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H 64~ UVRS JEIH KRR P A IKA 5 A4 UVRS LA & /A7 1.7.9 Al 11 SOk I 5 &0 ife 1 .8 F19
YR I, (2) UVRS B K MR e 2R 1, 8 7R AN, AN A7 T8 5 R 25 A R 5 Ik, R 250 £ 2 il
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GEIRRW] UVRS IR 2GR IRE Ko AR R G W R s, 1z ik — 25wk B A6 RS
UVRS 11 5L H D) BE B8 Sty [ sty gt A7 280 A R B ARG N, UV-B (94> TALHI R R 22

KR DA, KERIRPARR, UVRS &N, k&M, W5 B2E b

RESHES, Q943  XEHARIRED: A XEHS: 1000-3142(2023)10-1876-16

Identification and expression analysis of UV-B photoreceptor
UVRS8 genes in Apocynum venetum and A. cannabinum

CHE Jinfeng'**, ZHANG Qing'*’, LI Guogi'**", XIE Boxun'?**, XIE Sheng'*?,
ZHAO Changhai'**, ZHANG Keyu'**, LIU Xing'*?

rfE B E: 2022-10-27

BEEWE . TH HRBEES (2020AAC03076) 5 T H H AL H (2022BEG03066) ,

E—1EE EHR(1996-) WA, FEMFMY A BFPHT, (E-mail ) 2553426079@qq.com,
CEEEE . S, A B B, RN FE Y A S EFS TAE, (E-mail ) guogilee@163.com,,



10 1

s R AR BRI RRIR B A5 R UV-B 621K UVRS J[H 1y % 52 ]2 3801 1877

(1. Breeding Base for State Key Laboratory of Land Degradation and Ecological Restoration in Northwest China, Ningxia University, Yinchuan

750021, China; 2. Key Laboratory for Restoration and Reconstruction of Degraded Ecosystems in Northwest China, Minisiry of Education,

Ningxia University, Yinchuan 750021, China; 3. School of Ecological Environment, Ningxia University, Yinchuan 750021, China )

Abstract: In the processes of plants response to UV-B, the UV-B photoreceptor UVR8 (UV Resistance Locus 8) plays
an important role in the regulation of photomorphogenesis, growth and metabolism of plants. To investigate the UV-B
photoreceptors of Apocynum plant, this study is conducted to screen and bioinformatically analyze the UV-B
photoreceptors UVR8 by the whole genome data of Apocynum venetum and A. cannabinum, and also to analyze the UVR8
gene expression pattern under UV-B stress treatment using transcriptome data. The results were as follows: (1) There
were six UVR8 genes in A. venetum, and five UVRS genes in A. cannabinum. The former was distributed on chromosomes
1, 7,9 and 11, and the latter on chromosomes 1, 8 and 9. (2) UVRS proteins were all hydrophilic stable proteins,
localized in the nucleus, without transmembrane structure or signal peptides. The secondary structure consists mainly of
extended strand, random coil, alpha helix and beta turn. The tertiary structures of AvUVR8b and AcUVR8a were most
similar to that of Arabidopsis thaliana and were most closely related to Coffea arabica (CaUVRS8) and C. eugenioides
(CeUVRS8). The gene and protein structures of Apocynum venetum AvUVR8b and A. cannabinum AcUVR8a were highly
similar to those of AtUVRS. (3) The expression levels of AvUVR8b and AcUVR8a were up-regulated when the two
Apocynum plants were treated with a certain dose of UV-B (17.52 kJ - m™ - d"). Tt is speculated that in response to
UV-B, the AvUVR8D in A. venetum and the AcUVR8a in A. cannabinum play a major role, respectively. (4) The analysis
of cis-acting elements showed that the expression of UVRS was regulated by light, temperature, moisture, oxygen and

hormones. This study will lay a foundation for further research on the gene function of UVRS in Apocynum, and provide

clues to analyze the molecular mechanism of UV-B adaptation in the Apocynum.

Key words: Apocynum venetum, A. cannabinum, UVR8 gene, expression analysis, bioinformatics analysis

RBHYEA AL = A AF T B9 RE f R IR, o 2 A
YR KT A AR & S
I EE K F ( Frohnmeyer & Staiger, 2003 ; Jenkins,
2014a,b) . AL (ultraviolet, UV) YE R K BHYG
LR A3, 4% H A AT 3 S K SR AR (UV-A,
320~400 nm) , PP LA (UV-B, 280 ~320 nm)
FE % 2 4M 4k (UV-C, 100 ~280 nm) ( X1 B &5 45
2012; BREEFEAE,2021) , UV-A A0 KRR B
B IR M (H AN 230 A2 W) 3 I 2 SR UV-C ]
fdE R 0 AL ) TR AE T (B PR I B0 T o
HIFN R TEF IR bR Z H 3t 2 R Z2 Wk
UV-B R 73l w5 B 482 WO, A o A= A R 4
() UV-B B A DR, o 38 B UV-B 2 30 85
BT BN A Y DNA B BT FIIR S 45 AR W K
o1 RS EAEYISLT RGRE UV-B R MRS
AT A XA 6T A R AR
S i A B B ZEVE A ( Frohnmeyer & Staiger,
2003 ; Shamala et al., 2020) ,

FLTE 2002 40 X UV-B 8 U1 400 R I 28
AR AR (wr8-1) % E B T O & K UVRS
(Kliebenstein et al., 2002), 3f F 2011 4F jiF ¢

UVRS8 N &3 UV-B [ 55 5 4 )t 32 1K (Rizzini et
al., 2011) ., HAT, % UVRS 45 1 3h) e 0 57 76 0
MIT T L  IF R A R UVRS N
ERMFBERE G R UR R AR g, HE st il 7 S Bk
SEAE AR B MR EIN 1] HE S B 1) IR 45 4
( Christie et al., 2012 ;#1855 ,2016) . & ERSTH)
UVRS (g M5 (W) BAT 4 Fp A F 4 i e
FW AL IE UV-B 55 S5 1 HE (Jenkins, 2014a; 5K
FVLAE 2019, Li et al., 2020) , AtUVRS H #23 i
H w233 F1 W258 4224 UV-B i JG 75 5 By HoAth 4 BY
K FAE M & (1 ( Rizzini, 2011;0 Hara & Jenkins,
2012; Jenkins, 2014b; Yang et al., 2018), 44
PRA MRS UV-B B, UVRS A R X AFE T4
JRLTT s RS UV-B i, JLER 4 W 2408 1 o iR O 55 75
FIMIRE (Wu et al., 2012) 5#E H CUL4-DDB1
(cullin4 damaged DNA binding protein 1) E3 72 &
% 4% B ) COP1-SPA ( constitutively photomor-
phogenic 1-suppressor of phyA-105) J& h{ UVRS-
COP1-SPA # & 4 & (Rizzini, 2011; Huang et al.,
2013; Vanesa et al., 2019), M ifi J& 2> COP1 %}
HY5( Long Hypocotyl 5) i F¥f# ( Huang, 2013) , [A]
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WHE 3 HY5 HYH (HY5 Homolog) #l MYB %544 5%
PRI -2 3k, i i o TR 2 A & W6 1ot A v A G il
LA ) F5 5% ( Hartmann et al., 2005 ; 8642 491,2019;
Shamala, 2020; % B 45 55,2021 ) . X4 UVR8 4/ &
(YT e PR ot i 3 ik I iR gl H B s e LR G i
1% RUP1 (repressor of UV-B photomorphogenesis 1)/
RUP2 #1 STO/BBX24 ( Salt Tolerance/BBX24 ) 55
5% (Jenkins, 2014b; Parihar et al., 2015 ; 25 [F H 4§ |
2015) ., UVRS 5 RUP1/RUP2 A H./E Ff ik H —
KL (Cloix et al., 2012; Hideg et al., 2013) ,fifi
UVR8 0] iR i, UV-B SGME
B A WK (Apocynum venetum ) Fl KRR P A bR
(A. cannabinum ) RIATHEE D 1 K& 2 4542 16 1R
FORECERE R Y, BT 5 ER8 3T S R Bt
Wit (ERTESF,2012) s 1A “BFAEGEZ £ 1
R HYi 8\ FA & SR DU L AR SN2 Bl
PPAEDIRE 1 25 A Y, v bk A2, Rk HE R Il
JE MRS | WE AT % 2 S AE ] (Li et al., 2018)
Ho R T R A 2% . BOER 2S00 2 A R AR
Poiy £ B2 LAy (IR, 2021) , HA B R
A, 32 IR S R R AL BLIRBE 5 R, 7R A BR AR
AR ST, AE Y T I G BOR ™ Y 2R Ah 2k
JERE AR GEAE YR UV-B (9 e i AL ] 55 038 B
PR TRSkdE HAE R AR S
R IFXF UV-B J6 32 1Ak UVRS 45 #4 12 ik 1435 43
WE5E . EET, X5 2 A0 R s AR ) 09 AF 98 22 46 b 7 H
ot | 245 R 53 AR 4T & R AE O T, X
UVR8 HYHFFE i AR A il A< SCHEE T P A 2 A R
() 4 L DR A KI5 UVRS JE R RS AE W15 B2
G3HT, 6] I Bl e s B 9€ UVRS B PR Rk 5
3RV LR [ (1) UVRS JE R 454y A
FITCPEFIGe (1R € 37 ; (2) UVRS fRAF 45 H 30 K
SEFFERALE T (3) UVRS B R AL 0 5 A R 45
PEAESE Z 55 (4) UV-B il N UVRS 3 %Kik
B, DU — 2B AT UVRS DI K HAE X
A BRI UV -B Wi 107 AL ) 01245 R 25 A0 45 7 T Y
MR R

1 #MEE5 7%
1.1 R FEIERIE

5 A SRR AN RRRR 2 A BR ) UVRS 35 Ay 41
FEEFA, ok B A 5256 2 i 3 4 5 4L 7 T

PR BRAS A Bdle (RS 2%, 20195 R A2 H ,2020)
I\ L B I ( Arabidopsis thaliana ) ¥ E TAIR
(https : //www. arabidopsis. org/) 1 F 2% AtUVRS &
%41 ( Protein: AT5G63860.1) ,

1.2 Fik

1.2.1 #AF % Ak UVR8 A jh ik AW L Y
A JBR R R JRR IR % A R 4= 2 I ZH ) TPRSCAN
KEGG .NR Fil Swissport {F FE45 54 , 70 7l i i H 1
B UV-B LAk UVRS 5 K Fe 51 Fl & 1 15 41,
B 5E, MH BioEdit #AF#EAT 704, KL AWUVRS 8 H
J¥ 54 Bl Fp 51 £ 47 A 3 BLAST X, E-value <
Ixe™, Identity =30% , i ¥€ iz UVR8 & 741,
SRJE , >k A Pfam ( https : //pfam. xfam. org/search ) Fl
SMART ( http://smart. emblheidelberg. de/) #& {4 1
FrE AL, MR TCAR 8, e, g DL By
3 Bl BRAT 2 A R A KRR 2 A5 iR UVRS 7Y 5k (A
Jr 5 M 751

1.2.2 #AF % Ak UVRS kB e &8 X 42 JET M
P2 i bR A JE N 20 T BSR4 UVRS ik [ 7 e
@ik A E S S, IF 8 i B MG2C (Chao et
al., 2021) (http://mg2c.iask.in/mg2c_v2.1/) TE£&
23 UVR HE K He (s (oL 4]

1.2.3 @AY 5 Ak UVRS A& B 45 M A BR <F 25 #3805
A PR A R UVRS JE IR A A - F1 S % 1oL
BAR BTSN A B off3 SCPF, R GSDS
2.0 (Hu et al., 2015) ( http://gsds. gao-lab. org/
index.php) T HXF UVR8 3 K 45 #4 47 53 #r , Fl H
B AF MEME ( Bailey et al., 2009) ( http://meme-
suite.org/tools/meme ) ST UVRS & [ 15 57 45 #4 3k 175
Frivm

1.2.4 WA+ % A ik UVR8 & & & A I AL MR 447
F) H 1E 28 3K 1 ExPASy ( Gasteiger et al., 2003)
( https://web.  expasy.  org/cgi-bin/protparam/
protpara) #17 UVR8 & 12 FEMR 4L . 2 \ FHie
S HL L ANERUE R BRI 7 R AL IR S5 0 T
1.2.5 W AF % A ik UVR8 & & 45 4 2 #7 Fo T2 2 i 5
1% K HH SOPMA ( https://npsa-prabi. ibcp. fr/ cgi-
bin/npsa_automat.pl? page =npsa_sopma.html) T.H
P UVRS # H 94519, L AWVRS 8 H
Bz, F| I Phyre2 ( Kelley et al., 2015) ( hitp://
www. sbg. bio. ic. ac. uk/phyre2/html/page. cgi? id =
index ) #XAF 73 M7 86 = 450, 38 o A Cell
PLoc 2.0 ( http://www. csbio. sjtu. edu. cn/bioinf/
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CellPLoc-2/) ,iE+f Euk-PLoc 2.0 #£4T UVRS & H
WL 53T

1.2.6 BAF ¥ A ik UVRS & G ¥ B4 MFn 425
PR Fo B R ACAS S AT R B IR 45 R R 4K
{4 TMHMM 2.0 ( http://www. cbs. dtu. dk/services/
TMHMM/ ) #4753 87, {5 5 BR T 3 3o SignalP 5.0
( https://services. healthtech. dtu. dk/service. php?
SignalP-5.0) #t 47, 3 >k M 4K £ NetPhots 3. 1
(http : //www.cbs.dtu.dk/services/NetPhos/) it
FI MR s PSR H

1.2.7 ##F % A ik UVRS 2 B X A B 7T 41
FIH TBtools( Chen et al., 2020) #4345 UVRS 4
A L 2 000 bp 7330, 188 A 8 7 1y 51, il i
PlantCARE ( http;//bioinformatics. psd. ugent. be/
webtools/plantcare/html/ ) B4 J&E X} Bt 45 77 51 #F 17
I, SR H TBtools 4K {42 &, xof 38 22 it X FH ot 14
(57 RN EA T A #T

1.2.8 A+ ¥ Ak UVRS & & 2%ttt KA
TEZE 1.5 NCBI( https : //www.ncbi.nlm.nih. gov/ ) #
BLASTn i#47 [l U5 P 48 2%, 2815 P9 A 2 A5 )k UVRS
R EIPEFES), #id MEGA 11.0 S 245
HEALA , R Clustal W #E47 2 577 51 HL T, 2R FH AR
$:7% (neighbour-joining, NJ) #4 # UVR8 & 1 R 4t
AL, bootstrap method {E 1% A 1 000, HAh S HR
M & 48 8N, i T H ITQL ( https://itol.
embl.de) #1734k,

1.2.9 WA+ ¥ A ik UVRS AW £k o4 ARLE
T 2021 4555 ZEAE KM O 34T P FR 2 A R 1Y) 4
BAE (MK TF LS8R LIRA), HIE WM
AT, MRS Gao 25 (2019) X} UV-B 48 5t 7] 5 (1)
EGRN oy A5 T AR X B S KA UV-B 5
R o 5 A JRR 1 SR B L R F ARG IR (B UV-
BHRJE 8~11 W - m™) My Xt I8 78 [ 4K 6 BE %) L Atk
RS UV-B fE AR 7EA K % 30~40 em (Y
Tl A5 R 2 5 0.5 m Ab 22 % UV-B AT45 (K H)
1 TL 100W/01) , TAK 5 | 1000 F17F 714 .00
FFEf 4 A FE 4 Yk, B R AL HEEF K SR 10 min, & (8] Ff
10 min &b 3 —¥k, 0] 7E 76 2 4 I 23S iy UV-B
AR 17.52 k] - m? - d7"ERE R 3.65 W -
m?(AH Y F 4R )1 Hb X B 205 K UV-B 5 B2 3
33.2%~45.6%) , KFH 0.1 mm FY 15 R £F 2 R 7 25
X145 LA Bt ik 280 nm LLF A9 UV-C, UV-B 5 & H
Lutron 23 A () UV-340A %8 5M4k 8 BRI A5, 101 /6]

Iy TE UV-B ZbFRES 0 K 85 0.5 K B 1 K B
4 K 57 K(d0.d0.5 d1 . d4 d7) XFAE KR L3 A2
W HEATURE, RS FEAR YO 3 A E A
-80 CIRAFE, AHEFEAE Bl A 01 4o i 7% 5% 40 2503l
(CEFARANTIT) X K UVRS 3K 1Y % 3k & vE47T 4
Mt , 383 TBtools #X A HE UVRS FE R ik A

2 HERHHH

2.1 WM Z fRF UVRS & H iF ik

i3 2 A BRI RRCIR 2 A IR 1 4 35k R 21 0 )
Bds, ik s 710 S AR UVRS & 351l
14 4> KRR B A JBE UVRS & (A F 41, LA g IF
AtUVRS 75 R B 7 51, B i 0 245 SR ik 17 7
G XS S AE LR AR 053 T, B4k 15 6 B A iR
UVRS( AvUVRS ) F£ K J¥ 51 il 5 4~ K BRI P A ik
UVRS(AcUVRS) & [H )7 31, 43 il i 44 A AvUVR8a
AvUVR8b . AvUVRSc . AvUVR8d . AvUVR8e . AvUVRSS Fil
AcUVR8a AcUVR8b AcUVRSc AcUVR8d AcUVRSe.,

®1 AWHFHE UVRS EENF 755 SHEE D
Table 1
gene ID of UVRS genes in two species of Apocynum

Sequencing sequence identification number and

NSRRI RS

Sequencing sequence EATID
identification number Gene ID
ORIGINAL_SCAFFOLD_424.344.1 AvUVR8a
ORIGINAL_SCAFFOLD_261.287.8 AvUVR8b
FRAGSCAFF_SCAFFOLD_19.823 AvUVRSc¢
FRAGSCAFF_SCAFFOLD_37.936.2 AvUVR8d
ORIGINAL_SCAFFOLD_261.243 AvUVRSe
ORIGINAL_SCAFFOLD_424.1331-424.1332 AvUVRSf
ORIGINAL_SCAFFOLD_283.491.2 AcUVR8a
FRAGSCAFF_SCAFFOLD_26.1280.2 AcUVR8b
FRAGSCAFF_SCAFFOLD_26.338 AcUVR8¢
ORIGINAL_SCAFFOLD_283.446 AcUVR8d
ORIGINAL_SCAFFOLD_421.115 AcUVRS8e

2.2 WM T A UVRS EE B E A

PIRh B AR A S AL A4 11 SR YL Bk, R
FH MG2C R F4 ] UVRS LR e A e 7 &, 43 B
SER (1) Bos, UVRS SN LB EE A,
KBRAR 2 A R AcUVRS FEPR AR H 5] o Fi 7E 3 4%
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Chrl Chr8 Chr9

- 0 Mb o) 0\ _O
3 Mb AcUVR8a
6 Mb
9 Mb

12 Mb

15 Mb

18 Mb

21 Mb “
AoTVREE AcUVRse U
24 Mb

27 Mb
30 Mb

U AcUVRSc

B = 2R Qe O ARACRICRRAIR B AR ) DU 2 e (U R AR 2 A R

AVUVRsf ) M
AcUVR8d

Chrl Chr7 Chr9 Chrl1

“T| AvUVR8D AvUVR8e

AvUVR8d

I T~ avUvRsa

U AvUVRS8c

The first three chromosomes represent Apocynum cannabinum, and the last four chromosomes represent A. venetum.

E1 ®W#FHAK UVRS EE KR BAE M

Fig. 1

Yea ik I, Hoh AcUVRSe 43 A 7E 8 S YAk, 1 19
SY RN K A 2 A AcUVRS 1, 43 5 &
AcUVR8b 1 AcUVRSc ,AcUVR8a 11 AcUVRSd ; % 7 JFk
AvUVRS FE 3 A 7E 4 Gk ik I, Foh AvUVRSd
M AvUVRSe 23 W43 A AE 7 A1 11 S Yeafk 1 flo 5
e RN & A A 2 A AUVRS 3k [, 4y il J&
AvUVRSf 1 AvUVR8a . AvUVR8b F1 AvUVRSe .
23 WP AR UVRS EEEMIMERRTEWN
o

3 3 T R B A PR S DR 4 VR R gfft3 SO, R
GSDS 2.0 B AFXF UVRS RN &5 #4700 M, 45
FW], UVR8 B & b TR gm S IX N & 1
SR H I N K AN, S BT B A 2 R
(Kl 2), AvUVRS FEFHK R 5 115~12 672 bp, 4
BFEA 6~16 4, Hor AwUVRSe 4 F 8 i 7=
(16 1) ,AvUVR8a A i T 5 ik (6 4~) . AcUVRS
FER K R 5 876~ 11 585 bp, AcUVR8 #h i T80
6~15 4, Hoh AcUVRSd 4 i T 8w & (15 4)
AcUVR8b M5 FHURAR (6 4~) o 14h, FIFH MEME
BAF5r AT UVRS AR SF 45 44 351 ( motif ) , motif 15
7, HAB S EC R BN, B 3 7T %, AVUVRS
) motif $0H 4~7 A, Hf AvUVR8b . AvUVRSe #
AvUVRS{ ) motif £ £ (7 41~), AvUVR8c motif
B/ (4 1), AcUVRS 1Y motif 800 6 ~7 1, H
1 AcUVR8b 19 motif % & 2> (6 4~), H A 4 4

Chromosomal location of UVR8 genes in two species of Apocynum

AcUVRS WA 7 A motif, [a] F % 4 B 19 UVRS
motif Z [B) f7 7F — & 22 5, (H P9 Fl & 153 )R ) UVR8
Z I B —EHRE, & AVUVRSa 5 AcUVRSD,
AvUVR8b 5 AcUVR8a. AvUVR8e 5 AcUVRS8d,
AvUVRSf 5 AcUVR8¢ motif F%T H v & F1% H R
R AE PR,
2.4 AHMBHAE UVRS EARBL RS

K H ExPASy T H. X} UVRS & 11 B b o ot it
P, 458 (£ 2) KW, AVUVRS R K E N
420 ~ 534 aa, H Xf 43 F Jit & 7E 45 846. 10 ~
56 827.20 Da Z [0], Pt % HL S5 7E 5.55~8.41 Z
[E), Forf, AVUVR8c A2 KRR E A X 43— ot 1t il
PRS2 H 5 i, 0 W 534 aa 56 827.20 Da Al
8.41; AvUVRSd 119 Z JE R FIORAH X 437 ot 12 e /)N
I3 5K 420 aa F1 45 846.10 Da, 4&H A K E TS
B>40 B SR EANAREEA; YHEAA
EFEE <40 B HEZEANRERA(EITE,
2007) , AVUVRS &AM AFE T EUE /N T 40,
FasE & (A, Hdh AVUVRSb 1 A Fa & 48 B i &
(38.89) , AvUVRS8d I AN Fa a2 76 B ik (31.12)
AvUVRS K [ g 7 1 22 2 1R 45 £ AE 63.50 ~ 85.17
Z 8], SRR MRS E - 0.629 ~ —0.134 Z [8] H./)h
F 0, NEKMEEH, X AVUVRSa, AVUVRSH Al
AvUVRSE HIIS 4o 5 <7, MIRPEE A, KA 3 8
BEPEE
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AVUVRSC -ttt &8 8! =878 I ®FTF T —
AcUVR8) sy — —— — -~ —— .
AcUVR8c mwwi — —— — — T .
AvUVRSE ¥t 11 —
AVUVRSe & —— — --- - -
AVvUVRSD s — — B L —
AcUVR8d w —— — M B -
ACUVRSa - o ¥ v —
AcUVR8e w— — —— — - —
AVUVRSf waa—i — - —— - -
AvUVR8a s —a -
5 'I 1 1 1 1 1 1 1 1 1 1 1 1 3 '
0kb 1kb 2kb 3kb 4kb S5kb 6kb 7kb 8kb 9kb 10kb 11kb 12kb
Legend:
CDS & UTR — Infron
B2 AE#HTMHK UVRS ERLEH
Fig. 2 Structures of UVRS genes in two species of Apocynum
B S PIE FEPALE
Name P value Motif location
AVUVRSa  7.29e-158 N I B N
AVUVRSh 5980205 — 0 N NN TR B e
AVUVRSe  684c110 —  DOERETT 002 S [
AVUVRSd 167160 2 — D NS 20000 ||
AVUVRSe 950184 — OO BENNEEES ¢ e
AVUVRSF 332193 M W N Taaes &
AcUVRSa 182206 — 0 NN BN P B
ACUVRSb  3.000-158 | I B N S
ACUVRSe  3lleqo; N [TTEE N Taaaes &
ACUVRSd  107e-132 — DN BN e
AcUVREe 55leqqn 0 NSNS 2 &0 B BB
#y ER —EHT 5
Motif  Symbol Consensus sequence

motif | MMM ELRPRKVKALDGVKIROIACGGEHT\A VIDKGFVYAWGGNZYGQLGHGPQ
motif2 N ACGAEHTAAVTSDGELY TWGKNEYGQLGIGDEKDRKSPQKVSGLQGEKVV
motif 3 N LVEAPENQKVVQVSCGGSHTLALTESGNVYTWGLGDHGQLGHGDSESRNT

motif 4
motif 5
motif 6
motif 7

NKEIVQISAGYRHSLAVSDDGKLVAWGWNENGQLGHGEEAE
AAGKRHTLVLTDDGELYGFGWNSYGQLGE
SLLSKSVVYSWGSGEDGQLGHGPNEEQLR
VSCGAKHTAAJSEPHVRVYTW

3 WMHBHK UVRS EARTERESS

Fig. 3 Distribution of conserved motifs of UVRS proteins in two species of Apocynum
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Table 2 Physical and chemical properties of UVRS8 proteins in two species of Apocynum
HURA £ B |
B IR Relative PG A HL AT ARERI i FAKAE P
Protei Number of amino acids molecular Theoretical Instability R TR Grand average of
roteint (aa) weight pl index Aliphatic index hydropthilicity
(Da)
AvUVR8a 488 53 140.02 6.84 31.34 83.05 -0.134
AvUVR8b 471 51 220.43 5.55 38.89 78.00 -0.239
AvUVR8c 534 56 827.20 8.41 33.61 63.50 -0.629
AvUVRS8d 420 45 846.10 8.29 31.12 85.17 -0.291
AvUVR8e 437 47 007.00 7.22 35.53 77.41 -0.237
AvUVR8f 473 51 050.23 5.93 31.79 76.91 -0.262
AcUVR8a 485 52 819.23 5.70 37.70 78.95 -0.241
AcUVRS8b 488 53 233.19 8.08 31.56 81.07 -0.162
AcUVR8¢ 473 51 032.28 6.28 32.95 77.74 -0.275
AcUVR8d 437 46 992.08 7.96 34.40 77.87 -0.238
AcUVR8e 388 41 778.96 5.42 36.38 82.42 -0.047

AcUVRS 2 [ K & 0 388 ~ 488 aa, Ml Xt 4> T
R TE 41 778.96 ~53 233.19 Da Z [A] , BEIE 45 15
15 5.42~8.08 Z[H], Hh AcUVR8b Y2 HE R %K |
AR 43— JoT i AR 45 H s e e, 43 1K 488 aa
53 233.19 Da #i1 8.08 ; AcUVR8e F4 %8 it iR 5k AH XS
Gy F T B AF B /N, 43 Bk 388 aa,
41 778.96 Da F11 5.42, AcUVRS & 1 AU AN & 35
BE/NT 40, MERESE M, H AcUVR8a HY A F
EFE AR (37.70) , AVUVR8D B AT 5 H5 $ i ik
(31.56) ., AcUVRS8 % [ g i i & 3% 2 5 2 7
77.74 ~ 82.42 Z 8], 3£ K M- ¥ {H 7E - 0.275 ~
-0.047 Z 8] H /N F 0, N 36 K ¥ & A, X
AcUVRS8b Ml AcUVR8d H i 25 #1115 > 7, M i M &
M, =R 3 A ImREEA .,

25 WA S A UVRS & B & #4 #7 #0 F 48 h
E L

FIH SOPMA #4453 #1 UVRS & 11 4544,
R UVRS M 45 i o-18iE (alpha
helix) . B- fi ( beta turn) , #E fi $% ( extended
strand ) FIJCHLIU 2 #l ( random coil ) 4 #5453 4H Al ( &
3, 4), Hrph oG M & b s (45.49% ~
58.05% ) , HAK A T i (22.28% ~28.04% ) , B-5%
£ 5 R AR (7.40% ~9.90% ) , ] WL 3iE {4 | AR,
M5 {h A o-I2E S5 4 R UVRS 25 1 45 M 0 3=
BLH A5y o 7ihh, AT T Cell PLoc 2.0 7

*3 AMTMMK UVRS EA_REMERK

Table 3 Secondary structure composition of UVR8 proteins

in two species of Apocynum

-8R I i i B-f#Efm TR
HHE T Alpha Extended Beta Random
Protein helix strand turn coil
(%) (%) (%) (%)
AvUVR8a 23.57 22.54 8.40 45.49
AvUVRS8b 13.38 25.90 8.07 52.65
AvUVR8¢ 11.99 22.28 7.68 58.05
AvUVR&d 10.24 25.95 8.10 55.71
AvUVR8e 13.73 27.46 8.24 50.57
AvUVRSf 18.39 22.62 7.40 51.59
AcUVR8a 12.16 28.04 9.90 49.90
AcUVR8b 18.44 24.39 9.02 48.16
AcUVR8e¢ 15.01 23.04 7.82 54.12
AcUVR&d 16.02 26.32 9.38 48.28
AcUVR8e 6.36 27.23 8.91 57.51

2R % £ Euk-PLoc 2.0 % UVRS & (M # 478
SE ST TN 45 5 R UVRS 2R 15 & (i 7E 20 i A% .
PL AtUVRS & H A B, & H 3K Phyre2 Fil
M UVRS = % 45 #§, & B 1L AvUVR8b I
AcUVR8a =%t 45 #J[F] AtUVRS AL, BafRh 7 4
SEHEN) RCCL PRSP ETP I Bt B-Hr & 4548, i
HiAth UVRS FE A5 RCC1 R ST 3P AR 58 5 8
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Fig. 4 Secondary structure prediction of UVR8 proteins in two species of Apocynum

b, BRI BN BT S 4, KW
AvUVRS8b Hl AcUVR8a 7£ HH £k W i UV-B A} & 44
THEZEEM(ES),

2.6 MHMT A UVRS EAKELEHMTN . 5SSk
SHMBBRL AL RS

UVRS # g £k 07 5 #9045 28 (K 6) &R,

AvUVRS f71E 35~ 50 P #fR AL 7 o5, Horp A7 13~
31 N E RN S, 10~ 19 DI R BR N S A 4~8 4
1% S 8 7 . Horh AVUVR8a W 8 1k A7 A5 80 B i
(50 41~) , AvUVR8d 2 1k Ao 2 B AR (35 1) o
AcUVRS 775 31 ~51 b 5, Hirp g 12~

31 AN TR, 10~ 17 DIRE R S F 2 ~8 A4
1% 52 1% 7 5, i AcUVRSb B 8 1k A7 A3 8 B 5
(51 4>), AcUVR8e il B2 1k o7 55 £ e 1% (31 4>)
Ty AN, 2k L3 W AR A R UVRS EH N7
FE 85 L5 A RIS 5 K
2.7 WHB WA UVRS EE IR EATHESH
AW 5 PlantCARE %K /4 %+ UVRS 3 [H %
51X _EJiE 2 000 bp J7 41 47 6 =X AR FH oo 44 20 At
F 7 AL BR T 3EAREYE TR ( TATA-box Fil CAAT-
box &) Z 4, UVRS L= AR H o4 = 2296 Kot
(7S R &l (VARG ULz~ 8 1) 51 S ML) VAN i xSy -a = L VA 38



1884 IR = 7|

43 %

AtUVRS

AvUVR8a

AvUVR8d AvUVR8e

AcUVR8b

AcUVR8c

AvUVRS8b

AVUVRSf

AcUVR8d

AcUVR8e

Bs5 WmMZHEAK UVRS EE=REMHN

Fig. 5 Tertiary structure prediction of UVRS proteins in two species of Apocynum

Hi SR Em2 (117 41), FEQHE
ATC-motif , Box 4 I-box, TCT-motif . GA-motif , GT1-
motif ,G-box , AT1-motif | ACE %5 Jo 4 ; Hok i &
R TCHE (44 D), FBAS 5 RERERNN
TATC-box , GARE-motif Fl P-box , Wi J ¢ #i] ik FH i
f) CGTCA-motif il TGACG-motif , A~ 5 7K 4% R S5 Vi
B TCA-element, #5 X It 7% R )2 W B9 ABRE X 54
KK WA 2 1) TGA-element , L K Wi [ 33 15 il 360
TG (38 AN) , F 2 W B IR AW 1) ARE, ¥ &
153 1 VL ) WUN-motif, 2 5 + 5 KW 1) MBS, #§
FARIR MM E 09 LTR K 2 5 B MR % 73 SN Y TC-
rich repeats ; 4= 4 & B 0 b oo {4 it fe 2 (18 )
FEW NS AR circadian JCF, 404 4H
N FR IO CAT-box , IEFLF A TCM GCN4-motif 1

PE E KR AR 02-site ToMF, DL E UL I RD
AR UVRS JE K 1 ik AL AZ 6 B A2 ) | 18 5%
FEREE Ko AN IR R SRR R
2.8 W Z Kk UVRS EARFZHL S

UV-B Jt %% & UVRS & F & 8 F #l &5 I
(Kliebenstein, 2002) , - Fli S2 7E HABAE ) vh A& 9 .
Rk — SRR A R UVRS 85 I R Gk b ¢
2, AWEEIE i NCBL #/4 1) BLASTn #47 [A] P4
HRIFTFET 42 R UVRS ST 41, ¥
94 5% UVRS [, & B4 MEGA 11.0 (¥ Clustal
W 47 2 87 51 L), 9ok B AR 2 75 # # UVRS
BEARG A, & 8 A R 4K 3 AT
TG, W RP B A R Y UVRS 2K 14 43 A7 76 R A~ W% L
Hirh AVUVR8a Fl AcUVR8b A 5 AtUVRS 3k 4k [7]
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Fig. 6 Analysis of phosphorylation sites from UVR8 proteins in two species of Apocynum
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AvUVRSc 0 0 -0 0—T—0 0 00— —0-00-00
AcUVR8b 0 0000 0 0—D
AcUVRSe —0—00HD—0-0 0 -o0—0-0—-00—0—0
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Fig. 7 Analysis of cis-acting elements from UVR8 genes in two species of Apocynum
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2.9 W F WA UVRS EERILEN
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UVR8 B& K ik s R Horp O Sy BRZH | 20 A Jik
BITE O F10.5 d LB, W80 2] (14 & 1A% Ak Fn X
BAE AW SO P B AT S OB, 9
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AvUVR8e 7€ d1 B, B J5 T R, AwUVRSc 2 Tt
v AvUVRSa AvUVR8d Fl AvUVRSf Fih 1T
¥, Hoh AvUVRSa 1E d1 I f% &5, d4 i & 1%,
AvUVR8d £ d0 Bt fei , d7 B e A%, AvUVRSS 7E d1
ity , d7 BRIk, 78 KRR Z A Bk v, AcUVR8a
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e, AcUVRSH 1E d0. 5 B & 7. AcUVRSc Fi
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R H AN d0.5 FFin 5 A #a s 78 d0.5 Bk, d7
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BEAE N At 2 i & e, R4 2 2 S B0 R
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RGA AR FH R A A AR 28 S8R T (Bl T,
2016) , 4KT 0 A2 K R B AR ) 7 i 5 i SR
UVRS Ey UV-B [ Rf 53 1 06 2 4K WF 58 HL &5 48 |
ThfE ke UV-B Wi i AL i 55 X 1 4 o 158 02 4 2 1Y
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Fig. 8 Phylogeneytic tree of UVR8 proteins
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Fig. 9 Heat map of UVRS genes expression in two species of Apocynum

( Kliebenstein, 2002) . 4 UVRS i £ kB UV-B
IR GTE 25 A 3, X UV-B R 3 N AT
% BE f1 3 0h ( Favory et al., 2009) , VER T S
UVRS 7EM S UV-B 1) 7 Hh i 5 I8 47 2 30 i
% 3l B2 w5 Al Bk B9 35 N MR BT P (Jenkins,
2014b; Vandenbussche et al., 2014) , H H K] &
UV-B 4@ S i I3l F0 AR 19 25 4K ( Frohnmeyer &
Staiger, 2003 ; Wellmann, 1976) , [R A {£ #f UV-B
“ B AR v WA 2 AR S WA A DL R RS N M
( Winkel-Shirley, 2002; Hartmann et al., 2005;
Gruber et al., 2010) ,UV-B #ii{ji & & = TR 1F
LA e R 48 M A& K DNA #8 £ ( Jenkins,
2014b) . X WSS A K)E UVRS THE & UV-B
P ) 2 R AR R

AAIEFE 3 3 2 A1 R R R AR 2 A R 4 i [A] 2H
Hd i it UVRS S FH, LI AUVRS 2 H N Fl T
JPO Bt — i , ek A 6 DB A IR UVRS H: A
S A KBRAR B AR UVRS FE[H I3 Hb A7 4= 4
5EFAr M, AL UV-B 38 Ab 3854 53 B
UVR8 JEH F kB A, WFo 45 R o, UVRS H:H
A S AT 2 R G ok b BT B i &
WL, IF KB — ) F Y UVR8 ( AVUVRS &

AcUVRS) & H [P FIAE7E — % 22 5, {1 AvUVRS Fl
AcUVR8 2 [i] H A # &l %, 41 AvUVR8a 5
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MIECE A7 BRI AL, AR HRE , AT
Pifl UVRS [ 1 G Fil 2 S iR % S 5 H RN &
FEAARL, 7R UVRS 2 FH 7 4k A X PR 5F ( Yang
et al., 2018) , RIEA AWM KN KB P E A
AR Y 43 - B BE ( Rizzini, 2011), fEARWFFE S,
UVRS # 1 R E5 M 4 AR AL (IR B = R &5+ 0T
Aoea AR, Hrb AvUVRSD Fl AcUVRS8a 1) =2
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B R X AE Y A K R R | Y o R e
FHEHT 35 15 10y 360 55 A7 A8 B 08 42 4 F ( Jenkins,
2009 ; X1 —i#i 4% ,2020) , 7E UV-B FiAb B )5 | % il
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Jipie T HEER ik i B RN AEAR R N UV-B
it B v, AvUVRSb 55 R E 5 A1 R ke = 2/EH
AcUVR8a FEHTE R FRIR T A kb e 2 Z/EH . LA
AvUVRSb FER N AcUVRSa FERE Jy S AFFE X 42,
Y BT IR 5L UVRS SEH T RE 4 1 f UV-B a2 i
9T, 4 I AR 5E % A K J& UVRS i )i UV-B
() 53 F-BIL A RN 4 N 45 ST SR R R

SR

BAILEY TL, BODEN M, BUSKE FA, et al., 2009. MEME
SUITE; tools for motif discovery and searching [ J]. Nucl
Acid Res, 37(Web Server Issue) : W202-W208.

BAO SY, 2016. In silico cloning and bioinformatics analysis of
OsUVRS gene form rice [ J]. Biotechnolgy, 26 (2): 169—
175. [#1I85E, 2016. /KA OsUVRS S0 i 7 S e K A 4)
FRST (1], EHEAR, 26(2) : 169-175.]

CALDWELL MM, TERAMURA AH, TEVINI M, 1989. The
changing solar ultraviolet climate and the ecological
consequences for higher plants [ J]. Trend Ecol Evol,
4(12) ; 363-367.

CHAO JT, LI ZY, SUN YH, et al., 2021. MG2C: a user-
friendly online tool for drawing genetic maps [ J]. Mol
Hortic, 1(1): 1-16.

CHEN CJ, CHEN H, ZHANG Y, et al., 2020. TBtools; An
integrative toolkit developed for interactive analyses of big
biological data [ J]. Mol Plant, 13(8); 1194-1202.

CHEN HZ, NIU JR, HAN R, 2021. Signal transduction
pathways of plant ultraviolet B receptor UVR8 [ J]. Plant
Physiol J, 57(6): 1179-1188. [ FREe ¥k, A4-5f%%, whti,
2021. FHYIEEHMDE B 224k UVRS M5 S Rik4e [J]. #E
Yy, 57(6) : 1179-1188. ]

CHRISTIE JM, ARVAI AS, BAXTER K], et al., 2012. Plant
UVRS photoreceptor senses UV-B by tryptophan-mediated
disruption of cross-dimer salt bridges [ J ]. Science,
335(6075) : 1492-1496.

CLOIX C, KAISERLI E, HEILMANN M, et al., 2012. C-
terminal region of the UV-B photoreceptor UVR8 initiates
signaling through interaction with the COP1 protein [ J].
Proc Natl Acad Sci USA, 109(40) ; 16366-16370.

FAVORY JJ, STEC A, GRUBER H, et al., 2009. Interaction
of COP1 and UVRS regulates UV-B-induced photomorpho-
genesis and stress acclimation in Arabidopsis [J]. EMBO J,
28(5) : 591-601.

FROHNMEYER H, STAIGER D, 2003. Uliraviolet-B radiation-
mediated responses in plants. Balancing damage and
protection [ J]. Plant Physiol, 133(4): 1420-1428.

GAO LM, LIU Y, WANG XF, et al., 2019. Lower levels of
UV-B light trigger the adaptive responses by inducing plant
antioxidant metabolism and flavonoid biosynthesis in
Medicago sativa seedlings [ J]. Funct Plant Biol, 46(10) .
896-906.

GASTEIGER E, GATTIKER A, HOOGLAND C, et al.,
2003. ExPASy: The proteomics server for in-depth protein
knowledge and analysis [ J]. Nucl Acid Res, 31(13):



1890 IR = 7|

43 %

3784-3788.

GRUBER H, HEIJDE M, HELLER W, et al., 2010. Negative
feedback regulation of UV-B-induced photomorphogenesis
and stress acclimation in Arabidopsis [ J]. Proc Natl Acad Sci
USA, 107(46) : 20132-20137.

HARTMANNU, SAGASSER M, MEHRTENS F, et al.,
2005. Differential combinatorial interactions of cis-acting
elements recognized by R2R3-MYB, BZIP, and BHLH
factors control light-responsive and tissue-specific activation
of phenylpropanoid biosynthesis genes [ J]. Plant Mol Biol,
57(2): 155-171.

HIDEG E, JANSEN MA, STRID A, 2013. UV-B exposure,
ROS, and stress; inseparable companions or loosely linked
associates [ J]. Trends Plant Sci, 18(2): 107-115.

HU B, JIN JP, GUO AY, et al., 2015. GSDS 2.0; an upgraded
gene feature visualization server [ J ]. Bioinformatics,
31(8) : 1296-1297.

HUANG X, OUYANG XH, YANG PY, et al., 2013.
Conversion from CULA-based COP1-SPA E3 apparatus to
UVR8-COP1-SPA complexes underlies a distinct biochemical
function of COP1 under UV-B [J]. Proc Natl Acad Sci
USA, 110(41) ; 16669-16674.

JENKINS GI, 2009. Signal transduction in responses to UV-B
radiation [ J]. Ann Rev Plant Biol, 60(1) . 407-431.

JENKINS GI, 2014a. Structure and function of the UV-B
photoreceptor UVR8 [ J]. Curr Opin Struct Biol, 29:
52-57.

JENKINS GI, 2014b. The UV-B photoreceptor UVRS: from
structure to physiology [ J]. Plant Cell, 26(1) : 21-37.
JIANG ZF, XU MF, DONG JF, et al., 2022. UV-B pre-
irradiation induces cold tolerance in tomato fruit by SITUVRS-
mediated upregulation of superoxide dismutase and catalase

[J]. Postharvest Biol Technol; 185.

KELLEY LA, MEZULIS S, YATES CM, et al., 2015. The
Phyre2 web portal for protein modeling, prediction and
analysis [ J]. Nat Protoc, 10(6) ; 845-858.

KLIEBENSTEIN DJ, LIM JE, LANDRY LG, et al., 2002.
Arabidopsis UVR8 regulates ultraviolet-B signal transduction
and tolerance and contains sequence similarity to human
regulator of chromatin condensation 1 [ J]. Plant Physiol,
130(1) : 234-243.

LI GL, ZHANG H, XU YQ, et al., 2015. Research progress in

plant photoreceptor UVR8 [ J]. Plant Physiol J, 51(11):

1809-1814. [ ZE[ERL, 5K¥s, YRk, 4%, 2015. M55

LAz UVRS BB RERE (1], ) BA, S1(1L)

1809-1814.]

XK, LIU ZY, REN HS, et al., 2020. Dynamics and

mechanism of light harvesting in UV photoreceptor UVR8

L

—

[J]. Chem Sci, 11(46): 12553-12569.

LI XT, WU T, YU ZH, et al., 2018. Apocynum venetum leaf
extract reverses depressive-like behaviors in chronically
stressed rats by inhibiting oxidative stress and apoptosis
[J]. Biomed Pharmacother, 100; 394-406.

LING CT, LI X, ZHOU YY, et al., 2021. Phytohormone
pathway and molecular response regulated by UV-B radiation
[J]. Plant Physiol J, 57(10): 1839-1851. [ % Wi l&, 2=
A8, ARG, 4, 2021. UV-B f@4 84 A YR # e
FSYF R [J]. AR B R, 57(10) : 1839-1851. ]

LIU H, HUANG QM, LIU YJ, et al., 2022. Genome-wide
identification and bioinformatics analysis of Chrysanthemum
indicum bZIP transcription factor [ J]. Mol Plant Breed, 20
(14) : 4586-4600. [ X%, TIOM, XUFGE, 45, 2022. Bf
3 bZIP B s I 7 4 L D A % 8 KR WA B A A
[J1. 5 PR EFN, 20(14) : 4586-4600. ]

LIU MX, SUN M, WANG Y, et al., 2012. Arabidopsis UV-B
photoreceptor and its light signal transduction in plants
[J]. Chin Bull Bot, 47(6) : 661-669. [ XIS, itf, T
T, AF, 2012, AHW) UV-B ZAR R HA S HDOEE TS
[J]. MMk, 47(6) : 661-669. ]

LIU YN, AO M, LI B, et al., 2020. Effect of ultraviolet-B
(UV-B) radiation on plant growth and development and its
application value [ J]. Soils Crops J, 9(2): 191-202. [ Xl
—i, B2, AR, S, 20200 UV-B SESIAERK L E
52 e R R A [T]. RS Y, 9(2):
191-202. ]

LIU YY, 2019. Chaperone-like and catalytic functions in
Deinococcus radiodurans of hydrophilic protein DohL involved
in protective against oxidative stress [ D ]. Beijing: Chinese
Academy of Agricultural Sciences. [ XIZL%, 2019. i 5t
S BRBECRKE H DohL BAT 800 7 F-AR FIAZ TR N VTl
Difedt 2 5P a A [D]. dbat: oL #
B, ]

O'HARA A, JENKINS GI, 2012. In vivo function of tryptophans
in the Arabidopsis UV-B photoreceptor UVR8 [ J]. Plant
Cell, 24(9) . 3755-3766.

PARIHAR P, SINGH S, SINGH R, et al., 2015. Changing
scenario in plant UV-B research; UV-B from a generic
stressor to a specific regulator [ J]. J Photochem Photobiol B-
Biol, 153: 334-343.

QIAN CZ, 2019. Molecular mechanism of the subcellular
localization and activity of Arabidopsis UV-B photoreceptor
[D]. Xiamen: Xiamen University. [ #8541, 2019. #1E5JF
UV-B OGS R 40 i i o 5 DI RERISE [D]. JE 1T JET]
K]

RIZZINI L, FAVORY JJ, CLOIX C, et al., 2011. Perception
of UV-B by the Arabidopsis UVR8 protein [ J]. Science,



10 1

A R BRI B A RR UV-B 6320k UVRS FL K 155 52 Jo 23801 1891

332(6025) ; 103-106.

SHAMALA LF, ZHOU HC, HAN ZX, et al., 2020. UV-B
induces distinct transcriptional re-programing in UVR8-signal
transduction, flavonoid, and terpenoids pathways in Camellia
sinensis [ J]. Front Plant Sci, 11; 234.

SONG LX, 2020. Whole genome sequencing and gene family
evolution analysis of Apocynum venetum L. [ D]. Yinchuan:
Ningxia University. [ 437 H , 2020. % #i JbK 4 3 K 20 0 )7
L HENFREAIIT [D]. #1]: TR

SONG LX, LI GQ, JIN CQ, et al., 2019. Whole genome
sequencing and development of SSR markers in Apocynum
cannabinum [ J]. J Plant Genet Resour, 20 (5). 1309 -
1316. [ R M, ZZHEHE, ¥riks, %, 2019. KFRRD i
PRI A HEDI 2 23 #F F1 SSR ARic ITF & (U], AW it AL B R
ZFH2, 20(5) ; 1309-1316.]

TOSSI VE, REGALADO JJ, IANNICELLI J, et al., 2019.
Beyond Arabidopsis; differential UV-B response mediated by
UVRS in diverse species [J]. Front Plant Sci, 10; 780.

VANDENBUSSCHE F, TILBROOK K, FIERRO AC, et al.,
2014. Photoreceptor-mediated bending towards UV-B in
Arabidopsis [J]. Mol Plant, 7(6) : 1041-1052.

WANG DQ, LI GQ, SU DX, 2012. Effect of drought stress on
osmotic adjustment substances and activity of protective
enzymes in two species of Apocynum [J]. J Arid Land Resour
Environ, 26(12) : 177-181. [ LAV, ZE R, JRfle,
2012. B P b 5 A RS A T ) B SR A R A
MiEih vE R s m (] T XB IR 5 H B, 26(12)
177-181.]

WARGENT JJ, JORDAN BR, 2013. From ozone depletion to
agriculture; understanding the role of UV radiation in

sustainable crop production [ J]. New Phytol, 197(4):

1058-1076.

WINKEL-SHIRLEY B, 2002. Biosynthesis of flavonoids and
effects of stress [ J]. Curr Opin Plant Biol, 5(3):
218-223.

WU D, HU Q, YAN Z, et al., 2012. Structural basis of
ultraviolet-B perception by UVR8 [ J]. Nature, 484(7393) .
214-219.

XIA QY, 2007. Cloning and expression of venom allergen Solil

and Soli4 genes in the Solenopsis invicta [ D]. Chongqing:
Southwest University. [ ZI5 %, 2007. £1 b7 F R
Solil ,Soli4 HEPH iy swfi 2 33k [D]. HPK: PR K. ]

YANG YJ, YANG XL, JANG ZF, et al., 2018. UV
RESISTANCE LOCUS 8 from Chrysanthemum morifolium
Ramat ( CmUVR8) plays important roles in UV-B signal
transduction and UV-B-induced accumulation of flavonoids
[J]. Front Plant Sci, 9: 955.

ZHANG HJ, HANG W, MA HT, et al., 2019. Gene cloning
and  bioinformatics  analysis of novel ultraviolet-B
photoreceptor Uy resistance locus 8 (UVR8) from green alga
Haematococus pluwvialis [ J]. SW Chin J Agric Sci, 32(9) :
2025-2032. [KEIL, Hiffs, DK, 4F, 2019. WARZIER
B UVRS HYFEN se BE AN AE MR Boa b [T, P Al
4R, 32(9) ; 2025-2032.]

ZHANG Y, 2021. Protective effect and mechanism of Apocynum
venetum leaves flavonoids and isoquercitrin on pirarubic in-

cardiac injury [ D ]. Changchun: Jilin

University. [ 33, 2021. 2 7 JR |- 6 o5 R % S A B2 0 %)

MR e BB 7 B PR AP VR HTRIBLE] [D]. K3 &

MR ]

induced

(RfEHEE FEB)



