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ABSTRACT

Two species of genus Pueraria ((Pueraria lobata (synonym: Pueraria montana var. lobata) and
Pueraria mirifica (synonym: Pueraria candollei var. mirifica)) are traditional plants used in
medicine since ancient times. These plants have been used and became commercially crucial
indigenous medicinal plants. Currently, both roots and flowers of P. mirifica are used as a dietary
supplement and functional food for women because of their rich source of phytoestrogen and
nutrition. However, little information of genes on both species of Pueraria genus (P. lobata and
P. mirifica) are known in Vietnam. The purpose of this research is to support more understanding
about Chalcone synthase (CHS) genes by determining and sequence analyzing an encoding
region of CHS genes that were isolated from P. lobata and P. mirifica. The full-length open
reading frame (ORF) sequence CHS was identified with 1170 bp which encodes 389 amino acids
by Sanger sequencing. The isolated CHS gene of P. lobata has no difference in sequence with
CHS reported on GenBank (D10223.1), whereas a difference of 26 nucleotide positions in CHS
sequence of P. mirifica compared with the published gene sequence (JQ409456.1) as
consequential having 97.78% genetic similarity. The CHS genes sequence of P. lobata and P.
mirifica are homologous with 98.4% because of having 19 nucleotide differences. Chalcone-
stilbene synthase N-C terminal, PLN03173, CHS-like, BH0617, fabH are some important
domains predicting the CHS genes. Especially, the family signature ‘GVLFGFGPGLTI’ motif of
CHS gene as a part of the active-site scaffold contributes to decide the product of cyclization
reactions performing the stereochemistry of cyclization which was also observed in P. lobata and
P. mirifica, but it was not included for all members in Fabaceae family. With in sillico analysis,
the P. lobata and P. mirifica CHS sequences have highly conserved regions to maintain their
structure and function, so that it needs further studies to clarify these points.
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INTRODUCTION

Two species of genus Pueraria
((Pueraria lobata (synonym: Pueraria
montana var. lobata) and Pueraria mirifica
(synonym: Pueraria candollei var. mirifica))
are widely used as a traditional medicinal
herb. It is very useful for multi-purpose and
functions because of its high bioactivities
accumulation. P. lobata is seemed to be one
of the earliest plants listed in traditional
Chinese medicine (Keung & Vallee, 1998).
The vast majority of Asian countries
applying dried P. lobata roots as an
important ingredient of medicinal kudzu root
tea to treat influenza fever, dysentery, etc.
Moreover, P. lobata root powder and extract
as the single ingredient or in combination
with other herbs such as Ginkgo biloba,
Salvia miltiorrhiza, Bacopa monnieri,
Silybum marianum, and Salix alba in some
countries (the US, the UK, and Australia) are
developed for relieving hangover symptoms,
fever and flu, improving liver functions and
aiding weight loss purposes since these
products are fewer effect sides (Healthstore,
2011; TGA, 2011; Cheung et al., 2012). P.
mirifica is an indigenous herb, mostly found
and applied in Thailand because of its
rejuvenating  properties or  antioxidant
activities for beauty benefits in pre-
menopause and postmenopause.
Furthermore, the purposes are similar to
modern hormone replacement therapy, good
effects on reproductive organs, enhanced
breast size enhancement, support for the
bone, hair, and fingernails and many other
special functions (Wanadorn, 1933; Manonai
et al., 2000, Cherdshewasart et al., 2006). In
Vietnam, P. lobata is almost used as a
summer beverage, nutritional food as well as
herbal remedy to treat diarrhoea, muscle
stiffness, thirst, and diabetes. To date, both
roots and flowers of P. mirifica are
synthesized and used as the main ingredients
in a dietary supplement and functional food
products for women. Nevertheless, these
products are considered to be less popular
and advanced in the Vietnamese market than
in other countries. P. lobata and P.mirifica
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are  known for the (iso)flavonoid
accumulation at a high level. Biological
activities, the therapeutic potential of
(iso)flavonoid and their health benefits have
been determined and confirmed by many
previous studies.

(Iso)flavonoids play a crucial role
function in plants and also in human health
(Birt et al., 2001). Isoflavones such as
puerarin or daidzein have the potential to
replace estrogenic drugs with steroid frames
such as HRT with fewer side effects
(Dewick, 2009). Chalcone synthases are
pivotal enzyme in the (iso)flavonoid
biosynthesis process in plants, which is part
of secondary metabolite biosynthesis being
studied for its medicinal properties. The
chalcone synthase superfamily of type Il
polyketide synthases (Austin et al., 2003) are
primary enzymes that also participate in
many important biosynthesis pathways,
especially  (iso)flavonoids  for  some
prominent roles: antioxidant, antimutagenic,
antiproliferative  activities,  estrogen-like
activity, etc (Birt et al., 2001; Miadokova et
al., 2002; Ryan-Borchers et al., 2006;
Iwasaki et al., 2008; Scarpato et al., 2008).
The chalcone synthase are noted to be the
most important factor, particularly in
flavonoid and isoflavonoid, catalyzing the
first committed step in the process.
Flavonoids are performed via the
phenylpropanoid and polyketide pathway
releasing a naringenin chalcone by enzyme
chalcone synthase (CHS)(Dao et al., 2011).

In the world, there have been many
studies on the Chalcone synthase genes. A
series of studies on the characterization of
the CHS gene has been published on
buckwheat (Fagopyrum esculentum M),
Phaseolus vulgaris, and Hordeum vulgare
(Hrazdina et al., 1986; Ryder et al., 1987;
Rohde et al, 1991). Because of its
characteristics, chalcone synthase cDNAS in
Petunia hybrid, soybean, Pisum sativum are
carried out for molecular cloning with
different research purposes, and fields (Shao
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et al., 1995, M. & C. Sengupta-Gopalan
1991, Ichinose et al., 1992). However, the
characteristics of CHS genes in Pueraria
plants of Vietham have rarely been
investigated so far. In this research, to
characterize of CHS gene of the two species,
we isolated and sequenced these genes from
tuber’s MRNA, its main domains were
predicted and compared with references by
using bioinformatics tools.

MATERIALS AND METHODS

Materials

One-year tube of the P. lobata was
collected from Phu Binh, Thai Nguyen,
Vietnam. And two-year tube of the P. mirifica
was collected from Do Luong, Nghe An,
Vietnam. Each specimen of the tubes were
preserved in the RNA later Reagent. Several
reference sequences using in the comparative
analysis are listed (Table 1).

Table 1. Reference sequences list

No. Species AC number (NCBI)

1 | Glycine max NP _001304585.2
2 | Cicer arietinum CAA10131.1

3 | Vigna radiata AJZ72657.1

4 | Trifolium pretense PNY03318.1

5 | Lupinus luteus ABF59866.1

6 | Glycyrrhiza uralensis ABM66532.1

7 | Trifolium subterraneum AAAG67701.1

8 | Onobrychis viciifolia AAB81987.1

9 | Arachis hypogaea AAU43217.1
10 | Pisum sativum BAA01512.1
11 | Vigna unguiculata CAA52819.1
12 | Mucuna pruriens RDY14063.1
13 | Glycyrrhiza inflate ACH67480.1
14 | Sennatora ACB78187.1
15 | Arachis duranensis XP_015971138.1
16 | Medicago truncatula KEH27377.1
17 | Onobrychis viciifolia AEF14414.1
18 | Acacia confuse AFA55180.1
19 | Vigna unguiculata QCE15713.1
20 | Cajanus cajan XP_020230031.1
21 | Spatholobus suberectus TKY62964.1
22 | Prosopis alba XP_028780252.1
23 | Glycine soja XP_028189397.1
24 | Caragana korshinskii AYEB8587.1

Methods

Total RNA extraction

Total RNA was extracted using TRIzol
reagent which has been innovated
appropriately with P. lobata and P. mirifica
tubes and the concentration of RNAs was

later determined by using NanoDrop™ One
(US).

Amplification of CHS genes by RT-PCR
method

Thermo Fisher KIT (Revert Aid Reverse
Transcriptase) was used to synthesize the
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first-strand cDNA from the extracted RNA
and amplify the CHS 5’and 3’transcript. The
forward primer 5° TTGAGTTCGATCAAAT
CGCAG 3°, reverse primer 5° TAGGCA
TCTCAGATGGCC 3’ for the amplification
of CHS gene were designed based on the
reference sequence in GeneBank (D10223.1),
then synthesized and provided by the PHUSA
Biochem company. The condition of
amplification was optimized for 25 pl of PCR
including 1 pl of cDNA, 2.5 puM of each
primer, 0.5 unit of Dream Taq polymerase
(Thermo Scientific), 1 mM of each dNTP and
2.5 pl of Tag PCR buffer. RT-PCR reaction
conducted with the thermal cycling: initial
denaturation at 94 °C for 3 min; 30 cycles at
94 °C for 1 min; 59 °C for 30 min, 72 °C for 1
min 20 s; final extension 72 °C for 8 min and
hold at 4 °C in a total 25 uL reaction volume.
The products of PCR were run on 0.8%
agarose electrophoresis gel at 150 V, 300 A
for 30 min.

Sanger sequencing

The amplified products were purified by
OMEGA biotek KIT before sequencing with
the Big Dye Terminator kit (ABI Foster City,
USA) on an Applied Biosystems™ 3500
system, and the primers for Sanger
sequencing which listed in RT-PCR method
were used. After that, the obtained sequences
were analyzed and assembled by the BioEdit
program. BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) were
performed to search the sequence homology.

a b
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bp bp
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1000
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2000 —|
1500 —
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Consequently, the conserved domain and
motifs of each amino acid sequence were
predicted by wusing software of NCBI
(https://www.ncbi.nIm.nih.gov/Structure/cdd/
wrpsb.cgi) and motif software
(https://www.genome.jp/tools/motif/).

RESULTS AND DISCUSSION

Amplification of CHS genes by using RT-
PCR

The total RNA samples extracted from
P.lobata and P.mirifica tubes and used as
templates for cDNA synthesis (Fig. 1a). RT-
PCR amplification was performed by
following the description of Sambrook
(Sambrook et al., 2001), with the specific
primer and conditions as described above at
three different temperatures in order to
determine the optimal DNA condition.
Finally, the PCR products were purified and
checked by 0.8% agarose gel (Fig. 1d).

As the results (Figs. 1b, 1c), DNA
distinct bands appeared very clearly, with
approximately 1.24 kb at the best annealing
temperature 59 °C of 30 cycles for 30 s, but
no bands were observed at 61 °C and 63 °C
annealing temperature. In addition, the PCR
products  were purified by  using
Thermofisher Scientific DNA purification
kit, which have more accurate readable
DNA sequences. Thus, CHS genes of P.
lobata and P. mirifica were successfully
amplified with the expected size, which is a
prerequisite for sequencing.

d

Pmirifica M Plobata

bp

4m].2Kkb

Figure 1. Agarose Gel Electrophoresis of CHS gene product. a.Result of total RNA extraction;
b. Result of RT-PCR reaction CHS gene of P. lobata at different temperatures (59 °C, 61 °C,
and 63 °C); c. Result of RT-PCR reaction CHS gene of P. mirifica at different temperatures

(59 °C, 61 °C, and 63 °C); d. Result of purified PCR product. M. Marker 1kb (iNtRON)
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Sequence analysis of CHS gene from
P.lobata and P.mirifica

After sequencing, the isolated CHS genes
from P. lobata and P. mirifica were
determined with 1170 bp in length, encoded
for 389 amino acids containing a start codon
ATG, stop codon TGA and then utilized to
compare the two published genes on
GenBank (D10223.1- P. lobata, JQ409456.1-
P. mirifica).

The results of Blast analysis showed that
the P. lobata CHS gene and D10223.1 (P.
lobata) were obtained with 100% of genetic
similarity, and no differences have been
found between them. Besides, a pairwise
sequence alignment between the P. mirifica
CHS gene and JQ409456.1 (P. mirifica)
showed that 97.78% of genetic similarity was
identified, with the list of 26 different
nucleotide positions. In particular, there were
16 amino acid variants which were appeared
more frequently at the 5’end of the coding
sequence (Table 2).

According to Dixon et al. (1999) and
Pandith et al. (2019), the majority of CHS
gene in legume species belonged to
multigene families such as 6—8 members in

green bean (P. vulgaris), seven in pea, Six or
seven in P. lobata, at least nine in soybean
(G. max), and other species. Especially, Wani
concluded that the two isoforms GaCHS1 (an
ORF of 1176 bp) and GaCHS2 (an ORF of
1170 bp) (G. asiatica L) have appeared the
differential expression pattern at different
stages (Wani et al., 2017). Besides that, the
P. mirifica CHS gene, with 1170 bp in length
encoding 389 amino acid residues is also
demonstrated its characteristics belonging to
a multigene family (Wiriyaampaiwong et al.,
2012). In a recent study, Suntichaikamolkul
and his colleagues (2019) based on
transcriptome and phylogenetic analysis of
P. mirifica show that two CHS genes (CHS1,
CHS2 encoding chalcone synthase) were
involved in isoflavone biosynthesis in a total
of 14 putative genes (Suntichaikamolkul et
al., 2019). As mentioned before, several CHS
genes in other plants have been found in
different isoforms with many different
nucleotides and amino acid positions.

The red circles represent the different
nucleotides making different amino acids,
while the yellow circles show similar amino
acids.

Table 2. Number of nucleotide differences P. mirifica CHS gene and CHS gene
published on GenBank (JQ409456.1)

Position [47]51]55[57(60(63|69(77| 78 | 81 | 84 |144]281)348]451] 452 | 472 | 479 | 507 |515[520{523|533|559|627|818
leiriﬁcalNucIeotideCAACCCAACAACGGCGAAGGGACCTG
Aminoacid|P|A| | |L|A|G| N |P|P|H|R|E|] R |M|Y|T|R|A|K|A[V|L|G
JQ409456I1Nuc.IeotidleTCG|TATCC|TTCTACG|A clclclclclc|[T]T][A]lA
Aminoacid| L|A[ V [L|A|G| T |P|P|[H|K|D| D |[L|S|T|P|[P|Q|V|V]|LI|E
Note: Different amino acid positions are marked in black bold letters.
Table 3. Number of nucleotide sequence differences P. lobata and P. mirifica CHS genes
Position [29/30]31{33[36/39]43|60|559(621|657(684|786(804| 909 |1150]|1154|1164]|1167
P lobata Nucleotide| C|A|C|A|G|A|G|T|T|T|G|A|C|C|C|C|G|C]|C
Amino acid| A RIAIG|L{|V|L|A|P|G|L|H]|V]|R|A|I
o mirifica | NUCleotice clo|Alc|T|T|[A[c|c|c|AalT]e|T|T|T|A|T]A
Aminoacid| G N |S|A|S|L|V|L|A|P|G|L|H]|V|H]A|I

The pairwise sequence alignments using
BLAST (Fig. 2) illustrated CHS genes from
P. lobata and P. mirifica were shared a

genetic similarity of 98.4% and discovered
only 7 wvariants in total 19 different
nucleotide positions (Table 3) leading to
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different amino acids. Furthermore, these
differences were observed much higher at the
5’ and 3’ end of the encoding sequence and

of P. mirifica compared to P. lobata species
and others. However, different amino acid
positions affect CHS activities and modify

may able to create their own characteristics functions need to be further researched.
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Figure 2. Pairwise sequence alignment of CHS genes between P. lobata and P. mirifica
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Figure 2. Pairwise sequence alignment of CHS genes between P. lobata and P. Mirifica (hext)
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Putative amino acid sequence analysis of
CHS gene (P. lobata and P. mirifica)

The two CHS sequences and five
sequences of relatives’ species of Fabaceae
family which have the full-length coding
sequences (CDS) were aligned using
BLAST and BioEdit (Figure 3). The result
showed 42 different amino acids, which
may have directed specifically
characteristics and their functions, as well
as increasing species diversity.

In fact, the highest genetic similarity was
found between the CHS gene of P. lobata
and CHS8 Glycine max (NP_001304585.2)
with 96.24% which was followed by that of

CHS7 Glycine max (NP_001340309.1),
Glycine soja (ACT32034.1), Phaseolus
vulgaris (XP_007158815.1), and Vigna

radiata (AJZ72655.1) with 96.15%, 95.98%,
91.81% and 89.49%, respectively. Likewise,
the most significant match was detected
between the CHS gene of P. mirifica and
CHS8 G. max (NP_001304585.2), with a
similarity of 95%, followed by G. soja
(ACT32034.1) with 94,7%, the next V.
radiate (AJZ72655.1) being 89.2%, CHS7 G.
max of 74.4%, and P. vulgaris, with 73% -
the lowest one among five selected species.
In conclusion, the two CHS gene sequences
share similarities to the references, ranging
from 73% to 96.24%.

Amino acid sequences of the two genes
are analyzed using Conserved Domains
software (NCBI) to show the location of
several key conserved domains such as
Chalcone and stilbene synthase N-terminal, C-
terminal, PLN03173, CHS-like, BH0617, and
fabH and predict these functions (Fig. 3).
PLNO03173 (from 1-388aa) seemed to be a
provisional chalcone synthase, while the
BHO0617 (from 17-388aa) region is expected
for naringenin-chalcone synthase. CHS_like
(from 16-384aa) are described as Chalcone
and stilbene  synthases;  plant-specific
polyketide synthases (PKS) and related
enzymes. FabH (from 17-385aa), which is
well-known  for  3-oxoacyl-(acyl-carrier-
protein) synthase Ill, and is a determining
factor in  branched-chain  fatty acid
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biosynthesis  (https://www.ncbi.nIm.nih.gov/
Structure/cdd/wrpsb.cgi).

In addition, some motifs supported more
understanding of isolated CHS genes in this
study. For instance, the conserved CHS active
site residues (C'%, F?%> H3% and N3°) were
identified functions as the active site of the
enzyme, which is essential for the catalytic
activity of both enzymes (Chalcone and
stilbene) and probably represents the binding
site for the 4-coumaryl-CoA group (Ferrer et
al., 1999). Especially, C* acts as the active
site nucleophile and the attachment site for
polyketide intermediate in  polyketide
formation, whereas H3® and N3¢ are known
as the decarboxylation of malonyl CoA (Dao
et al., 2011 and Ferrer et al., 1999). F 2! are
emphasized with the aim of the binding
substrate through elongation of the polyketide
intermediate (Jez et al., 2000) and the other
residues K%, R% and K® are also introduced
as the CoA binding active sites on the figure
(Dao et al., 2011; Ferrer et al., 1999).

The leucine zipper motif, L310, 317 | 319
and L*! (Claudot et al., 1999) play an
important role as the functional active site and
was also found in the PcCHS gene product
(Wiriyaampaiwong et al., 2012). The results
are shown in Figure 3 that all residues
remained unaltered in the two sequences of P.
lobata and P. mirifica. And another, it is
interesting to note that the family signature
“GVLFGFGPGLTI” loop (Suh et al., 2000;
Dao et al, 2011) of CHS genes are
determined including the unique amino acid
Pro-375 (P*”®) in the G*2FGPG loop appears
as a strictly conserved region in all member of
CHS superfamily, without other condensing
enzymes (Suh et al., 2000). As shown in
Figure 3, this motif has also been observed in
the two isolated P. lobata and P. mirifica CHS
genes. As indicated above,
“GVLFGFGPGLTI” was the family signature
of the CHS gene and the region belongs to
Chalcone - stilbene synthase C-terminal of P.
lobata, P. mirifica and 24 species in the
Fabaceae family. Therefore, the signature was
used to check the conserved of these
sequences (Fig. 4).
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Figure 3. Amino acid sequence alignment of P. lobata, P. mirifica, and CHS protein of the five
most significant similarity species in Fabaceae family with full-length cds. (NP_001304585.2
(G. max), NP_001340309.1 (G. max), ACT32034.1 (G. soja), XP_007158815.1 (P. vulgaris),
AJZ72655.1 (V. radiate) are downloaded from NCBI web. Chalcone and stilbene synthase N-
terminal, C-terminal are shaded with right and left brackets. The main conserved CHS active
site residues are marked in yellow while the putative family signature is indicated by the blue
box. The black boxes are shown the CoA binding active sites, whilst the leucine zipper motifs

are indicated in the red boxes. A filled black rectangle represents a unique residue. The big
black dot is shown the different amino acid positions)
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CHS P.lobata RKSAENGLKTTGE VLFGFGPGLTIETVVL-RSVAI----
CHS P.mirifica RKSAENGLKTTGE VLFGFGPGLTIETVVL-HSVAI----
D10223.1 P. lobata RKSAENGLKTTGE VLFGFGPGLTIETVVL-RSVAI----
JQ409456.1 P. mirifica RKSAENGLKTTGE VLFGFGPGLTIETVVL-HSVAI----
NP_001304585.2 RKSAENGLKTTGE VLFGFGPGLTIETVVL-RSVAI----
CAA10131.1 KKSAKDGLKTTGE VLFGFGPGLTIETVVL-HSVAI----
AJZ72657.1 RKSAENRLKTTCE VLFGFGPGLTIETVVL-HSVTI----
PNY03318.1 RKSKEDGLATTGE VLEFGFGP Liﬁ]TVVL—HSVAT————
ABF59866.1 RKSKEDGLKTTGE VLFGFGPGLTIETVVL-HSVAI----
ABM66532.1 KKSAQDGLKTTGE VLFGFGPGLTIETVVL-HSVAI----
AAA67701.1 KKSAQNGLKTTGE VLFGFGPGLTIETVVL-HSVAI----
AAB81987.1 -KSAQNGLKTTGE VLFGFGPGLTIETVVLLRSVAI----
AAU43217.1 NKSLQQGLQTTGE VLFGFGPGLTIETVVL-HSVAI----
BAA(01512.1 KKSTODGLNTTGE VLFGFGPGLTIETVVL-HSVAI----
CAA52819.1 EKSVENGLKTTGK VLEFGFGP L:TVVL—HSVAI————
RDY14063.1 RKSAQNGQKTTGE VLFGFGPGLTIETVVL-RSVAI----
ACH67480.1 KKSAQNGLKTTGE VLFGFGPGLTIETVVL-HSVAI----
ACB78187.1 -KSIEDGLKTTGE VLFGFGPGL ETVVL-RSVGVN---
XP_015971138.1 ----EEGKATTGE VLEFGFGP LﬂEZTVVL—HSLPLENRS
KEH27377.1 KRSAQEGLETTGE VLFGFGPGLTIETVVL-HSMVI----
AEF14414.1 RKSKENGLATTGE VLFGFGP Lﬁ:Tva-RSVAA----
AFA55180.1 RRSVKEGKATTGE VLFGFGPGL ETVVL-HSVPV----
QCE15713.1 ----EEGKSSTGE VLYGFGPGL TIVL-HSATIDTNN
XP_020230031.1 RKSAKDGLKTTGE VLFGFGPGLTIETVVL-HSVAI----
TKY62964.1 --SKEEGKGTTGE VLFGFGPGL TVVL-HSVPLEG--
XP_028780252.1 KRSMNGGKATTGE VLFGFGPGL TVVL-HSVPV----
XP_028189397.1 RKSAENGLKTTGE VLFGFGPGLTIETVVL-RSVAI----
AYE88587.1 ----EEGKSTTGE VLFGFGPGL TIAL-HSANIDTGY

Figure 4. Multiple alignments of an amino acid-specific region of P. lobata,
P. mirifica and other species in the Fabaceae family

There are 16 out of 26 species of the
Pueraria genus (including P. lobata and P.
mirifica) contained “GVLFGFGPGLTI ”
motif in the Chalcone - stilbene synthase C
terminal. However, the last amino acid
position of putative CHS family signature was
changed to Valine (V) instead of Isoleucine
() in PNY03318.1 T. pretense, ACB78187.1
(S. tora); XP_015971138.1 (A. duranensis),
AEF14414.1 (O. viciifolia), AFA55180.1 (A.
confuse), TKY62964.1 (S. suberectus),
XP_028780252.1 (P. alba), while only
AYEB8587.1 (C. korshinskii), QCE15713.1
(V. unguiculata) modified to Methionine (M).
Moreover, CAA52819.1 (V. unguiculata) has
two amino acids Threonine- lleucine (TI) at
the last position of the ‘GVLFGFGPGLTI’
motif but has none of Serine - Leucine (SL).
Consequently, the ‘GVLFGFGPGLTI’ amino
acid residue region is a family signature of the
CHS gene, which was also observed in P.
lobata and P. mirifica, but it was not included
for all members in the Fabaceae family. With
this in sillico analysis, the P. lobata and P.
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mirifica CHS sequences have highly
conserved regions to maintain their structure
and function, since, it needs further studies to
clarify these points.

CONCLUSION

CHS genes from P. lobata and P. mirifica
have been identified and analyzed in the
length of 1170 bp encoding for 389 amino
acids. These genes have some differences in
nucleotide making changes in putative amino
acid with references. Additionally, both
predicted amino acid sequences of the CHS
gene from P.lobata and P.mirifica were
significantly higher similar comparing with
published CHS sequences on GenBank (100%
and 97.78%, respectively) and also have
highly conserved regions to maintain their
structures and functions.
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