is larger
than 10, therefore a predicted transmembrane
helix in the N-term is a signal peptide. There is
a 98% probability that the N-term is on the
cytoplasmic side of the membrane. TMHMM
analysis in CYP88D6 protein also indicated
transmembrane helix at positions of amino acids
3-21 in f-amyrin 11-oxidase protein [16].

Analysis of gene expression revealed that
expression of CYP72A154 (our quarry) was
comparable to that of CYP88D6 in Glycyrrhiza
glabra (lranian licorice), therefore we could
conclude isolated segment is CYP72A154 and
is involved in glycyrrhizin  biosynthesis
pathway. It was also found that CYP72A154
expression in the roots and stolon was at levels
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comparable to those of S-AS and CYP88D6.
They suggested a role for CYP72A154 in
glycyrrhizin biosynthesis [12]. S-AS gene had
higher  expression than CYP88D6 and
CYP72A154 possibly due to the fact that the
S-AS gene is involved in both the primary
pathway of glycyrrhizin biosynthesis and in the
pathway of soyasaponin biosynthesis [10].
There is an inverse relationship between
glycyrrhizin and soyasaponin [30]. Soyasaponin
was observed in all parts of the plant, and in
contrast to glycyrrhizin, was mostly observed in
younger parts of stolons [2].

It was isolated p-amyrin Synthase Gene
(GmBAS3) from soybean where the expression
of the gene was detected in 21-day-old seedlings
in the hypocotyls, young leaves, and mature
leaves but not observed in stem and root tissues
[15]. On the other hand, in our study and studies
conducted by another researcher -AS gene was
expressed in root and stolon in licorice [2-8]. In
another study pB1121°YS°: CYP88D6 construct
was transferred to G. glabra using
Agrobacterium rhizogene but was not observed
increase in glycyrrhizin in all transferred hairy
root lines, therefore, in order to increase the
amount of glycyrrhizin, it is necessary to
transfer several genes involved in the
biosynthesis pathway [31].

Thus, it could be concluded that the isolated
gene (CYP72A154) is also involved in
biosynthesis pathway of glycyrrhizin, as with
CYP88D6 [2-16] and SAS [13]. The results of
phylogenetic tree determined the most similar
amino acid sequence to the CYP88D subfamily
of cytochrome P450.
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