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Abstract: The study was aimed to cope with the rapid increase in demand for patchouli [Pogostemon cablin (Blanco)
Benth.] and to solve the problems of lack of patchouli medicinal materials, germplasm degradation, confusion of germ-
plasm sources, and vulnerability to diseases and pests. Callus, cluster buds and rooting seedling of patchouli were irra-
diated with a gradient dose of “°Co-y rays. The appearance and morphology of regenerated plants were observed, the
mutated plants were screened, the agronomic traits and physiological and biochemical indicators were measured, and the
content of pogostone and patchouli alcohol, the main volatile components, were determined by gas chromatogra-
phy-mass spectrometry (GC-MS). The results showed that calluses and cluster buds were more sensitive to *’Co-y rays
and had higher mortality rate, while rooting seedlings were more tolerant to *’Co-y rays and had lower mortality. The
best way to breed mutagenesis is *’Co-y treated rooting seedlings with irradiation doses of 100 Gy with a mutagenesis
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rate of up to 10%. In this experiment, 29 patchouli variant plants were obtained, which were divided into seven mor-
phological types, namely three-leaf whorls, heteromorphic leaves, deep-split leaves, narrow leaves, coiled leaves, un-
dercoiled leaves and purple leaves. The contents of osmotic conditioning substances [soluble sugar, soluble protein and
free proline (Pro)], antioxidant substances [malondialdehyde (MDA), peroxidase (POD), catalase (CAT)], pogostone and
patchouli alcohol were compared and analyzed. According to the analysis results of the above determination indicators,
15 potential plants were finally screened, namely: stress-resistant plants with high effective components SY7 and ZY1;
environmentally sensitive plants with high effective components SY15, SY18 and XY 1; stress-resistant plants SY2, SY6,
SY19, YY2, YY9 and XJY1; high active ingredient plants SY 10 and SY17; “pogostone-type” patchouli plants SY3 and
JY1. Among them, SY7 and ZY1 are new germplasms with double excellent characteristics, and the two “pogos-
tone-type” patchouli plants have application value for solving the problems of the lack of authentic medicinal materials
and the degradation of germplasm. In this study, patchouli variant plants bred by the “’Co-y ray irradiation mutagenesis
method have the advantages of strong stress resistance and high active ingredients, which would provide mature meth-
ods and potential germplasm for patchouli mutagenesis breeding and new variety breeding.
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Chromatographic peaks of pogostone, patchouli alcohol and internal standard mixture

(A) and patchouli test product (B)
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Tab. 1 Effect of different radiation intensity Tab. 2 Number of plants and mutagenic rate of P. calin

on different materials

variation plants in each group
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Fig. 2 Radiation mortality from patchouli cluster buds
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Tab. 3 Agronomic indicators and classification of patchouli of variant plants of P. cablin
e e N . IR e
S TEAR 5 R Az Branch )y B -,
Category Plant No. Plant height/cm Ground diameter/mm mir:;)cer Phyllotaxis Leaf profile index Leaf colour
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Tab. 4 Physiological and biochemical indicators of P. calin variation plants
VR M i A B NS p A EL A~ Bl e oy oy

1;351 bR zfgﬁlﬁjfifgf Eéfuri?pitiif IR %0 MMDDAAcoanfnt Ci?];jiv%ty PIC))(]))Daéi\rlsiEty
ant No. content/(mg-g™')  content/(mg-g") Pro content/% /(nmol-mg™") /(umol-mg™") /(umol-g™")
CK 50.00+8.13 3.85+1.59 0.08+0.0351 7.09+2.57 35.24+22.64 61.94+31.14
SY1 38.90:+0.06" 3.42+0.21 0.05%0.0007 5.3120.70 9.12+1.32 46.53+4.65
SY2 42.70+1.10 6.18+0.80" 0.04+0.0036 3.53+0.97 12.9242.37 31.57+1.88
SY3 48.10+2.05 6.98+0.41" 0.05+0.0022 4.53+0.89 5.34+0.60* 13.73+1.83"
SY4 48.00+0.32 2.44+0.16 0.060.0030 6.02+0.16 51.78+4.43 74.00+4.00
SY6 80.90+0.10" 5.63+0.33 0.0420.0006" 3.50£0.29" 24.17+1.72 32.10+0.20
SY7 61.70£1.93 4.38+0.04 0.15+0.0099™ 8.26+0.71 18.96+1.35 45.63%5.05
SY9 42.80+2.17 4.72+0.51 0.05£0.0025 3.25+0.25" 28.20+1.01 34.57+4.86
SY10 39.20+0.70" 3.89+0.29 0.05£0.0019 4.88+0.24 36.04+2.89 47.47+3.42
SY11 51.30+2.40 0.90+0.07" 0.06+0.0004 30.68+2.65 129.20+5.14"™ 249.53+£2.42"
SY12 48.20+1.76 3.16+0.49 0.060.0020 6.39+0.52 1.50+0.43" 59.17+2.42
SY13 41.00+0.50 0.69+0.02" 0.04+0.0009" 18.19+1.017 163.59+16.30" 265.33+22.52"
SY14 47.50£0.78 0.81+0.13" 0.04+0.0048 20.33£1.70" 117.27+14.90™ 220.00+5.56™
SY15 55.50+2.51 0.83+0.06" 0.040.0047 27.10+2.27" 134.40+21.04™ 227.17+20.49™
SY16 44.50+1.63 0.70+0.07" 0.04+0.0014" 27.56+0.29™ 159.07+5.58" 217.00£16.39™
SY17 49.80+1.06 2.77+0.51 0.04+£0.0012 7.83+0.89 29.18+13.49 63.50+8.49
SY18 40.30+1.26" 1.00£0.12™ 0.03+0.0022" 15.45+2.16™ 142.01+15.23" 169.87+14.29™
SY19 50.80+1.49 6.70+0.48"" 0.04£0.0032 1.97+0.10" 21.80+1.09 28.73+1.04
YY2 54.50+0.85 6.39+0.41" 0.04£0.0009 2.78+0.33" 9.36+2.28 26.87+0.96
YY3 44.00+1.77 2.06+0.02 0.05£0.0014 10.31+1.42° 21.85+2.99 91.40+0.30
YY7 50.60+0.78 5.95+0.20° 0.04+£0.0014 6.79+0.94 22.79+1.19 22.43+1.16"
YYS 38.00+1.02" 2.46+0.48 0.05£0.0005 8.58+1.22 59.69+2.25 77.13+3.88
YY9 75.8042.25" 2.19+0.12 0.05+0.0057 7.25+0.61 61.91£1.60 95.47+10.37
YY10 47.00£1.25 2.15+0.05 0.05+0.0032 9.11+1.14 15.65£2.92 91.03+6.83
SL1 53.70+3.96 2.73+0.16 0.05£0.0010 11.86+0.82" 24.23+2.86 77.33+2.54
SL3 52.70£1.39 4.47+0.21 0.16+0.0080" 3.04+0.14" 1.42+0.29" 36.17+2.25
XY1 62.40+1.51 1.9240.19" 0.04+0.0008 13.10+0.77" 72.34+8.07" 100.13+5.31"
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Note: * means significant difference between treatment and CK (P<0.05); ** means extremely significant difference between treatment

and CK (P<0.01).
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Fig. 3 Patchouli alcohol content of P. calin variation plants
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Fig. 4 Pogostone content of P. calin variation plant
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Fig. 5 Ratio of patchouli alcohol content to pogostone content of P.calin variation plants

bl
(=}
T
1=

TRk BT R

Patchouli alcohol content/Pogostone content

CK
SY!1
SY3 |}
JY1)%

— N w S
=) o o =) o
T T T T
SY2 —
SY4 —=—
SY6 —=*
SY7 —=
SYQ ————
SY1 00—
SY1l /=
SY B3 ———=~
SYUF—————+=——»
SY15 ——m
SY16 —=*
SY18 —=
SY19 —m
YY2 ——m~*
YY)
SL1 ——m
SL3 ==¥
XY /———
XJY1 —=*
VAQ | ——

YY3

YY7 ===
YY8 ==}

YY10==%

SY12



%52

ARSI TR ©Co-y SRR I 75 A Mk 1 07 1 2 PP 285

¥R SY10 1 SY17; (5) “Hi#AY” J"ZE/ I SY3
Y1,

3 itig
31 “Co-y HEAMAREKME T EENER
R

245 A Py 5 A A R RS A AR
AL AR BE SR A RE SR AR SN IA AR . K = 4R
TRARBRZAE T, AT LARAS 3 2 1 4R IR AL 34N (4R
FRATRAL, RAFIAE AR A R e R
WEERAAET, 8 RRAL FRANAR Y S AR R i, (HAE
TR, AREEMRB S, Kt
HR5 7R B FPAF 5T v 22 R 2 B0 7 AR Ry i R
I HRAERES BAEEY, mRATE
AU 4 A2 1 35 Sk Ay e 1 T JHL 119 52 i) G2 S N
o), TELGEAHELHORIEN & . MR
T ZE . B RS B LA SRS AR5 1 A K
K E B R IR E ) AN T T AR
RERS AR E . A0 418U o AR AR B /DN ) 40 s
HABAR U s P A AR g R R
BRI i 21 414 g A AR e I 4
R A, B Bk . sETS, MELIEK T
TR I A ZE IS, AR HE T 3 FRTE A
KB B B R4 SR (A d gl . AR 2R
AR BARIRRCR, AR IR R 5 R
RV R, T EEN RS E R R
DIFE R 100 Gy ©Co-y ST BA M, H
AR IR 10%, BT ol RIS S i 2 |
A7 508 A SEAE AR
3.2 Co-y ST&N T EETRERMNIIN

PRI AER ST, WARBE= W Hh
TSRS T A, AR A R
S AR A A0 £ 3 i 1P TR A R A T Rk
ZERER N TR A AR N A R A AR
XoF PR OB HL R A OB A AR AR AR P AR 55
(EL7E 38 B0 A KBRS T AT AR SR A5 5 350845
TENT R bul H S A SO iRk, BN
AL R AR, REPUEPESR , 38 A5 AR AT
[ Bt A B AR B 8 A 8000 B B R, X
FAU AP R R R

SY3 FJY1 Witk “ERAY” AR, HEARN
CEERLT TR, AT e R AR,
XFFARAS )R A R R AR
SR mEBA AT i CCo-y SRR IRIF LT

T, BRAS 538 Hb 245 b4 5 AT A T R A R A R
Je G XHAE SR AR SY3 A IY 1 JRATES AR, F
R RS M IR RS K TR AR . AR
FERRA “RRAF" R RSy . R S5
TIXTE, AT LS I R nT AR o Ay i e
AR R AL . LIRSS . T RS ) AR
U WEFAEPIR A ISSR X T EFH A K
HIRRIEAT 8% ZHEVE ST, KB Co-y HHLE ATl
JURERE R RIR AL RPN
7 AR Y PEAE AR AR JET T RAPD 20#T, R
TERIR K o T K B — @ 0 8 . ARBFEHs
HE— A8 R SRAP 4347 7 75 X R A5 1) 728 S A A i
Tl ZREvE T, DIFSE ©Co-y BTN 2
AR SRR T 7K BRI

ARHFGE AT 17 Bk =R AR, Ho R4
A — G BB L IEF R 2 13, Al =it 4e
ARERRRL T B H R P, SRR ]
DIARAS I A7 i . A B TR AR 2R R
A4 (SAM ) HIE AT HE Y, HHSCHFST 2R
AT FIVERE 0 2R 0 ] g 2 A 52 0 R R sl 1) 12
] it 45 27 35 A R S Be kg W i e ) e AR AU %
1 FBLEIE S, wTRERIE A2 2 Fhol 2 Rl LR
S, R SR R ], 2R R,
FIHFTRIE, M IC—Fh 52 S AR R LB A b A R
I (14 2% AR WL 20 I 8 T L e F B - o £
SRR AR SAM 4 3[R 20 N B
FESEAM T AT s L, SRR ST R
) AR, DUAITF & O T 26 2 m B MY 43
FHrics

£ 3Lk

(11 EZxMmZEN 2. hANRILMEZ M 2020 45—

[S]. dexmt: HrE B2 R L R, 2020: 46.
National Pharmacopoeia Commission. Pharmacopoeia of the
People’s Republic of China: 2020 edition Part 1[S]. Beijing:
China Medical Science and Technology Press, 2020: 46. (in
Chinese)

21 WARE, HREY, EHE, 0T, SE%, 25, 4T
W, WRIB. )RR DR N T R (D], $Ai el Bt 2,
2019, 39(12): 68-74.
CHANG Y X, GANJ Y, WANG W Z, KOU X Y, FENG Z
P,LIP W, YANG Z M, CHEN Y. The efficacy and applica-
tion progress of Pogostemon cablin[J]. Chinese Journal of
Tropical Agriculture, 2019, 39(12): 68-74. (in Chinese)

3] WS, ZXR, WA, s, 2ol BT HIRZE



286

445 8

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(1]

1A T B2 2 17 T AR DR 7 I 48 1 TR 25 IARBITSE (7], o
Zjkf, 2020, 43(7): 1761-1766.

LING X Y, JIANG M C, XU Q Y, WU Y W, YUAN B.
Study on medication regularity of traditional Chinese medi-
cine in prevention and treatment of novel coronavirus pneu-
monia based on data mining[J]. Journal of Chinese Medici-
nal Materials, 2020, 43(7): 1761-1766. (in Chinese)

aRpA, AR R, XIB5E, HIUR, KRB, La M, XIEE.
e ARASE T 367 38 B e R R M 58 v 24 52 05 vh s 3 25
PURTERT SRR )], 24, 2020, 51(5): 1153-1158.
SHAO Z B, ZHU Y X, LIU S H, JIANG K J, WU Q, SHEN
JY, LIU W W. A review on clinical application of high fre-
quency traditional Chinese medicine in treatment of coro-
navirus pneumonia 2019[J]. Chinese Traditional and Herbal
Drugs, 2020, 51(5): 1153-1158. (in Chinese)
WUXL,JUDH, CHENJ,YUB, LIUK L, HE ] X, DAI C
Q, WU S, CHANG Z, WANG Y P, CHEN X Y. Immu-
nologic mechanism of patchouli alcohol anti-HIN1 influenza
virus may through regulation of the RLH signal pathway in
vitro[J]. Current Microbiology, 2013, 67(4): 431-436.

YUY Y, HEJJ,SUJQ,KONGSZ, SUJY,LIYC,
HUANG S H, LI C W, LAI X P, SU Z R. Synthesis and an-
timicrobial evaluation of pogostone and its analogues[J]. Fi-
toterapia, 2013, 38: 135-139.

LIUF, CAO W, DENG C, WU Z Q,ZENG G Y, ZHOU Y J.
Polyphenolic glycosides isolated from Pogostemon cablin
(Blanco) Benth. as novel influenza neuraminidase inhibi-
tors[J]. Chemistry Central Journal, 2016, 10(1): 51.

RAFMR, SIGA:, KR, R AR NG | R S B UERY
WFFE[N). i th2h 2R3, 2007, 32(20): 2114-2117, 2181.
WU Y G, GUO Q S, ZHENG H Q. Textual research on his-
tory of introduction and herbal medicine of Pogostemon ca-
blin[J]. China Journal of Chinese Materia Medica, 2007,
32(20): 2114-2117, 2181. (in Chinese)

BB A, 20, SN R SR | DR
HRIERHI]. KABHE, 2019, 21(8): 55-57.

OUYANG P Y, LI Y P, MO X L. Resource investigation,
research progress and development trend of Pogostemon ca-
blin[J]. Popular Science & Technology, 2019, 21(8): 55-57.
(in Chinese)

BHALMG, WL, fTvk, $R0REe, BNE, WHE, XIEH.
JERNE TSR )], T2, 2005, 28(12): 1121-1125.
LUOJP,FENG Y F, HE B, GUO X L, CHEN X X, CAO H,
LIU Y P. An authentic study of Pogostemon cablin[J]. Jour-
nal of Chinese Medicinal 2005, 28(12):
1121-1125. (in Chinese)

TR, XK/, HEIL, SPRery, W JTERENPA
A2 K 7 b 5 SR I HAT A M L o s )], 257

Materials,

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

241k, 2003, 38(4): 307-310.

LUOJP, LIUY P, FENG Y F, GUO X L, CAO H. Two
chemotypes of Pogostemon cablin and influence of region of
cultivation and harvesting time on volatile oil composition[J].
Acta Pharmaceutica Sinica, 2003, 38(4): 307-310. (in Chi-
nese)

BALRI, TP, Sk, B, AL, 20, s
f bR B R AW AL ]. BUREZ, 2016(7): 21-22.
TULG,DINGJP,MAZS,ZHAOM, WANGLP,LISY,
GAO Q. Preliminary study of lotus irradiation breeding
technology[J]. Contemporary Horticulture, 2016(7): 21-22.
(in Chinese)

KGR, AR, MY AR M. 3 . dtat
FAFEUE R, 2006: 127-130.

ZHANG Z L, QU W J. Experimental guidance of plant
physiology[M]. 3rd ed. Beijing: Higher Education Press,
2006: 127-130. (in Chinese)

Wipete, ZATET, RSCHE, AR, XI/NE, JUIER. TR
AL B R ROE B E (0] Ry, 2022, 44(4):
1209-1213.

OU X H, LUO K K, DENG W J, ZHANG Z S, LIU X H,
YAN H J. Chemotype classification and formation period of
Pogostemon cablin[J]. Chinese Traditional Patent Medicine,
2022, 44(4): 1209-1213. (in Chinese)

CHEN Y E, MAO J J, SUN L Q, HUANG B, DING C B,
GUY, LIAOJQ, HU C, ZHANG Z W, YUAN S, YUAN M.
Exogenous melatonin enhances salt stress tolerance in maize
seedlings by improving antioxidant and photosynthetic ca-
pacity[J]. Physiologia Plantarum, 2018, 164(3): 349-363.
AR, AN ERPMEEXHEY AR ], ROl
B2, 2019, 47(4): 30-33.

YAN X B, YUAN J H. Effects of salt stress on plant
growth[J]. Journal of Anhui Agricultural Sciences, 2019,
47(4): 30-33. (in Chinese)

TRAEZE, sk, BN, TTREFRENNAIM GG E
A TG - TG 40 AT (0], vh B 2R, 2015, 5(1):
86-88, 91.

ZHANG Z J, ZHANG G Z, WANG P P. Analysis of essen-
tial oils of Pogostemonis Herba by FTIR and GC-MS[J].
China Medicine and Pharmacy, 2015, 5(1): 86-88, 91. (in
Chinese)

XUPEF, KOS, BARGA YA S S E & F iy
R EER)I]. Bl 74, 2004, 20(1): 19-22.

LIU J P, ZHENG C M. Induced mutation in connection with
in vitro culture for crop breening[J]. Acta Agriculturae
Shangha, 2004, 20(1): 19-22. (in Chinese)

RTAR, BT, TR, X, MOME. CCo-y SR IR
TR B IRBE IR [I]. AR AR, 2008, 22(1): 14-17.



el ARBET A T O Co-y SRR AL AR 14 07 12 TR

287

[20]

[21]

(22]

(23]

WU L R, HE H, ZHANG Y L, LIN X, LIN X H. The effect
of Co-y irradiation on culture in vitro of Pogostemon cablin
(Blanco) Benth.[J]. Journal of Nuclear Agricultural Sciences,
2008, 22(1): 14-17. (in Chinese)

X205 . B E N HF BB MG (D] Ak P9dk
PP, 2005.

ZHAO T F. Study on mutagenic effects mechanism of the

treatments with different mutagenic on the pepper (Capsicum

annuum L.)[D]. Yangling: Northwest A & F University, 2005.

(in Chinese)

WAL, VRALAM, Rar#R, skess. R E RSN AL I
R RBRITSE[T]. TN BE 2 2224, 2012, 29(2):
185-189.

HE H, XU SY, WU L R, ZHANG Y L. Selection of bacte-
rial-wilt-resistance mutants of Pogostemon cablin (Blanco)
Benth. by radiation mutation[J]. Journal of Guangzhou Uni-
versity of Traditional Chinese Medicine, 2012, 29(2):
185-189. (in Chinese)

W, A%, FER, PRV, T, F30E. R
CCo- vy PR MM MREAL ZFEER ISSR 4047, i E4)
274, 2017, 8(3): 277-283.

YAO Y,LIJL,LIBY,LUO ZP,LIL H, LI W G. ISSR
analysis of plant genetic diversity of “Co-y induced mutants
of Pogostemon cablin[J]. Journal of Tropical Biology, 2017,
8(3): 277-283. (in Chinese)

RATAR, BT, SRR, NUFE, WHERE, Sl CCoy 4

[24]

[25]

[26]

LA RIS S A AEAR T RAPD 43T [)].
FeA= ¥4, 2010, 19(2): 174-178.

WU LR, HE H, ZHANG Y L, LIU D, XIE J H, CHAI T T.
9Co-y ray radiation mutation of Pogostemon cablin (Blanco)
Benth. and the RAPD analysis of the regenerated plant[J].
Acta Laser Biology Sinica, 2010, 19(2): 174-178. (in Chi-
nese)

WA, R, WA, fLEE, SCHm. AEASMafEEE
201 Bt i T AL R 5 B O AR B 0], HhEZY, 2022,
53(5): 1587-1594.

MENG X C, LI X Y, YAO J, KONG L, GUAN Y. Mecha-
nism of ecological stress enhancing quality of genuine me-
dicinal materials and its quality evaluation idea[J]. Chinese
Traditional and Herbal Drugs, 2022, 53(5): 1587-1594. (in
Chinese)

XNKE. AR EY IR R B NE KR 255
HrID]. GIE: 2Rl KA, 2010.

LIU T B. Variance analysis of endogenous cytokinin and
auxin in different phyllotaxis plants[D]. Hefei: Anhui Agri-
cultural University, 2010. (in Chinese)

RN, LAk, VLI, ALY P A 0 5 PLRI 5
HERE[I]. LA R A274R, 2020, 47(6): 1001-1006.

TAN Y Q, KONG J J, JIANG H Y. Advances in molecular
mechanism of phyllotaxis development in plants[J]. Journal
of Anhui Agricultural University, 2020, 47(6): 1001-1006.
(in Chinese)





