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Metabolome studies of root exudates from different
clubroot resistance Brassica napus

CHEN YuHong , JIANG Xue-Fei, SU Ying, WANG Mao-Lin

(Key Laboratory of Bio-Resource and Eco-Environment of Ministry of Education,

College of Life Sciences, Sichuan University, Chengdu 610064, China)

Abstract; To investigate the metabolites in host root exudates that are important for the germination of
Plasmodiophora brassicae resting spores, in this study, we first tested the induction ability of resting
spores’ germination by root exudates from different clubroot resistant levels materials of Brassica na-
pus , it was found that the germination rate induced by the root exudates of the susceptible materials was
significantly higher than that of the resistant materials. Then, we analyzed the root exudates of two re-
sistant and one susceptible material by non-targeted liquid chromatography-mass spectrometry metabo-
lite profiling, non-redundant mass ions (1079 in ESI— mode and 1257 in ESI+ mode) were identified, of
which 662 and 722 differential metabolites were screened in ESI— and ESI+ respectively. Some of the
compounds with large differences were selected to be further verified. The results showed that Thy-
mine, 2'-Deoxyuridine, L-isoleucine, Trigonelline, Pyridoxal 5'-phosphate, Coumarin, D-lyxose, and
Amentoflavone had a significant promoting effect on the germination of resting spores and subsequently
caused the development of clubroot.
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Fig. 1 Effect of root exudates on the germination of P.

brassicae resting spores

(a) Resting spores observed in the microscope
after 1 day of incubation in water, black and
white arrows indicate non-germinating and ger-
minating spores, respectively; (b) germination
of resting spores in the treated and control
groups with different resistant materials root ex-
udates, bars= SDs
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PCA: (2)ESI—; (D) ESI+. OPLS-DA: (b)ESI—,fEX 5R fil R-197; (c)ESI—,Kc84-1 F1 R-197; (e)ESI+, %X 5R 1 R-197; () ESI+,
Kc84-1 F1 R-197
Fig. 2 Principal component analysis (PCA) and orthogonal projections to latent structures-discriminant analysis (OPLS-
DA)
PCA: (a) ESI—; (d) ESI+. OPLS-DA: (b) ESI—, Huashuang 5R and R-197; (¢) ESI—,Kc84-1 and R-197; (e) ESI+, Huashuang 5R
and R-197 (f) ESI+, Kc84-1 and R-197

®1 WMoERKEY
Tab. 1 Part of differential metabolites

1D MS2 name MS2 score mzmed rtmed Fold_change  log2FC P_value viP
3013 2'-O-methyladenosine 0. 9997 282.1192 102. 49 0.0291 —5. 1042 0. 0270 1. 2604
2041 Flumequine 0. 6364 244. 0783 247.783 0.0745 —3. 7459 0. 0279 1. 2545
3208 Deoxyguanosine 0. 9872 290. 0853 216. 428 0. 0987 —3. 3403 0. 0274 1. 2417
9102 Argininosuccinic acid 0. 7912 598. 2755 330. 873 0. 1097 —3. 1881 0. 0352 1. 2130
3069 Deoxyguanosine 0.9912 266. 0879 216. 201 0.1214 —3. 0420 0. 0289 1. 1304
407 4-Guanidinobutyric acid 0. 9961 146. 0917 343. 7855 0. 1471 —2.7649 0. 0382 1. 1920
401 Oxyquinoline 0. 7245 146. 0591 369. 298 0. 1605 —2.6389 0. 0285 1. 2449
4374 20-Hydroxyarachidonic acid 0. 7241 338. 2682 73.785 0. 1628 —2.6188 0.0016 1. 7151
3281 Coumarin 0. 7832 293. 0840 382. 36 0. 1877 —2.4131 0. 0221 1. 2874
4330 16-Hydroxypalmitic acid 0. 8111 336. 2532 49. 8475 0. 1882 —2.4093 0.0017 1.7472
348 L-TIsoleucine 0. 9975 130. 0871 302. 839 0. 1972 —2.3422 0. 0002 1. 7485
3355 Phthalic acid Mono-2-ethylhexyl Ester 0. 9532 277. 1431 43.782 0. 2122 —2.2363 0. 0002 1. 5611
471 2-Hydroxyadenine 0. 9156 152. 0555 215. 9765 0. 2208 —2.1792 0. 0364 1. 1826
1787 LeuVal 0. 8715 231. 1695 179. 389 0. 2247 —2.1537 0. 0414 1. 1744
82 Uracil 0. 9873 113. 0338 153. 653 0. 2328 —2.1030 0. 0411 1.1735
188 Thymine 0.9795 127. 0492 97. 4435 0. 2344 —2.0928 0. 0436 1. 1459
3320 Tle-Ser 0. 9916 295. 0414 185. 356 0. 2404 —2.0565 0. 0002 1. 8285
4765 Jasmine lactone 0. 6944 354. 2635 49. 4005 0. 2418 —2.0483 0. 0109 1. 5228
1746 D-Lyxose 0. 9284 209. 0658 303. 7485 0. 2682 —1. 8985 0.0293 1. 1301
298 Trigonelline 0. 6569 138. 0541 271.8 0. 4405 —1. 1828 0. 0014 1. 6499
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Fig. 3 Volcano plot of differential metabolites
ESI—: (a) Huashuang 5R and R-197; (b) Kc84-1 and R-197. ESI+: (¢) Huashuang 5R and R-197; (d) Kc84-1 and R-197. volcano

plot of mass features (relative abundance >>1) was constructed with x-axis presenting fold change (logarithms of Fold_change) and y-axis

significance level (log of p value). The plot shows themetabolites that were significantly higher or lower (upper right corner, red colorand-

upper left corner, green color respectively). Two vertical dotted lines denote the boundary of two-fold change (Huashuang 5R or Kc84-1 rel-
ative to R-197, Log2 (0.5) = —1, Log2 (2) = 1) and the horizontal dotted line specifies the statisticalsignificance cutoff (—Log (0. 05) =

1. 30)

3.4 EZRNBHTHEERIE

N T e 22 S A W R R B ST T
TR FRAT T 1 17— 2822 S A b i A
JARB. GE AN - Sy AR R-197 SHTrEss
BHEXL SR I Ke84-1 Z [A] f7 15 11 2 22 S PE AR
Yy, Dy RERRL I 5 5 PR GOEAE AT H AT 2
PIASZE S T A 4 G 22 S A o 3R BT
BEAT AR Y S AT AN R A DRI 7 B ik ) 2 54X
PR T IX S, TR A S . AT R HR
KAA 011, WEHEHT 2 d BirA A B W JEH

2= 5. WIS 4 d, L-Tle(L-isoleucine) fll Trigonel-
line Kb PHZH Y8 2 R 1 36 T R (P<< 0. 05) (J&] 4.
AEFRE 6 d, FHAS [A] 1Y) 22 S P A R 40 Ak 3 A R B £
T A A2 e T W BB (P<< 0. 05). R Arg 4
A HAb A FRZH PR AR 1 A 348 5 X B2
3525 5, AR b JL2H ] A AR K 22 5, ix su 2
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Fig. 5 Effect of resting spore germination rate on disease resistance phenotype of resistant material

(a) Resistant material Huashuang 5R inoculated with low germination rate; (b) Huashuang 5R inoculated with high
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