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Analysis of defense enzyme activities and transcriptome of clubroot-resistant
and -susceptible in canola to clubroot pathogen Plasmodiophora brassicae
during early infection
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Abstract: For the purpose to analyze resistance mechanism and differentially expressed genes (DEGs)
of clubroot-resistant (6M80) and -susceptible (Zhongshuang 11, ZS11) of canola (Brassica napus) by
Plasmodiophora brassicae, the incidence of root-hair infected in two varieties was measured after inoc-
ulation under solution culture conditions. Furthermore, the activities of defensive enzymes and a global
transcriptome profiling of the roots of clubroot-resistant (6M80) and - susceptible (ZS11) of Canola
were performed, respectively, by ultraviolet spectrophotometry and RNA-Seq. The results showed the
infected rate on root-hair of 6M80 by P. brassicae was significantly lower than those of ZS11 at 3-15 d
after inoculation. The activities of catalase (CAT), superoxide dismutase (SOD) and peroxidase (POD)
in 6M80 reached the peak at 12 d after inoculation and were significantly higher than ZS11, and they were
382.50,2 044.44, 3 342.22 U- g - min™, respectively. Compared with uninoculated treatment, the total
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of DEGs at three, six, nine and 12 days after inoculated were 6 607 and 2 499 in 6M80 and ZS11. Func-
tional annotation showed that most of the DEGs were involved in signal transduction, metabolism, trans-
portation, and defense. Cultivars 6M80 and ZS11 of canola had 82 and 53 DEGs of defense-related en-

zymes respectively. The above studies suggested that defensive enzyme activity was higher, and DEGs

of defense-related enzymes was involved in lignin biosynthesis and hydrogen peroxide metabolism in

clubroot-resistance of canola by P. brassicae during early infection. These metabolism pathways played

much important role in clubroot resistance.
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Fig. 1 The root-hair infection rate of two varieties of canola at

different time during Plasmodiophora brassicae infection
P b Bl - B bR R o R GRS ) T RER R 28
LSD & Kr B E P<0.05 7K - 22 57 . % o Data are mean=SE.
Different letters on the same color bars indicate significant dif-
ference at P<0.05 level by LSD test.

2.2 RERIEHSER A AR E RN

Heh 6 dJ5 , THERPUR A AP 6MBO AR I CAT 1 14
38.77 U- g -min', B E KT X HR 4L (P<0.05) , 1
TR AR R XL 11 5 Hp CAT 6 28 v TXF IR 4H HL
K FNIEAE (P<0.05), 417250 U- g -min™', AR
B 912 dJ , ISR A XL 115 FTe
6MS8O0 AR A CAT 1 1 i 35 /& T % R 40 (P<0.05) , H.
FEFP 12 dJE ISP T n Fl 6M8O AR P 1) CAT 1% 4
PRIGAE , >~ 382.50 U- g -min™', H_i8. 2 5 TS ER
rn OB 115 (P<0.05,38 1)
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PRI TR 3.9.12 dJ& , IS8 S Rl P osL 1
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P POD B3t dsci , o0 1 933.33 U- g -min ™', i 1%
T TR 6M80 A POD %2 933.33 U- g min™
(P<0.05). FEFARMNE 12 dJ5 , Y 0% 5 A 6MS80o
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Table 1 Defensive enzyme activities at root of two varieties canola of different treatments infected

by Plasmodiophora brassicae in different time

CAT %4 CAT activity (U-g”-min™)

QLB Treatment
3d 6d 9d 12d 15d
ZS11CK 32.50+0.87 ¢ 48.33+0.48 b 125.00+2.65 b 86.67+0.77 d 91.67£1.64 a
ZS11+RS 48.33+0.87 a 172.50+3.29 a 170.00+5.00 a 125.00+1.73 ¢ 66.70+£0.82 ¢
6M80OCK 16.67+0.45 d 50.00+2.65 b 58.33+0.86 d 142.50+1.00 b 79.17£0.57 b
6MS80+RS 44.77+0.73 b 38.77+£2.00 ¢ 82.50+4.33 ¢ 382.50+3.46 a 66.80+0.31 ¢
A5 Treatment SOD it SOD activity (U-g™"-min™)
3d 6d 9d 12d 15d
ZS11CK 648.65+50.21 d 1 000.00+70.01 ¢ 400.00£100.53 b 776.67+£100.58 b 90.57+50.43 d
ZS11+RS 981.81£70.12 ¢ 1350.43+80.32 a 178.96+50.47 ¢ 685.71+100.34 ¢ 601.48+30.54 ¢
6M80CK 1 068.75+60.54 b 1179.49+50.45b 130.00£60.58 ¢ 640.00+70.53 ¢ 926.984+80.67 b
6M80+RS 1 290.00+80.06 a 1 360.38+80.58 a 1200.00£140.43 a 2 044.44+80.43 a 1 024.44+70.43 a
45 Treatment POD i+ POD activity (U-g™-min™)
3d 6d 9d 12d 15d
ZS11CK 973.33+61.10 ¢ 200.00+46.19 ¢ 675.56+111.02 ¢ 444.44+187.30 b 466.67+83.27 b
ZS11+RS 1933.33+23.09 b 240.00+40.00 ¢ 1475.56£125.01 b 960.00+373.33 b 493.33+83.27 b
6M8OCK 2 173.33+£388.50 b 840.00+80.00 a 1440.00+£187.30 b 853.33+431.09 b 812.33423.09 a
6M80+RS 2933.33+61.10 a 520.00+105.83 b 1991.11£160.00 a 3 342.22+93.38 a 813.33423.09 a

FPBEE A E Y BEAR ER . [ SR 6] TR R 42 LSD 7K 16 7 P<0.05 7K -2 53 2% . ZS11CK, ZS11+RS,6MS80

6MBO+RS 451427 8 B PP 11 53X
WA IR f T

HOS TSR R AR TR e

o Data are mean+SE. Different letters in the same column indicate significant difference at P<0.05 level by

2 S E 6M8O X IEE 3123 i A 6M 80

LSD test. ZS11CK, ZS11+RS, 6M80, 6M80+RS indicate control group of Zhongshuang 11 of canola, Zhongshuang 11 of canola

infected rest spores of P. brassicae, control group of 6M80 of canola, 6M80 of canola infected rest spores of P. brassicae.

2.3 BhfEBtHXNERRIEER D
2.3.1 %3 &k A FH(DEGs)# if ik

PUIw i Al M8 0 2% B AN 1 J JLA7AE 6 607 4~
2E 5 FIRHEED P AR 3.6 .91 12 d 53k

& 9d 12d

] Y 22 S 26 TR LR 2 2 099 4 (181 2-A) 5 8% i
W5 AR S 2 (B AF A 2 499 22 ik
R Hrh AR P 3.6.9 A1 12 d 5 LRI 22
FIRFEIE 1261 (F 2-B)

2 ANEEMREERFIUR R 6MS0 (A)FIRFEMFHN11S (B)MESFRIEZEREL
Fig. 2 Number of differentially expressed genes at different time of 6M8O0 resistant canola (A) and

Zhongshuang 11 susceptible canola (B) after inoculation
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Fig. 3 GO assignment of DEGs in 6M80 resistant canola (A) and Zhongshuang 11 susceptible canola (B)
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Fig. 4 25 top KEGG pathway of 6M80 (A ) and Zhongshuang 11 (B) of canola
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Fig. 5 Heat maps of defense enzyme related genes in DEGs of 6M80 resistant canola (A) and Zhongshuang 11 susceptible canola (B)
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