YAO-YFY AVAA Jlu / ¥ ojled / 00 W/ ALE sla s lew

S sl fdon » s ,le d> s 55 Leptosphaeria maculans > ,6 5 ley jI
Bl s -2 e ) Y pla o158 oL

5“@\5,30}.} d‘“:"'.‘.'t’ 9 L;.b;.a‘ |JAJ

OTAAI/N 1 dy B ATAATO il s 5,0)

o AS>

- =

03,31 32 ol 4 56 5 adgl e plin 1) ilien (Sla 5 SU andllae SISl claosls gl il 5 Il ael 55 3 glacd pn
sl S (S pla Jobg g 5o Ok ol o Slpoken b dad e (S plie (Sla s SLolid 5 015k L perdSe anlllae
VYub > 18 (b8 5 wla>) (Phoma lingam e ¢ #) Leptosphaeria maculans g, Sl an s 5l ool
wdd 028 SlS Ll 5 55 sk cpds 38 I E o 3590 (GC-MS) (o i (558 1S 5oy S olfius S w60
male o3 imo ki a4 (Aald) O 5 e 53 sl 1+ D smedlin s b o 5 4 OLLS (sl g3 al> o 3 (228 51 555 V8
b plie .23 5 15 plopw Sob Cov Lo 4 5 dd pldl S5abe o S5 (515 phges il ) Cele EA LNAS S5
Veoslas a8 5 bl Jdod 5 e 3,50 5 0k (5S35 alelid GOC-MS 6wy K8 4 5 gl Sunl d ke I b
Sy okS gdghu 5o S gl s YA 3 Sl ,uis & peie a5 Wsls OLES (P<0.05) (5,15 sme O iS55 Jald 4 S Sl gl
(Mg (eI (J 5 OLS 5 M5 (S solms Casl 53 s (ST nlie Gl s G s g3las J1Sen ol 3
S pabse pl 45 L SalS a1 eal) dlan Gl promes s S henl JUKw JWEH 5 D)0 M5 (55 A5

LS e oalgds s r.i,&.lleJlf)'L.qd':;SraﬁJ;P.Iingam‘_;llﬁJLaﬁJa hboluiee S ol Sl

S5 S s b 135 <2308 5o Sl 105 5 AS

zarghani@shirazu.ac.ir : s xS g (D3 J giae



eSS sbe Jb9 s » ,9p05 4> ;5 Leptosphaeria maculans >, Folew 5115650 50 5 (guboeal

Effect of fungul pathogen Leptosphaeria maculans at biotrophic stage
on canola metabolic profile cultivar Hyola 401 in a compatible
interaction

Z. Amjadi and H. Hamzehzarghani"
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Abstract

Recent improvements in instrumentation and data mining have made it possible to investigate the effects of
various stressors on primary and secondary metabolisms. In this study, in order to study mechanisms of
pathogenesis and identify the pathogenesis-related metabolic pathways, changes in metabolic profiles
resulting from a compatible interaction between canola cultivar (Hyola 401) and Leptosphaeria maculans
(anamorph Phoma lingam) (Phkv102 isolate) were investigated by GC-MS chromatography using the polar
fraction of plant extract. Under completely controlled conditions, 14 days after planting, when cotyledons
were completely unfolded, the plants were inoculated by 107 spores per ml suspensions and water (control)
by drop-wound method, respectively. The tissue samples were taken 48 hours after inoculation and were
shock frozen immediately. Metabolites were extracted using methanol as solvent, identified and quantified
with GC-MS and subjected to statistical analyses. Results indicated that 70 metabolites showed significant
difference over their controls at P<(0.05, which is caused by changes in 28 metabolic pathways. Infection of
canola cultivar Hyola 401 to P. lingamresulted in change in pathways related to the host cell wall, phenolic
compounds, alkaloids and terpenoids biosyntesis, energy generator, hormone biosynthesis, signal
transduction.The abundance of a number of sugars was also decreased, suggesting the crucial role of these
carbohydrates in pathogenesis in an incompatible interaction of P. lingam and a susceptible cultivar.

Keywords: Pathogenesis mechanisms, Susceptible cultivar, Metabolic pathways
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Table 1. The list of canola metabolites of Hyola 401 cultivar, which had been altered due to infection with Phoma
lingam.

Number Metabolite Name SW SP Group
1 Phosphoric acid 0.128375 0.079472 OA
2 Butyric acid 0.045668 0.03537 FA
3 Propionic acid 0.188777 0.094255 FA
4 L-Threonine 0.167842 0.081788 AA
5 Pentasiloxane 0.245302 0.213701 AM
6 Trimethylsilyl ether of glycerol 0.880066 0.903628 FA
7 Malonic acid 0.070281 0.031499 OA
8 Succinic acid 0.672451 0.29267 OA
9 Trisiloxane 0.098998 0.102257 AM
10 Propanoic acid 0.790313 1.005531 OA
11 Maleic acid 0.0953 0.056178 OA
12 Glycine 0.157235 0.05269 AA
13 Malic acid 3.409348 3.373466 OA
14 Citric acid 0 0.029392 OA
15 L-Proline 0.13613 0.064603 AA
16 Trihydroxybutyric acid 0.08942 0.162859 OA
17 Glutaric acid 0.063213 0.088677 OA
18 MSTI1 0.08789 0.160501 -
19 Ribitol 1 1 SU
20 MST2 0.083662 0.186532 -
21 Pentonic acid 0.117398 0.081304 OA
22 L-Tyrosine 0.438495 0.229224 AA
23 Ribonic acid 0.059268 0.088458 OA
24 MST3 0.048921 0.088679 -
25 Valeric acid 1.142827 0.542898 FA
26 MST4 0.105609 0.204619 -
27 But-2-enoic acid 0.120016 0.056004 OA
28 MSTS5 0.06958 0.145778 -
29 Propanedioic acid 0.209992 0.141144 OA
30 Pentaric acid 0.19621 0.414908 OA
31 benzoic acid 3.098229 2.568861 OA
32 Butylethylmalonic acid 0.388906 0.547822 OA
33 MST6 0.111622 0.226481 -
34 D-Xylitol 0.112859 0.058837 SU
35 Nonadecane 0.111179 0.12231 AC
36 D-Fructose 6.714961 4.352221 SU
37 MST7 0.333461 0.311211 -
38 D-Ribose 0.454129 0.282597 SU
39 d-Galactose 1.60261 0.904842 SU
40 d-Glucose 11.97589 6.552734 SU
41 d-Mannose 4.164945 2.580064 SU
42 N-Acetylglucosamine methoxime, 0.073995 0.179084 SU
43 MSTS 0.083224 0.04403 -
44 Glucopyranose 0.151497 0.217623 SU
45 beta.-DL-Arabinopyranose 0 0.059505 SU
46 alpha.-D-Galactopyranose 0.405745 0.222323 SU
47 Galactonic acid 0.126212 0.090619 OA
48 D-Gluconic acid 0.180544 0.088222 OA
49 Palmitic acid 0.276616 0.25627 FA
50 beta.-1-Galactopyranoside 0.218803 0.374403 GL
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Table 1. Continued aslal ) J g
Number Metabolite Name SW SP Group
51 alpha.-D-Mannopyranose 0.09681 0.065733 SU
52 Myo-Inositol 1.749342 1.304637 SU
53 D-Mannitol 0.124148 0.15825 SU
54 Talose 0.097618 0.131062 SU
55 Stearic acid 1.976385 0.217658 FA
56 alpha.-d-galactopyranoside 0.517497 0.254721 GL
57 Gulonic acid 0.109195 0.149897 OA
58 Glucopyranose 0.08752 0.066544 SU
59 MST9 0 0.025119 -
60 alpha.-D-Glucopyranoside 1.278218 3.819397 GL
61 D-Turanose 0.331689 0.182825 SU
62 2-Deoxy-galactopyranose 0 0.065015 SU
63 n-Pentadecylcyclohexane 0.124717 0.054566 AC
64 Melibiose 0.462846 0.194289 SU
65 Heptadecane 2.621789 0 AC
66 Tetracosane 0.082695 0 AC
67 Eicosane 3.106179 0.024223 AC
68 Pentacosane 0.128363 0 AC
69 Heptacosane 0.070802 0 AC
70 Nonacosane 1.234258 0 AC

ST 5Sike Solen Lol 5ale olam (35=8P (1SST Sl

OA=Organic Acid SU= Sugar AA=Amino Acid FA= Fatty Acid AAK= Alkane GL= Glycoside AM=Amine SW=

Susceptile inoculated with Water-mean of 3 replicates SP= Susceptile inoculated with Pathogen-mean of 3 replicates

Sms 53 sLaas s Slaalie 5l Jels Uy s 5
el lis S5 5D ess 5 Jol Olgy el 51 ISCie
Ve gl hele 5L ams o 0L (Slslew 5o s
Ydsiir 53 sl olen Joole U 5556 5 ol o e
Jole U 58U ol o el plie Y Lol ol ols LS
£33 Oy Joole L 5 5SU gl ol slie O 5 sl Olgy
D- Pentonic acid .(Y Jyd=) Ldls Coie ol )L
d-Galactose «alpha.-d-galactopyranoside Turanose
D- Propanedioic  acid «alpha.-D-Galactopyranose
D-Fructose 3 d-Glucose But-2-enoic acid Xylitol
Oley Jole b oS lp L le DL op 5 o 5 &
Butyric acid (Pentasiloxane .(Y Jsi>) xeils Jol

Trisiloxane Malic acid Phosphoric acid
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Phoma -\ 3\s V"""“"’"‘" 5 ekl A 5l edd olubl T-test «jow 51 ol Hls sae slacd ple Vo (load) Jole ;LY J g

Yo\ 558U gl Silew s ol b Sl yw <slu $A lingum

Table 2. Factor loading of 70 significant metabolites based on T-test from polar fraction in canola- Phoma
lingum pathosystem inoculated with sterilized distilled water and pathogen 48 h after inoculation for factor 1

and factor 2.

Metabolite Name Factorl Factor2  Metabolite Name Factorl Factor2
Number Number

M21 Pentonic acid 0.93 0.05 M25 Valeric acid 0.45 0.05
Mol D-Turanose 0.91 0.37 Ml Phosphoric acid 0.41 0.90
M56 alpha.-d-galactopyranoside ~ 0.90 0.34 M5 Pentasiloxane 0.23 0.97
M39 d-Galactose 0.90 0.15 M31 benzoic acid 0.21 0.72
M46 alpha.-D-Galactopyranose 0.89 0.45 M37 MST7 0.21 0.05
M29 Propanedioic acid 0.87 -0.27 M2 Butyric acid 0.20 0.92
M34 D-Xylitol 0.86 0.34 M33 MST6 0.19 -0.12
M27 But-2-enoic acid 0.85 -0.02 M6 Trimethylsilyl ether of glycerol 0.05 0.70
M40 d-Glucose 0.84 0.39 M49 Palmitic acid 0.00 0.29
M36 D-Fructose 0.82 0.49 M9 Trisiloxane -0.07 0.81
M43 MSTS 0.81 0.52 MS53 D-Mannitol -0.10 0.79
M38 D-Ribose 0.79 0.44 M13 Malic acid -0.16 0.89
M69 Heptacosane 0.79 0.47 M10 Propanoic acid -0.18 0.73
M70 Nonacosane 0.79 0.47 M26 MST4 -0.29 -0.13
M65 Heptadecane 0.79 0.47 M20 MST2 -0.38 -0.27
M66 Tetracosane 0.79 0.47 M28 MSTS5 -0.38 -0.07
Mo68 Pentacosane 0.79 0.47 M54 Talose -0.47 0.44
M67 Eicosane 0.79 0.47 M35 Nonadecane -0.48 -0.21
M47 Galactonic acid 0.78 0.25 M44 Glucopyranose -0.54 -0.38
M55 Stearic acid 0.77 0.48 M18 MST1 -0.61 0.15
MI12 Glycine 0.77 0.38 M57 Gulonic acid -0.65 -0.63
Mo64 Melibiose 0.72 0.49 M41 N-Acetyl glucosamine methoxime  -0.68 -0.24
MS51 .alpha.-D-Mannopyranose 0.71 0.45 Mo60 alpha.-D-Glucopyranoside -0.68 -0.12
M15 L-Proline 0.70 0.45 M32 Butylethylmalonic acid -0.69 -0.12
Mo63 n-Pentadecylcyclohexane 0.70 0.66 M16 2,3,4-Trihydroxybutyric acid -0.71 0.03
M48 D-Gluconic acid 0.68 -0.23 M23 MST3 -0.76 -0.36
M41 d-Mannose 0.65 0.39 M59 MST9 -0.78 -0.05
M4 L-Threonine 0.65 0.57 M50 beta.-1-Galactopyranoside -0.78 0.08
M58 Glucopyranose 0.65 0.33 M45 beta.-DL-Arabinopyranose -0.82 -0.05
M52 Myo-Inosito 0.62 0.60 M23 Ribonic acid -0.83 0.01
Ml11 Maleic acid 0.62 0.75 M30 Pentaric acid -0.88 -0.17
M7 Malonic acid 0.62 0.73 M62 2-Deoxy-galactopyranose -0.90 -0.07
M22 L-Tyrosine 0.60 0.08 M14 Citric acid -0.94 -0.03
M3 Propanoic acid 0.57 0.79 M17 Glutaric acid -0.98 0.02
M8 Succinic acid 0.52 0.78

et YA 53 0 plalis SLS 5 5l sae ¥ SJUT
V8 Jold il osd la s i S 1300 plulis
L R
JS 00 5 asbels N0 el il 5 opl ST el S3
Oryza sativa alaz 3| Cilses Ols 4 40 51 s VTV
Arabidopsis thaliana  japonica (Japanese rice)

LU L e s alis byl 55 L e (thale cress)

YV

Maleic Succinic acid {D-Mannitol Propanoic acid

I Jele LU cp 5 e 5 5 4 Propanoic acid 4 acid
(Y Jads) asls eso Olgy Jolo b 586 6l 5

el ol liben b Lo e Sl s 45 S

R CdUT e 138l 3 L Sl ne slacd plie gl

ol (VW dsa) aus S P lingam-1 IS iSes
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Table 3. The interrelated of pathways detected in canola- Phoma lingum pathosystem with MetaboAnalystR that
have changed with metabolites in Table 1 |: Reduced production, 1: Increased production

P rb R % }l.>u‘ o )::"3
Pathway Name Accrued Changes

Propanoate metabolism

Glyoxylate and dicarboxylate metabolism
Citrate cycle (TCA cycle)

Pentose phosphate pathway

Tyrosine metabolism

Aminoacyl-tRNA biosynthesis

Starch and sucrose metabolism

Chitinase biosynthesis

Jasmonic acid biosynthesis

Ascorbic acid biosynthesis

Hemicellulose biosynthesis

Cellulose biosynthesis

Glycine, serine and threonine metabolism

Cyanoamino acid metabolism
Methane metabolism
Nitrogen metabolism
Glutathione metabolism

Fatty acid elongation in mitochondria
Fatty acid metabolism

Amino sugar and nucleotide sugar metabolism

Biosynthesis of unsaturated fatty acids

Ascorbate and aldarate metabolism
Inositol phosphate metabolism

Succinic acid (])
Propionic acid ()

Citric acid(])
Succinic acid (])

D-Ribose (])
Gluconic acid ()

L-Tyrosine (})
Succinic acid (|)

Glycine (|)
L-Threonine (])
L-Tyrosine (])
L-Proline (])

D-Fructose (])
D-Glucose (|)

N-Acetyl glucosamine (|)

Stearic acid (|)
Palmitic acid (])

L-galactonic acid ()
D-Fructose (])
Mannose (])

Myo-Inositol (|)
D-Glucose ()
D-Galactose (|)

D-Glucose ()

Glycine (|)
L-Threonine (])

Glycine (|)

Palmitic acid ()

D-Mannose ()
D-Fructose (])

Palmitic acid (])
Stearic acid (|)

Myoinositol (|)
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Table 3. Continued

aslal ¥ JJ#

P €L R % }L>r.:‘“ Q‘)::’J
Pathway Name Accrued Changes
Fructose and mannose metabolism D-Mannose ()
Fatty acid biosynthesis Stearic acid ()
Palmitic acid (])

Alanine, aspartate and glutamate metabolism
Butanoate metabolism

Ubiquinone and other terpenoid-quinone biosynthesis
Isoquinoline alkaloid biosynthesis
Phenylalanine, tyrosine and tryptophan biosynthesis

Valine, leucine and isoleucine biosynthesis

proline metabolism

Succinic acid (|)

L-Tyrosine (})

L-Threonine (])
L-Proline (])

a YA 51 ad el A thaliana (g\» ;s o313

Isoquinoline alkaloid (gls o & Ll

Glycine, serine and threonine  biosynthesis

Inositol Tyrosine metabolism etabolism
Citrate cycle (TCA cycle) phosphate metabolism
proline Glyoxylate and dicarboxylate metabolism
Starch and «Galactose metabolism anetabolism

4 Glutathione metabolism s sucrose metabolism
P. lingam-|;18 S 0 55 Sl 5 s lils 5 5

Son

Ll 1S Bl s S s w3 S

Ol Siale wolw Bl (olow 40 Sl b sl
Blod 5l el J 28 SLlS Lyl b o glad 55 al> e
.(Raman et al. 2013) .l j55 a5 Cosb;y s
o S 13AS 2 L8 1 e lie b ol (ol Cgr
SLALS s e ealinal 14 lde Sl Ble (s)las

YVY

*W )
P 1
|
= . ‘
o —f/’ — a5 | |
E \ |
| [
m
[*9 & |
-p 18 -1 05 0 0 E| &
\\_‘ -85 T ]
H“‘--____ II .I
Factor1

I e proc factor 31 Jool> six 53 S st s
3 edsl Gy ls tme cd plie Vo Glsl 3 wlul 5 SAS
Ypb pwlo> o 23 Fimbe 5 oy cele EA CT-test 4 2
s dd Hlasd 9 (P) Silem b o Giale (glad 55 alyo 53 80

(W) o5 5 iy 4 ol
Fig 1. Scatter plot based on projections first two
Factore-vectors of proc factor SAS of abundance of
70  significant metabolites obtained from T-test
analysis, 48 h after inoculation susceptible cultivar
hayola 401 in two cotyledon stage with spores
suspention (Phoma lingum) (P) and sterilized distilled
water (W) using drop-wound method.
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Fig 2. Metabolic pathway analysis (MetPA) in canola- Phoma lingum pathosystem with MetaboAnalystR

software package. All the matched pathways are displayed as circles. The color and size of each circle are based
on p-value (darker colors indicate more significant changes of metabolites in the corresponding pathway) and

pathway impact value, respectively. The most impacted pathways are annotated.

Slasls 55l 5 0lsm LS ol 1 ASU L 6ol

ey ol a4 § o po Caglis 5 ol ke
Solew st gla Sas e 4 SlaolS (Sles
L coalor Sy aS olS 5 Slasely glaslas;
@ Candly pl el sdzmy Sl LSl 0 Oljs oo slis
Jle oo Sl adem a8 Col ol a bl
g ader 5elS o g ol lanndlSe 0as
Lo o sSIS 5580 29 S A e LS 5

03 et 3l 8 ladeig b iomen 5 lad 500

274

Uazj_ﬂ C,A_éb @JM J;J'L) LV.?") &J‘k‘ &'.")U
4 (Koch et al. 1991, Mengistu et al. 1991) x_zl,

SESAR

Do ol 45 s e a8 S 55 el Ol e Ol
S edalie LB Y Yala o35 65, 25 @
sbl gla So 4 ol Olu gy o o3l gl DAL
Air ol b es s b o SU a6 Lo 5 ol
A0S ol ctS 5 M5 oy Sl 4 b Sl
e e g 3 ol St 4 i 5 IS
Cladss addS glaaas Jsb s s opl 4 s

YVv¥



YAO-YFY AVAA Jlu / ¥ ojled / 00 W/ ALE sla s lew

Ubiquinone and other dryptophan biosynthesis
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4 Myo-inositol .(al. 2006, Majumder et al. 2004
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