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Molecular Identification of Perilla frutescens and Its Varieties, Perillae fructus
and Its Adulterants Based on ITS2 Primary Sequence and
Its Secondary Structure

ZHENG Mengdi, HE Zihan, ZHANG Chun, WANG Xingjun
(School of Pharmacy, Xi'an Medical University, Xi'an 710021, China )

Abstract: The identification of Perilla frutescens and its varieties, Perilla frucius and its adulterants
was studied based on ITS2 primary sequence combined with its secondary structure, providing a
more scientific classification method for the usage of Perilla frutescens as a medicinal plant. After
the collection of Perillae fructus and its adulterants, Perilla frutescens and its varieties, their DNA
was isolated for PCR amplification. The ITS2 sequences of all species were obtained through the
combination with the sequences in GenBank. MEGA 7.0 software was used for analysis of sequence,
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calculation of intra-species and inter-species genetic distances, and construction of NJ cluster tree.
The prediction of ITS2 secondary structure of each species was based on ITS2 database. 4Sale
software was used to compare the primary structure with the second structure matrix, and ProfDistS
software was used to construct the evolutionary tree of PNJ. ITS2 sequence had high success rate of
amplification. Except P. frutescens var. frutescens, ITS2 sequences of Perilla frutescens and other
varieties had significant barcoding gap. NJ tree showed that ITS2 could distinguish Perilla frutescens
and P. frutescens var. frutescens from other varieties. Perilla frutescens and P. frutescens var.
frutescens differed in the secondary structures of ITS2. The ITS2 sequences of Perilla fructus and its
adulterants were quite different, and there was significant genetic distance between various species.
NJ tree and PNJ tree showed that Perilla fructus and its adulterants were clustered into separate
branches with higher bootstrap values. Based on ITS2 barcode, Perillae frucius and its adulterants
could be accurately identified, providing a reliable method for standardizing the pharmacopeial herbs
market and ensuring the clinical medication safety. However, the identification of Perilla frutescens
and its variety P. frutescens var. frutescens should be combined with the secondary structure of ITS2.
It is also suggested that Perilla frutescensa and P. frutescens var. frutescens could be combined into
one species to provide reference for the classification of Perilla genus.

Keywords: Perilla frutescens, ITS2, secondary structure, molecular identification
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Table 1 Detailed information of materials types and sources of P. frutescens and its varieties

it

EPi P. frutescens RART ZSM2

PN P. frutescens B V7 7 % 781

i P. frutescens TR 4 JG1
P P. frutescens GenBank KCO11247
i P. frutescens GenBank DQ471344
EPi P. frutescens GenBank DQ471341

EPiy P. frutescens var. frutescens L PG BS1
EPiN P. frutescens var. frutescens GenBank KC011247
EPiy P. frutescens var. frutescens GenBank KCO011246
EPiN P. frutescens var. frutescens GenBank KCO011245
EPiN P. frutescens var. frutescens GenBank KCO011248
EPiN P. frutescens var. frutescens GenBank DQ471340
EPiN P. frutescens var. frutescens GenBank DQ471339
EPiy P. frutescens var. frutescens GenBank KR082768
EPiN P. frutescens var. frutescens GenBank KCO011244
EPiy P. frutescens var. frutescens GenBank KF012857
EPiN P. frutescens var. frutescens GenBank DQ667246
Wy A= 2 95 P. frutescens var. purpurascens GenBank KCO011253
LS i) P. frutescens var. purpurascens GenBank KCO011254
[5] [] 535 P. frutescens var. crispa GenBank KCO011249
[i] ] 575 P. frutescens var. crispa GenBank KCO011250
[i] [ 75 P. frutescens var. crispa GenBank DQ471342
Bk %95 P. frutescens var. anriculato—dentata GenBank KC011252
H5 595 P. frutescens var. anriculato—dentata GenBank KCO11251
Hk 595 P. frutescens var. anriculato—dentata GenBank DQ471343
HASI 1 P. citriodora GenBank KT220699
H %95 11 P. frutescens var. hirtella GenBank KT220700
H A 5695 TIT P. setoyensis GenBank KT220701
Lk Ilex cornuta GenBank MH566938
LTk Ilex cornuta GenBank MH711786
bik=s Ilex cornuta GenBank MK240428
Gilk=s Ilex cornuta GenBank MK034010
Livk=s llex cornuta GenBank MH566937
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Table 2 Samples of Perillae fructus and its adulterants

2551 4 ST _

E P P. frutescens
EHT P. frutescens

E i P. frutescens
EYiE P. frutescens

E s P. frutescens
ST Impatiens balsamina
SHEF Impatiens balsamina
ST Impatiens balsamina
SET Impatiens balsamina
vt ¥ Cuscuta chinensis
BT Cuscuta chinensis
1L ¥ Cuscuta chinensis

B oL+ Cuscuta chinensis

It F Sinapis alba
FIJFF Sinapis alba
EPie Sinapis alba
FIIF T Sinapis alba
FIrF Sinapis alba
AT Astragalus complanatus
Wt ¥ Astragalus complanatus
¥ Astragalus complanatus
B Brassica napus
e Brassica napus
kT Brassica napus

1.2 7k

1.2.1 DNA # B FRFRS 5L 75% & B8 00T fif
AR S ZER R, WL 150 mg HAT 1.5
ml KRR B T AR A TR R FEIRER
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18 DP305 FE 43 [N 21 DNA $2 BGR 57 & 18 0 1
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DS ZSM2
Genbank DQ471345
Genbank DQ471344
Genbank DQ471341
Genbank AY348749
Genbank KC905466
Genbank MHS808398
Genbank MH808397
JUR %A TSI
Genbank MT982782
Genbank MT982784
Genbank MT982783
Genbank AY348749
Genbank FJ609733
Genbank MG923992
Genbank MG923991
Genbank MG923990
Genbank KT163384
Genbank KT163386
Genbank KT163380
PP 74 *22 YC1
Genbank MG235273
Genbank KX709366
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Table 3 ITS2 sequence analysis of P. frutescens and its varieties

kP 64.90 231 230 1 0
SN 65.40 231 231 0 0
HAt 28 55 64.80 233 233 1 0
LIZEEE )N 64.80 233 231 2 2
Ie] [m] 55 64.20 231 230 1 1
HA S5 1 81.20 233 228 5 4
H 22255 11 82.00 233 229 4 4
H 4 275 111 81.60 233 232 1 1

R4 ENREHTMHERMRSN

Table 4 Variation sites of P. frutescens and its varieties

Ay B e C C T A
#5 1 5 * * o
E il * @ @ #

BB * * * *

B %95 T @ @ i

HFAE 5295 T & % T

HA%T 1 & T C *

H 75875 11 & @ C @

ERS il 22 @ C *

T p * AU 5 AT ST () A ol 22

22 EREEHTMBEEEESH
T K2P BRI AL I Wos (MR 5)
LI R N R AE R B R 0.002, HAAS AR

T T A C C G
G & *k * & ES
* * * * * *
& & *k * & &
* * * * * *
& & £ * & &
* * * * * A
* C @ * A *
i (0 C T i &
* * * * * *

b P 3 A E 25 25 5 0.000, 1 75 5 %8 95 14 b 7] 1t 1%
BB A 0.001, KR MMANBREHEERKTEARSA
IRFR B AL IR RS AN BB K TR R TR X A0 T
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Table 5 Genetic distance table of P. frutescens and its varieties

HAST I | HAZE T | HAZEIRI

EPiY 0.000

E P 0.001 0.002

[ [ 75 0.005 0.005 0.000

Y AR e 0.009 0.010 0.014 0.000
HA5 %05 0.005 0.005 0.009 0.005
HALTR 1 0.023 0.024 0.028 0.033
H A% 95 11 0.019 0.019 0.023 0.028
BRI 0.005 0.005 0.009 0.014
k=g 0.661 0.664 0.676 0.690
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B R, EE IV X AR E B EE 1AS IR

2T TN
b

HASTR 1

0.000

0.028 0.000

0.014 0.023 0.000

0.009 0.019 0.014 0.000

0.683 0.671 0.664 0.661 0.000
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!
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B1 #£HS5HTMEITS2 —&K5&ME

Fig. 1 ITS2 secondary structure prediction diagram of P. frutescens and its varieties
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63 KCO011250_P. frutescens var. crispa
—EKCOl 1249 P, frutescens var. crispa
DQA471342 P, frutescens var. crispa
KCO011244 P. frutescens var. frutescens
KCO011246 P, frutescens var. frutescens
KCO011247_P. frutescens var. frutescens
KRO082768 P. frutescens var. frutescens
KCO011247_P. frutescens
KCO011245 P, frutescens var. frutescens
KF012857 P, frutescens var. frutescens
KCO011252_P. frutescens var. anriculato-dentata
KCO11251 P, frutescens var. anriculato-dentata
DQ471343_P. frutescens var. anriculato-dentata
ﬁ‘:KCOl 1254 P, frutescens var. purpurascens
KCO011253 P, frutescens var. purpurascens
BS1
KCO011248 P, frutescens var. frutescens
DQ667246_P, frutescens var. frutescens
DQ471344_P. frutescens
DQA471341_P. frutescens
ZS1
JG1
ZSM2
KT220701_P. setoyensis
KT220699 P citriodora
KT220700 P. frutescens var. hirtella
MHS566938 _Ilex cornuta
99 MHS566937 llex cornuta
MKO034010_Jlex cornuta
MH711786_Ilex cornuta
MK?240428 Ilex cornuta

B3 ZHSETME NI K
Fig. 3 NJ tree of P. frutescens and its varieties
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Table 6 ITS2 sequence analysis of Perillae fructus and its

adulterants

/% FE bp J=3 B
£hF 6490 231 100
ST 5050 200 194 6 6
WF  51.40 211 116 95 99
FJtF 5420 192 75 117 116
W T 51.70 233 90 143 139
T 5290 191 77 114 116

x7 EAFRFEEHRNRNEEGES
Table 7 Genetic distance table of Perillae fructus and its

adulterants
£HF  0.003

SEF 0813 0.000

¥ 1100 0.693  0.012

FI7rF  0.634 1.034 1052 0.000

wriF 0712 0976 0929 0.627  0.013

WEEF 0727 0 1.022 1.039  1.029  0.705  0.000
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B4 ZEHFEHRMREITS2 ZREHE

Fig. 4 Prediction diagram of ITS2 secondary structure of

Perillae fructus and its adulterants
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65 ZS1
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KT163380_Astragalus complanatus
ﬂKT 163386 _Astragalus complanatus
68 KT163384 Astragalus complanatus
—  MHB808398 Impatiens balsamina
100[———MH808397_Impatiens balsamina

———KC905466_Impatiens balsamina
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