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L PE MK 2 AR A B 2 2 B, A 20 7 PRI U A e S 1L P 4 e RS A SRR, Il %y 041000

WE  UV-BIEHSHEY M MRILE 2 AN KF, Koo REYDNAT, EE 20375, REEEYNEKES
JAEFENERE . RAD2IIEFERE AL AEMIN—NE, 56 403 POk i) o8 25 LLaHe LA 8 B R
J¥(Arabidopsis thaliana)flatrad21.358 L AM kL, & B X IR (CK) LUV-BAL AL, HFEF A HY(WT). atrad21. 33 Riktk &
MR MR TR (a) AN A: B A AR AR AT ST b o R B it 40 e S SR R ST AR R I 24 3 IR, IEG0i e
R, SPSSHtrat REN, UV-BALFLE, WT UV-Bfllatrad21.3 CKIHIEE S 7], Ak M 4% AL FEAE AL 4B AR SWT CKHIEL TS
WEZES, (Hatrad21.3 UV-B5Z ML Z 7 B2 . 8% (Nicotiana benthamiana) ik i 235 F1E 40 i s2 ~r WL %%, &R I
RAD21 34 EANMAZ; HE— 0 WE MMM R DLV G Jetofh . OB B L E RS HIIR. RITEREN, 5
WT CKAH L, WT UV-Bfllatrad21.3 CKI{ I35 4w, {Hatrad21.3 UV-BIWIRAS R 8, FWIRAD21.30] fEIH N UV-BEE 5

HRIARTEA LR,

KB BIEETT, atrad21.358 8k, UV-BEEST, Yetafk, B r3
WEF, BEE, BEK, B, F5F, B (2020). U TFE6E S A RAD21N 1 58 UV-BAE 5T 5 40 i 2 2L 10w By . A

i 55, 407-420.

SR AMRER S K PBH R R S —30 4, BIAHIER
FTH K BHER 3 295 7 % 52 45 41 4; (Frohnmeyer and
Staiger, 2003). %4h2k7r HUV-A (315-400 nm).
UV-B (280-315 nm)FIUV-C (200-280 nm). f5Hi%
JIIUV-CH R4 (Os) 2 72 RIS, UV-ARE RAE )=
B, (AR RN B2 5P 06K @ (Bjorn,
1996). UV-BJ& T KB, 2195%IKUV-B4E I 1 R
SR, BlAMIR FIUV-B P38 N1 W-m—2
(Cejka et al., 2011), Al 5[ L FBIRN, J& T 3%
N % (Sugimoto-Shirasu and Roberts, 2003). 4
MW TE AR B, UV-BEE I s ma i) i) A KR & AR 3
A4kt R (Bjorn et al., 1997), SHEILE &L, L
AU B AL AR P AT AR K A S5 R AR 2% (Caldwell et
al., 1995; Nogués et al., 1998), fIEH MK A&
/> (Vandenbussche et al., 2018). £ A8k, Fi#

Wk H #9: 2020-01-15; #2252 H #1: 2020-05-15

4K (Searles et al., 2001)LL &t RS 5Z2 5 E (Liu et
al.,, 2013)%%. [, 875 UV-Bh&E G0 B 5200 &
YERMLE I N E

25 1) 20 oy 2R AN ko T B E RN AZ L (O
s 2018). ANk b, UV-BiE S 2. (K
AR 5 B4 1 % 46 (Robson et al., 2015).
IR (2002)1E /N2 (Triticum aestivum)iR 22 /1 % I
UV-B%a 41 FEUEYIDNAT , 1ERA 220 R 555,
A 0 oy RN G B Rk AR S G, FEHD 4
ML 732, B AR AR BKP AR AR & B
T E 7+ (Arabidopsis thaliana) & — i B R R AEY)
(BREEALSE, 2018), HilOA —LLUV-Big S G H g2
IR T o« UNV/-BEE 41101 400 1 7 400 e e U3 1) 1 A (Jiang
et al., 2011), DNASZ 40l pg TT AR S 4t il G 1/S )
AR ESE, W] Re e HANHI M A KRR 2 —(E#

HEWH: EHxK H AR R 5 (No.30671061) 1l i 4 HF 5T £ 20 F 637 1 H (No.2019SY313) A il 14 Jii 5 5K 27 BT 58 A4 B 45 8 i H

(N0.01053011)
* JWIfE# . E-mail: hhwrsl@163.com

© 0000 Chinese Bulletin of Botany



408 AR 55(4) 2020

5, 2009). AELZG1/SHMAEAR, HEM ] e B T V1B
CPDs & 74 7] #£ 17 DNAK i, 40 i J& 11 1 470 i 2 1
DNAME S, {H 2> 5 S 2 i H & kD 803 1% 9 2 )
KA (R E A, 2015). UV-BEE S8 /MRS 734
JHE T ELAR B TR, 32 5 R 2 4 L 2 R 5k 52 341
fill(Hectors et al., 2010), @i f 4= K (Casa-
devall et al., 2013).
Y o 2R AR AR KB ) SRR, AT
41 iy S AL HE AT 22 5y 4 R K 4 22 (Suzuki et al.,
2013). YLt AR B 5 1R 2250 A > 24 FE 3y
A B, R ORUE I R (BRI ) G AR TR R ) B
I 43 L B 7 40 B b ) SRR AR A 2 — (KR AR,
2006). Fi# 2 (cohesin)jt —Fiul 4R ik Je o Lk B 2
EERAE-ENEARESY, HSMC1. SMC3.
SCC1/RAD21FISCC3H i, 54 2 57 ZW A BH Ik
Yo B (¥ 5 K (Losada, 2007; Skibbens, 2009),
HAEENEES 78] SR R 5 IS5
ZEAE B2 BF(Saccharomyces cerevisiae)dH ik e o Fi ik
)N SRYEAE GG AT S IR 57, 7E I/ J5 S 3% A8
BT, DARR A 22 o SLaH R e 5 5 A4 TR HL N 23
% (da Costa-Nunes et al., 2014). F&E %% Y6 EN 2T
# W, OsRad21-1f10sRad21-345 73 Hh & i T 4. 53
Rk b, WS 50 25 RO KRG Bk 2 1A 1 3G
H(ik AR, 2006). M ITE G EZ L E A T E
REC8/RAD21 4 3/~ Al [K: AtRAD21.1/SYN2,
AtRAD21.2/ISYN3HIAtRAD21.3/1SYN4 (Dong et al.,
2001; Da Costa-Nunes, 2006). AtRAD21.1 (At5g-
40840) f1AtRAD21.3 (At5g16270)f. TV 5 4t 4 {4
I, AtRAD21.2 (At3g59550) %% T Il 5 4 {1 ik |- .
RAD21.34%mf—1NSCC1/REC8[FHIFEYI, WHZSEH
22533 . T AtRAD21.3'5 1% 3% 7 s AH 4k G (4 B A4 1)
R % (Sadano et al.,, 2000), AtRAD21.1L
AtRAD21.37] BERRA L R B EH, (HERL)
A IE T 4x(Da Costa-Nunes et al., 2006; Jiang
etal., 2007). A2, Qe ikSHIR ™/
PIH A Je o B I F o R R EC R, BB S B
i 443 JF (Xu et al., 2004). #E 5 J1bE 2 5 2ob i gL
o fk4E A7 (Hoque and Ishikawa, 2002), MifiBH Lk i3k
N5 1, RAD21GR B U T B0 2273 2453 A 4R B A4
72 (Hirano, 2000; Nasmyth et al., 2000). y&f £kt
atrad21.3%2 A R ) Fil ©. 45 i & (da Costa-Nunes

et al., 2014), KT UV-BfE 4 Xfatrad21. 3R Bk 22
o 24052 H AT AR A B AT

T I o Rk g, Kl RAD21.3 1) 1
SR E A, BB X I 5 UV-BEE ST b B, )2 L
B AERN(WT). atrad21.358 R flit RiEME RIS K
A B A AR AR AR AL, FEiE— D W SR atrad21. 31
IR, GitwAER, #5TRAD21.3% UV-B#E
SFEIS 3 0 A 22 A

1 MRS

1.1 MRREFRSGE
aF 16 b W AE 25 B 40 e T (Arabidopsis  thaliana (L.)
Heynh.) (Col-0)F1A [ 4% (Nicotiana benthamiana)
P tHAEY) 5 5 PR W da e B 1Ly P A e SR AR
RLSEIG EARAT . atrad21. 37414 (salk_076116C) I H
ARG 7+ % P 0 (Nottingham Arabidopsis Stock Cen-
tre, NASC). tEYKiE#H iApSuper1300-GFP. K
¥ (Escherichia coli) DH5a. 4T i (Agrobacterium
tumefaciens) GV310145 H AR RAE . i KIEH
1A pSuper1300-RAD21.3-GFP N A S2 it %5 #h) 7

B E R FAE4°C IR, 25 H1.5%K
AR ME FF1050 81, KR KIE P35Ik, mFhH|
MSE1/2MSH; 72k b Bk 5 % EHER, M EERE
(2242)°C. AHXT ST N60%—80%- Y& A 16/
I /8 /N I R PR 85 7 = R

1.2 AtRAD21.3897% & K I 4R E L

1.2.1 AtRAD21.33 =&

MABL RS T 2 R 41 508 J2E (TAIR) R &1 3R RAD 21, 33 [A]
5358519, LP: 5'-GCGTCGACATGTTTTA-
TTCGCAGTTTATATTAGCTAA-3’; RP: 5'-GGGGT-
ACCGAAGATGGATTTGGTGAGCTT-3'. LLje#5¢
cDNANEN, {#HSupermixfigdy . ¥ F:
95°CTiAE 1143 #h; 95°C20FF, 53.5°C20F), 72°C90
b, 35AMIEER; 7T2°CHE(H55 %1 . PCRF=4)1% FH 1%
Tl g s FEL K R, s I DNAZE AR [RTAC 38 7] 6 [ i
#13 096 bpfIAtRAD21.3H ) 7 Bt. H Sallll & Kpnl
WIS H R, DI . #iikS H gk
PR B R LU IR &, P T4-DNAE$EEF4°Cid 1%
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RIS W ALEE 1 RAD21 X850 UV-B 557 5 400 /3 2L ma 5 409

P, RV GEE NDHb5a, K AL BT R
P AT B Rl BILB [ AR B 9 2 (B R w R) £, T
37°ClE s 7= A h B 7R 1216/ o PR R 9% T
LB MR 15 97 2 vh (5 R AR EE ), 1 B PCRYS IIE
FHPEE T . SRIUGURL, BEAT AR VIS, XAk a(4e
RIER AP -

1.2.2 AtRAD21.3M LA E N

W M I E A H 1L GV3101, iR, T28°CEs%
FaR 7R . PRECR T RE P, ODeooN0.8—14EH .
B, ODeooN0.5-0.6, Mk FR3/NIF, E 51w
Fo BEGALEE30/N N 505 T DAPI (4',6-diamidi-
no-2-phenylindole), F¥#EIE AR T R A Wl 52 M
B (IR Rk IR — 2D G ik TR 4 T T AR
43 AtRAD21.31) .40 i 5 fi7 & UV-Bie 5 5 1324k

1.3 UV-BIESIXTAtRAD213RE BRI

K AR VR 8 4H 117 07 38 HE T UV-BATI & (5 kd-m2)ab 2
AR IS0, PEHCEARG T IMIRNA, SOF 5 B cDNA,
PAACTIN AN %, il id RT-PCR K Jlll AtRAD21.1 1
AtRAD21.37E UV-B%& 5 1l J5 £ & & 1 &4k, H
Image JEA 4T

1.4 UV-BRESTX BT ESRERE LIERE
i

THPILE B 2 F T 2RIV AL B A A A
W 4iit T UV-BEE S5, WT. atrad21.3F1id # ik bk
AR T & R (2R, 2013), 4hHHR& . bR fl
LI R), AR RIS SR, K % (malon-
dialdehyde, MDA & FIiE 4 4k 77 AL i (superoxi-
de dismutase, SOD)JE 1284k . 4K & & MDA
< E R SODYE P [ 5 e vl s PERE (3R I 25 7k &
K45 (2009)FTid 77ik, FHERTEBM.

1.5 UV-BiESixtatrad21.35 453 M% N

i % B R A UV-BAL B2, X WT Ffllatrad21. 35
178655 21 i@ &0 e (RNA-seq), s Hi 35 5 4 it
JE AR FE R, 3BT RT-gPCRW 22 UV-B4E 41 7 5
2 i & AR DG R B AR Rk AR o DIHUAS [ b 2
AR, H1 mol-mL~"#:FR, 60°C T =55 8. il
PSR AL YLt S IR 06 T PR 2 WIS, It

it gt iR ae 5

1.6 BT

FT A A U 45 A5 2 B 2 I e 3% . % F Microsoft Excel
20108 fFHEAT SLIR B dE St it . HISPSS Statistics
17.08 44 ¥ Duncaniz i 1T Z R R E . H
SigmaPlot 12.5% 4%

2 GRS

2.1 atrad21.3REZHHEESREIME

MTAIREHE 25 [ atrad2 1. 358 A5 44 () L A5
745 B 5o, atrad21.340 4 RAZ K 1 T-DNATE 7£
HEE BB E T (E1A). atrad21. 3 F LW %
B, T-DNA$H NBH 1L T 4K AtRAD21.3%: Wi %
k. FIH =519 (LP. RPAIBP)X & RAMK, H
LP+RPFIRP+BP 5| ¥ 17 DNAZK - ) % %€ (K11B).
I I A U 9% A Ak RAD21. 335 R (1) % 3 A 175 10 %6 58
RNAKF. $EEUAEKT K IIWT Flatrad21. 358 R 1)
RNA, FILP+RP5|#)#{TPCRY 14 (K1C), KIWT
P8 S SN, atrad21. 39 A8 AR B A B TG 4%
W, NS I RACTINIEWT Matrad21. 35345 K 1 13
PRG-Iy 4. HULAT 5, atrad21. 35848 /4 RAD-

T-DNA
:EH:FDD—D—D-:H:HZI-EHJHJ-D-D@
— |Ntron [J Exon

B
M WT atrad21.3 WT atrad21.3
LP+RP S
RAD21.3
BP+RP ACTIN

B1  atrad21.3M T-DNAJE N R & B K % 58
(A) atrad21.3 % [X 45 # UL & T-DNA#EH A A7 s 7n & Bl (B)
atrad21.3 DNA/K-F %58 (M: 4> F#rid); (C) atrad21.3
RAD 21. 33K [ AK T o WT: B A7

Figure 1 T-DNA insertions and identification of atrad21.3
(A) Gene structure and T-DNA insertions of atrad21.3; (B)
Identification of DNA level in atrad21.3 (M: Marker); (C)
Transcriptional level of RAD21.3 gene in atrad21.3. WT: Wild
type
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21. 3BL R e AR K- 2 B R

EWTREY, AtRAD21.3(E LR EE ) 445 T i
PEF AT DR R 7+ K B IR BLS, el atrad21.3
ZRAF (R AE IR 4l % % 7 (Da Costa-Nunes et al., 2006).
WA 1 Jaxd SRR R A AT T WS AR
WM EEWT fatrad21. 3 FF(K2A, D), KBl &
EELHEZR. 25, WEH12KKIWT L atrad-
21. 30 H , RIRTEIX 5 (KI2B, E); {H5532
RIIWTHE, atrad21. 3 A2 (EI12C, F). LLEWT
Y atrad21. 3% AR Ik, 4R EK W atrad21.3RAL
IR (BI2G). %7 b, 128 A KN BWT L atrad-
21.3 LB %R, (AIEATHY Bratrad21. 34 2R
HEk % . Ui W atrad21. 39838 (R 165 7 L W 2
IR E R, ATE HAToRA i ey, &k
WIEFRAEK.

2.2 AtRAD21.3#) 5 B& K IV LB ENL 3 47

221 AtRAD21.3i =&

FEEAtRAD21. 31t RIEH A . AWT () cDNA AR idE
fTPCRY™ 48, 248 T g b ik Jie vy S AS W 214K B 208
3 096 bpf i —477 (FI3A), H.2%45 K/ 5 T A
o VI4ith, & nE3BHTR, B IEH, 255
—, WRETH; WEEYIEAS HRER, U8R E

Seed Rosette leaf (day 12)

o - v

B2 FHFAER(WT)Matrad21.31FE R Hr

1. ¥AtRAD21.3%: K F Bti%E#2/EpSuper1300-GFP
Bk b % AUDHS5a, BEHCE B 75 3T RT-PCRAL I,
k2, 3. 4M6SE, H&wHE(E3C), i
Ry BEEUTURL, FH BRIl 14 A V)R Kpnl F1 Sall AT
KBTI, Hykas R BRI, U1K
%193 096 bp) 1 (E3D). ) iA g 40 Tk M
BeTh, bR REE R A m T, SR E IR .

2.2.2 AtRAD21.3M9 Y0 4RaE 1 o 47

(1) I FakBARTE MR P BRI s R R
pSuper1300-RAD21.3-GFP Jii #i # N\ GV3101, #%
B, EERRVG 04 IR O R SR R A AT 5
PR 8% 75 307N [ I i S DAPL (Fe 4 i A%), HY
MHE R R R, RO R A BB %R, K ILDAPI
HIGFPI4 1L 21 % 35 (Kl4), R Ik HE I AtRAD21.3
CINi et silliih

(2) pSuper1300-RAD21.3-GFPid £ iAAEAR I F
YHfRE SRS A5 B T AtRAD21.35E A LE4H A
%, JFERAtRAD21.3 7 8] [X 38 & A 8 7E I e A5
5, MPESTFFH% . A5t LipSuper1300-RAD21.3-
GFPHFE MR AR I i k), 34T DAPIGL £, I
Fe LRI BB 5 . UV-BALHE T /5 AtRAD21.3
BEAMREE SE P AEMEZ L, CK4 Y%

Bolting Plant height

(A) WTHIT; (B) H12KMIWTEREN; (C) WTHHEE; (D) atrad21.3FhF; (E) #12K[fatrad21. 3R (F) atrad21.344%; (G)
WTHlatrad21.31 1% % (A), (D) Bars=10 um; (B), (C), (E)—~(G) Bars=1.0 cm

Figure 2 Phenotypic analysis of wild type (WT) and atrad21.3

(A) Seed of WT; (B) Rosette leaf (day 12) of WT; (C) Bolting of WT; (D) Seed of atrad21.3; (E) Rosette leaf (day 12) of atrad21.3;
(F) Bolting of atrad21.3; (G) Plant height of WT and atrad21.3. (A), (D) Bars=10 um; (B), (C), (E)-(G) Bars=1.0 cm
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A W) B FCERE B [ RAD21 X HEEE UV-B 85 5 40 /- 24 . 411

B M 1 2
bp
3000

B3 AtRAD21.3{150 %

(A) AtRAD21.3(1¥ 4 7=¥1(1-6: 7=1); (B) AtRAD21.3VIIE [FIS LK 45 R (1, 20 DIREI=4); (C) HIPCRE: H(1-4, 6: PHIEH
WiV&; 50 FITEXTRR); (D) BURDWUEEVIRAE(1-4: WEEYILER). M: 2 FEArid

Figure 3 Cloning of AtRAD21.3

(A) PCR products of AtfRAD21.3 (1-6: Products); (B) Gel cutting recovery result of AtRAD21.3 (1, 2: Gel cutting recovery pro-
ducts); (C) Bacterial PCR result (1-4, 6: Positive single colony; 5: Negative control products); (D) Dual-restriction digestion of
plasmid (1—4: Dual-restriction result). M: DNA marker

DAPI

B4 pSuper1300-RAD21.3-GFPTEMHE H [yl it e ik
(A) pSuper1300-RAD21.3-GFPIGFP# 615 5 K14, (B) pSuper1300-RAD21.3-GFPTEMH I F FIDAPI 814, (C) AFIBE N

K& 1% . Bars=10 um

Figure 4 Transient expression of pSuper1300-RAD21.3-GFP in leaves of Nicotiana benthamiana
(A) GFP signal of pSuper1300-RAD21.3-GFP; (B) DAPI staining of pSuper1300-RAD21.3-GFP in leaves of Nicotiana
benthamiana; (C) Merged image of A and B. Bars=10 pm
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W LB ST, MUV-BALIE G 40 f R AR TR A KA
AL (1&5).

2.3 UV-BiE§I[EAtRAD215E BRI
KBWTHIS kI-m2fJUV-B4E 57 K, I Id $2 B
RNA, I & % 3% B cDNA; it 51%), RH ¥ &=
RT-PCR#: il AtRAD21.1F1 AtRAD21.37E UV-B#& it
A G RIS R . 45 R FRW], UV-BER S5, AtRAD-
21.1FIAtRAD21. 3[R 15 &I F#K, (HAtRAD21.37%
UV-B% it J5 14 & [R5 B . (K16) . i il Image J
WA FAT K A M, RILAtRAD21.3/ R ik & 1E
UV-BHEST R 2 5 i % (P<0.05) (K16B). #iUV-B
X AtRAD21. 3R 1B B MR BE K .

24 UV-BESFMAEM*AMBIFTESREREWL
SN

241 UV-BESIMAEMAMBTHFHEL RK.

e RHENRMm

ik — I M SR B R A 7 %ﬂzmiﬁﬁﬁﬂ”‘ﬁ

UV-BALBEZH, Siit o4 1A [F) Ak BT 400 e 7

atrad21.3 %= 7% fk UL &k RAD21.3 I i & & *E Hﬁ

(35S:RAD21.3-GFP1£135S:RAD21.3-GFP2) ) il 1
B R SRR L AR e A ZEZ IS TR R 20 o 5 kd-m2
IUV-BAEEL S, FTA PR R P 100 K 22 5 CKALM EL
B, SWT CKHMILL, atrad21.3587F/K7EUV-Bit
HS T IHE OR S PEAR T 44%, IF HIA R EKP
(P<0.05); WT UV-Bit¥i flatrad21.3 CK 5 FEAK T
28.46%122.4% (KI7A, E); 1 35S:RAD21.3-GFP
I R 2R LEWT CKRS A 3. Btk nl %, RAD21.3%
R R 5 WT UV-BAREE (1 Fh 7 8 & R AHIE, UV-Bik
HMatrad21. 37 B AR J5 W K R EACE N 2, dRE
TERIRZE 1 UV-BEE S 3 SR Y K 2 PRI A

Ak, UV-BALBE S BT A ik R 40 AR K 5 CKAL
AL AR5 (KI7B, F). SWT CKAHMLL, atrad21.35¢738
PRUV-BAL B f5 MR K B R AR J, 9 Hok 2 /KF (P<
0.05); WT UV-BAb3 Filatrad21.3 CKAIHE K4 %A
1.178 4%11.216 7 cm; 35S:RAD21.3-GFP CK{JHR
KIMEWT CKIK . HILRI %1, RAD21.33E Kk 5
UV-Bi BEWT J5 AR K TG 2 & 1 % 5%, UV-BAL 3
atrad21.3J5 NI 7 ARKAZ KT, @ HEBHAS 7 R IR
MAEK, SR RIA R RIRGE T X FpAR1E .

b Ah, UV-BALHE G BT Pk & ik s 5 CKZLAH L

DAPI Merge

GFP
CK - -
UV-B . .

B5 idRiEHApSuper1300-RAD21.3-GFPTEUV-BAL BRI 5 1 %€ fi7.(Bars=10 um)

Figure 5 Localization of pSuper1300-RAD21.3-GFP before and after UV-B treatment (Bars=10 ym)
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RIS W ALEE 1 RAD21 X150 UV-B 5557 5 400 /3 2L 5 413

RAD21.1 RAD21.3
A K UvB CK uv-B

AtRAD21

ACTIN

B 400 | =WT mmACTIN a
S 300
s
>
i b p b b b
o 200 r
£
5 c
[0}
= 100
d
0 .|
CK uv-B CK uv-B
RAD21.1  RAD21.1 RAD21.3 RAD21.3

El6 UV-B#E S5 AtRAD21FE K ik mAa Il
(A) ¥ ERT-PCRILIKE; (B) ZKEM /T WT: BFAAL, R
[f] /N5 P BER 7R 2 57 i ¥ (Duncanik, P<0.05).

Figure 6 Detection of UV-B radiation on AtRAD21 expres-
sion quantity

(A) Result of RT-PCR; (B) Gray value analysis. WT: Wild
type. Different lowercase letters show significant differences
(Duncan method, P<0.05).

B2 % (K7D, G). S5WT CKHLL, atrad 21.3%48 4
TEUV-BAL 3 J5 1k 51 P A 7 46.9%, Ik 23 /KF(P<
0.05); WT UV-BA-FEfllatrad21.3 CKIIFE = 2 5l %
fik 7 18.83% LA }221.5%; 35S:RAD21.3-GFP CKj
PR & FWT CK. B Ar &, UV-BREFIWT L
RAD21.3% [A fif 2K 1 400 75 77 ¥k = AH i, atrad21.3
UV-B b B (1 bk o 78 92 5 B 58, (HE A MR &R 1Ak
IR R A FTE -

Lk iEatrad21. 358 A4 Z 4EiR (Da Costa-
Nunes et al., 2006). AHF 70X 401 RE T+ 54k R A 22
THEHEAT TIER 5 480H(E7C, H), RPUV-BLAHE G
Fi B R & 2 5 CK AR LI AEIR . SWT CKAfLEL,
atrad21.358 2 AR UV-B &b 2 J5 4 22 5 (7] 28538 7 10°K,
ik 5.2 K F(P<0.05); atrad21.3 CKFMWT UV-B4b#
FRI 3 22 1 1] 43 531 936.94135.2°K ; 35S:RAD21.3-GFP
CKIJHhEE I (8] LbWT CKAEIR3K o kAT %1, UV-B4k

FEWT 5 RAD21. 33 [ 5t 5% i UL 5 5 4141 52 B[R] AH T,
UV-BibH atrad21.3/5 HilE iR R B L, &%
IEPE R NREE T HhE IR IR .

2.4.2 UV-BESHFEITEIEERE WHERNRI
it — DR Tt atrad21. 358 AL 4 i B2 SE I8 AR = AR A%
PR B AENLH, BTN AR B A A 7K (B 48 T %
WREE S BE A BETE T L S R A PR )
PRIF T AN [F) AL BEOGHUL B I %% AR BEAE AL AR bR 1 52 o &5
KW, UV-BAEE 5 B A #k R IIMDAK FE 5 CKALAH
ELEBn. SWT CKMLL, atrad21.35835{AUV-BAk
P J5 MDA FE 3% 11 7 24.5%, 35 & 2% /K °F(P<0.05);
atrad21.3 CKFIWT UV-BAH MDA & 43 71 3 i
7 10.3% #16.64%; 35S:RAD21.3-GFP CK[&1% T
10.2% (FEI8A). LTI, RAD21.3%: Kk 5WT
UV-B &b B 1y J5 i i 480 14 38 o #2 B AH i, 3 EH
RAD21.3F: R Gl SWT UV-BAb B 15 5 Sk pR A K
25, UV-BAbHatrad21.3)5 IR 1 g i AL FE
&, AR A K 52 S e B i e R, Jk R A AR R
JE I AR BE A

UV-BAbEE 5, ATtk &R ISODYE P 5 CKA4LAH
BIF#A%(EI8B). SWT CKAf L, atrad21.35¢ 48 /AUV-B
AL 5 SODTEMERRK 1 24.4%, ik 5.2 7K F-(P<0.05).
atrad21.3 CK5WT UV-BALH {1 SODE M ARIE, 4
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Figure 7 The seed germination rate, root length, plant height and bolting time of Arabidopsis thaliana with UV-B treatment

(A), (E) The seed germination rate of Arabidopsis thaliana with UV-B treatment; (B), (F) The root length of Arabidopsis thaliana

seedling with UV-B treatment; (C), (H) The bolting time of Arabidopsis thaliana with UV-B treatment; (D), (G) The plant height of

Arabidopsis thaliana with UV-B treatment. WT: Wild type. Different lowercase letters show significant differences (Duncan
method, P<0.05).
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Figure 8 The influence of physiological and biochemical in Arabidopsis thaliana with UV-B treatment

(A) Effect of UV-B radiation on Arabidopsis thaliana malondialdehyde (MDA) concentration; (B) Effect of UV-B radiation on
Arabidopsis thaliana superoxide dismutase (SOD) activity; (C) Effect of UV-B radiation on chlorophyll content in Arabidopsis
thaliana; (D) Effect of UV-B radiation on content of soluble sugar of Arabidopsis thaliana. WT: Wild type. Different lowercase
letters (or * ) show significant differences (Duncan method, P<0.05).
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Figure 9 Relative expression of cell cycle related genes in
Arabidopsis thaliana

WT: Wild type. Different lowercase letters show significant
differences (Duncan method, P<0.05).

E10 SFFIFRRIE A 220 25 I 1K

(A) 1a34; (B), (C) HiH; (D) hit; (E) h/mi; (F) J5i; (G) K. Bars=20 um

Figure 10 Normal phase types of mitosis in root tip of Arabidopsis thaliana
(A) Interphase; (B), (C) Prophase; (D) Metaphase; (E) Meta-anaphase; (F) Anaphase; (G) Telephase. Bars=20 um
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Figure 11 Different types of chromosome aberration in root tip of Arabidopsis thaliana
(A) Unorientation at prophase (arrow); (B) Cofusion at prophase (arrow); (C) Fragments chromosomes (arrow); (D) Fragments
chromosomes (arrow); (E) Asymmetric at anaphase (arrow); (F) Chromosome bridge (arrow); (G) Lagging chromosome (arrow);

(H) Lagging chromosome (arrow). Bars=20 um

© 0000 Chinese Bulletin of Botany



418 MR 55(4) 2020

F1  UV-BIEST XU R TT A 22 2452 m)

Table1 Effects of the UV-B radiation on mitosis of Arabidopsis thaliana

Total of observing

Total of dividing  Total of aberration

Percentage of Percentage of

Treatment cells cells cells dividing cells (%) :g;?gﬁgﬁ’zlzg
WT CK 5390 195 8 3.6£0.202 a 0.148£0.102 ¢
WT UV-B 5376 166 25 3.080.258 ¢ 0.46520.056 b
atrad21.3 CK 6998 215 32 3.07£0.195 ¢ 0.45740.085 b
atrad21.3 UV-B 7044 194 45 2.75£0.182 d 0.63840.105 a
355:RAD21.3 CK 5603 186 7 3.3£0.132 ab 0.125%0.136 ¢
35S:RAD21.3 UV-B 5536 193 21 348+0.129ab  0.379+0.125 bc

WT: BFAER, FIA /NG = BER R A [F) b 2L A 22 57 2 2 (P<0.05).
WT: Wild type. Different lowercase letters in the same column indicate significant differences among different treatments (P<

0.05).
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Response of Arabidopsis Cohesin RAD21 to Cell Division after
Enhanced UV-B Radiation

Fangfang He, Huize Chen, Jinlin Feng, Lin Gao, Jiao Niu, Rong Han’

Higher Education Key Laboratory of Plant Molecular and Environmental Stress Response in Shanxi Province, College of Life
Sciences, Shanxi Normal University, Linfen 041000, China

Abstract The effect of UV-B radiation on plants is reflected in multiple levels. DNA damage is caused by UV-B radiation,
which leads to abnormal mitosis and ultimately affects plant growth and physiological and biochemical processes.
RAD21.3 is a subunit of cohesin complex, which is involved in chromosome separation during mitosis. In this paper,
Columbia-0 Arabidopsis thaliana and atrad21.3 were used as materials, and the control and UV-B treatment group were
set up to analyze the root length, plant height, bolting time, physiological and biochemical parameters of WT, atrad21.3
and overexpressed transgenic plants. The mitosis of Arabidopsis root tip cells was observed by basic fuchsin staining,
and the aberration rate was counted. After UV-B treatment of the WT and atrad21.3 mutants, it was found that the UV-B
treated-WT and atrad21.3 had similar bolting time, plant height and various physiological and biochemical indexes.
Through the construction of expression vector, the results showed that RAD21.3 was located in the nucleus. Further
observation of mitosis revealed abnormal phenomena such as lagging chromosomes, chromosomes bridge, fragments
chromosomes, etc. Statistics show that the aberration rate of the UV-B treated-WT is similar to atrad21.3, and the
aberration rate of the UV-B treated-afrad21.3 increases. The above results indicate that RAD21.3 may respond to
abnormal mitosis induced by UV-B radiation.
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