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Abstract: ITS2, matK, and PsbA-trnH molecular markers were used to identify 13 common aromatic plants, including
Ocimum basilicum and its relatives, Ocimum americanum, Ocimum gratissimum, Ocimum tenuiflorum and Origanum
vulgare, Mentha canadensis, Mentha spicata, Elsholtzia ciliata, Agastache rugosa, Nepeta cataria, Melissa officinalis,
Rosmarinus officinalis, and Thymus mongolicus, to provide a more scientific method for rapid and accurate identification
of medicinal and edible aromatic plants. The ITS2, matK, and PsbA-trnH sequences of each species were downloaded from

GenBank. The sequence alignment, genetic distance calculation, and neighbor-joining (NJ) phylogenetic tree construction
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were performed using MEGA7.0 software. The parallel neighbor-joining (PNJ) evolutionary tree was also constructed in

combination with the secondary structure of ITS2. The results showed that the maximum intraspecific genetic distance of

ITS2 was 0, and the minimum interspecific genetic distance was 0.070. The maximum intraspecific genetic distance of

matK was 0.000, and the minimum intermediate genetic distance was 0.002. The maximum intraspecific genetic distance

of the PsbA-trnH sequence was 0.000, the same as the minimum interspecific genetic distance. Simultaneously, according

to the results of the NJ phylogenetic tree, ITS2 and matK barcodes can distinguish all species, with each species forming

a distinct clade, clearly separable from other species. PsbA-trnH could distinguish plants at the genus level but failed to

distinguish Ocimum basilicum from the closely related species Ocimum americanum. Therefore, the differential effect of

the three molecular markers was as follows: ITS2 was the best, matK was the second, and PsbA-trnH was weak. Thus, ITS2

was suggested for the identification of 13 medicinal and edible spice plants in this study, providing a scientific basis for the

traceability of spice origins and ensuring safety in food and pharmaceutical applications.
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Table 1 Detailed sample information
R ETHLES 35
ZH Ocimum basilicum L. MT338840.1; MT338841.1; MH612944.1
VA Ocimum americanum L. OR546446.1; OR546445.1; ORS546444.1
THF% Ocimum gratissimum L. MF468217.1; MF468218.1; MF468216.1
7% Ocimum tenuiflorum Burm. f. OL536579.1; MK087938.1; KT235956.1
+z Origanum vulgare L. MT804626.1; MT804625.1; MT804622.1; MT804624.1; MT804621.1
BT Mentha canadensis L. MH711578.1; MH703325.1; MT808916.1
TS2 @2 Mentha spicata L. D(56"6“7244.1; MW915Z/§\1};;1§;§\-/6-?115775.1;MW915727.1-;- ----------
- 55 Elsholtzia ciliate (Thunb.) Hyland. JN5780621, IN578061.1; JN5780-6-6.-i-; MH117517.1; MH1 175181
ETA  Agastache rugosa (Fisch. et Mey.) O. Ktze. MT622824.1; KP058324.1; JF708195.1; KY197932.1
EiPIS Nepeta cataria L. JQ669126.1; MH808589.1; DQ667301.1; AJ515313.1
HHEG Melissa officinalis L. DQ667291.1; DQ189090.1; MK087933.1; MG256281.1
H kA Rosmarinus officinalis L. 0Q165223.1; OL536639.1; EU796893.1; MK087953.1
aEE Thymus mongolicus Ronn. KC295045.1; KC295046.1; MG256334.1; MH688886.1; MZ191048.1
o T #) Ocimum basilicum L. MK414-4-1-6"5-.-1; KC755404.1; AY177"6-;(-)-.1; KC755403.1; KC7554021
KT # Ocimum americanum L. KC755400.1; KP172062.1; JX465686.1; 1X465683.1
TEF% Ocimum gratissimum L. MF468167.2; 1X465684.1; MW150013.1;MK290479.1; MF468169.2
= Ocimum tenuiflorum Burm. f. OL690083.1; MW150017.1; MF468156.2; MF468148.2; JF357829.1
+Z Origanum vulgare L. MT679152.1; MF694869.1; HQ593372.1; KJ204514.1; MN311850.1
B Mentha canadensis Linnaeus IN966367.1; MZ540176.1; MH714150.1
matK gLA Mentha spicata L. KX783714.1; KX879087.1; KX879086.1; LC385925.1
5% Elsholtzia ciliate (Thunb.) Hyland. MH116629.1; MH116628.1; KY624878.1
EA  Agastache rugosa (Fisch. et Mey.) O. Ktze. MH659892.1; NC_053706.1; OM457823.1; MW760849.1
P Nepeta cataria L. MG224812.1; HQ593369.1; MN311849.1;MK520352.1; MG947045.1
HHE Melissa officinalis L. MF694864.1; KP172051.1; HM850795.1;NC_066033.1
kA Rosmarinus officinalis L. KP172065.1; HE967477.1; FR719114.1; FR719113.1; FR719112.1
R Thymus mongolicus Ronn. MN433407.1; MN317518.1; NC046520.1
o bR Ocimum basilicum L. KP218-9"3-2-§-.-1; KP218939.1; JQ339£5“6-:-1; HM590118.1; KF8556131
V& E Ocimum americanum L. MK261026.1; MK260875.1; KT338804.1
TETY Ocimum gratissimum L. MN816239.1; KT338808.1; FR726109.1; KR735412.1; JX262181.1
] Ocimum tenuiflorum Burm. f. KT338810.1; KT338800.1; KT338799.1; KX953726.1; KX096041.1
+Z Origanum vulgare L. KC138347.1; KC138241.1; KC138239.1; ON641323.1; ON641374.1
PsbA-trnH  7&47 Mentha canadensis Linnaeus IN406992.2; KY197902.1; GQ434942.1; IN406991.2; LC125225.1
g LA Mentha spicata L. AY643678.1; AY643677.1; AY643676.1; AY643675.1; AY643674.1
5% Elsholtzia ciliate (Thunb.) Hyland. LC605901.1; LC605900.1; LC605899.1; LC605898.1; LC605897.1
B4 Agastache rugosa (Fisch. et Mey.) O. Ktze.  KC832494.1; KC832493.1; JQ339252.1; EU590857.1; MW760849.1
AR Melissa officinalis L. KP643311.1; LS999865.1; MH781964.1
ik A Rosmarinus officinalis L. HE966779.1; FJ493283.1; OL312128.1; FR726154.1

343




MR @i

Modern Food Science and Technology

2025, Vol.41, No.4

1.2 AR kAo bt

M NCBI Nucleotide #§ # £ Chttps://www.ncbi.
nlm.nih.gov/nucleotide/) H* T #k 13 4™ 75 2K # 1)
ITS2. PsbA-tmmH 1 matK ¥ %, F| Fl BLAST 3
RE 07 46 5 B mT BE PP %), L3RS 154 S 780 ¥ T
#H BT 15 F %) £ 1TS2 Database Chttp:/its2.bioapps.
biozentrum.uni-wuerzburg.de/) H1FE F- 5 Iy IR A] KA
A (HMM) R 3EAT 738, 22507 51 i) 5.8S
A1 28S FERI[X, FRAGHRAER) ITS2 K 8] & X 7 471 .
Fi4k, AR5 GenBank 4k FE 1 [7] J& ) Ft PsbA-trnH
B RE, 22 B P 51 PN i 1 psbA F1 trnH BE R, 3R
S FRUER) PsbA-trnH JE A (AR X o [FIB), 33 REFHF3R
15 by E B matK Fr Bt. #] A Clustal Omega Chttp:/
www.clustal.org/lomega/) 1E 2k B 14 X} At A ITS2.
PsbA-trnH 1 matK J5 5347 EEXATAZ IE

1.3 73 AT 3% 1 5 8 0T B RONT 3 16 i
1 7

K Fl MEGA 11 B {43 #r L) Fr 48 e 51, ek
GC &, FHIKE. BRAETFIFRIEEE. 5
T K2P (Kimura 2-Parameter) #7450 Fh i Rr A
AL R B, #Ja NJ (Neighbor Joining) KGR H
¥}, Bootstrap1000 /X B Z KI5 733 RG0UK B A FEME

1.4 ITS2Z R LEAG TN RPNI & ¢ & & A A7

F| ] ITS2 Database il 54 F (1) ITS2 — 2% 45
¥, RS — R ER R BEE RS, Kara

WFFER RIS & 5 FE 4 N 4Sale 1.7.1 Bk h #E4T L
XF, K X R 45 5 5N ProfDist 0.9.9 #cf3E T
BVE A PNT R 4t K B M, Bootstrap 1000 /X # &
K98 70 SC R G B AT S

2 SRS

2.1 3R AT AL B9 3 % BB B AT LR

#F MEGA7.0 A+ K2P (Kimura2-parameter)
PEBSAL AT M N PR B AR PR B, R 2 IR &R
ITS2 J3 51 (1) Ff P 38 AR BE RS 2978 0, i A] B /N it 4% R
BN 5K % ) 0.070, i iE) B K8 AL BE B A ik
A 5T 0.310, Ffa] 55 /N8 45 PR B K TR 4 5
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i 55 B 24 A IR ()AL BE 25450 0,002 (R 3). iy
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LUE RN v N S L b i3 SR NN AN o) S 2o
PsbA-trnH >1TS2 >matK, Fh P -5 6] i 4% FE 254 2
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Table 2 Intraspecific and interspecific genetic distance of ITS2 sequence of spice plants

FH KRFY THEFH £2FH FE2 B BE2E FF  EE A A #34 IS
¥ 0.000
&F¥H 0070  0.000
TA&F%% 0133 0133 0.000
%% 0.147 0169  0.095  0.000
4ZE 0288 0289 0209 0279  0.000
A 0240 0256 0202 0239 0.148  0.000
e 0272 0291 0210 0247 0.129  0.095 0.000
A% 0209 0224 0216 0239 0296 0262 0304 0.000
EA 0219 0228 0174 0232 0197 0.175 0.168 0240  0.000
FI 0196 0226  0.160 0202 0251 0.167 0.174 0239 0.115  0.000
A4 0278 0289 0.190 0250 0.140 0.182 0.183 0288 0.113 0.177  0.000
¥ikA 0267 0302 0234 0298 0205 0229 0.199 0310 0.141 0.199 0.155  0.000
HFEA 0272 0280 0224 0278 0.094 0120 0.113 0289 0219 0218 0.175 0.198  0.000
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Table 3 Intraspecific and interspecific genetic distance of matK sequence of spice plants
FH KRFH TEFH £FH FE BN GLE £F  EE AN AL 4BF TEE
% 0.000
RF % 0002 0.000
T4A%#% 0011 0013  0.000
£%% 0014 0016 0.011 0.000
4+ ZE 0.063  0.065 0.063 0.067  0.000
AT 0.051  0.053 0.051 0.055 0.014  0.000
W24 0053 0055 0.053 0057 0.016 0.002 0.000
% 0.067  0.067 0.067 0.065 0.074  0.059 0.061  0.000
B 0.067  0.069 0.067 0.071  0.053 0.042 0.044 0.076  0.000
EilPiS 0.086  0.088 0.086 0.086 0.070  0.059 0.059 0.080 0.053 0.000
4%, 0.038  0.040 0.038 0.042  0.031 0.020 0.022 0.049 0.038 0.057 0.000
A 0.051 0.051 0.051 0.055 0.047 0.036 0.038 0.057 0.051 0.070 0.023  0.000
BEEH  0.065 0.067 0.065 0.069 0.005 0.016 0.018 0.074 0.055 0.072 0.033 0.047 0.000

4 FREYHIPsbA-trnHRE 3 Hh R FhElE M BE R

Table 4 Intraspecific and interspecific genetic distance of PsbA-trnH sequence of spice plants
FH KRITY TEFH FFH  FE i B2zE A% A AR #BF
7% 0.000
&F%  0.000  0.000
THF#% 0016 0016 0.000
S 0.032 0.032 0.016 0.000
+ZE 0.131 0.131 0.113 0.119 0.000
BT 0.144 0.144 0.125 0.131 0.032 0.000
B2& 0977 0977 0.973 0.954 0934 0936  0.000
A% 0.964 0.964 0.957 0.938 0.898 0.916 0.144 0.000
B 0.190 0.190 0.176 0.176 0.107 0.131 0.882 0.849 0.000
Eid 0.113 0.113 0.095 0.101 0.054 0.066 0.898 0.882 0.138 0.000
H kA 0.217 0.217 0.196 0.196 0.163 0.177 0.850 0.849 0.107 0.119 0.000

R 5 3MRIEZFHBHFAFMEISEEESERILE

Table 5 Comparison of intraspecific and interspecific genetic distances among 3 candidate barcodes

G ) b ) T B

DNA &7 2%

ME R ARAE FH#)1E &ME R KAL F#)1E

ITS2 0 0 0 0.070 0.310 0.210

matK 0 0 0 0.002 0.088 0.049

PsbA-trnH 0 0 0 0 0.977 0.381

— é:}: =TI AN « ’ , N

22 ITS2= s M B A A —IRDUE” W, AR LR, 2 4

i I 1TS2 Kl e U 2 8 55 A RHE ) 1TS2 MRREX AR WIREH . K LB DU IR
A (B D, BrA YRR ITS2 AT & A BSA R RS . PRSI =EgMN—
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Fig.3 Phylogenetic tree of all species. NJ tree based on the matK sequence (a) and PsbA-trnH sequence (b)
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