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Identification of resistance to root rot and preliminary
establishment of its SSR markers in castor bean
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Abstract: Castor bean root rot is a root disease caused by Fusarium solani, which seriously threatens the production of
castor bean. Due to the lack of resistance genes, the breeding for root rot resistance in castor bean is seriously
restricted. In order to mine resistant resources and establish resistant molecular markers, the phenotypic and molecular
marker identification was performed on the disease resistance of 252 castor bean accessions in this study. The results were
as follows; (1) Irrigating roots with the conidia suspension of 1x 10° spores « mL"' was an effective inoculation

method. The 5-grade evaluation method based on the days of wilt after inoculation could be used as the criteria to
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evaluate the resistant level of accessions objectively. (2) According to the criteria, the resistance of 252 accessions were
divided into five grades from high to low, among which Grade 1 was high resistance and Grade 2 was moderate
resistance. The number of accessions with different grades from 1 to 5 were 105, 25, 33, 31 and 58, respectively,
accounting for 42%, 10%, 13%, 12% and 23%, respectively. A total of 130 resistant accessions were identified, of
which 105 were high resistance and 25 were moderate resistance. (3) The proportion of resistant accessions in wild
accessions (66% ) was much higher than that in cultivated accessions (35% ). Among wild accessions from South China,
69% were resistant accessions, and 60% were high resistance accessions. It is strongly suggested that the research and
utilization of wild accessions, especially the wild accessions in South China, should be an important direction of
resistance breeding in the future. (4) Eight SSR markers associated with the resistance were preliminarily
established. Although different resistant accessions carried different markers or marker combinations, most of them
carried three to four of the above markers, therefore, they can be used as resistant molecular markers for assisted
selection. The results of this study provide an effective method and evaluation criteria for root rot resistance
identification, screen out a number of resistance genetic resources urgently needed in breeding, and preliminarily

establish the SSR markers available for assisted selection, which lay an important foundation for resistance breeding of

castor bean root rot.
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A, HKIET ; B. W#EEH; C. 2MERT ., FRR =10 pm,
A. Colony front; B. Colony back; C. Conidia. Scale=10 pm.

B 1 mERARNEREEMESE

Fig. 1  Colony and microscopic morphology of Fusarium solani

A. FTBOO1 (AT 45 10 K) ; B. Y-1H-27GH (#5445 27 K ) ; C. 9048-12/ES037M (F: M5 45 13 K) ; D. YB4S-4/1003 (35
JEETRK) .

A. FTB0OO1 (10" day after vaccination) ; B. Y-1H-27GH ( 27" day after vaccination); C. 9048-12/ES037M (13" day after vaccination ) ;
D. YB4S-4/1003 (7" day after vaccination).

B2 ERABERERZRAER

Fig. 2 Root rot symptoms of castor bean accessions



1330 I I G| 43 5
252 Uy kAR it 1 2] 5 K5 A 105 4y UNGE S/ R0R 7 e s i & & L v = N E |
(42%) .25 03 (10%) .33 03 (13%) .31 3 (12%) AERER (K1), TEITREGFERZEME T,

158 03 (23%) (B 3) , Busdr kLRl 52% , it
AR E AR R R AE MR 64% (1), B
AR RHOBU R R EE R (66% ) B 5k 8 T AR 55 44 R
(35%) , Horhrp [E e p B AE BB R 69% , AE N EY A=
MAER 43% ;117 3B R D Ok B ET R
RS P E 2w L s] | BRIk AR T
5 HL A 53 5 36% 47% 44% 38% M1 0(FE 1),

45 42

40
\°\i 35
g 30
£ 25 23
o
S 20
& 13 " 13 12
= 10
I N
0
1 2 3 4 5
itk % 4% Resistance grade
B3 FREMESERE R BTG F)

Fig. 3 Proportion of castor bean accessions

with different resistance grades
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Table 1 Identification of resistance to root rot of 252 castor bean accessions

. " b 20 B > 3% " N " 1 P 2 B >0 3%
FHRI s S e BHRR gy RO i
Origin Number esistance ncidence Origin Number esistance ncidence
grade rate (%) grade rate (%)
v [ 4 e B A 72 1 0 AR A 16 1 0
Wild materials Guangdong Ocean
in South China 1 2 8~25 University, China 8 2 8~33
12 3 9~40 12 3 8~80
11 4 8~50 9 4 8~60
15 5 8~44 21 5 9~100
= 7 1 0 BIEMR L 3 1 0
Yunnan, China | ) 25 Ethiopia 1 ) 8
3 3 13~25 2 3 29~42
2 4 13~25 2 4 20~25
4 5 33~50 3 5 17~60
L3 2 1 0 % [ 1 1 0
Israel 2 2 20~25 Thailand 1 3 3
3 3 14~80 1 5 33
1 4 40 HESED) 1 1 0
1 5 75 Republic of the Congo 1 5 25
E{E 1 1 0 W B s iE 2 4 40~60
India Kazakhstan
2 2 8~20 k| 1 1 0
Myanmar
2 4 8~17 WL 1 1 0
Mozambique
3 5 8~17 G 2 5 42
Taiwan, China
% 1 4 25 I AR 1 5 80
France Shandong, China
4 5 20~ 100 o Ly 1 4 33
Shanxi, China
FEH 1 5 42 SMEE T 1 5 17
Philippines Xinjiang, China
®2 AEERBETERANRA G E
Table 2 The proportion of accessions with different resistance grades under different incidence
N 24 3 49 5%
Ziﬁﬁ: 5% Grade 2 Grade 3 Grade 4 Grade 5
Incidence Sum
rate (%) N P (%) N P (%) N P (%) N P (%)
<10 134 12 9 4 3 6 4 7 5
>10 118 13 11 29 25 25 21 51 43
>20 79 6 8 20 25 15 19 38 48
>30 58 1 2 13 22 13 22 31 53
>40 36 0 0 7 19 7 19 22 61
>50 20 0 0 4 20 3 15 13 65
>60 13 0 0 2 15 0 0 11 85
>70 12 0 0 2 17 0 0 10 83
>80 8 0 0 0 0 0 0 8 100

. NoOMESH ; PoRLEER, TR,

Note: N refers to the number of accessions; P refers to the proportion. The same below.
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Table 3  Information of four pairs of SSR primers
519 ERGI#FH(5-3") B 51 s (57-3") B KR
Primer Forward primer sequence (5'-3') Reverse primer sequence (5'-3') Annealing temperature (°C )
RCM1634 TCAAGTTAAGTAGTGGGACATGACA CAAAGTCATGCTCGATTAGGC 59.98
RCM1639 AATACCAAACAAGCCCCATT CATGGAATCAATTTCTGAGATCAT 58.30
RCM1435 ACAAATCCTAAAGGGACCCG CGAAACCCAGTTTTGGAGAA 60.18
RCM1368 CAGTTATGTAATGCACAAATATACGA GCTCGAATCCCATGTGTAAAA 57.47

® 4 SHEEXEKES FIRC

Table 4 Molecular markers associated with resistance

o LT id JERTE S i3 Im] =4 75 7
M/\ K Pearson Regression Regression
arker correlation significance equation
coefficient

RCM1634_,,, -0.139 =* 0.013 = y=2.772-0.553x
RCM1634_,,, -0.142 =* 0.012 = ¥y=2.893-0.465x
RCM1639_y5, =0.182 = 0.002 s y=2.782-0.806x
RCM1639 ., —-0.128 =* 0.021 = y=2.826-0.427x
RCM1435_,,, =0.211 s <0.001 %  y=2.819-0.881x
RCM1435_,;5,, =0.190 s 0.001 s ¥=2.991-0.626x
RCM1368 ., —0.284 s <0.001 #*  y=2.965-1.003x
RCM1368_,s5, =0.165 s 0.004 s y=2.780-0.695x

. o#x FIR P<0.01; = FI/R P<0.05,
Note: #*#* means P<0.01; * means P<0.05.
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FIEM AR ME, Raoof %5 (2008 ) Al Shaw %5 (2016) f4
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AT, B N A1 1 0 B JRR AR JS 9 B M b T O
HRE BRI, AS B 5 0 38 L 09 130 403 Bt s #4
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Ffrebr, nl LU B A e} 0 R v [ AR R A A
BHO BT AR

AR R Wik Ik, B 7248



7 XU HEAF . BORRAR B A RS R SO SSR A ic 940 280 S 1333
x5 BEAERICHMBHEEEILER
Table 5 Number and proportion of accessions with markers
B 1% 24 34 4% 5%
Fric Sum Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Marker
N  P(%) N P(%) N P(%) N  P(%) N P(%) N P (%)
RCM1634_,,, 55 21.8 31 56.4 5 9.1 6 10.9 2 3.6 11 20.0
RCM1634_,,,, 131 52.4 61 46.6 15 11.5 16 12.2 16 12.2 23 17.6
RCM1639 5, 41 16.3 25 61.0 4 9.8 4 9.8 4 9.8 4 9.8
RCM1639 ., 103 40.9 48 46.6 12 11.7 14 13.6 12 11.7 17 16.5
RCM1435 ., 48 19.1 33 68.8 2 4.2 3 6.3 3 6.3 7 14.6
RCM1435_,,5,, 137 54.4 67 48.9 12 8.8 21 15.3 15 10.9 22 16.1
RCM1368 79 31.4 49 62.0 6 7.6 11 13.9 4 5.1 9 11.4
RCM1368 s, 47 18.7 26 55.3 4 8.5 9 19.1 3 6.4 5 10.6
®6 MFEMRICHBERRMHLLRENX R
Table 6 Relationship between resistant marker number and resistant material proportion
HH 1% 2% 34 4 %% 5%
Frick A Sum Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Marker number
N P (%) N P (%) N P (%) N P (%) N P (%) N P (%)
0 28 11.1 4 14.3 3 10.7 4 14.3 5 17.9 12 42.9
1 9 3.6 4 44.4 2 22.2 1 11.1 1 11.1 1 11.1
2 16 6.3 11 68.8 1 6.3 0 0 2 12.5 2 12.5
3 95 37.7 40 42.1 8 8.4 12 12.6 14 14.7 21 22.1
4 77 30.6 38 49.4 8 10.4 10 13.0 5 6.5 16 20.8
5 24 9.5 7 29.2 3 12.5 5 20.8 4 16.7 5 20.8
6 3 1.2 1 33.3 0 0 1 33.3 0 0 1 33.3

PESI MRS , SOR RS T T AR, £ )5 22050
e, ATLCR IR AR AR AT 51 Wi e,
SRR T BARRICE REIEAS B 1 R BR-PE A B 2 254 5
Wi ARic g 5 D IR] Y 38t 15 B 4 JLIAT s 57 1Y
X 8 AU AR IC A fr i — 2 HF I, (H X BRI
AT DA KA AR AR S s PR A Bl B e 1, 2
WU 2k AT AR S8R IO AR D A6 16 A9 B s i X 247
TRABIETE , o P2 0 A 73 1 1 B8 0 T 2R

LR LTI , AT B RR AR JE 0 B 4 B
BT AR 7 i AR B o s O AR AL T i
T T 5 DA BT I B o B AR AR T R o [
Ao w B L AR BIE S M R S IR U R A 2
7 Tl s 1AL T VUORJE N SSR 7> TARic, 4 BEJRR

PURE G 5 B4 3 DR 42 9 2> 5 B P 2E 8 1 2
BEAl

SE .
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