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Effects of UV Irradiation on Accumulation of Anthocyanins and the
Activity, Expression of Key Enzyme in Veraison ‘Northland’ Blueberry

YANG Jun-feng, SHI Wen-jun, YANG Le, GONG Zhong-zhi, LI Bin-bin, and HOU Zhi-xia’

(Key Laboratory for Silviculture and Conservation Attached to China Ministry of Education, Blueberry Research and
Development Center, Beijing Forestry University, Beijing 100083, China)

Abstract: This experiment was based on the changes between the content of anthocyanins and the
activities of biosynthetic enzymes in blueberry during the development, which aimed at further testing
accumulations of anthocyanins and other phenolic compounds in blueberry and the enzyme activities,
transcriptional level of anthocyanin biosynthetic gene under the environmental stimulus of UV-A, UV-B,
UV-C with the veraison fruit of 3-year old blueberry ‘Northland” . The results indicated that three types of
UV irradiation both significantly induced the accumulation of anthocyanins in blueberry, especially UV-C,
increased by 236% after irradiation. In addition, the activities of PAL, UFGT and the expression of
VePAL, VeUFGT mRNA were induced by UV irradiation, but the enzyme activity, transcriptional level of
VeDFR were suppressed. Among them, PAL, UFGT enzyme activities were significantly positively
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correlated with the accumulation of anthocyanin (7= 0.807", r=0.894"), while DFR was the opposite
(r=-0.854"") . The results suggest that UV irradiation can induced some key genes, which responded to
UV treatment, transcriptional enhancement (such as VcPAL, VeUFGT) or inhibition (such as VeDFR),
and affected the changes of the corresponding enzyme activities, which resulted in the accumulation of
anthocyanin and other phenolic compounds.
Key words: blueberry; anthocyanin; UV; veraison fruit; phenolic compound; enzyme activity;

gene expression

BiAE (Vaccinium spp.) X W45, R R RA R0 EY, JUHZEF T (Ronald et
al., 2001), AETEFREALYEYR (Wang & Jiao, 2000). MCWIFTIEN], KA IRMEE (PAL).
B REI A FIEE (CHD. SR R E (DFR) FIZRE BB (UFGT) SEE T & 1k
YA (Murray & Hackett, 1991; Lister & Lancaster, 1996), {HANEEELEA AL T H & IS
Tt HR (1 BRI RO AR — B 05 T-55 (2008) 7ELT b B R BL PAL A& A6 T 16 B B,
CHI 5 (b REH I o8 X R %Y. Mxle5E (2012) A& FETER PAL 1 CHI 5 R #h3E R
FHEHE A, 1 B BCAIAE S F A B T 8 S AT . XIRERSE (20090 T
SR TR I, 206G T O ORE ) r o 42 SR th T IL R R CHI R DFR W& 148 &,
M5 PAL A1 UFGT X &ZA K. FEIEE (2004) 7675 AR ER WX 4 g+ KA UFGT &tk
HRHH A REDVEG . PR eE TR R R ENE OHITFG, A LAILEX e S o ¢
B 2 St TR S (O B . AR Z R, —E DGR R R A6 (UV) BRI IE N
KT IR &8, S R4 % (Lietal,, 2009; JEMS K %%, 2012). {512 Rl
MRS T, BN UV U BRI 5 F LT 1A (Jia & Wang, 2010; Zhang et al., 2012). UV
W95 5 [Fagopyrum tataricum (L.) Gaertn.] 5, REHE -3 - 0 - ZFHEH S AT HH L
AP, Ul B XA T AR v] e B AT AR SR AN S I 4 ] (Eguchi & Sato, 20090, 75 Lo’
BifE (Chauetal., 2014), UV-B il UV-C AR & 75 2 RS IEF IR . 5AMIIIER
B, HEWE UV 5 SHE RIS RN EZEN Y (Zhang et al.,, 2013b). [MERLH HIATFFTN
E SR SR ML 2 10 d FTA2E UV 35 RAET 1 LA A At 5 SR i 5538 B 1R I 11 ( Zhang et al., 2013a).
H T, K2 E UV IR 7T 228 TP R A SE BRGS0 28 i 5 (1155 S 42 51 (Wang
etal., 2009; Eichholzetal., 2011; #k %, 2015a), il UV HESR0HEORE SR 52 b 4 35 R 2 R A 5%
AT P AR A I S P AR AR, S AR5 B DG E DRI S AP A

AGREG P BL bR 8GR, DL 4 BAETE TS OCHE (PALL CHIL DFR. UFGT) 4]
ARG, RGO v . e RETE . 9O E 5 PCROVERIN T Bk R Sk & ik F o b 3
OIS TR R ARGV M S LRI G L, 15 7048 7 R s A 75 1 145 1k
A LA & 3 FERAMCALBES R AL T A I W SR S AN LR ML, (5] B oA A= 7 S e 1 Y 4541
JCAL PR IR AT 17 1 & B At 1 B A

1 ARSI

1.1 Rd# AR
3AEAE A HBRE G T R RS BAE e . R38 T 2015 4F 5—6 HitdT, T



R, L3O, B SR, B, K, K.
EHMET LRG0 G R R SRR R LRI IR IR 5.
il 2;244), 2016, 43 (4): 663 - 673. 665

BEACWG 204 30 40, 50 60 F1 70 d BEALRAE K/ —AKARE RIFMA R BRI (R0,
BRI, WA, ], SR D MARS% 300 ¢ (B D, HTEE. KEEiFEE
T2 1 SAH I P o 5

KA 1 000 g AEAEST 50 d CREtadtl) MR SEIHATRAME B IR 4 AN b PR AT ESMNR
B G, UV-A (365 nm). UV-B (305 nm) 1 UV-C (254 nm) IS 10 min. 3 FPEAMT ¥4
J 40 W AT CIERtHOGIERIE ST, ARG SRS 2.76 kI - m™. Jsz— P8 T RN IGHEAL N .
FAMTE RIS 30 cm AR, HAER 1 min 810 ALBSEOGIAA T AN TR (23 'C, RH
95%), 24 h JGHUFE. LIRFER SRR, - 80 CORME& M. UL LBl ES 3K, %
100 /MARSE, 29 80 go

Young fruit Pale green fruit Entered veraison Veraison Purple fruit

1 FTE&EMHEIGERSL
Fig. 1 Blueberry fruits at different maturity stages

1.2 2B, REM. ZEESENE

SRS WP S M SR AE (2015a) 5. e FEIEEBURIAS I 2 k7 (2013) 11
HPLC J7Ems sl BU 1 g A AN 10 mL 60%1) FEE K (pH 2.5) 1, 80 C/K#H2HL 40 min,
SR 13 000 x g B0 15 min, WA BIEMBAFI . SR 2448 1260 {XH5E, Zorbax SB C-18 £F (250
mm x 4.6 mm), KIPEKA 520 nm, FEAIEARTL 25 ul, AR 35 °C, Wl 1 mL-min'. W
ISR A: 5% HIRAK (AR , Wahl B: 4. YeliFE: 0 min, 10% B; 10 min, 20%
B; 15min, 20% B; 25 min, 50% B; 30 min, 60% B. LARZFS % -3 - O - FZBTF (sigma) 4
Bt il 2 AR T I 5
1.3 EHEEEBHEKREEENE

PAL Al CHI B (42 BURIIN E 2 i SR % (2015a) (05 BL 0.5 g AIEFAR, IO 5 mL
1% 22 19 [0.05 mol - L' Na,HPO4/KH,PO, (pH 7.0), 0.05 mol - L™ HiIA LAY, 0.018 mol - L' B - &%
K OWE],4 "CF 12000 x g 550 30 min, F3E R A BEFL $2# . DFR Al UFGT B 1 2 H 2 ] Murray
M1 Hackett (1991) [1759%, HU1 g WiGRAR, I 6 mL $2HUZE ¥ (0.2 mol - L™ pH 8.8 HINNIRZE
M, 4 0.005 mol - LB - FiFEZEE, 0.001 mol - L EDTA, 0.001 mol - L DTT % 10% PVPP) 2
B, 4 CF 12 000x g &0 30 min, L&A T DFR Al UFGT FiSTEN 2 . DFR 3552 2
Stafford 1 Lester (1982) %5[#)J5v%, UFGT & VERM 2 2 M Lister A Lancaster (1996) 177745,

1.4 BE=Z RT-PCR

F5 [ RNA $EHGAA & (BT, JER0) UL PRI & RNA, 38 o B IR e v o i
S, I 1] Thermo Scientific (ND-2000) il RNA ¥ FI4E S, i%$% OD,s0/OD,so EAE 1.8 ~ 2.0
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Z A RNA. FIH Primescript RT Reagent Kit (TaKaRa, Ki%) BT &%, Fikk 20 fi5, RAFET
-20 C#M. M%AE primer 5.0 B354, MATAY TR CEE) BREAERAT SR (£ 1. %
JtE & PCR {45 A StepOnePlus Real Time system (Applied Biosystem) . < W A& R AL 7% SYBR
PrimeScript"' RT-PCR Kit (TaKaRa, ki) Wil i47. PCR ¥ #IFLF 0 95 CHiAEM 30s; 95 °C
5s, 60 C 30s, 95 C 155, 40 MEA: #J5 95 CE&M15s, BAKE 60 C/afrild 1 min, A5
HAOE, 2dmihs. R LL VeGAPDH (Zifkin et al., 2012) JWNSILR, TH 4%, X
2O A B DR R AT

PR B A H SPSS 20.0 7387, SRS 1 Rk LR 44 b B I 1) 2 5 Wl 250, M R ABRAH G R
HF o W S RAR I AH G

1 S¥FFIR PCR ¥ #8751
Table 1 Sequence of primers and PCR amplified products

FE IEmSI 514 (5-39 KB bp S5 30k

Gene Forward primer/reverse primer Amplicon length Reference

VePAL AGTGCGACGTACCCACTTATG/ 165
TCTCGCGCTCTCAACTTCTTT

VeCHI AGTGAAGGGTAAATCAGGAAAGG/ 129
TTATCATCCGCAGCCAATCG

VeDFR CACTGAGTTTAAGGGGATTCCTAAGG/ 138 Zifkin et al., 2012
CCCTTCTCCCTACAAGTGTCAATGG

VeUFGT AGTTTGCTTTGAAGGCTGTTG/ 147 Zifkin et al., 2012
ATGTGCTGGTGTGCATTTG

VeGAPDH GGTTATCAATGATAGGTTTGGCA/ 102 Zifkin et al., 2012
CAGTCCTTGCTTGATGGAC

2 HiR50H

201 ‘AtfE WIBRLAFIREFEEERNR. XBEHEEENTH
2.1.1 feFEH. BB, AEWAASE

B RS, R LTS
fERSEA (e 40d) ZHEHH SR A

AR, BRSSP MR (o, ST REHT R, a0 e
%%T\‘/H\H (XLEE 70 d) Hi“iiu 3.437 mg - g_l FW, | A EEH Anthocyanins

3.0

AL (fEjE 60 d) 4% (K 2). fknr
W, el AEE R B R B B R Sk
aEM.

w2 fow, AR RSEAERKAR IR
o, Y RIS 3 B R SR BT R

20 [

&8/ (mg g'FW)
Content

1.0 [

e 1 1 1 1

S E R KRR NREA L 10 20 30 40 50 60 70

T, AN (6 50d) D& E THFEER BRABERHL Days after full bloom

A, DCARIHIT 47.70%, <560 LT 28 U,
T RS A K R E BN, s =154 BHAR

REVINZE R S E2ZE TN %, 30~40d N Fig.2 Total phenolic, flavonoids, anthocyanin accumulation

3%%}5‘” T B% , iﬁ]\%@uﬁﬂrﬁ‘ w F‘%ﬁ&?ﬂ%%ﬁ . during ‘Northland’ blueberry fruit development
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2.1.2 foFHA AN K EEE M
& 3 " LAf340, PAL. CHI F§iEME (-

Wit EE) 15 DFR. UFGT BREHE CRa wT —e—PAL o CHI
) (A RIHEAR . PAL. CHI 7ERSIRE ~ 08| T DR A UrGT
WTBNEER, FWRNES: 1 DFR. UFGT  Ez |
B PELE LS R 7 OB, R .

PAL FIEHIR IO KR EAL Rl 5g ™'
e, BAHT (TEJ5 20 ~40 d) PAL RV T B4 € 02-
ORI, CHIIRHER RS A KR T 2 F i

B ETRpES, B (6T 20 ~ 40 d) 2R 10 20 30 40 50 60 70
SZPN CHI BEvEPE T R, SRk N0 )5 BEAESFEL Days after full bloom
CHI W% P22 e in . DFR B4 BE R 52 i 2k

F3 ‘duff’ #MIFRLH PAL. CHI. DFR #1 UFGT

KR H RIEREATHER, fER AN (L) 40 D)
Z0 W BT 82.52%, i RATF IR,
DFR MR SR T, SRS Rt 2 R 017

BEETERITE L
Fig. 3 Enzyme activities change of PAL, CHI, DFR and UFGT
in ‘Northland’ blueberry

T 2 %o 1 UFGT Byd Rl s A Kok
Bz ETF, 16)5 60 ~ 70 d UFGT B 1 )
T, RS EGEIH ) RHRE ID TAT 35 %

2.13 ftFH.EEB. £ %4 F5 PAL. CHI.

*2 RFHFHAYRSESHEENERESHT
Table 2 Correlation of anthocyanin and other phenolic

compound content with enzyme activity in blueberry

5 v 1 N = U \
ZEIR (R 2) R, R pgRkEE R, Enzyme Total phenolic Flavonoid Anthocyanin
ok T A TR A A7, [ S A B b " PAL 0.600° 0.886" -0.943"
FHNAMREE LG (PAL. CHD S5E  cm 0.657" 0.486 -0.429
A BT L AR b R A L ke S DFR -0.543 -0.714" 0.771"
PR R IE R, SR AR S, PR ese oo

I R &%l (DFR. UFGT) 5163 H &
JRIE A AT OGP SR B 5 B AT R
L BEW], DFR Al UFGT 7£ FRIRE FXHETH
B R 2SR

2.2 UV-A, UV-B, UV-C W5 &H ‘dtbf’ SRRIEFTERR. XEMEAMRERERIEHZN
22.1 REEB. RFW. LHEHLE

WK 4 R, 3 P A e ab 3ES e 235 4 hn i (i S s h Sy A e i S i (P < 0.05);
B UV-C JUR4N, UV-A I UV-B B 5 28 55l 7 i A Il R %

3 PSR AR S S RN AR TS AR A R AN AR O, RHbE
LAMECB KD, HRBREI R (R UV-B WHEH TR, ok UV-C A S R Semy2i
FUR S, Ry, M FIE T T RS = e R 1,500 1.334 3.36 1 (Bl 4). Sk
Ut, A6T IR AL 52 258 SR IRUR 5 B IR BE AR TS 2SS i 36 oK
222 %% PAL. CHI. DFR. UFGT B&i& 4

Wik s PN, FORseRER T DFR BV PELE UV S 2 201#0%14h, PAL. CHI. UFGT
TEEASZ 2] T R ER, UFGT BiE PR i@ B, 20 B 1 1.59. 1.47. 2.24 fi%; PAL

e # 0.05 EEKT, * 0.01 MR KT
Note: * indicate significance at the 5% level, ** indicate

significance at the 1% level.
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BINT 50%Z 47 s CHI B PERE A RAMNE K ik, 175 SR IEHT F%; DFR B IERR T3E %
UV-B % Mi4h, UV-A Fl UV-C %} Hid el 70 B 3diE R (& 5.

m UV-B
m Uv-C

0 %} #& Control
30 - EUV-A

&8/ (mg g'FW)
Content

Hp RKEM BEH

Total Flavonoids ~ Anthocyanins
phenols

B4 UvERSM LR HELSE. XEm
FHSEMENR

Fig. 4 Effect of UV irradiation on the content of total phenolic,

flavonoidand anthocyanin in ‘Northland’ blueberry
P <0.05.

0 %} #& Control
EUV-A

m UV-B
m Uv-C
0.8

<
=N

REEM:/(U - g* - min)
Enzyme activity
f=1
I

e
S}

T I NN ==

PAL CHI DFR UFGT

5 UV RS ‘dbRf’ &% PAL. CHI. DFR
UFGT B5iE e R M
Fig.5 Effect of UV irradiation on the PAL, CHI, DFR and
UFGT activities in ‘Northland’ blueberry
P<0.05.

223 REF VePAL. VeCHI. VeDFR. VeUFGT #9 %A

3 PR A A [ FL M S0 T 2 (0 300 SR sk
HAE T O O L IR 2 0A () 6). UV-A
I UV-B 4 BEJ5, VePAL FIFIEE ) T B E 1
YER, T UV-C WERINHIE- ;s VeCHI %
TERARAEAN K, 15 B X6 4R 47 ST o) S AR
VeDFR [P 3235 M) 2 52 30 7 8 b (1) 47 3 44
VeUFGT WKk B3 L. o, VeUFGT %}
3 Pl A6y ma AR 2 1 7 e A A
—%. UV-C > UV-A > UV-B () 4), il
VeUFGT 1R W] fe AT Hr g A0 rh i [ 25 4 b B
(1 B LA
224 BIMRAEAREZREHESE. BEH
BN R XA X M 697

W 3 Prow, SAMCRUR S, SRsirh VePAL
FENFKIEY PAL FiHTEAH AN E# . {H PAL

O %} Control M UV-B
| UV-C

~ BUV-A

—_ —_
-] < [\)
T T

FAXT IR R
Relative expression
(=
T

0 =
VePAL VeCHI ~ VeDFR  VeUFGT

B 6 UV BT VePAL. VeCHI. VeDFR R
VeUFGT RikHE I
Fig. 6 Effect of UV irradiation on the VcPAL, VcCHI, VcDFR
and VcUFGT expression in ‘Northland’ blueberry
P <0.05.

B PE AR A 5 A 1 S A A B3 E A5 (7= 0.807)s T VeCHI Fe R 2235 e B 1t 10 45 A
SEH ST A BAH KA G . VeDFR R VeUFGT SER ik 5REEYESZ 3] UV 7 55 R AR a3
—E (r=10.764", 09547, HESHGHHEH ST RBLEFAMC. WatiEil, KIEFES THE
SRR AT ) N R AL BRI — S S B RE I 1 R (I VePAL. VeUFGT) 8N (Wl VeDFR), 5%
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Wi A S 1 (2 A, E I P04 rP AR RIS ) (e 1D 1B (B 4~ K 6).

®3 HEHFIESWEE, ERRABHEXEMT

Table 3 Correlation of anthocyanin content with enzyme activity, gene expression in blueberry

il S A A T

) VePAL VeCHI VeDFR VcUFGT
Enzyme and gene Anthocyanin
PAL 0.807"" 0.293 0.034 -0.936" 0.920"
CHI 0.177 0.878" -0.374 -0.853"" 0.462
DFR -0.854" 0.025 0.549 0.764" -0.911"
UFGT 0.894" 0.112 0.081 -0.871" 0.954"
VcPAL -0.292 1.000 -0.200 -0.523 0
VeCHI -0.053 -0.200 1.000 0.255 -0.173
VeDFR -0.661" -0.523 0.255 1.000 -0.852"
VcUFGT 0.955" 0.000 -0.173 -0.852"" 1.000

w8 0.05 BEAKE, **X0.01 KT

Note: * indicate significance at the 5% level, ** indicate significance at the 1% level.

31 ‘dbfE MRBREAEIRPEFTEFEHEYRMARESHXEEEZ EBRIXR

CBRET AR T A O A OB A AP R L (AL 4, 20125 Zifkin et al., 2012), {ER
SR E ETHRAE, WA REEFLR . M SR )& s 5 e 5 FA i, 22
R BRI R PAL ZAETH 1 MRl & ) —Fpys i, Vr2ol CRY 45, 2008;
XSRE 4, 2011) Wk PAL &AL 1 G e OCBENG s (HAE2L b AL (GOsp T 48, 2008) Flzhk ALk
CEEEE 2%, 2004) A mFoe 2w sk & b R s A 75 17 & S48 o ) IR PAL &1 S f T F% .
AW R, Wi RS B I R PAL VR AR S AR T R SR AR A S . 4R, PAL Wt
B Bl AN 7 AR A B W IR OG . IX U], PAL B AEA IR SO AN AT 5 At 1 i
A, ok AR Y A R AL T RTAR . 5 PAL AHALL, ARG h CHI B E B2 78 SR 92 R B m v
B, RSEF A R S R, N CHI B YE S Ry B B A, SET A et
AR, IR CHL 5 PAL —&Z 5 T8I 1By -P & i, ARS8 1 & s 4% D) ik
o

DFR &4 S R A o JE (e T 2 0, DFR W& PE 18 = & 46 15 17 A0 2 11 R o R 2%
(Murray & Hackett, 1991). FJRA2E (2008) X 4&m-Fi2=m: Fi rh 1675 1 A Ho 8 oAt ¢ il 5h 2 i i
FUINA, BE# DFR MEETER T, i RS 0, DFR MEH 1 1A o] et 218 2015 H
ARG WA AL R, WA WIITEG, sz DFR S PES w, I e S H b2 THh KB,
BT ) B IEARDG, 3R DFR n] REAEAE (U A 8 TR T T & . UFGT &4k & g2 m)
BJa 1N, EMATRE N Z AR NRE NS . AUt TR G e =
R, Fto)s & mgd LIRS UFGT iqt Bt Aivn &, HE NN S 16 5 3 1 & i E B4 UFGT
TR SR BT ORI . XU B AR AR T B RS AR I G kS UFGT UG X
R 4 2, 2012) Figgks (EEIE 4, 2004) LARFITE: RAMLL, 30 UFGT &Rk
AR PR T A R — AN R

32 FAMRAEMFEHEH JM MRBRXEEESE. BIEM. ERREHEN
KEHFFUIESE, SAMGCREE 5 T4 % GRS K 45, 2012). 34 (Solovehenko & Schmitz-Eiberger,



Yang Jun-feng, Shi Wen-jun, YangLe, Gong Zhong-zhi, LiBin-bin, Hou Zhi-xia.
Effects of UV irradiation on accumulation of anthocyanins and the activity, expression of key enzyme in veraison ‘Northland’ blueberry.
670 Acta Horticulturae Sinica, 2016, 43 (4): 663 - 673.

2003). # (Zhangetal., 2013a). H.%; (Severo etal., 2015) FEZMRYT, Rl el T H AR
M sRAE (2015b) KB, ANTFIR B I I8 S S5 AR 52 31 UV-B RS G465 T & A 37t Felerfr
IR . AT BRI R, 3 0 UV RS b (e gk 77 IR e S B R .
BEAh, UV S 10 min (2.76 kI - m™) {fibA SR 52 %2 £ W A /M e 4%, Herh UV-B Fil UV-C b EE 5
B A . RS RE], AT UV KA S50 7 Sl s A BN g mi 1

AR5 R R, 3 PR A RS S T RN R — e g My SR R S R,
JESEM0 T A S R (AR Ak, BEIMAR AR T A W 2R R A R, IF HOXRp s R AT 2 i 0
DIARSGHE, EAMEI KA ek I, VePAL (B UV-C 48 F VeUFGT 1148 SN S I 6 55 K1 1
2, AN PAL 1 UFGT BEiEHEARIRE 3T, H H S5 ETMBRREUIML (- =
0.807", r=0.894""), IXKW] VePAL R VeUFGT AR AT B S bk 16 75 15 342 Hh iy [0 58 1 JE G 10 6 e it
o HA SRS AT R R, UV-C AL BEIE SAT IR P PAL V5 114 1 (Gonzalez-Aguilar et al., 2007).
SRR UV-B AMREIE G S TR E R E N RIE, LIS pUFGIT, &R EE 1104k
(Ubi et al., 2006). Zhang %5 (2013c) #&HH, MAHEHZE] UV G E RS WUFGT ERIA K
WO, SEURYE R RAETE A IR AT A . BhAh, AW VeCHI FIZRIE I3 %2 245K b
S W S B E A IAE R, T CHI FBES MEE1 52 2 TR KR T, et S5 & &
A, YT CHI ARG 1A U GRS, 'C T iES 5 T RN AR A e w2
B AT VeDFR, 5405 5 3 R T8 R I B s M A0Sz 21 7 0 2 i, S ed e
R R A, 5 HARA R DFR SEHE TN MR AR 3 IEAH A . Xl fig 1T DFR {4k
MAEE T AW A S FLS CREREE A B AL S BB 2R ) & O 2 — R (&MY ). #
a, ASRIRE N RS EEITIEH TS, A T A S MR 0 & et 32 30 715 S
S S E N T SRS AR, R DFR B E YRR R Rk 5 B T — E R 1 . B
AT 7 W SR S R 2 (I R TR R, JF B UV U TR S 3 T A ST b B R Y R R
(Penelope et al., 2008). Solovchenko fil Schmitz-Eiberger (2003) & H EF ) UV-B &Ry 17 H
(B2 T - B S, A RAET . LR UV B A RIS T 3 sz JLAh Yy S 1)
KERR, 1 PAL 1E A iX Loy Bt [ & o p A g, LG PR 40159 31 5 i . R0 % (2012)
o m], RATEZ S RAEE I RARTS SR, PAL Mg A AL T T I il . AWToTH,
UV ABEA] B85S T J S0 b s W e 1) 25 8, AN IS AE 75 10 75 i A S iz 232 21 T #0460, it PAL
BRETE R S HE TR EWR B E FMX (r=0.807"), X5HARET (GAA#RL) Rseh
PAL M SAETF T O ORI (r =-0.943"). DL LSS REH], PAL M/ UV IR Rl e fE 515
(5 T 2 T OCHEE ] .

3 PR AN KT TE A O IS 2 S B DR R R i A AN A IR, (E 285 A P B s SR s e 75
TR R, SRR R UV-Co 1175 By I i 1 AR B 2 B 5 R A6 i K
B, ErEEd . BT ARPRRAA I R fE ke BT, UV-C AL UV-B IR A6 7 2 6
%S R T, T UV-A UGS RS X AL (Chauetal., 2014). ZERIA M7,
ANFEVER AN GRS B - 3 - BEG RN S, R SRAMGEAK P iR ik B 1Y (Zhang et al.,
2013¢). XA RESE i T LA ARG, UV-A (43) I UV-B (Gi4)) fe G 2 sk & 1,
MY CX) UV-AL UV-B RS TN, 945 @M UV-A, UV-B 1 UV-C [N, A0
UV-C 55 SO, ATl 5 A N B ERAF LT, 7= 26 5 2 3 7 A5 5 A MR 4 )i

AT AN [R] (1 B DR R AN K AT DX A S R, BRI 3 Bl A0 et At 15 A e i AR B
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HIFEA AR . AR WA A AAAES 3 P2k, —RIRILOb/A 2 a it 3, Rl
JER UV-A Rt 2 f 65 — R mdE KLY, UV-B 1) UVR 8 %244 (Chen et al., 2004;
Wuetal., 2012). Brown %% (2005) KILHIHGIF UVR 8-1 8454k, UV-B i 311 CHS F: N KL%
FHWH: M UV-AL B4 UVR 8-1 RALYK, CHS FERIHREMIEH Rik. % (2014) #f
TR IEZARIAIE, WHEFECT F-— P H 3 UV-A F UV-B &b B 516 2 BRCR AN
Stracke %5 (2010) &, UV-B M4 nr LB 7T UVR 8 52445 E 3 iz 2 i& il COP 1 454, MM
PR RE T £ B PR % S IR 1 MYB 12 0 MYB 111 FEDR 5555355 . Maier 25 (2013) tBRH, YrT R
T HCSZARAE T AR MYB 5 3PR -, 0T 2 45 M FE DR (1) 3R 05, S 285 i~ S Ae 5 1 19 6 o
AL, FEAHE T 3 Bk Ah ot o] G ik 46 T30 & B 6248, SRS MYB sk 1R R AH Y
MEHISEER (VePAL VeUFGT) 3Rk 534k, AREG 1 UV IRUFRT 4 Fhigyd v 0 15 50 A 2
PR R (Rl iy, X AT RS T UV IR S, B SR SRl A i A7 i ) () S, JE R 304 =
B B AR A EE R TR, T SLRGE 1 e T R R R AR T A R I P R R T .

gi b, 3 %0 UV U HE W& 3 B TP e 5 T SR R B & e X RS SR R AT Sk ik
BRIAHSEE, AN KA . Horh PAL F1 UFGT 70 4MB S R X AETT HF AR B 3] 7 5S4 45 11
UV-C W6 T AR 2 T AR SR R A s o ASHIFSEm] g 26 7= 502 i rp R R P 6 AL BRI I 1
O 0 BRI I FR AR .
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