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Effects of UV-B radiation on biosynthesis of
terpenoids and expression of related genes in
Chrysanthemum indicum var. aromaticum
HE Miao, WANG Jijia, GAO Wenjie, LIU Yang, ZHOU Yunwei "

( College of Landscape Architecture, Northeast Forestry University, Harbin 150040, China )

Abstract ; In this study, Chrysanthemum indicum var. aromaticum was used as material. We examined the changes of bi-

osynthesis of terpenoid and expression of related genes in C. indicum var. aromaticum following the treatment of different

durations (0, 0.5, 1,2, 4h) of 400 pw - cm™ UV-B radiation. The results were as follows: (1) The short time of UV-
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B radiation could significantly promote the expression of related genes in C. indicum var. aromaticum. Compared with the
control, 0.5, 1, 2, 4 h treatment of UV-B radiation increased the expression of related genes. Meanwhile, relative ex-
pressions of HUGR, DXR, TPS, GPS reached the peak after two hours’ treatment of UV-B radiation. As well as the rel-
ative expressions of FPS and DXS reached the maximum at four hours’ treatment. A significant increase in FPS gene ex-
pression was found when plant exposed to four hours of UV-B duration (69 times compared with control). (2) In meval-
onate pathway( MVA), the contents of calamenene, cadinene increased following the change of FPS gene expression
during four hours of UV-B radiation. The change of the content of 1-caryophyllene was consistent with the change of
HMGR gene expression, which increased first and then decreased. (3) In the pathway of 2-methyl-D-erythritol-4-phos-
phate (MEP) , the contents of a-thujone, thujone and B-thujone showed the same trend as the expressions of DXR, TPS
and GPS. The content of cajuputole generally increased during four hours’ treatment responding to the change of DXS

gene expression. In summary, the data indicate that UV-B radiation can change the regulation of terpenoid biosynthesis

39 %

in C. indicum var. aromaticum by affecting some key genes’ expressions.

Key words: Chrysanthemum indicum var. aromaticum, UV-B radiation, terpenoid, gene expression

A5 ( Chrysanthemum indicum var. aromait-
icum ) =5GP 54 TR ALY, 43 A T bR AR 28 b IX
(XU 2 ANk B 3, 1983) , A TE A EE R THE R
ST BORRE R B D280 (XS 2145 ,1986) il
RAZG 2R B A R, I 5 R 5
Ja v A O A BB A AR A X T A AR
B REY T+ W, AMCEA )R B
ARONE T 5%, T 5 X W e B A vk A B85 BT i
HAEEMNE S, ERITEH AT e
LRIMMAE G F AEI R BT,
PR AR B S5 BB 4 W v i A 2 S5 Ak
GBI R (AR5 ,2015) T 515K G
B ISUAF DG 14 5 AT AT LA 20008 42 L ) A4S P 1) il 28 4k
BYRREME R

[ AR/ PR NI & L e i
(C5H8) B IC T ML & e KA B9, Bl
C K T 5% T Z ALY AR & iz,
FH 32 8 R 15 72 ( mevalonate pathway, MVA) F1H &
o BF B ¥ - 4 - BF IR & 12 ( methylerythritol-4-
phosphate pathway, MEP ) ( Dudareva et al.,
2005) , FEYIERAL G Y A WG & AR A A O
Mg Fh e 22 T 22 K | gL DA R E T Ji5 2 B by v
B 27 M R AR S e R R A i B
ZORTEAER . B AT IS8 2 A 6L T MVA @ 48
H1) HMGR . FPS % ( Chappell, 1995 & {4 1 45 |
2007) , LK £ T MEP & 42 (1 DXS,DXR ., GPS 45
( Malhotra et al., 2014 ; 3¢ ¥ 5% 2013) , 11 TPS [A]

LT PIRR SR AR 1 T 0, 10 RS ) A LRl A 2
e 05 (Martin et al., 2012) , 31X &5 3¢ 4 i 56 [A]
A LAHEARTE 10 2 A6 5 10 0% 4 TR 44 L K2 o f] 44
(FEZE55,2014) BT T6 BUE 12 1Y 31 853 5
BCETE IR S AL . A Re A
Tr B IR 7 3k 2 O Bl g 5 D] A AR 0 AR DY B A X 3R
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TG 2RAL 5 W & AR Z A YA R R 5 B B
M) ey ] P B L D T A5 A ) LA ROIG IR TR B
J A A A5 W TR -t XA 0 88 SIS 10 A= B L A B
M (GESR B A, 2017) o AEDEAEAS 7, UV-B
SR RN E Y — 2 B R R B 5 e A )
PIES AV GG VRN A PG R B B R
Mg 4, DTS2 e A ) B AR K R B (T IR SR,
2017) . 52 UV-B @5 — L0 P i 2L R 30K | TS
P R R A AR 2 K A8k (Searles et al., 2001)

ARG FH L Ak UV-B Xt 5| F i b s 4
R DX A A A AT R S AR B SR GC/MS A
qRT-PCR FARXS A [ 45 5 i 18] & 19 # e 75 35 it R
it 2 4 J5 K A Ok PR EA T A0 23 B, 9028 A UV -
B 55 X0 ot AR 7 4 T S ) T i B AR G ik PR R
K7 T AT AH DG e AT
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AT ST ALEE . DIAE MR EBCE 3 R Dhfg e 5 o
JEH 400 pww + em™*( HIRIR 5 3 A28 A BR 2 )
A7 UV340B 52548 BTN ) 1I0E UV-B %%
AMTHRST R L N 50 1 A A8 A R 4y Ol
5, B 5 BR, 3 WER . RS 0.0.5.1,
2.4 h, 7E5 NA[E UV-B 5850 ] Y BUEE |5 A4
A3 o FHARINEE 3 FIIREM F (12~15 it
o IV R R PR A7 1 - 80 °C UKFR 2 H
122 AV RAEF M E D R RARLKRA M %
I TRNzol Universal & RNA 4 B 7] ( TIANGEN)
Ui B A5 42 O[] 2b 235 Pl A B 25 1 2 RNA | Re-
verTra Ace qPCR RT Master Mix with gDNA Remover
R R F & A 8 cDNA, BE R AR T -20 C vk
R MR bR 4 FE S L 8HE B HMGR | DXR
TPS .GPS . FPS . DXS 3 F# %1, | Primer Premier
5.0 BB AR R T W, AR R 2O i N &
( TransStart ® Top Green qPCRSuperMix ) Lk
CmEFla HWN S5 W #1750 2 7t PCR, B
it 3 ANEE T qRT-PCR AN 5 9 7 51) WL
1, RIS 2722047 3 AR X 2k = 10 3T
% (Livak & Schmittgen, 2001)
123 WRAH TR EWRRERE M K
FET—80 C KA A A< 77 48 i e M RL A B £
FEAT RIS A AR, SEIR TE 3 AT 100 mL 5
e R BEAR TP, 2 SR AR 3 IR, IR E 2 s,
%A 20 g JoKBRER BN 0 I =14 12 HE it g 2 R
JRBENR Y, 4 BT e e 28 & A b 40 °C W 4n, B
Je B AR S B AR P E A E 0.5 mL,
PRAET 0 CvKFA 25 H (Hu et al., 2012)

K GC-MS < it B¢ H AL (2% B Hewlett-
Packard /A W] ) X i R 43 W 47538, GC

®1 WHEEPCREXEENSIY

Table 1 Related gene primers used in qRT-PCR

GIEZE2 S 19F5) (5'-3")
Primer name Primer sequences (5'-3")
CmEF1a F: AGCTGAGCAGACTCCCGATG
R: CTGAGGTGTTCTTGTGGCATACC
HMGR F: GCGTCGTTTATCTACCTTATTGGC
R: CGCTTTTATCACCTCCTCATCCT
DXS F: GCTATGAATAATGCTGGCTACCTTG
R: AGCTCCTTGACCACTCACTACTCCT
DXR F: GATCACCGTTGACTCTGCCA
R: CAAAGATCAAGACGGGGCCA
GPS F: AGCAATCCATCCTTGGCTTTCA
R: CTTCCCTTCAACGCCCATCTT
TPS F. GTGGCGCAAGTCCCACATTA
R: ACGGCGACCTTCGTTATTGTT
FPS F: TTTTGGTGCTCCCGAGGTGA
R: AGCCGCAGGGTCTTTTTTCC

Atk A% K HP-5MS (30 mx0.25 mmx0.25 wm)
P S B AN AR 1 wL Ui S 1R
TR, B ik 50 °C i IE] 30 min, Bl S LA S
C - min" BYHR TR E 160 C , A E R E T
E®EZ R 10 C + min’ & 270 C ,{%?ﬂ]ﬁ)&
R A 3.5 min, MS 2504 LA BT =X,
T A DU B AT A TR BE A 150 °C, B TR Y TR
41230 °C,#E AR E A 280 °C , LB RERBE R 70
eV, HL 7 %5 38 4% (0 i R 5 B2 100 V, 1 4 0 %
(m/z)4~500, bRy % [ 72 NISTOSL,

WeE 1% . R Turbo Mass 5.4.2 GC/MS %4
Xof A A 48 1) G 28 W R AT 40 A, R R 0 T AR U
— X A R 2 Ay AR A TR
1.3 BN IBES S0

JIT 45 B {81 FH SPASS17.0 347 AH JE R 43 47,
K H Excel 2003 #4715 FnZ: il K12

2 HERG52M
2.1 UV-B BEIRHR B R K Y RA BAR X EE

RiZEH M
DI AR E 2 CmEF1a HNS A T UV-B 8
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$F 4 h R A qRT-PCR £ R X] HMGR .DXR . TPS |
GPS FPS .DXS W3R ik o BE I O #EAT A Il 14 1 =
Kl 4 253 R RS B UV-B 46 55 kb B[] 19
WK HMGR .DXR .TPS .GPS ¥: N ki 6T 5
%Mk, HMGR .DXR TPS .GPS 3 F ik 1E UV-B
I HT 0~ 1 h "FARRIG K TE4R ST Y55 2 /D
BFAF G 2% 35 it 1 0 W G R X 3K ) A S Ak 2 A
] P e KAE, % LG O h AR X 3R 5K 5 28 S 1k W
AR B AL i v (HTE B S B 26 4 /N i 0 1S 30 B
TN T =R

—

b

HMGREFERxIFRILE
Relative expression
of HMGR gene
S O

o [o0]

0.4 b
c
cd
0. O L " rﬁ A r r
0 0.5 1 2 4

UV-B3E 5 AL FERT 8]
UV-B radiation treatment time (h)

: ANF/NG FREFRIR A AL B ] 25 5 i 3 (P<0.05) . T,
Note ; Different small lettres indicate significant differences

among treatments (P<0.05). The same below.

Bl 1 UV-B 8GR A M i HMGR 3Rk B i

Fig. 1 Effects of UV-B radiation on HMGR gene expression

of Chrysanthemum indicum var. aromaticum leaves
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NI R FESS 4 /NIRHA B RO, IX I DXS
SEPIAHN R B8 0 h A BEMEE S, Bk 2
P—H ETH s, FPS A1 DXS fAHXT 2k B AE
UV-B 4 54 31 499 8] fif 25 15F 8] 19 428 i — B BT,
TESS 4 /NI IR B e KA, Horp FPS JEP R A&
AV B TE 4 h SHXTHAY 69 1%,
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1.2 s
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S
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UV-BEE S AL TR A (8]
UV-B radiation treatment time (h)

Bl 2 UV-B 4RSS XI AR AR 3 1 7 DXR 5 19521
Fig. 2 Effects of UV-B radiation on DXR gene expression

of Chrysanthemum indicum var. aromaticum leaves
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of TPS gene

Relative expression

0.4 b bc
O. 2 H ﬂ
c
0 olrm . .
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UV-BA&ET AL IR AT IE)
UV-B radiation treatment time (h)

2 4

K3 UV-B X #AE 450 i TPS 31K HY5E
Fig. 3 Effects of UV-B radiation on TPS gene expression

of Chrysanthemum indicum var. aromaticum leaves

2.2 UV-B B MM A B HEIELXYREE M0
MVA i 2 5 Y 289 BT b A% 2 i =il
K56 B, i MEP 3% 78 2 5 B | i A Y il
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REIAE 0 BB M A is . R A E
s FEAS TG B RO T MEP A AR 3% 42 1Y 2R 0 A4 Wt
ik 2 T A A o000 A B | 2 AT P R 3 -000 AT I, %o
HMGR .DXR .TPS .GPS .FPS .DXS %3k & #4700 H7
J& AR AR 2 2 h L4 h AT A
7 35 YA ARy v (0 i 2 o it A
2 2 Al AT MVA & BUR AR 14515 254
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UV-B radiation treatment time (h)
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Fig. 4 Effects of UV-B radiation on GPS gene expression

of Chrysanthemum indicum var. aromaticum leaves
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Fig. 5 Effects of UV-B radiation on FPS gene expression

of Chrysanthemum indicum var. aromaticum leaves

JE AR BT UV-B 8 55 I ) 5 2 K 5 A
[l 2eft, o283 M 2 IR RS e
s A #a #4576 02,4 h B9 A XF & = 20 9 A
17.04% . 15.37% 18.05% ; 1 41 /7 4 5 56t 25 48
JEF A B, 0.2.4 h BRI RS0 h
2.61% .28.36% .21.32% , 25 E J AR AN 1
BRFEEKES ., EAHERIE0.2.4 h I
XS N 4.51% 5.32% . 7.97% ; K4 it 5 75
0.2.4 h BYHIXS & 550500 0.7% 1.65% .3.16%

BifiE UV-B 8 55 i) 6] 1) 24, 37 T MEP & A%
TR AR P A M 2 A R i P R X T 0 i R A T

0 0.5 1 2 4
UV-BERSTALEE A 8]
UV-B radiation treatment time (h)

Kl 6 UV-B X #AR TR A DXS ZRIkHYFE
Fig. 6 Effects of UV-B radiation on DXS gene expression

of Chrysanthemum indicum var. aromaticum leaves

®2 UVBEHTHREFMHASWINENSE
Table 2 Relative contents of terpenoids in Chrysanthemum

indicum var. aromaticum leaves after UV-B radiation

LEDO N

AR Relative content ( % )
Rerpenoid

0h 2 h 4 h
o-BE I A 17.04 15.37 18.05
Alpha cubebene
17T 2.61 28.36 21.32
1-caryophyllene
KEHHER 4.51 5.32 7.97
Calamenene
FEAR T A 0.7 1.65 3.16
Cadinene
AR A 4.76 5.93 10.63
Cajuputole
2o TiE AR v 6.04 4.1 2.1
Camphor
R GEN 1.9 2.63 1.31
Alpha thujone
AR 0.68 1.01 0.97
Thujone
B8R 6.34 10.36 8.36

Beta thujone

HyEaE H 0.2.4 h 2303 4.76% .5.93% . 10.63% ;
e TR (R AR 25 T SRS R A FA 34, 6 0.2 4 h
I35 6.04% 4.1% 2.1%,

MEP £ B A2 v s B 28 1) BT o000 AT TR 22 A
P F1 @ - MU0 (%) A X 43 RS UV-B R S
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[i) A S 4 2 350 T v S R AR e 3, B -0 A D
Hh 4 h B EARXT E T 0 hy o fIAATER 7E A0 3
0.2.4 h BBy A & 25058 1.9%,2.63% ,
1.31% ; EEAAERAE 0.2 .4 h B i 4H X5 424 51 M
0.68% .1.01% ,0.97% ; B-M A1 EH 7E 0.2 .4 h B}
FHXT B 43R 6.34% .10.36% .8.36%

3 it

UV-B & 55 X5 4l 9 114 382 4% ) I e B i, 6 5
XA 4 3 PR 36 3K 19 5 1) ( Hartmann et al. |, 1998 ; Sa-
frany et al., 2008) , Dolzhenko et al.(2010) #f 5% %
B UV-B 55 23 2 SAABGHE T ( Mentha piperita ) T
R A A IR R 1 35 AHESE R &
UV-B 4@ 5 % #i A4 7 45 5 25 40 B & 7 AH ¢ 56
HMGR .DXR .TPS .GPS .FPS .DXS f 355 2477 1
S, JF HORIE ) UV-B 48 5 A 1) 5 32 R 35 =
AR R FE B 52 A (SR HEAE 2014 ) . MVA ix 42
HMGR 3N B F k76 UV-B #5514 h WeTHaE )R
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F1TPS FE R A8 Ab 38 1 8] S T 5 5 B A, DXS H1 4
S b, MR X — 25 M UV-B 56X )8 T
[F]— 3R AR AN ) 5 P 1) 2 36 0 7 A 19 58 Tt A 58 4
G

FEIR AR = Wy A i E 2 A s
() — 22 31 5 B 11 355 P R 3 TR 1 36 3k e T
(Broun, 2004) , AT EZ MVA &2, LA H
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AR — 3, -5 HMGR B2 fL A
FF—3, MEP & Bi& 48 b, oMU B | 2 47T B-
AUFETER A9 A5 XT3 1 2B S DXR . GPS \ TPS FE K &
RECH R A AR A, BB S DXS JE PR AR Ak —
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H— BB P Y Rk i R T — S R R
i) T P4 A A 2 T 1) A R . FEAE G 2R
AR AR T, B2 MVA FIl MEP 9 45 il 25 48 35
AR ) 56 B A0 ek 1, T AR R R =
M A W & A2 28 4K ( Enfissi et al., 2005 ; Morris et
al., 2006) .
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