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WE iz YA S RS 577 W58 T UV-B 4R850 X 5 7 £ 542 Taxus chinensis var. mairei ¢ TIPEIRFNEAZ ek
AR s . S5 R R WT, BE UV-B 5055 B IN, B U7 L0 GAZ e AR B R A MR (C) BT WG SR (2 (B Hy 0. 18 1 3
0.52) , FEFRARRANEIR (V) AR FEAR (x R 0. 82 FEARZE 0.48) 53,25 pWeem > nm ™' UV-B R EHAD I IR 9. 76 wW -
em ~2enm ' UV-B 4 S AL A A= Pt 4 o 0T R s R UV-B 4 AL 2 58 25 BE T R 5 L A SR AZ B ((Taxol ) B FRER  (H XS
10-25 Z B R 52 T (10-deacetylbaccatin 1, 10-DAB) | 7-AHE-10-2< 2. BEHL 28 A2 B (7 -xylosyl-10-deacetyltaxol , 7-xyl-10-DAT)
— € BRSO, Hor 3,25 W eem “%nm T UV-B 4@ S AL B SAZ I RACR B O W W, S5 IRARE TR R U7 L1 A2 H ) A
N R TEC B BT, TR B 2 1 UV-B 8 5 WhE DU S R 2 & i AR Y i i, S 3w 7 0 Y A A A
EE7

KR UV-B; B T L0 A2 A0 s R S A2 e

Effects of supplementary UV-B radiation on life cycle forms and the accumulation

of taxanes of Taxus chinensis var. mairei

YU Jinghua, LI Dewen, PANG Haihe, WEI Xiaoxue, TONG Lu, YUAN Shusheng, ZU Yuangang "
Key laboratory of Forest plant Ecology, the Ministry of Education of China, Northeast Forestry University, Harbin 150040, China

Abstract: Based on the theory of plant life history form, the present study explored the effects of supplemented UV-B
radiation on phenotypic characteristics and taxane contents of Taxus chinensis var. mairei. The ecological adaptability of
taxane accumulation to UV-B was studied in biennial-potted seedlings. The UV-B supplemented treatments were CK

onm™'), T2 treatment ( + 9. 76uW « cm e nm ') |

( +0pWeem nm™", control ), T1 treatment ( + 3.25uW - cm”~
respectively, under greenhouse conditions. The results showed that with increased intensity of UV-B radiation, seedling
clone growth (C type) properties, e. g. number of shoots and branches, branch length, and height of shoot and branch of
cloning, were all enhanced. In this occasion, the z value of the C parameter increased from 0. 18 to 0. 52, while the
vegetative growth value (V) dropped from 0.82 to 0.48. At the same time, other phenotypic characteristics of vegetative
growth were likewise reduced, including plant height, stem base diameter and biomass accumulation. Under exposure of
3.25uW-cm > nm ' UV-B radiation (T2 treatment ) , individual biomass, the branch length of second level , the leaf length
and leaf area were all higher than in control or T1 treatment, respectively. Moreover, the supplemental UV-B radiation
significantly promoted the accumulation of taxol ( P <0.05), especially for the T1 treatment, while the accumulation of 10-
deacetylbaccatin I (10-DAB) , 7-xylosyl-10-deacetyltaxol and 7-xyl-10-DAT was inhibited to different extent. The content
of taxol was highest under 3.25uW+cm *nm ™' UV-B radiation.

In this experiment, although the young plants of T. chinensis var. mairei grew under the woods and natural conditions,

they still revealed adaptability to UV-B exposure. Moreover, the low level UV-B radiation could initiate the settlement
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ability of young seedlings of T. chinensis var. maire to clone growth. The height of plants dropped, however, main harvest
position like branch shoot length, leaf area and biomass of single plants all increased. As a result, the plant displayed a VC
life history form and the content of taxol also increased, taxol being the main bioactive substance. Consequently, it can be
confirmed that some plants enhance their content and output of bioactive substance when switched from V form to VC life
history form. Thus, for field cultivation of T. chinensis var. mairei, attention should be paid to i) match of tree species,
ii) trim of upper layer, and iii) the relationship between life history form of and taxol content. The parameter of life history
form can be used as the main indicator to adjust the intensity of photopermeability, with the aim to optimize UV-B exposure
for increasing taxol content, biomass, high yield and good quality.

In conclusion, the present study confirmed that the yield of bioactive substance increased when plant life history form

was switched from V to VC.

Key Words: UV-B; Taxus chinensis var. mairei; life cycle forms; taxanes

KRAREZAWZ BIWIR , FEHERR T UV-B FES B2 G55, UV-B 48 5 A5 55 00 1 52 0 A AT 52 5
T Z 28" REMFEE AR, UV-B 853 A KR B NS UV-B 48 5 AR ] A5
RN S K R4 S R Y UV-B i S i 5 3 R ) B 408 25 22 R e st A ik 2 e A2 B 403 5 1 o
AR, WA D T R BT T SROG RS, 35 UV-B 8 5 Wt Xt 3 Fh A A AR B 14 0 4% R0k s #4610
VR 5 AR AN R AR R 20T UV-B 8 5 i BBURR R AN [R] | 4022 B3 A5 A9 R AR e i UV -B 48 5 i A
[E) A P 2 S5 0 5 LIS DK 22 0 P Rl (4 52 10 8 80A 670 {8, O 5 B0 8 67 AR OG0 7 mir AR ST N
UV-B FZ @ SO CAEH A E AR DNA S R FRem LA KA T, A S8UEY & K&
FEEPEAL, BB WA UV-B SRS AT R BE L4 LR 5 74 K (Vegetative growth, V) A5
(Sexual reproduction, S) & ICPEA=FH ( Clone reproduction, C) A% &L= Al Hb i &R HE A A B0 A%, LA o B4 35 A
TR R A AF RN 25 Y . HRTA DG UV-B 48 SEXHE Y R B 58 KR 28 b TRk i i 25—
PRI 256 2 A R SBAEAR AT T BT 40 3 R 2 WL, AR 32 PR 9 A 0 0 R B3 5 7 12
XF A RIEARER G 3 A, A 5 o b Sz A 49 2 3% 00 3R R LR = A AR R

A YBEAE Ry— Rl AR A=, FERE ) 5 PR AR B B R, AR 2 BB i R4 R
FT4LEK2 Taxus chinensis var. mairei 2L GBI G2 REY), Fer= TRE, 2a 2@ b o) KR
Py —Zstm" L BT AR, B AL AR R T BRI B R m I R A B, A
N TARRE P 7 2L GAZAEWTIL YLV | D91 RN e 25 b 2 2808 B RIS, I 46 i T 28 A2 B2k 7 sk an
W, A R 7 21 SLAZ AR T Bk 2 BRI 9T SRR, — R ] 1—5 W RAMN T A 5 i LA AMis i Jr =X,
FEAE PSR AT T 1—2 W T AiAE 2 8 DL EARTR R B 75 2, I A AN 6] 19325 516 5 X0 e D7 41 G A2
FHURIR ALY B & A W50, A UV-B SRS T e 2 E L sem R+, it AR SCHI LR &=
NTHEAN UV-B 5853097735504 UV-B BaSXS /e I 4L A2 A i SO e 26 o & B 1 B 15 VR
1 #HE5F=E
1.1 Fhg

TEARACMO R 2 BRAMAE ) A 28 2 B P B S I = R BB IR N, A 2 PR AR S 1Y 2 a B T AL TS
SRR FEEE N A ARG IR (CK) JEah b AR R 2 SCmR Ao ) N T AR 3,25 pWeem > nm ™' (T1) |9. 76
wWeem *nm ™' (T2) 2 ANAEARGTREER UV-B Ab3H . L 40 W i I 48 5MZ (UV-B) AT 48 (1 FE 5t s OL IR
GEIT) NERAMGIR, A SHHGIE S 280—320 nm, K5I EEHME T 0. 08 mm PR T 4E R U8, LAHBR UV-C Y52
M, - 4 i S 5 AR A e 31 3 A UV-B RS A SR B B T o0 v B Y SR AN T P AT AR TR T AL
SRR 5, UV-B 8 49158 B8 i AvaSpec 2048-2 Y34 ( Avantes BV, Netherlands ) 5 oAb $39 [a] 38 12
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JT48 | DAARIE AR PR AN REZH 1 B SROE 58— 2,
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#UE3AEE 2009 4E 6 A 1 HIFR R4 PEH1 5256 ,60 d J5 (7 H 30 H) MESTHE R,

1.2 Sk
1.2.1 ®TLGASATE LRI R 5y

PRS2 50 AR 1 A R A A B B, 7 A 47 24 35 s R R B Ry s i 41 S A RS HR bR R o B
FrAERATCHEARSE 2 28, W2 5—T MHSCHRPRERAE R SPSS17. 0 #4047 T Lo 40, IH— B A K
PR (V) FIRHEA TR (C) LRG0, UL V. CRIE R IR B — MR SR KT 0. 8, WL Motk
HEPE R AR A FR, 0], DL 2 MR SEUE R R B AT BARE AL )G e R 2R R4 8K
1.2.2  FTLEAM A SRR A I

PR 60 d Ji5 , T E SR AT HIRANLIR 5 MR 7 4L DA R B IRA SR T 60 C LT 1H 55 i,
1 FREL 0.5 g RS, T 10 mL FEE A HE L 20 min, 850 5 UEE FIN W, B 2 R, SIF R, Hedi &
F,1 mL FEEE 25, HPLC 34 [RIBH RGN 3 Fh At i ) R RE A R 3 RIS (H.,

1.2.3  FdEabr

I Excel F1 SPSS BAF#EA T8 438, IR TR 2R J5 22 73BT (One-Way ANOVA ) £ 56 25 Zb JL4H [1] 22 57

Y,
2 #R
2.1 AR UV-B S8R RE 7 21 S AZ A 0 s LA 5 0w

AR UV-B 38 51K (15 7 4L G AZ R B E S E KA AR S B ok 2 28, DIdk s 48
S AR PR IX (] A KA T AR PR RIS IR MR, DA e B 2R R e R e S 5 MR RRRAE oA
FAPEIR T B3R 12 DSBS E bR a2 W 1,

SYRTER 1B R L A IX (R EA AR A i e AR AR PRIX R AR KR TR TR SRR A e
PEREL SRR | e R i B | TR 2 o B S AR AR TE AN R AL R AR R T 25 5 0 3, DB B Ah UV-B AbFEXT R
LI G AL A FARIRAT B R

F1 HAE UV-B Bk E TR LT MRS

Table 1 Morphological characteristic of 7. chinensis var. mairei cultured in different UV-B radiation

o FEAR

S| iy Morphological Xf{ﬁﬁ UV-B 4b3 1 UV-B 4b#1 2
Item Var. charetoriatios CK UV-B T1 UV-B T2
HRAEK X1 PR/ cm 15.76 +0.35a 15.64 +0. 13a 14.88 +0. 29b
Vegetative growth X2 HA%/mm 0.29 £0.0la 0.26 £0.01b 0.21 £0.01c
X3 MAEA K/ em 7.04 £0.25a 6.86 £0.25h 4.58 0. 17c¢
X4 TR/ em 2.23 £0. 14b 5.70 £0.35a 2.11 £0.13¢
X5 M4/ em 2.24 0. 15a 2.39 0. 17a 2.28 0. 16a
X6 HpRAE YRR R g 0.78 +0.02b 0.96 +0.03a 0.69 +0.0lc
X7 I BY em? 0.73 £0.01b 0.76 £0.01a 0.66 £0.02¢
TePEA X8 TERE SR A 0.45 £0.04c¢ 2.00 £0. 16b 3.40 £0.27a
Clonal reproduction X9 YA A 0.25 +0.0lc¢ 2.80 +0.12a 2.40 +0.10b
X10 FERERK/em 1.09 £0.08 3.42 £0.24a 2.45+0.17
X11 TR/ cm 2.35+0. 12¢ 8.50 £0.45b 11.35 £0.60a
X12 FERERL R B/ em 2.35+0.07¢ 7.88 £0.24a 7.65 +0.24b

[l — A7 B o R AR B R R 225 B (P <0..05)

XTRE 7 LT A FR e KR TC PR AR B AR I SPSS17. 0 B #EAT 32 M40 4T, 347 10—k b 38 34
MR L ERAE CK T Al T2 55 3 FRALPRAAE T AOAIG RIS H, 43000 V) 6 Co 15 (VI \V, 5Coun (VC )
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F Vo 5Co 5o (CV R FRUIRH UV-B 8 #ba R I, 5 B 7-ACH-10- % ZBEAE S T-xy1-10-DAT
HERMIR G« (B AT JC AR S IR Y 2 (E T, AT LA 2 0 ;;w?ﬁfﬁ]m RAFIIT0-DAB 02
Fi AN UV-B W4T S B0 2 1Y e it 40 BL 2 o AR 78 .
b (EAHERE R FXT T CK 4, T1 A #5324 #)F
B LU A A G 0, B e R B Y T2 A 3 ik D)
B AR 5 4T S AZ B0 K BIE 2442 55 UV-B 3RSk
RIS TR T B Y R
2.2 HEXN UV-B 3REIATR T LL GAZ I R B A e i)
pigtusqinp Al

XY RE 7 €1 G AZ 0 B H Y 10-DAB | 7-xyl-10-DAT Al
KRG A B iR 25 3R W, 35 4h UV-B f8 5
bR RS TR T B T SR R AR B Hor UV-BT1 UVBT2
T1 AL ZH 2842 5 B e, 1551 0. 108 mg/g, 1B 10-33 4478 Treaiment
LMHED R A= A 7y -10-DAT SR HREAG T2 gy g gy p marmeramaopt s epsra s
HAEEEE S EEAS T CK 4L, HE TI 4105 PP,  Fig 1 The content change of taxanes in the leaves of T.
10-DAB 1 7-xyl-10-DAT & & SXTHRAAA LT ¥ 252 5% chinensis var. mairei in different UV-B radiation
HET TL AR (B 1)
2.3 ETLGAMN R RS B A

BT 4L G A2 M FH 10-DAB | 7-xyl-10-DAT FI4£ 42
Pt S8 L W 5 A G ME DL 2:10-DAB H1 7-xyl-10-DAT 5 52 B S A0 1 A AH DG, 10-DAB 55 7-xy1-10-DAT
EERMIEARC

Content of taxol/(mg/g T )

Content of 7-xyl-10-DAT and 10-DAB/(mg/g )

T-ABE-10-2: ZREIE SRS REAN 0- 25 ZBERE R AT ik

R2 HEALEMMFPELZREEBHNEMER SR Pearson 18X REEE

Table 2 Pearson correlation matrix of taxanes in the leaves of 7. chinensis var. mairei

10-% Z B e R 2= T 7-AKBE-10-2 LB I I YA
10-DAB 7-xyl-10-DAT Taxol
10-2 Z B 5= 10 .
10-DAB
7-ABE-10-25 Z LI AZ B
7-xyl-10-DAT 0.982 !
L2 Taxol -0.676 -0.523 1

3 AT

F T R U2 25 I 1T S b BR 18T UV-B 4 S H st Bl A A 1) A 0 SR Ak R AR BT
WESR IV UV-B i S eA Y R AR A A 1) R BB m 22— AR5 R W, UV-B faaTER T B
145 DNA KR AR I EE J140 , 30T KR (salicylic acid,SA) K F[R (jasmonic acid, JA) F1 4 (ethylene )
LU SR A5 TG 4 (reactive oxygen species, ROS) 5585 T 3B /K -3k 52 nig A A5 e A 20 ol i e
ik Rubisco 7K F-F-FEOL AR FRE P2 30m U AYA R R 25842 ( phenylpropanoid pathway ) 2%
Wi 2E AETT R BEMEALR T DURGE PR AR DR (A R36 2 48455 K UV-B 48 S 2 R ) e TE 38
AT RN A A3 ok AR AT AR R B R A e D A AR

A SCRGR Je B YE R AARGR = 1 UV-B (2 #F R 7 20 DA2 B i T AR e A=y v e W A AR
TSV B[] VO SRS AN R Y UV-B S 3800 5 21 A2 o0 BRI B /S B AR AL B TV 2 A
T TR AR e b 2 AR, AR SR SR IS OV A, X SR WY, g 5 21 L AZ 4 RE A8 A A N — o R
—E WA UV-B 585 70 A7 i id iU b2 R R B AR A BER IR T UV-B 2 A r 2L G AZAE T VC A
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A AT LR B Y e e E i B R

IR R 2 R A AR o 2 LR R RIS 43182 |, (L VAV A2 B S KoK W R A= 0 A W3 ]
RVRF AN IRIER 1M 10-5 LBEEE RS MR BERAZ ) 5004 10 % 522 R A2 R4 ) & U 0 258
Y AN, KRR i B 10-25 ZBEIE LR S T AR A B R A 0 50 42 B 7= 4R T T W fdoh 42
A A ST 2 —" SRR R R AR R B A AT T, 7T-xyl-10-DAT fRi& 42 H 54
ez gy, HoKig i s, v e R S B R N ) E Z i e X, & Z M % (b itk — 25 B 5E
SO A AR A TSR Y AR UV-B il AR 08 I Zh g B 28 FIE MY | 25 & AR SCI It 45
B RATAN, UV-B 55T S BUK IR SEFTIR &2k ETF 42378 T 10-DAB fAE &0, 1 UV-B ESF T
R TR TR 3% 1 BT DO AR E T D R, B8R 3 R SR A2 e 2 I R TR A B Ry RIS 0 465 14 52 2t I
PRBLIL & B IR SC 2 L fH  10-DAB FHUEE A WA SAZEE LA S 1 7-xyl-10-DAT F5 46k S A2 BEATH AR S 4n i Y
WAL BT [ 2 — | NI A S I, 17 10-DAB 1 7-xyl-10-DAT Z1 80 R Rk, s mh
Wt A ) A 2SS O SUAE T, A B R A B T LA b R 2 A7 T i B B s 7 Bk st r= 1)
JEAKIEHE UV-B XA I S AR 50 A T AN ISR 43 UV-B 1G4 40 A P 35 4544, TT Ik #6A8 UV-B B
30 A EE AR RIS R AL 7R R R UV-B SR T, w5 40 5 h LA BRSO AR S LB AS 4
Fa3E N Ry 2T A B P SE LA R R R B A e W AR B B AT 15 AR | RIS B R ) T Ay
TR RS AAIK UV-B Sk R [R] 2 7] LARAR Y

CERARSCIIFE AR, BAR R TARUHE R NS IERE A Lo R IZ MUK A RRRARGY 50T LIS H DU 2598, B
(1) & 47K F 1) UV-B 55T UA SR 2R & 2 52 IR T, B E K FrY UV-B 5R ST B AR mT DURE & A2
i, L H R A SRS 57 A R RGN 5 (2) B2 ISR A5t e UV-B 48 S /K7, X6 4 7= 52 Bt AR
N AEARSC A B UV-B 4R ST ARFE R 7 21 G AZ AR 00 s R BRSSO R
A DAIASCOR A , 78 A 7= it — 25 5 L 2 FE 85y 6 B O 41 G A2 A 00 SR R S R A e R T it
G2, FF LA TR st 5k — AT s SR BRI 148 R R PR B S48, AR AR 0 R R T L A AR S T &
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