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TEE. FHENTOREE N A SR RE A A 2% AR5 1 FHAS [E)VR B2 4t 12 2 ( Quercetin, QUE) 3l
3EZE N ( Bassinolide , BR) il B2 % ( Melatonin , MT) I3 & ( Kinetin, KT) 4 Fifb 2R 7 %) 3 N N AR R R
(NAU-YXYB NAU-LV791 NAU-WXQ) #E4T AL A Sk i Ab B, 388 20 5 FNF8 40 ALK PR SN & B 3k 3 P4 480 ( Re-
active oxygen species, ROS) 3 I , ik SR & b A AL ME A RO, 453320, 4 Al Ab B B A —
FERRRE Eou iR N E AR EREE, Hod 1.5 mmol/L QUE SR Fed:, oYk A& 100 wmol/L MT F1 100 mg/L KT, 7%
WL RN RN E b AR FERREAR BB AR RIS

KR B by AREME; FEG; EmiL; mER
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Screening of chemical reagents for overcoming the self-incompatibility of
radish

NI Meng', WANG Juan', WANG Shuang', MEI Yi*, LIU Li-wang', XU Liang', WANG Yan'

(1.State Key Laboratory of Crop Genetics and Germplasm Enhancement/Key Laboratory of Biology and Genetic Improvement of Horticultural Crops ( East
China) ,Ministry of Agriculiure and Rural Affairs/ College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China; 2.Institute of Agricul-

tural Sciences in the Coastal District of Jiangsu Province, Yancheng 224002, China)

Abstract: In order to explore the effective chemical methods for overcoming the self-incompatibility of radish, four
chemical reagents including quercetin( QUE) , brassinolide( BR) , melatonin( MT) and kinetin( KT) with different concen-
trations were used to spray the stigma of three self-incompatibility radish lines at flowering stage, such as NAU-YXYB,
NAU-LV791 and NAU-WXQ. The effective methods to overcome self-incompatibility of radish were screened by affinity in-
dex, pollen germination in vitro and intensity of stigma reactive oxygen species (ROS). The results showed that the four re-
agents could overcome the self-incompatibility of radish to some extent, and 1.5 mmol/L. QUE had the best effect, followed
by 100 mol/L MT and 100 mg/L KT. These results can provide a reference for the establishment of efficient technology sys-
tem for parental reproduction of radish self-incompatibility.

Key words: radish; self-incompatibility; chemical reagent; pollen germination; reactive oxygen species
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S H AR R I BEACE , B R AR
Sefle SU BB )7 v A7 A O it AT T 0F
58, HAGSIZ 0 HE) CO AR ik ab B AR
Bl SRS S I T R AR A
EHEIHRE AHBRAERINE, HABCRAERE  MELL B2
03 E I =S RV AW N AR =S Fw R VB2 L sy pvSTi )
ST SE R, A FHER A (5% 1) A ALEN 5 29% 1)l
TR AT ) FNERAL I, Z5 R A2
RERE W] 0 2 i L B3R AE R MR Y R R
PO VE R B 3% 1 NaCl ¥ REA R
BN R, PR N TR IR ACR . AL ImiE
NaCl ¥R SR BA ARG 358 AN 19 1 090,
HRECRA T, HAEW 5 & A R ia itk
Hh, W51 LR (TAA) (25 SR (NAA) (4R 3 2K (6-
BA) JREFE (GA, ) SFAH I Z 4 B AT A 50 il 25
LR E A AR A SR A AN SRR (H
AEWEY)Z )22 530k, HAE % M EAEY) b velik A 58
AGEMERCR AR, I, 2@ T4 — i
BN H SRR A BRI T

FIFUR A S SR N F BRI M AL KB T L8
EHEARLZ BB, SRS RS, T
WFSEARIE  fil 74 ST AR B A S SRR vE 54k 0%
PEE(ROS) SR 2 IEAAC D FERARH L AT
JE 01, B ACAER RS TS FAE AT S P AR i i ROS, A
TR AER A & S AR A R AR e SR AL
T, BAERR G ROS TEAT Sk b & W 2 AR, 16
BIRERS IR K G, P, e A KGO 5L ROS
SR B AT AT B SEAS SR R AR

AME 5 F) A [5] e BE B9 it K2 R ( Quercetin,
QUE) 7% % M ( Bassinolide, BR) | 48 & 2 ( Me-
latonin , MT) *ﬂ{g{fﬂ?( Kinetin, KT) X} 3 s hEt
H 38 R AL S - A T i A0 3, O [ AL BT 2

N LS JERFIE SRR, Rl 255 LM B RN &
FAESk ROS 53R EASB I 22 5, 0 28 v Ik 9 S8 AR A
PR ERARA 2T A S s IR b B A SR Pk
BOREFR D5 w8 b A SRR R 2 H
R e N AP AR

I BPR i

1.1 R
Ao 3 8 b e A R K R
(#£1), MAHETFEAESERIFMZ1~2d,4 CH

1k 30 d,2020 4 8 H#EFI T sl Ab K22 1 B # 2
RHUF I 3 19 R = R, fe s b B R R s8R T
2020 4FE 11 A & 2021 4£ 5 A #f7,

®1 BT MR
Table 1 Radish genotypes used in this study

B CEREREC AUR ABUREGE AFUREIEG
NAU-YXYB  0.24 KFH H H et
NAU-LV791  0.21 ML SN £ Pz U
NAU-WXQ  0.33 KR4 ot S et

1.2 KW *

1.2.1 a2 AR E AR QUE BR,
MT il KT 3t 10 4MbFE(F 2) , Hid 100 mg/Ligsh &
SRIAHIGE AT B , 25 O R N 258 K Ab H
[ AT A i( Flowering pollination , FP) 21
H 2Z (Bud pollination, BP ) AbFH . #EHU 4 H A2 R K
—ERERR, SR ATELS R Ry, TR ALY
RIFBIACIEA Tt AL ], B4 AbBE 5 R, 4
FALFE20~30 b, kIR AT A T A e N, H
o MT GO, AP e 7 L Tl A 3, 2k 5 d
JEPF4%,30~45 d J5 R P REVE IR,

R2 UFHAARELEKE

Table 2 Chemical reagents and their concentrations

facarvil W1 Wz 2 W3
QUE (mmol/L) 1.000 1.500 2.000
BR(mg/L ) 0.001 0.010 0.100
MT( pumol/L) 50.000 100.000 200.000
KT(mg/L) 100.000 - -

QUE: MKz 3% ; BR:INSEZR MR ; MT AR E,; KT 3%,

1.2.2  FAomaE  fFMIERAE, TTRALHYS
Xf RS SEIE R KORFIFREL, B b A REMMEHE
Z MR E . SERFEEUNT 0.5 Ak H A EF 0.5~
2.0 HH AZAFEM, KT 2.0 HASEM,

1.2.3  Jedyrdf KX B A B O IR [ A2 B
JG4.0h f48.0 h fbAE, [ E T FAA [ & (50%
CWE: UKOR - WEE=18:1: 1 AB)H,4.0h
Je BB [ 2 W, FH ddH, O S5 0T 91 5% A 10 mol/L
NaOH H1,42 CHAk 0.5 h, JH 28 Tk gk 3 A2
AL MAGE 0. 19% KR Y (R REER T 1% 1)
K, PO, a8 0.5 h DL M7 RERVE T2 B %
BEVAAK BT BX53© DAPI G i, W 248 85 i &1k
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2022 4F & 38 % 4 M

&, BAEEDR S Ak,
1.2.4 Ak ROS M2 WU AL AL AR A MES-
KCI( & 7 &4 & 4. 10 mmol/L MES, 5 wmol/L
KCl,5 pmol/L CaCl,,pH=6.5) ZZ rhifi h , Hh =5 10
min 5, % & B 8 MES-KCl 2% s f. F 50
pmol/LK 2, 7"- " A PO R LMW (2',7'-
Dichlorodihydrofluorescein diacetate, H, DCF-DA , I3 [
RHFPH A RA T DY R BRT e 1 b,
FE i T BUMREL B BXS3© 2856 B fil4% GFP il T WL
£Z ROS SREE | BRG] 7800 ~ 900 ms' ' | 45> 4b F
E/0HCS Ak,
1.3 #HiEsbiE

BAR SR Image ] f2 Excel 31014, 22
M B % FH IBM SPSS Statistics Base V20.0
A GraphPad Prism k{4,

2 R 550

2.1 HERFIHEBWE N BELEL D

5506t BEAA L, ARIR Tk T A 4 Fhib2ziR50 24 R
FE—EFREE L TURE b HSCAFE R A S s 2
JEAMEFFER (K 3) . H 100 mg/L KT &35
TR ECAT Ik 2.45 408 T BP A0 (2.85), 5 F
FEO g A R — 3, QUE 877 A ] e Ji8 Ak 317 14
SEFAFEECRTIA 2. 10, S A i 3541 5 s BR A0 MT Ab 3

FHANFEEL

FP BP

CK QUE BR MT KT
pose
0 X ANAU-YXYB; B 3 ANAU-LV791; m 03 ANAU-WXQ

JEAEAHE )2 1,26 1173 Wi 1 A S KM
P, SEIERIF- N 5 R AR AU EA— 2, 4%
ARG , 4536 % T FP AMFEA CK(% 3)

£33 FRHANE N ATEMIERAAELEN TR

Table 3 Average effects of chemical reagents on self-compatibility

idex and pod setting rate of radish

Jb3 YR (%) EIEEE
FP 11.97+2.19¢ 0.33+£0.07d
BP 76.81+3.21a 2.85+0.38a
CK 12.34+2.34¢ 0.27+0.04d
QUE 61.46+3.08bc 2.10+0.06ab
BR 45.49+4.65d 1.26+0.22¢
MT 51.98+1.82cd 1.73+0.04bc
KT 67.45+8.09ab 2.45+0.50ab

FP AW H 28 BP .35 A 52 ; CK . X IR ZH | £ 88 /K Zb B ; QUE ; 4 2
ZAL, BROMSER ATGAL I, MT, 688 22430, KT s R Ak,
IS KR 5 AN /N g % b B 25 53 1.3 (P<0. 05) .
Jr i FH 8 Al 3R] B AR B4 e AN ] B b o o 2
N F SR (HA A7 SRR I8 R R 5200, #F NAU-
YXYB il NAU-LV791 H1 KT e/l % b 332 FE A
PERROR e o 35, SR AR B 4 = & 2.90 5
2.58; Hk  QUE MT; BR ZUR AN &, Wi Xt B 32
Z NAU-WXQ, QUE ZbHIs R br (K 1)

FH (%)

Ho
N\

BP CK QUE BR MT KT
Ab

FP BP CK ,QUE .BR MT KT W3 3 1T, ARI/NG BRI AW 22 5 W 35 (P<0.05)
E1 FELFEAGETE MBREMIEH(A) EHEE(B)
Fig.1 Self-compatibility index( A ) and podding rate( B) of radish under different chemical reagents treatments

2.2 HEFRFIREWNE MELERZE

I L A A R e B T B R B N SR R G ER
B, AW 3 AN Y QUE KB REE —
FERE LIREE g, 1.5 mmol/L QUE
SRR 2,3 A A8 AR A BRE R FE 38 K 4
15 s ANER BE ) MT 0CR 25 580K, 100 umol /LK i

DEAL PR RE AT AR 4 i AN S A A 58 R A 25 8 3R
FEANE B, o i s A e 8 SO AN BEAEL 100
mg/L KT 7EA5HE IR N rp v i [ S8 AN SR FIPE 8%
R F W E VS . BR AEA R R Y R 25 57
BOR, ) ISR ENIEN] (R 4 K 2)

LR LRI, SO N A SRR ) f e Ak s )
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4 1.5 mmol/L QUE 100 pwmol/L MT F1 100 mg/L
KT, i 264 27 3050 Ak BB AT R se IR b A 52 Bt

R4 AREREXFRAFNE b 5 LZFZMENENE

B R m b A SR,

Table 4 Effects of chemical reagents with different concentrations on self-compatibility of radish

LR (%) PR
Ab B
NAU-YXYB NAU-LV791 NAU-WXQ NAU-YXYB NAU-LV791 NAU-WXQ
Fp 11.58+4.47d 9.99+1.32d 14.33+9.33d 0.36+0.20¢ 0.24+0.07d 0.43+0.26ef
BP 77.88+8.23a 81.75+4.44a 70.25£6.19a 3.60+0.81a 2.76+0.15a 2.14+0.34ab
CK 14.68+10.24d 9.20+4.76d 16.77+5.81d 0.26+0.17¢ 0.31+0.22d 0.32+0.12f

1.0 mmol/L QUE
1.5 mmol/L QUE
2.0 mmol/L. QUE
0.001 mg/L BR
0.010 mg/L BR
0.100 mg/L BR
50 pmol/L MT
100 wmol/L MT
200 pmol/L MT

100 mg/L KT

56.74+9.31abc
66.01+4.41a
70.81+4.67a
32.10+10.15¢d
50.51+7.51abc
53.55+11.63abc
37.33+7.75bed
68.42+6.80a
52.58+8.92abc

62.59+13.97ab

50.63+11.57abc
70.47+2.74ab
41.40 +£10.55bed
52.86 +12.83abc
61.08+5.25abc
26.18+7.71cd
57.87+5.36abc
75.89+6.48ab
27.60+9.07cd

77.52+4.94ab

60.59+6.63ab
73.97£5.95a
65.11+6.68ab

66.01+£10.40ab

1.92+0.30abc
3.18+0.19ab
2.51+0.37abc

1.25+£0.47abc

1.54+0.47bc
2.35+0.18a
1.18+0.24¢

1.38+0.39bc

1.43+0.20bed
2.45+0.16a
1.83+0.32abe

1.28+0.11cd

FP. BP .CK .QUE BR MT KT W3 3 7, [Rl—34d 5 A F/NG R AL B 22 55 B 3% (P<0.05) o

FP

41.15+7.85bc 1.52+0.42abc 2.08+0.24ab 1.00+0.15cde

33.79+8.31cd 1.48+0.64abc 0.81+0.25cd 0.70£0.26def

53.20+4.67abe 1.08+0.33bc 1.51+0.22bc 1.20+0.22cde

62.16+5.59ab 2.93+0.58ab 2.80+0.22a 2.51£0.09a

52.58+8.92abc 1.82+0.38abc 0.83+0.32c¢d 1.82+0.38abc

59.38+12.34ab 2.89+0.98ab 2.58+0.18a 1.76+0.44abc
1.5 mmol/L QUE 100.0 pmol/L MT 100.0 mg/L KT

B2 BEHIZAFEMR NAU-YXYB BEEH 4.0 h(A) K 48.0 h(B) FIEMELERER
Fig.2 Pollen tube growth of the strongly self-incompatible line NAU-YXYB after self-pollination for 4.0 h(A)and 48.0 h(B)

23 UFERFNE NEERMEEMEERNE
i

SR FH R i s e 1 i — LR R AL 2E R R 8
AL G E A KW, 5R L, AR
B M SEFIZ NAU-YXYB #:3k FILT I & 1
TERRL TS 428y 4.0 h J5 , H3k FAVE 2B 3K
SEACKPRLE &, I B I 1] B SE K A6 3 B OR 25 e A
SLFL AN IE AFERELLZY BB AR RHER A 32

ANFERPER 5

35 1.5 mmol/L QUE 100 wmol/L MT Al
100 mg/L KT 40385 8 46 2% f5 , A Sk F RS B 0 46 4
K5 ARAC AR LIS 22 Rl g B 25 51 (] 3) B,
AEMRE IR TEAE Sk g &, 520 48.0 h Je REAEAE K
THEMEEBIGEM A AEE . DL EIRGRI RR T TR Sk
B AR RLIE B K& B A, BAERY A
T e REE R
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2.4 ARMAFXFIABITE b EEHE L ROS B E HH ACHHME S S Ak 2 50 Ab B R AE M B8 54T T

B

AW REM, TR A AR E YA
EANE A 5 R Sk 0 A5 B S OE A G, Lan
PSR E & B B Bk Sk 1R AL E T B, B
B2 5 ROS R 248 A iRk B 8
IR A S ROS 5 B2 252 [ 238 A 25 A Jit R
Z—. FIHZEE ROS K5 H,DCF-DA X} X} B85

UERSPT et

100 pmol/L
HRARZRALEE

100 mg/L 1.5 mmol/L
WENRAL M BCRAL R

AR NG SRR IR A PN 22 5 .35 (P<0.05)

2501

200}

150+

100}

50

P B IFAEDE WA T USRI sk BIE #5177 ROS 22
SEOHT . SEF (I 3) F B, 6 FRAF A Sk ROS 51
WA T AE WA Sk 29 R AE I A Sk /) 36%, 1T 1.5
mmol/L QUE 100 pwmol/L MT 1 100 mg/L KT b
JE AR Sk ROS 5 BEIA Filr T B, 5 % BB I A
AR, R R R B4 1E40% ~ 50%

B
a
B —
b
be c 1
— —
d
EWIAZE EHIEAE 100 pmol/L 100 mg/L 1.5 mmol/L
RRIRE WEh= iz %
posdil

B3 AELFRFAIER H,DCFDA ROS Rt EaFELBE (A) 5% NXEE(B)
Fig.3 Images of stigma stained with H,DCFDA ROS probe ( A) and fluorescence intensity (B) after treatment with different chemical re-

agents
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TEZRSEH TP S rf, AT F SSAS 2 A &R BT il 2
B PRy AL T LD NI - g e it (P3|
TH MRS SRR AkFRAR, SRR B
SO TARFAE—RE RAE, I, il se iR % 1 Y
FI S RRe, S S AN SR 2R 0 i s BT O & b
F AT SR AR P S B b R A DR B OCBE IR R, S T
SOk A SRR, B TARE O B s Ak
ELIVEE 2 iR EN K3 Rl A LY/ R S e R Y/ i
5 BRI T AR IR A7 A i A A R
MELLTIZ N o A8 30 58 it 6 0 W A R A5
IEAEHE A = B R A T O T ARG RIRICR
KL AR R RCR AR, 1A R TR
T AR P ) o 7

ARBEFEXNS FEMRE N A SEAEAE R R T7
TEHEAT T i i U [R5 (QUE (BR
MT KT) e IR % b A S A E LR8O, 28 1.5

mmol/L QUE 100 wmol/L MT F1 100 mg/L KT 3 F
AL BRAESS IR 4 = 25 N Y A SR A b B S
SFEHAFEEIRE] 2.0 LLE, 0l A RO AR TS A
[RS8 SR A B B

oLF1AR 1 ACAS S FIAH M2 SR 95 S AEHy 5543k
AR EAE R ik BEL LR AR #RE Y 7K G 5 i 1k B RR
T E KB R )b 5 54 5 E 2 im i [/ —
S BfEAIE) SRK 5 SCR/SP1I M H AR, I 3800% F
UiEd 5 1% Tl e am & AR QUE A v R4 1A
H A BRI EOA — @, 1 —R i H s
5], QUE AT LA il H i 41 3k v SRK 16 4k, 32 /I
HEAZAERPE . ABFFEAT QUE SEIRE b
H AR A RE 7 S A Bk BE AT 45T, R R B
1.0~2. 0 mmol/LI¥ QUE R4 &4 9 A 38 5% A
PR, MT YR8 R 3R RE 3G 0 52 5 A A6 M358 v 4 Jox
FREE A HER, , FEIEAERE T RIRER 25 A
BRI MT Se R # b 3 38 R FE 3 Bk
BERY MT Safilk % b [ 28 EFPERROR 0 W i,
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100 mg/L KT %1585 b [ Z8A SRR v IR B A 2
RO X S R R A A AR T A R — 3K

PTAESR W ST AL Y AF 97 3R £ T4 3k ROS A
S E AR & L, Lan 25020 F FH 28 (A R4
FIRIFFE 5 R 5% & B, ROS AR 56 1Y 85 1 78 )
ACH W AR Sk & B A & 48 ; Zhang 261 (0 F
FARFW ML E AR E S K A3 A A KR
PR AR SCAE T, A 23 1 BILHI o 15 1 48 UG 32
F| | yE 45 T Rac/ROP /N G 28 1 M 40 i 2 1 5%
VRFG FERONIA HVRE A2 A5 5 B W BH 1L A
AEFEH5 5 R A A S 05 P Ao B T 8, A A S AS P
il FLAEAERY A K, ASWFFER] FH 256 ROS A il 7
H,DCF-DA X A A FH b2 32 55 b 2 (X JE) 75 3 46
9 B A b 2 500 A B 9 A6 0T eSS E AT ROS 22
SO, RIS AR FH A2 R0 A A A6 A Sk A
F, 1.5 mmol/L QUE 100 wmol/L MT £ 100 mg/L
KT Zb #5946 01 3k ROS 58 B ¥4 i T [, T %
R BE “H40% ~50% , X 51 H 3 SCPACH i ko
S50 2 [l 5 AR A SRR AH L 1R b BRS A
Sk JOF R J5T 1 77 A B S B A o, i A ) AR A B A
MIAERY A G, HEIU AT R BT 8 Ak 2 i) Ak 3
T RISk ROS S EE  FT8% T4 S X A 46 AL
Granto )T el (A I SNTTE 7 F=ri e 11 e =W = R N e o W
Atk — 25T
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