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Morphological characteristics of leaves and DNA barcoding for identification of
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Abstract: Objective The morphological characteristics of plants and the application of ITS2 and psbA-tmH sequences in the identification
of Mentha haplocalyx and its related species were discussed in order to provide references for the identification of M. haplocalyx and its related
species. Methods The morphological characteristics such as the shape of leaf and leaf edge, villous density and glandular scale density of M.
haplocalyx and its related species were observed. Alignment was performed to compare ITS2 and psbA-trnH sequences of the tested materials.
The data were processed and analyzed by means of comparing the morphological characteristics of plants, analyzing the DNA barcode
sequences, calculating the genetic distance, and constructing NJ trees. Results The NJ trees were constructed according to the morphological
characteristics of plants combined with ITS2 and psbA-tmH sequences, which showed that M. arvensis was closely related to Satureja
Hortensis, Salvia miltiorrhiza was closely related to Perilla frutescens, Mentha piperita was closely related to the Monarda didyma and
Agastache rugosa was closely related to Nepeta cataria. This method could distinguish M. haplocalyx from its related species. Conclusion
ITS2 and psbA-trmH sequences can be used as DNA barcode of M. haplocalyx and its related species, and the combination with morphological
characters of leaves is better for the identification.
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FRICH A A PRI R SRR T S8 PPN . /DR
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FELREVEBHT T, PRSP ISSR FricH:
AR T g JE P IS B 2R, R
TR NG F ATttt X P AT R AT 1 ol
JRERIIVEY . HET, o A g ph ot
FHITEASFFIE S 5> T SR 5 G A0, ARSCIR7E AT
N R SRR S 0 T RS &,
DA A A7 B T R g ST B N SE B I X A HLi
et BORGF S IR S

DNA 276 (DNA barcoding) A& 2414
YRt s 2 —P), ENANRH DNA 48R %
SE 2G04 3 SR Rl R SLIR O i R L 2B T2
B, Techen %Xt 4 TLAG . AT FH (408 e AT
T 458, Cheng I I 75 X6 Hh 24581 70 ) A 4 1
SYIEAT T oM. Chen &M@ KE MM, ML
i 1TS2 AE % ) 24 FH AR A S il 25 Foft 1) s 4
DNA Z&TEHE,  [F)I 4 3 - Ak 5 DR T B [X A BB
psbA-tmH {E NN RIS . ASHIF 78 DA far J2 Ll
GUMONTE RS, ¥ 7 HAZPE & DNA /) 1TS2

75 24K DNA 1) psbA-trnH J751, 45635
GenBank %4, RHABHEL (ND M RGR N,
FeE BRI T ASRHE AT S5, DL A
(1 o S AR 5%
1 (5K
1.1 {435

FE BB 5% 2 45 (VHX-6000); PCR X (Veriti
96 Well Thermal Cycler); BHRH{% %48 (OSTC106105);
f= B 00 HL (Eppendrof Centrifuge 5804 R); #-Fi &
PR ER A (F2E Eppendorf A H]).
1.2 X5

TR 2 DNA $2EGAF & (It RARAAGEL
HAMWRAR, fit'S DP305-02); 514d BT AW
TR AR AT ARG BRI A o 4t
1.3 #gt

VIR 27 17, kB RACH BE 2R R 2564
PR L, Z89RT b 5 2 B 40 s B 5 e Sy i At
FFAE M, SEIEARALRAE T AL R B )
MPRATE, HAREIEFEDM DNA FHIRET
GenBank ¥4 . AORLRIE AL S B L 1.

x1 H@miER

Table 1 Information of samples

4 WT4% i 's KR
7 kg T AT Mentha citrata Ehrh. NM T AL 5 B AR 2 b
Kyt S A G-NM GenBank
yRR ) Nepeta cataria L. M-1 TATAL R 2 2 B 2
iR ) M-2 TAT AL R 28 2 e P rE S
iR ) G-M GenBank
AR At Mentha piperita Linn, HJ-1 AT R 2 B Pl R A
AR At HJ-2 AT R 2 B Pl R A
AR AR G-HJ GenBank
B & Satureja hortensis L. XX-1 Tk A e S PR e
B XX-2 AT R 2 B Pl R A
RSt ¥ Peronospora saturejae-hortensis G-XX GenBank
K- fap Agastache rugosa (Fisch. et Mey.) O. Ktze. DY-1 T AL 5 S B AR 2 b
R DY-2 AT R 2 B Pl R A
NG RTE G-DY GenBank
2 [E AT Monarda didyma L. MG Tk A R S PR e
5 [ A G-MG GenBank
Y A Epimeredi indica (L.) Rothm. Y TATAL R 2 2 B i 2
B K AT Mentha arvensis L. XS TAT AL R S 2 e P S
B K AT G-XS GenBank
B=& Mentha spicata Linn. LLX-1 AT R 2 B Pl R A
g 2 Mentha citrata Ehrh. NMLLX T AL A R 2 B PR 2 b
AT Mentha haplocalyx Briq. BH TAT AL R S 2 e P S
) G-BH GenBank
£ i) Perilla frutescens (L.) Britt. ZS AT AL R 2 2 B 2
£ G-ZS GenBank
VR Salvia miltiorrhiza Bge. DS-1 TAT AL R 28 2 e P rE S
1z DS-2 AT AL R R 2 B S
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2.1 HmBIRE

HURE AR T IR S i g e v i m AR,
T DNA $2HC. ) BUREAR A S g B B B T tRom
W o ABUERRAAF BT A0 A PR 22 B AR AT
2.2 MR

396 A R A 11 0 i ot b ol P ik TR - 3
5 A% 2R G AT VAR AL
2.3 DNA iZE

ISUHT 6 0 P SRR AT Vi A AL B, 9 I B R A
#o DNA $EEHERFI G (bt RARAERHE AR 2
7], IS DP305-02) Ui IRIEATHEEL, o ilE

AT U GRE N AEK S 40 min; 55— 00
A GP1 B [FE I CTAB).
2.4 PCR ¥ ERMF

S0 BilgAE TAHRAF AR (% 2). PCR K
A& Z 4 20 uL, 945 2X Tap PCR Mix 10 pL, 1E
514 0.5 L, &IF51%) 0.5 uL, ddH,O 7 uL, DNA
BEBR 2 pLo JRNAFER: 94 °C (T4 5 min), 94 C
(A2 305), 56 “C (GBK 30s), 72 °C (ZEff 45 5),
40 Mg, 72 °C G ZEMH 10 min) ", PCR 4
FEEHE, | XTAE R0, &8 R4 g0
3%, PCR F=4igs g2k TG BR 2w 3047 XUl
M54 5 PCR 5I4AH [ .

% 2 ITS2 F0 psbA-trnH 5|47
Table 2 Primers for ITS2 and psbA-trnH used in this study

DNA Ji B elkVE SIMIRA (5°=3")

ITS2 ITS2 F GCATCGATGAAGAACGCAGC
ITS2R TCCTCCGCTTATTGATAT

psbA-trnH psbA-trnH F GTTATGCATGAACGTAATGCTC
psbA-trnH R CGCGCATGGTGGATTCACATTCC

2.5 HIEAIE

AT ITS2. psbA-trmH JJFIEE ] BioEdit £
BUWIY R, IR EA T IHHTR P,
EERGI AR R X, BT B /R Hmmer
WRETTEERR 5.8 S 28 S IXEL, 3715 ITS2 [AIREIX
51 % psbA-tmH f¥ %1, MEGA 5.0 (Moleculare

volutionary genetics analysis) #1774, FIFH4REAEL

(neighbour-joining, NJ) #45 RA KM .

3 FERESH

3.1 SERREASHMMR IR SR
HIE 1 AT RUE H, WCER BIRFh5T Bt IR TE A 1

WREE R BB SIS 2 B 5T 5 s )

| &

DS-1-f}% DY-1. DY-2 - KM HI-1. HI2-81H0EA M-1. M2 LLX-1-F2%%F NM-FiEes  BH-MA  ZS-%75  XX-1.

XX2-H &M MG-EE#N  XS-F/KEA  Y-E#A, FH

DS-1-Salvia miltiorrhiza Bge. DY-1, DY-2-Agastache rugosa (Fisch. et Mey.) O. Ktze. HIJ-1, HJ-2-Mentha piperita Linn. M-1, M-2-Nepeta cataria L.

LLX-1-Mentha spicata Linn. NM-Mentha citrata Ehrh. BH-Mentha haplocalyx Briq. ZS-Perilla frutescens (L.) Britt. XX-1, XX-2-Satureja

hortensis L.  MG-Monarda didyma L. XS-Mentha arvensis L. Y-Epimeredi indica (L.) Rothm, same as below

B Sl B MRERNM RS

Fig. 1 Leaf morphology of some resources
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BE, % 1~5 7308 5 MR, EEKUAER, 112
MR REEN 5, WIBGEGRT . FrEer. 2 A
fif s BFEEAT. SRRV Y 4, MR, AT 3,
KA. KM 2, MEELER N 1. 5§
BRI R — 8 ROk R, Rt

k¥ iR et A A FRREE AT e

MG AT DL P 2R AT R AN S A T AR
oA (B 2D, 4% 1~5 7309 5 NMER, BEKIK
BEOR, Ferb, ORGSR RUF. BEE.
VAT A KA R T R A AL 5, AT AT
HAEMAICH 4, P12, REEAICH 3, B,
5 ] 34y S AT Ay A [ IR ST T F Ji i K e
Ay 0N 1o HORMEGT . S b S8 75 IR
Jik o3 At, FeA R AR AR i P 25 AR S0 A1 o
BEAh, FEZ. BIERT . ArEEST . RAEWA . &
IR R I R AR B R, HR R
SERBEABE (R 3D,

B2 HABoMRERNN A TRARESHIER

Fig. 2 Distribution of leaf lower surface glandular scale of some resources

®3 CEEAREIEGYFH B SHE
Table 3 Morphological characteristics of leaves of M.
haplocalyx and its related species

KM
i "t R
1% iz 5 3
PNUE i) LNl 205
ikt W RS, &SRS, REU% 4 1
TR RO, 4R 35
BLE it 5
FreR R I Q&R B 4 4
i Iy 4 AL 35
£ W IE T, AN 15
BAH -k 5 4 4
FHEEH I Fr A& R 6t 4 1
FKEH W F iRk 205
Lided KIS, 23 i 4
WEEEE - Fr B 4 3

1~5 FoR R IIE R

From 1 to 5 indicate an increase in density

3.2 EEaREIRSYMEERES

G KoP SRR B THAE (3R 4), Wi K&k
R IRAL IR BN 0.076~0.497, RAERE
BAMUE ST . AR S SRR TS A A B A%
PN, N0, HIEGRIE, AR
Fho BIMGERT. MR EE . EEVER . RS
HEHA SRS R K, N 0497, EEKRRK
oo B A S AT SR IR R LR (0.076),
KI5 AT P38 B B G (0.435), S5 IRE
B, W2 ENRREEEN, H5HmRER R,
33 BEDH

S I 7 A1 4E NCBI /3 #E47 BLAST
FEAVEAS 22, S50 B IV BC B, #iAH HARIF 51
AT BG4 BN RNT, NN GenBank T #HIAHK
J¥% (G-BH. G-XS. G-XX. G-HJ. G-MG. G-NM.
G-ZS. G-DY. G-M), 4% NJ #,
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Table 4 Genetic distance in M. haplocalyx and its related
species

Yk DS-2 HJ-2 NMLLX MG Y
DS-2 1.000
HJ-2 0.309 1.000
NMLLX 0.309 0.000 1.000
MG 0.309 0.000 0.000 1.000
Y 0.309 0.000 0.000 0.000 1.000
XS 0.129 0.319 0.319 0.319 0.319 1.000
XX-2  0.291 0.497 0.497 0.497 0.497 0.191 1.000
BH 0.108 0.337 0.337 0.337 0.337 0.091 0.256 1.000
¥ifh BH DS-1 DY-1 DY-2 M2 LLX-1 NM ZS
BH 1.000
DS-1 0.193 1.000
DY-1 0.435 0.415 1.000
DY-2 0.198 0.097 0.366 1.000
M-2  0.235 0.176 0.434 0.155 1.000
LLX-1 0.076 0.118 0.396 0.122 0.194 1.000
NM  0.249 0.213 0.322 0.188 0.241 0.195 1.000
A 0.198 0.106 0.399 0.085 0.195 0.129 0.206 1.000

XS XX-2 BH

FF ITS2 J7 B Sl i Ao S LA AR 1] (1) N
RGREM (B 3) R EMEZI N 4 3, i,
A 7K A 25 B B ROy — 3 o K JHEART TR AT
WG PES L RIR S BE T A RO
FoA R 5 A RGO AR, B3
PIZ 5 RICRGRARIL, BN BHMHM.
WIRSEE A | SC [ i ROV — 3¢, 5 RRWIRRG Ok
ARBUL .

BET psbA-trnH J3° 51 R s K HLr AR a]
I NJ RGN (B 4). WRAER LA IR H,
i S ARG RSy 3 3, Hh m KA. B

Kitis; (DY-1)
[t o

AT (M-2)
{ﬂ‘?‘ (DS-1)

K75 (ZS)
—#fi (BH)
L— @M=& (LLX-1)
7 (G-BH)
FKEAT (G-XS)
,—Eé%‘fﬁ (G-XX)
I_:?J‘ngf% (G‘HJ)

EEHW (G-MG)

3 BT ITS2 P HYER & HIr 54 NJ &
Fig. 3 Phylogenetic tree of M. haplocalyx and its related

species constructed with ITS2 sequences using NJ method

:é*%‘ﬁ (XS)
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A7 (G-BH)
ey
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BT (Y)
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EAMGEST (HI-2)
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— KM (G-DY)
L s (G-M)

El 4 ET psbA-trnH FHIHDRAE R R LS NI &
Fig. 4 Phylogenetic tree of M. haplocalyx and its related
species constructed with psbA-trnH sequences using NJ

method

Wi FrAEEAT. Wi, S BRERN K
VAT AR B R SR SR EEATIR 3K,
K ier S AT R — 3K, B CCRRREE, £
I R RN 458K, 1TS2 F psbA-trmH
BIReAE i S IR R Y] DNA 0689,
psbA-trnH # ITS2 B N{5F
4 g

TP R 88 ) P DR 5 1 OO Ak P A A,
RS HATRZ MR T 1 QH AR A5 R B 40 1)
H U, AR 7S S SCsE ) T S o G b b
JR BRI IR AT WSS Guih I e SR AR A A
WIESZ Tz, BMEZEE e, T
Ry GAEFERE . M RIMBEEE. HIALgIER.
W BRI S R BRI 22 S, R T i o R
X 53 Ae S LA b o AR I 2 5 R 0o et
Hingmkh a2, SR ERAMGER . g,
B A& BT SEEEATEA K, M S
AT A — 2K, KA S KM AT —K,
2HERGEEA—E, AN

IR SR A IR B A4, TR 1 43 TA 40 AR A
FESUERMIZ, MTUZ S 5 b R e s 2=
i A R B A TR A T ik A7 B A Rk
—ANSEREIEYIAR, 2R AR, Rk
itk B 8 7S AT A AR MR ZE 0], RERE A
ST e LI BRI S R o« ANHIF TN R ik
TSR Gt AR R KA ST ST
B2 i B KRR N —3K, IR 5 R
i 2, WP WA L 58 B T A SR
N—K, FBAEN K. SRR BRI
I REE A5, FIKIUERA I Ar 7 RE R T
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) DNA [FHI8 K= T2 0 74%5E, Hil
ORI AN Fe R E ™, TR aRin
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SRS AT AR R A i 21, N T R R
PR 8 5 PR [ R, ASHIT T AE AR IR 4 53] () A
b, NEFH ITS2 2605 K psbA-tmH 2% FEADSHI % 2
(1 7eEnr S ST P T ST 43 Aot Bt 7, 508
e S e 4E AN, e S MR O R
i, MHE2FNRGRRRIE . ARG RERIE
7 5 B 22 ISR 2 o0 RO T 1T 5 SRR 1R 51 %
KR [N, FREREKERSEFHACES R
i, P58 RGIRINT, ST 558 E R
GRFRIT, KM SRS S Rl 25K
SR RENS B RN s S SR R IX 73, it
—BIGIE T ITS2 454 psbA-tmH 551 0] LAE Ay iifar 4
SEMI DNA 4704,
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