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Appendix A

Table 4.3 KEGG pathways for up-regulated genes

Pathway

Cyanoamino acid metabolism
Cyanoamino acid metabolism
Aminobenzoate degradation
Aminobenzoate degradation
Flavone and flavonol biosynthesis
Toluene degradation
Nitrogen metabolism
Nitrogen metabolism
Nitrogen metabolism
Nitrogen metabolism
Nitrogen metabolism
Nitrogen metabolism
Flavonoid biosynthesis
Flavonoid biosynthesis
Flavonoid biosynthesis
Flavonoid biosynthesis
Pyruvate metabolism
Pyruvate metabolism

Phenylpropanoid biosynthesis

Segs in Pathway
8

8

14

14

10
10
10

10

21

Enzyme

lyase
beta-glucosidase
hydratase
phosphatase
3'-monooxygenase
dehydrogenase
synthase (NADH)
dehydrogenase [NAD(P)+]
dehydrogenase
reductase [NAD(P)H]
reductase (NADH)
reductase
3-dioxygenase
isomerase

synthase
3'-monooxygenase
carboxylase

lyase

ammonia-lyase

Ezyme ID
ec:4.1.2.10
ec:3.2.1.117
ec:4.2.1.17
ec:3.1.3.2
ec:1.14.13.21
ec:1.1.1.35
ec:1.4.1.14
ec:1.4.1.3
ec:1.4.1.2
ec:1.7.1.2
ec:l.7.11
ec:1.7.99.4
ec:1.14.11.9
ec:5.5.1.6
ec:2.3.1.74
ec:1.14.13.21
ec:6.4.1.2
ec:4.4.15

ec:4.3.1.25

Seqs of Enzyme
7
1
4

10

15

Pathway Image

map00460_20131216054258.png
map00460_20131216054258.png
map00627_20131216054304.png
map00627_20131216054304.png
map00944_20131216054308.png
map00623_20131216054313.png
map00910_20131216054321.png
map00910_20131216054321.png
map00910_20131216054321.png
map00910_20131216054321.png
map00910_20131216054321.png
map00910_20131216054321.png
map00941_20131216054326.png
map00941_20131216054326.png
map00941_20131216054326.png
map00941_20131216054326.png
map00620_20131216054336.png
map00620_20131216054336.png

map00940_20131216054340.png



Phenylpropanoid biosynthesis
Phenylpropanoid biosynthesis
Lysine biosynthesis

Arginine and proline metabolism
Arginine and proline metabolism
Butanoate metabolism
Butanoate metabolism
Butanoate metabolism

Benzoate degradation

Pentose and glucuronate

interconversions
Phenylalanine metabolism
Phenylalanine metabolism
Phenylalanine metabolism
Phenylalanine metabolism
Fatty acid degradation
Fatty acid degradation
Fatty acid degradation
Fatty acid degradation

Streptomycin biosynthesis

Amino sugar and nucleotide sugar

metabolism

Purine metabolism

21

21

12

25

25

25

25

16

ammonia-lyase
lactoperoxidase

N-succinyltransferase

dehydrogenase [NAD(P)+]

dehydrogenase
hydratase
epimerase
dehydrogenase

hydratase

pectin demethoxylase
hydratase
ammonia-lyase
ammonia-lyase
lactoperoxidase
hydratase

epimerase
dehydrogenase
isomerase

synthase

chitodextrinase

phosphatase

ec:4.3.1.24

ec:1.11.1.7

ec:2.3.1.117

ec:1.4.1.3

ec:1.4.1.2

ec:4.2.1.17

ec:5.1.2.3

ec:1.1.1.35

ec:4.2.1.17

ec:3.1.1.11

ec:4.2.1.17

ec:4.3.1.25

ec:4.3.1.24

ec:1.11.1.7

ec:4.2.1.17

ec:5.1.2.3

ec:1.1.1.35

ec:5.3.3.8

ec:5.5.14

ec:3.2.1.14

ec:3.6.1.15

15

12

15

15

10
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map00940_20131216054340.png
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map00330_20131216054356.png
map00330_20131216054356.png
map00650_20131216054402.png
map00650_20131216054402.png
map00650_20131216054402.png

map00362_20131216054407.png

map00040_20131216054416.png
map00360_20131216054422.png
map00360_20131216054422.png
map00360_20131216054422.png
map00360_20131216054422.png
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map00521_20131216054433.png

map00520_20131216054438.png
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Purine metabolism

Glycine, serine and threonine

metabolism

Carbon fixation in photosynthetic

organisms

Riboflavin metabolism
Selenocompound metabolism
Selenocompound metabolism
Diterpenoid biosynthesis
Glutathione metabolism
Limonene and pinene degradation
Oxidative phosphorylation
Oxidative phosphorylation
Oxidative phosphorylation
Terpenoid backbone biosynthesis
Terpenoid backbone biosynthesis
Terpenoid backbone biosynthesis
Caprolactam degradation
Caprolactam degradation

T cell receptor signaling pathway
Propanoate metabolism
Propanoate metabolism

Propanoate metabolism

16

10

11

11

11

17

17

17

adenylpyrophosphatase

dehydrogenase

carboxylase

phosphatase
gamma-synthase
gamma-lyase
13alpha-hydroxylase
transferase

hydratase

oxidase

dehydrogenase (quinone)
reductase (H+-translocating)
reductase (NADPH)
diphosphate synthase
Delta-isomerase
hydratase

dehydrogenase
protein-tyrosine kinase
hydratase

carboxylase

ligase (ADP-forming)

ec:3.6.1.3

ec:1.1.99.1

ec:4.1.1.39

ec:3.1.3.2

ec:2.5.1.48

ec:4.4.1.11

ec:1.14.13.77

ec:2.5.1.18

ec:4.2.1.17

ec:1.9.3.1

ec:1.6.99.5

ec:1.6.5.3

ec:1.1.1.34

ec:2.5.1.29

ec:5.3.3.2

ec:4.2.1.17

ec:1.1.1.35

ec:2.7.10.2

ec:4.2.1.17

ec:6.4.1.2

ec:6.2.1.5
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map00710_20131216054453.png
map00740_20131216054458.png
map00450_20131216054504.png
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map00904_20131216054508.png
map00480_20131216054516.png
map00903_20131216054521.png
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Tyrosine metabolism
Fatty acid elongation
Fatty acid elongation
Fatty acid biosynthesis
Fatty acid biosynthesis
Tryptophan metabolism
Tryptophan metabolism
Other glycan degradation
Aflatoxin biosynthesis

Tetracycline biosynthesis

Biosynthesis of unsaturated fatty acids

Alanine, aspartate and
metabolism

Alanine, aspartate and
metabolism

Alanine, aspartate and
metabolism

Geraniol degradation
Geraniol degradation
Valine, leucine and
degradation

Valine, leucine and

degradation

glutamate

glutamate

glutamate

isoleucine

isoleucine

10

10

oxidase
hydratase
dehydrogenase
carboxylase
carboxylase
hydratase
dehydrogenase
mannanase
carboxylase
carboxylase

hydratase

synthase (NADH)

dehydrogenase [NAD(P)+]

dehydrogenase

hydratase

dehydrogenase

hydratase

dehydrogenase

ec:1.10.3.1

ec:4.2.1.17

ec:1.1.1.35

ec:6.3.4.14

ec:6.4.1.2

ec:4.2.1.17

ec:1.1.1.35

ec:3.2.1.25

ec:6.4.1.2

ec:6.4.1.2

ec:4.2.1.17

ec:1.4.1.14

ec:1.4.1.3

ec:1.4.1.2

ec:4.2.1.17

ec:1.1.1.35

ec:4.2.1.17

ec:1.1.1.35
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map00380_20131216054609.png
map00380_20131216054609.png
map00511_20131216054614.png
map00254_20131216054618.png
map00253_20131216054622.png

map01040_20131216054628.png

map00250_20131216054634.png

map00250_20131216054634.png

map00250_20131216054634.png

map00281_20131216054638.png
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map00280_20131216054643.png

map00280_20131216054643.png



Thiamine metabolism

beta-Alanine metabolism

Primary bile acid biosynthesis
D-Glutamine and D-glutamate
metabolism

Sulfur metabolism

Drug metabolism - other enzymes
Drug metabolism - cytochrome P450
Glyoxylate and dicarboxylate
metabolism

Isoquinoline alkaloid biosynthesis
Lysine degradation

Lysine degradation

Ascorbate and aldarate metabolism

C5-Branched dibasic acid metabolism

Metabolism  of  xenobiotics by

cytochrome P450

Galactose metabolism

Citrate cycle (TCA cycle)
Citrate cycle (TCA cycle)
Starch and sucrose metabolism
Starch and sucrose metabolism

Starch and sucrose metabolism

10

20

20

20

phosphatase
hydratase

dehydrogenase

dehydrogenase [NAD(P)+]
gamma-synthase
ali-esterase

transferase

carboxylase
oxidase
hydratase
dehydrogenase
oxidase

ligase (ADP-forming)

transferase

invertase

citrate synthase

ligase (ADP-forming)
endo-1,3-beta-D-glucosidase
invertase

Pectin demethoxylase/methylesterase

ec:3.6.1.15

ec:4.2.1.17

ec:1.1.1.35

ec:1.4.1.3

ec:2.5.1.48

ec:3.1.1.1

ec:2.5.1.18

ec:4.1.1.39

ec:1.10.3.1

ec:4.2.1.17

ec:1.1.1.35

ec:1.10.3.3

ec:6.2.1.5

ec:2.5.1.18

ec:3.2.1.26

ec:2.3.3.8

ec:6.2.1.5

ec:3.2.1.39

ec:3.2.1.26

ec:3.1.1.11
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map00660_20131216054753.png
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map00500_20131216054823.png



Inositol phosphate metabolism
Glycerolipid metabolism
alpha-Linolenic acid metabolism
alpha-Linolenic acid metabolism
Linoleic acid metabolism

Cysteine and methionine metabolism
Cysteine and methionine metabolism
Cysteine and methionine metabolism
Phenylalanine, tyrosine and

tryptophan biosynthesis

Phenylalanine, tyrosine and
tryptophan biosynthesis
Phenylalanine, tyrosine and
tryptophan biosynthesis

Carbon  fixation  pathways in
prokaryotes
Carbon  fixation  pathways in
prokaryotes
Carbon  fixation  pathways in
prokaryotes
Carbon  fixation  pathways in
prokaryotes

Taurine and hypotaurine metabolism

17

17

17

17

1

synthase

lipase

hydratase
13S-lipoxygenase
13S-lipoxygenase
gamma-synthase
gamma-lyase

oxidase

dehydratase

dehydrogenase

dehydrogenase

dehydrogenase

citrate synthase

carboxylase

ligase (ADP-forming)

dehydrogenase

ec:5.5.14

ec:3.1.1.3

ec:4.2.1.17

ec:1.13.11.12

ec:1.13.11.12

ec:2.5.1.48

ec:4.4.1.11

ec:1.14.17.4

ec:4.2.1.10

ec:1.1.1.25

ec:1.1.1.282

ec:1.1.1.35

ec:2.3.3.8

ec:6.4.1.2

ec:6.2.1.5

ec:1.4.1.2
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map00400_20131216054856.png
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Table 4.4 KEGG pathways for down-regulated genes

Pathway

Retinol metabolism

Steroid hormone biosynthesis
Tryptophan metabolism

Linoleic acid metabolism
Arachidonic acid metabolism

Drug metabolism - cytochrome P450
Oxidative phosphorylation

Metabolism of xenobiotics by cytochrome P450
Carbon fixation in photosynthetic organisms

Glyoxylate and dicarboxylate metabolism
Aminobenzoate degradation
Caffeine metabolism

Fatty acid degradation

Segs in
Pathway

g » o0 o0 o o o G

w

g o1 01 W

Enzyme

monooxygenase

monooxygenase

monooxygenase

Monooxygenase

monooxygenase

Monooxygenase

NADH:ubiquinone reductase (H+-translocating)

monooxygenase
ribulose-bisphosphate carboxylase/ribulose 1,5-bisphosphate
carboxylase/oxygenase
ribulose-bisphosphate carboxylase/ribulose 1,5-bisphosphate
carboxylase/oxygenase

monooxygenase
monooxygenase

monooxygenase

Enzyme ID
ec:1.14.14.1
ec:1.14.14.1
ec:1.14.14.1
ec:1.14.14.1
ec:1.14.14.1
ec:1.14.14.1
ec:1.6.5.3

ec:1.14.14.1

ec:4.1.1.39

ec:4.1.1.39

ec:1.14.14.1
ec:1.14.14.1
ec:1.14.14.1

Seqs of
Enzyme

g » o0 o0 o0 oo g g

w

g o1 01 W

Pathway Image
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Table 4.5 BLAST hits for up-regulated transcripts involved in host-pathogen

interaction

Seq. Name

Signal Perception
MDC002287.314.2
MDCO007527.344.1
MDC021939.232.1
MDC024587.31.1
MDC005111.352.1
MDCO005111.339.5
MDC005111.339.3
MDCO005111.339.2

MDC008279.241.1
MDC018545.561.5

MDC021678.122.1
MDC004018.301.1

MDC007170.566.1
MDC020984.573.5
MDC020984.573.2
MDC020984.573.1

MDC007092.798.7
MDC007092.798.4

MDC007092.798.3
MDC007092.798.2
MDC009345.248.3

MDC002049.218.2
MDC011518.548.8
MDC011518.548.7
MDC002426.446.2

MDC002426.446.1
MDC000839.494.5

MDC000839.494.4
MDC000839.494.1

MDC019629.366.1
MDC009645.284.1
MDC004079.537.2
MDC016149.194.4
MDC001405.281.1

MDC010317.647.3

Seq.
Seq. Description Length
receptor-like protein 12-like 2735
receptor-like protein 2950
receptor-like protein 12-like 3028
receptor-like protein 3052
wall-associated receptor kinase-like 2-like 2656
wall-associated receptor kinase-like 10-like 4298
wall-associated kinase 1443
wall-associated receptor kinase-like 10-like 3470
probable Irr receptor-like serine threonine-protein
kinase at4g08850-like 331
probable receptor-like protein kinase at1g67000-like 3829
probable Irr receptor-like serine threonine-protein
kinase at3g47570-like 3200
receptor-like protein kinase hsl1-like 3186
probable leucine-rich repeat receptor-like protein kinase
at1g35710-like 1562
cysteine-rich receptor-like protein kinase 25-like 4432
cysteine-rich receptor-like protein kinase 29-like 2563
cysteine-rich receptor-like protein kinase 10-like 211
probable Irr receptor-like serine threonine-protein
kinase at1g56130-like 425
leucine-rich repeat transmembrane protein kinase 786
probable Irr receptor-like serine threonine-protein
kinase at1g56130-like 969
leucine-rich repeat transmembrane protein kinase 4682
domain-containing receptor-like kinase 1042
leucine-rich repeat receptor-like serine threonine
tyrosine-protein kinase sobirl-like 3916
probable Irr receptor-like serine threonine-protein
kinase at3g47570-like 541
probable Irr receptor-like serine threonine-protein
kinase at3g47570-like 949
probable Irr receptor-like serine threonine-protein
kinase at4g08850-like 4589
probable Irr receptor-like serine threonine-protein
kinase at4g08850-like 1231
receptor-like protein kinase 2054
probable Irr receptor-like serine threonine-protein
kinase at1953430-like 2462
probable Irr receptor-like serine threonine-protein
kinase at1953430-like 1382
probable Irr receptor-like serine threonine-protein
kinase at3g47570-like 3938
probable receptor-like protein kinase at1g67000-like 1460
receptor-like protein 12-like 3232
serine threonine-protein kinase bril-like 1 3442
serine threonine-protein kinase bril-like 1 3391
brassinosteroid insensitive 1-associated receptor kinase
1 1107

min. e-Value

0.0
0.0
0.0
0.0
0.0
0.0
5.83033E-94
0.0

1.01074E-31
0.0

0.0
0.0

1.79318E-116
9.75676E-98
4.14125E-81
7.78395E-17

2.23882E-17
5.77482E-63

4.15122E-22
1.04104E-46
3.43549E-17

0.0

5.81304E-85

1.0492E-111

2.46384E-97

5.51702E-77
3.63884E-16

5.40775E-55

3.4281E-32

0.0
1.61789E-99
0.0
0.0
0.0

1.69001E-35

mean Similarity

64.1%
88.05%
67.45%
80.9%
85.8%
83.75%
64.15%
83.75%

76.3%
83.45%

69.95%
77.35%

55.25%
64.2%
63.0%
58.65%

53.35%
82.45%

75.7%
76.45%
61.25%

83.1%

80.05%

71.65%

77.05%

76.7%
47.6%

47.1%

70.45%

65.9%
55.1%
69.05%
80.75%
80.95%

66.85%
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MDC022288.177.2
MDC006535.173.1
MDC006536.318.1
MDC025597.72.3

Transporters
MDC018794.69.2
MDCO008614.269.3
MDC006067.135.4
MDCO016275.388.1
MDC019951.202.2
MDCO010152.224.1
MDC020082.224.2
MDCO007204.286.2
MDC001429.373.2
MDC010152.224.4
MDC012037.134.1
MDC013395.260.3
MDC009483.39.2
MDCO000756.383.1
MDC013314.817.1
MDCO017657.246.1

Detoxification

MDC012537.136.1
MDC003871.314.1
MDC015352.236.1
MDC011571.171.1
MDC006653.333.1
MDC000463.206.1
MDCO007779.587.1
MDC000838.123.1
MDC018770.180.1
MDC000893.308.1
MDC011028.370.2
MDC001715.363.1
MDC013427.515.1
MDC006843.302.1
MDC001204.808.1
MDC021421.104.2

Secondary Metabolites

MDC017443.214.1

receptor-like protein kinase hsl1-like
dual specificity protein kinase spla-like
kinesin-related protein 8-like isoform x2

kinesin-related protein 8-like isoform x2

sorbitol transporter

sorbitol transporter

sorbitol partial

abc transporter i family member 20-like

abc transporter d family member chloroplastic-like
abc transporter g family member 11-like
pleiotropic drug resistance protein 2-like
phosphate transporter

oligopeptide transporter 3-like
white-brown-complex abc transporter family
lysine histidine transporter-like 8-like

probable plastidic glucose transporter 1-like

lysine histidine transporter-like 8-like

probable peptide nitrate transporter at5g62680-like
phosphate transporter isoform 1

blight-associated protein partial

cytochrome p450 734al-like
cytochrome p450 82a3-like
cytochrome p450
cytochrome p450
cytochrome p450 82a3-like
cytochrome p450
cytochrome p450 734al-like
cytochrome f
apocytochrome b
cytochrome p450 71a25-like
cytochrome p450
cytochrome p450 71al-like
cytochrome p450 90al-like
cytochrome p450 716b1-like
glutathione s-transferase

glutathione s

chalcone synthase

814
1210
3122
4263

2563
4158
2205
550
872
358
6778
659
2488
3675
229
893
227
1068
1552
1393

2289
2044
1106
1186
2401
6209
919
835
405
613
1768
826
1665
319
1117
328

1574

1.18246E-117
5.52146E-25
0.0
5.79366E-178

0.0

0.0
2.66981E-63
1.71062E-114
2.60522E-30
6.82948E-27
0.0
1.12575E-133
1.33796E-92
0.0
7.66257E-36
5.70938E-26
1.01417E-19
7.0125E-124
0.0
1.35925E-49

6.07244E-142
1.03802E-138
5.82899E-170
0.0
7.07815E-138
1.6861E-136
4.52783E-159
1.03479E-180
2.57263E-87
4.87174E-82
0.0
2.5593E-175
1.65571E-53
1.10648E-50
4.72536E-76
4.70361E-58

0.0

82.85%
100.0%
61.6%
60.1%

87.55%
85.5%
95.6%
91.6%
88.15%
76.05%
91.3%
94.35%
93.9%
81.45%
81.8%
93.9%
93.5%
75.65%
91.6%
84.25%

74.4%
72.0%
83.85%
75.75%
71.35%
78.6%
75.3%
95.25%
98.75%
79.6%
78.6%
71.65%
89.55%
88.3%
77.9%
88.75%

88.05%



MDC011812.165.1
MDC009581.158.1

Resistance Proteins
MDC015654.280.1
MDCO015654.424.1
MDC008721.170.1
MDC020369.172.2
MDC016420.630.4
MDCO000427.113.1
MDC022837.465.1
MDC019950.237.1
MDCO013853.361.1

Photosynthesis

MDC013754.149.2
MDC018698.251.1
MDC007463.318.1
MDC015331.156.1
MDC006187.447.2
MDC002986.249.1

Transcription factors

MDC033588.6.4

MDC017895.316.1
MDCO035519.7.1

MDC007698.491.1
MDC015642.226.1
MDC001475.298.3
MDC011101.167.1

Defence
MDCO013032.460.1
MDC013032.473.2
MDC015282.544.1
MDC030146.5.1
MDCO009167.350.1
MDC011784.298.2
MDC011784.298.1

Cell wall modification

MDC010817.271.5

chalcone synthase

flavanone 3-dioxygenase-like

disease resistance family protein Irr family
disease resistance family protein Irr family
probable disease resistance protein at5g66900-like
probable disease resistance protein at5g66900-like
nbs-Irr protein

enhanced disease susceptibility 1

disease resistance protein rga3-like

disease resistance response protein 206-like

disease resistance protein rpm1-like

ribulose-bisphosphate carboxylase oxygenase large
subunit

photosystem ii cp43 chlorophyll partial
photosystem i p700 apoprotein a2

photosystem i p700 chlorophyll a apoprotein al
photosystem i p700 apoprotein a2

photosystem i p700 apoprotein partial

probable wrky transcription factor 51-like
probable wrky transcription factor 33-like
probable wrky transcription factor 70-like
wrky transcription

wrky transcription factor 6-like

myb 12 transcription factor

zinc finger

beta-glucanase
beta-glucanase
beta-glucanase
beta-glucanase
thaumatin-like protein
class iv chitinase

class iv chitinase

beta-glucosidase 24-like

743
1956

1265
1600
375
1868
785
2408
1219
399
2827

682
238
932
790
1004
406

3606
1974
328
449
158
3671
1287

946
1231
973
913
691
2738
616

2448

9.26653E-154
4.70111E-60

1.87638E-110
8.37758E-133
4.93111E-31
5.2072E-63
4.23408E-43
0.0
3.45626E-108
2.82335E-36
0.0

4.40302E-157
1.07474E-34
0.0
3.85742E-166
0.0
1.84807E-79

4.31046E-23
0.0

1.01308E-22
5.40556E-43
7.98041E-20
7.34482E-41
1.41101E-38

0.0

0.0

0.0

0.0
2.91189E-138
5.78221E-78
1.32266E-85

5.19178E-44

98.5%
87.15%

63.4%
61.75%
65.75%
71.45%
59.1%
70.75%
68.1%
68.2%
78.55%

96.0%
90.6%
99.95%
98.0%
99.95%
98.65%

86.5%
74.75%
58.0%
57.45%
79.5%
62.7%
93.75%

87.1%
87.9%
83.1%
88.35%
86.4%
86.3%
86.85%

75.45%



MDC009345.248.5 plant invertase pectin methylesterase inhibitor 1790 2.99961E-16 63.85%
MDC007696.347.1 plant invertase pectin methylesterase inhibitor 2224 5.41223E-13 62.88%
MDC011414.254.4 phenylalanine ammonia-lyase 2990 0.0 95.65%
MDC022151.329.4 phenylalanine ammonia-lyase 3419 0.0 96.1%
MDC022151.340.2 phenylalanine ammonia-lyase 3107 0.0 96.2%
MDC017169.202.1 phenylalanine ammonia-lyase 3174 0.0 94.75%
MDC015907.151.1 peroxidase 3-like 472  6.55516E-77 80.9%
Table 6.1 BLAST hits for transcriptome sequences four dpi
Seq. Name Functional Description Seq. min. e Value mean
Length Similarity
Signal perception
MDC000726.370.2 probable serine threonine-protein kinase 181 5.66943E-25 91.7%
at4g35230-like isoform 2
MDCO010746.224.2 serine threonine-protein kinase riol-like 1237  4.2585E-29 60.15%
MDC000226.496.5 reticuline oxidase-like 1588 0.0 83.75%
MDC000726.370.1 receptor protein 622 9.87509E-43 99.55%
MDC022760.144.1 leucine-rich repeat containing 641 3.31016E-100 66.55%
MDCO011524.743.1 leucine-rich repeat receptor protein kinase 3523 0.0 79.55%
exs-like
Defence proteins
MDC002485.209.2 glucan endo-beta-glucosidase 11 isoform 3 580 1.7987E-66 91.75%
Transport |
MDCO003519.375.1 abc transporter b family member 8-like 1855 1.64501E-70 91.25%
MDC022358.366.1 atp binding protein 589 1.8513E-110 86.65%
MDC022358.211.1 atp binding protein 481  4.62228E-88 81.3%
Detox |
MDC026986.10.3 cytochrome p450 like thp 238  1.79342E-42 83.85%
MDC012440.297.5 cytochrome p450 71a25-like 2881 8.65159E-32 79.75%
MDC012901.193.1 cytochrome p450 like thp 552  2.25697E-27 89.4%
MDC008223.286.1 cytochrome p450 like thp 317  4.94169E-52 90.05%
MDC004040.483.1 cytochrome p450 like thp 134  8.6702E-22 91.36%
MDC006042.67.1 cytochrome p450 like tbp 199  4.52778E-27 87.68%
MDC005345.248.2 thioredoxin-like 1- chloroplastic-like 1003 5.2755E-96 75.7%
Disease Resistant |
MDC017187.315.1 syntaxin t-snare family 1888  4.40529E-81 58.73%
MDC004759.111.5 syntaxin of plants 220 5.41642E-37 90.85%
MDC001689.403.1 disease resistance gene 622  4.03985E-90 72.6%
Transcription |
MDC011591.183.2 probable wrky transcription factor 70-like 325 5.22574E-15 58.2%
MDCO004759.111.1 transcription initiation factor tfiid subunit 6- 2533  1.2209E-16 89.9%
MDC012233.162.1 :Irli(heelix transcription factor gt-3b-like 211  6.71864E-31 89.4%
MDC023703.33.1 zinc finger protein 540 1.64981E-45 61.65%
MDC018645.239.1 ring finger protein 720  3.52149E-58 70.75%
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Hormone synthesis

MDC019559.196.2 | gibberellin 3-beta-dioxygenase 4-like
Protein synthesis

MDC001225.168.3 | eukaryotic initiation factor 4a-3-like
Protein destination and storage

MDC005345.248.1 | chaperone protein dnaj chloroplastic-like
Response to abiotic stress

MDC016220.263.1 | galactinol synthase

172

247

418

1128

3.9927E-30 91.3%

1.18267E-16 75.75%

5.26352E-39 88.1%

1.71498E-38 92.65%

Table 6.2 BLAST hits for protein sequences four dpi

Seq. Name Functional Description Seq. Length  min. mean

e Value Similarity
Redox
Spotl Abscisic acid stress ripening protein homolog 233 8.9423E-10 57.5%
Spot7 Chloroplast heat shock protein 70 737 0.0 85.4%
Spot11 Thioredoxin 180 5.85448E-80 80.35%
Energy
Spot2 Triosephosphate isomerase 254 1.83741E-148 92.05%
Spot3 Triosephosphate isomerase 254 1.39823E-148 92.05%
Spot4 Ribulose-bisphosphate carboxylase oxygenase large subunit 226 1.54227E-156 95.8%
Spot12 Ribulose bisphosphate carboxylase oxygenase activase chloroplast 492 0.0 85.8%
Spot13 Oxygen-evolving enhancer protein chloroplast 332 0.0 94.3%
Disease/Defense
Spot5 MiIp-like protein 153 1.08178E-62 76.7%
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Appendix B

Rl i e I e b b b b b A Ib b b b S S A b b b b 2 S AR I b b b S AR I b b b b S AR I b b b i dh A b b i e AR A A b b b i S g Y

>library (limma)
>library (edgeR)

#Read everything in and merge the technical replicates
timepoint <- factor(c(0,2,4,8,12,0,2,4,8,12))

conds <- factor(c(rep("untreated", 5), rep("treated",b)),
levels=c ("untreated", "treated"))

Data2 <- read.table("merged counts.txt", header=T, row.names=1)
Data2$untreatedl <- Data2Suntreatedl + Data2Suntreatedl.l
Data2Suntreated4 <- Data2$untreated4 + Datal$untreatedd.l
Data2Suntreated5 <- Data2Suntreated5 + Data2Suntreated5.1
Data2$Streatedl <- Data2S$treatedl + Datal2S$treatedl.l +
Data2$treatedl.?2

Data2$treated?2 <- Data2S$treated?2 + Datal2S$treated2.1 +
Data2$treated2.2

Data2$Streated4 <- Datal2S$Streated4 + DatalS$Streated4.l +
Data2$treated4.?2

Data?2 <- Data2[,-c(2,6,8,10,11,13,14,17,18)]

design <- model.matrix(~conds+timepoint)

nf <- calcNormFactors (Data?2)

v <- voom(Data2, design=design, plot=F, lib.sizes=colSums (Data) *nf)
plotMDS (v, top=50, labels=names (Data),

col=ifelse (conds==unique (conds) [1], "blue", "red"),
gene.selection="common")

#fit the model
vi <- ImFit (v, design=design)
v <- eBayes (vi)

#Do we have DE genes?
summary (decideTests (vf))
vennDiagram (decideTests (vf) [,-11])

#Extract the DE genes and make an intersection
tt <- topTable (vf, coef="condstreated", n=1000000)
DEtreatment <- subset (row.names (tt), tt$adj.P.vVal < 0.1)
DEtimepoints <- c{()
for(i in c(2:5)) {

tt <- topTable(vf, coef=i, n=1000000)

DEtimepoints <- c(DEtimepoints, subset (row.names (tt),
tt$adj.P.val < 0.1))
}

DEtimepoints <- unique (DEtimepoints)

This section answered the question on how to extract DE's for
timepoint4

> tth <- topTable(vf2, coef="timepoint4", n=400000)

> USE5 <- which(tt5$%$adj.P.val < 0.05)
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> length (which (tt5%$adj.P.Val < 0.05))

Extract genes from tt5 using the following:

USE <- which (tt5%adj.P.Val<0.05)

tt5[USE, ]

write.table (tt5[USE5,], file="Timepoint4.xls", sep="\t", col.names =
NA)

KA KA R A A A A A A A A A A A A A A A A AR AR AR AR AR AR AR AR AR A AR A AR A A AR AR AR A A A A A A AR ARk kK

KA AR A A A A A A A A A A A A A A A A A A A AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR A A A A A A A A A x Xk K

The following scripts and commands were used to extract the genes
from the apple genome and submitted to Blast2GO.

perl fetch.MDP.with.RLOC v2.pl apple genome.gtf 398 DE2.txt >
398 2.RLOC

grep -f 398 DE.txt apple genome.gtf > miniature annotation 398.gff
For up-regulated genes:

copy up-regulated RLOC's in Excel to Word (paste special,
unformatted text, save as plain text, M Dos. pico file, save as Mac
format in Terminal (Mac application).

grep -f up-regulated.txt apple genome.gtf >

miniature annotation up.gff

perl gtf2bed.pl miniature annot up.gff > minUp.bed

Use this command:

perl gtf2bed.pl miniature annotation 398.gff > min 2.bed to get only
1164 RLOC/MDPs which correspond to 398.RLOC file

Open the .bed file in Excel, copy first 3 columns in Excel file to
Word (paste special, unformatted text, save as plain text, M Dos.

pico file save as Mac format in Terminal (Mac application).

Convert apple genome to one liner:
perl fasta.one.line.pl apple genome.fa copy > apple one line.fasta

To extract sequences from apple genome (only 1164 in this case)

perl substr.pl Header list miniature annotation2.txt
apple one line.fasta > 1164.fasta

Open min 162.bed in Excel, copy 3 columns to Texteditor file. pico
from Mac format to Dos format.
perl substr.pl Header 162.txt apple one line.fasta > 162.fasta

For all the ID's (398)
perl substr.pl Header.min 2.txt apple one line.fasta > ALL2.fasta

To extract ID's from topTable
perl fetch.by.IDfromtextfile.pl 398 DE.txt toptableZ.txt > 398logFC

Use this script to re-name the repeats in the ALL2.fasta file for
Blast2GO input:
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perl reconcile.repeated.ids.pl 398.txt > 398.2.txt

Rl i b I e b b b b b A b b b b S S A b b b b 2 S AR A b b b e db SR db b b b b A S b b I b A A b b b S A A b b i i S g 4

Appendix C

convert.py script

RS b b b g b b b I b b b db b b b g b b b b b b S b b b db b b b b b b b db b b b g b b b g b b b g b b b g b b S d b b g b b b g g b (b I 4
#!/usr/bin/env python

import csv

import re

import sys

f = csv.reader (open("apple genome.gff3", "r"), dialect="excel-tab")
of = open("apple genome.cleaned.gff3", "w")
offset = 0

current contig = ""
for line in f
#The version or other similar lines can simply be copied over
if (1ine[0][0] == "#")
of .write ("%s\n" % line[0])

continue

#skip any chromosome or cluster lines
if(line[2] == "chromosome" or line[2] == "cluster")

continue

#If we've hit a new contig, store the name and the associated
offset

if(line[2] == "contig")
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offset = int (line[3]) - 1
matches = re.search("ID=([\w\.]+);", 1line[8])
if (matches == None)

sys.exit (line)

current contig = matches.group (1)

of .write ("%$s\t%s\t%s\t%i\t%i\t%s\t%s\t%s\t%s\n" %
(current contig, line[l], line[2], int(line[3]) - offset,
int (line[4]) - offset, line[5], line[6], line[7], 1line[81]))

of.close ()
B i e e e b b b b b I b e b b b b b b b b b b b b b b b b b b b b b b b b b b I b b b b 2 b b a2 b b b b b b I b b db b b b b i b b b 4

merge.py script
R i I b I i b b b b I I b ah Ib b b b I S S dh b b S S S S S S S S i i S S S S S S i i e S S Sb b b b b b db db Ib (b b 3 b db db db Ib b b b b g 4

#!/usr/bin/python
FHEHH A F A R

# example.py - a program to #
# #
# #
# Purpose: merge count tables #
# #
# Usage: python merge tables guide file #
S i i

#looks for text guide file

#that contains files to be merged with column headers (space
separted)

#ie

#filel.counts untreatedl

#file2.counts untreated?2

#file3.counts treatedl

#filed.counts treated2

#this will generate a tab separated table like this
#

#gene untreatedl untreated? treatedl treated?
#genel 0 0 0 O

#gene2 1 0 11 10

FHAFHHHHEH AR A A AR H AR
import sys
try:
infile = open(sys.argv[l])
except IndexError:
print "No guide file provided"
sys.exit ()
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#make dict of genes with list of counts

#1list is ordered so treatments will be preserved.

#genes = {'genel':[1,2,3,4]}

#header keeps track of treatment order, will be as read from config
col header = []

genes = {}

outfile = open('merged counts.txt',6 'w')

for line in infile:
filename,header = line.strip().split ("' ")
try:
data f = open(filename)
except IOError:
print "%s can't be found?"%filename
sys.exit ()

col header.append (header)

#read file and add gene and counts to the dict
for line in data f:
gene,count = line.strip().split('\t'")
if gene not in genes:
genes[gene] = [count]
else:
genes[gene] .append (count)
#important to close file
data f.close()

infile.close ()
outfile.write('gene\t'+'\t'.join(col header)+'\n')

for gene in genes:
data = genes|[gene]
#make sure each treatment has a count for this gene
#this should catch most errors
try:
assert len(data) == len(col header)
except AssertionError:
print "one of the treatment or genes is missing or extra"
print "data, found the problem here:"
print gene,data
print "while %s columns of treatments
given" %len(col header)
sys.exit ()

out data = gene+'\t'+'\t'.join(data)+'\n'
outfile.write (out data)

outfile.close()
print "Merged table is 'merged counts.txt'"

R IRt i i dh i I I Sh S S e dh I Sh b Ib I Sb b db I db b 2b I Sb b db i db b db b db b b b db S S S b S 2b S I S b S S S b S 2b S b S b S b Sb b S b S 4
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fetch.MDP.with.RLOC v2.pl

Rl i b I e b b b b b R A b b b b S S A b b b b 2 S AR i b b b S A b b b b b b AR dh b b b b A A b b b b e AR AR b b i i e S 4

#!/usr/bin/perl -w

#AUTHOR Mbandi S.K (ksmbandi@sanbi.ac.za)
#South African National Bioinformatics Institute

my Sgtf = shift || die "\nusage: perl fetch.MDP.with.RLOC.pl
GTF.file RLOC.file\n\n";
my S$rloc = shift || die "\nusage: perl fetch.MDP.with.RLOC.pl

GTF.file RLOC.file\n\n";;

my Stemp = "S${gtf}.tab";

my (%$hash, S%tab);

open (GTF, $gtf);

open (TAB, "> S$Stemp");

while (<GTEF>) {
$ =~ m/.+(MDP\d{10}) .+ (RLOC \d{8})/;
my S$transcript = $1; #print Stranscript."\n";
my Slocus = $2; #print S$S$locus."\n";
Shash{S$Stranscript} = S$locus;

}

foreach my Skey ( keys %hash ) {

print TAB S$hash{S$key}."\t".S$key."\n";

}

close GTF;

close TAB;

open (TAB, S$Stemp):;

while (KTAB>) {
chomp $ ;
my @data = split("\t", $ );
Stab{s$datall]} = Sdatal[0];

}

close TAB;

open (RLOC, $rloc);
while (<RLOC>) {
chomp $ ;
foreach my Skey ( keys %tab ) {
if ($_ eqg Stab{s$key}) {
print $ ."\t".Skey."\n";
#print Skey."\n";
}
}

}
close RLOC;

KA KA R AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AN A AR AR AR A A A A A kA A Ak A Ak Ak kA ko k%
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gtf2bed.pl

KA A AR AR A A AR A A A A A A AR A A AR AR AR AR AR AR AN AR AR AR A A A A A A Ak Ak Ak kA hA Ak kA hA vk Ak k k%

#!/usr/bin/perl

# Copyright (c) 2011 Erik Aronesty (erik@g32.com)
#

use Data: :Dumper;
$in = shift QARGV;

open IN, ($in =~ /\.gz$/ ? "gunzip -c $in" : $in =~ /\.zip$/ ?
"unzip -p $in" : "S$in");

while (<IN>) {

Sgff = 2 if /"##gff-version 2/;

Sgff = 3 if /"##gff-version 3/;

next if /~#/ && Sgff;

s/\s+8//;

# O-chr l-src 2-feat 3-beg 4-end 5-scor 6-dir 7-fram 8-attr
my @Qf = split /\t/;

if (Sgff) {

# most ver 2's stick gene names in the id field

($id) = Sf[8]=~ /\bID="([""]1+)"/;

# most ver 3's stick unquoted names in the name field
($id) = $f[8]=~ /\bName=(["";]+)/ if !$id && S$Sgff == 3;
} else {

($id) = $f[8]=~ /transcript id " ([""1+)"/;

}

next unless $id && $f[0];

if ($f[2] eq 'exon') {

die "no position at exon on line $." if ! $f[3];

# gff3 puts :\d in exons sometimes

$id =~ s/:\d+$// if $gff == 3;

push @{Sexons{$id}}, \@f;

# save lowest start

Strans{$id} = \Qf if !Strans{$id};

} elsif ($f[2] eqg 'start codon') {

foptional, output codon start/stop as "thick" region in bed
$sc{$id}->[0] = $S£[3];

} elsif ($f[2] eg 'CDS'") {

#optional, output codon start/stop as "thick" region in bed
push @{$cds{$id}}, \@Qf;

# save lowest start

Scdx{$id} = \Q@f if !Scdx{sid};

} elsif ($£f[2] eq 'stop codon') {
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$sc{sid}->[1] = $£f[4];

} elsif ($f[2] eg 'miRNA' ) {
Strans{$id} = \Q@f if !$Strans{$id};
push @{Sexons{$id}}, \@Qf;

}

}

for $id (

# sort by chr then pos

sort {

Strans{$a}->[0] eq Strans{Sb}->[0] ?
Strans{$Sa}->[3] <=> Strans{Sb}->[3]
Strans{$a}->[0] cmp Strans{S$Sb}->[0]

} (keys (%trans)) ) {
my ($chr, undef, undef, undef, undef, undef, $dir, undef, S$attr,
undef, S$cds, S$cde) = @{Strans{$id}};

my ($Scds, Scde);
(Scds, Scde) = @{S$sc{$id}} if S$sc{S$id};

# sort by pos

my @ex = sort {
Sa->[3] <=> Sb->[3]
} @{Sexons{$id}};

my Sbeg = $ex[0][3];
my Send = Sex[-1][4];
if ($dir eqg '-'") {

# swap

Stmp=Scds;

Scds=$cde;

Scde=Stmp;

Scds -= 2 1f S$Scds;
Scde += 2 if Scde;

}

# not specified, just use exons
Scds = $beg if !S$cds;
Scde = Send if !Scde;

# adjust start for bed
--Sbeg; --Scds;

my Sexn = (@ex; # exon count
my $exst = join ",", map {$ ->[3]-Sbeg-1} Qex; # exon start
my S$exsz join ",", map {$ ->[4]-$ ->[3]+1} QRex; # exon size

# added an extra comma to make it look exactly like ucsc's beds
print
"Schr\ts$beg\tSend\t$id\t0\ts$dir\tScds\tScde\tO\tSexn\t$exsz, \tSexst,
\n";

}
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close IN;
R i b b e b b b b b I b I b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b 2 b b b b b b b 2 b b b b b b b b b b a4

fasta.one.line.pl
Ak hkkhkkhkh kA hhhkhkhhhhrhhhkhkhhhrhhkhkhdhhrhrhhkhdhdhdhhhhhkkhdhhhhhhhkdhdhhrhrhhkkhkhkhd,dxrrkhkhkx%

#!/usr/bin/perl

#AUTHOR Mbandi S.K (ksmbandi@sanbi.ac.za)
#South African National Bioinformatics Institute

use strict;
use warnings;

die "usage fasta.one.line.pl fasta\n" unless (QARGV==1);
my S$fasta = SARGVI[O0];

open (IF, S$fasta) || die "$fasta does not exist\n";

my $count = 0;

my S$Ssep = 1;
while (my $line = <IF>) {
chomp $1line;
if (Sline =~ m/">/){
Scount+=1;
if ($sep != S$Scount) {
print "\n";
}

print $line."\n";

else(
unless ($line =~ />/){
my $seq .= $line; print $seqg;

}

} if (Scount > 1) {print "\n";}

close IF
B e e e b i b b i I e b I b e b b b b b b b I b b b b b b b I b b b b b b I b b b b b b b a2 b b b b b b b 2 b b b b b b g b b b 4

substr.pl

R IRt I I i I I Sb S S I I b S b I I S b b b db b 2b I S b db i I b db b db b db I b S I S b S 2h S I S b S I S 2 S b S b S b Sh b Sb b S b b 3

#! /usr/bin/perl -w

#AUTHOR Mbandi S.K (ksmbandi@sanbi.ac.za)
#University of the Western Cape

#Will isolate a substring of a sequence if the sequence id, start
and stop coordinates are specified
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#example: isolate the region that represents a domain or gene
segment

FHEFH AR F AR A A R R R R R 1 A

if (QARGV != 2){

print STDERR "\nusage: substr.pl <file containing ids, start,
stop> <genome>\n\n";

exit (1) ;
}

my $ids = S$ARGVI[O0];
my $seqfile = $ARGVI[1];

my Sstart="";
my $StOp:" n,.
open (F, $ids);

while (my S$entry = <F>) {
chomp S$entry;
my @line = split("\t", S$entry);
my $vi = $1line[0];
(Sstart, $stop)= (Sline[l]-1, $line[2]);
my Sbytes = ($1line[2] - $line[l]) + 1;
&get dat ($vi, $start, Sbytes);

}

close (F) ;

sub get dat({
my ($vi,Soffset, $size)= Q ;

open (G, S$seqgfile) || die F$seqfile does not exist\n";
while (my $id=<G>) {
Sseq=<G>;

$id =~ s/>//g;

chomp ($id, $seq); #print $id."\t".S$vi."\n"; exit;

if ($vi =~ /$id/){
my Ssubstr = substr($Sseq, $Soffset, $size);
print ">".$id."\n".S$substr."\n";

close G;

}

KA KA R AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR A AR AR A A A AR A A Ak A Ak Ak kA A Ak Ak kv k k%

fetch.by.IDfromtextfile.pl

R IRt I e S I I S e S I dh S Ib I S b db b db b 2b I S b db I I b db b 4 b I b S S S b S 2 I I S b S I S S b S b S b Sh b Sb b S b b 3

#!/usr/bin/env perl
#AUTHOR Mbandi S.K (ksmbandi@sanbi.ac.za)

#University of the Western Cape

FHAF AR A A R A R A R A A
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use strict;
use warnings;

open FILEl, "< test.txt" or die "could not open filel\n";
my S$keyRef;
while (<FILE1>) {
chomp;
SkeyRef->{$ } = 1;
}
close FILEL;

open FILE2, "< 398 DE.txt" or die "could not open file2\n";
while (<KFILE2>) {
chomp;
my (StestKey, $label, S$count) = split("\t", $ );
if (defined S$SkeyRef->{StestKey}) {
print STDOUT "$ \n";
}

}
close FILEZ;

KA KA R AR A R AR A AR AR AR AR AR AR AR AR AR AR AR AR AR AR A AR A AR AR A AR AR AR A A AR A Ak ok x

reconcile.repeated.ids.pl

R I b e i b b b b b I i dh Ib b b b S S db b b b b I S gh b b b b S S b b b b b e b e db Sb b b b b b b db db ab b b b I db db ab Ib b b b i g 4
#!/bin/perl -w

#AUTHOR Mbandi S.K (ksmbandi@sanbi.ac.za)

#University of the Western Cape

use Bio::S5eqlO;
if (QARGV != 1) {
print STDERR "\nusage: reconcile.repeated.ids.pl <file
format>\n\n";
exit (1) ;
}
use Bio::S5eqlO;
my $file = shift;
my $cnt = 0;
$seqio obj = Bio::SeqlO->new(-file => "§$file", -format => "fasta");
#Use the next seq method of Bio::SeqIO to ctreate a sequence object
while ($seq obj = $segio obj->next seq()) {
#print ">".$seq obj->display id."\n".$seqg obj->seq."\n";
my $id = $seq obj->display id;
my $seq = $seq_obj->seq;
if (defined $hash{$id}) {

Shash{$id} = "Shash{$id}\tS$seq";
}
else{
Shash{$id} = S$seq;
}
}
while ((Skey, S$value) = each %hash) {

my @entry = split("\t", $value);
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my $num seq = scalar (Centry;
foreach (@entry) {
print ">Skey.$num seg\n$ \n";
$num_seqg--;

sk st sk she sk she sk sk ske sk sk s sk sk sk sk sk ste sk sk sk sk sk she sk sk sk sk ske sk s sk skeske sk st ste sk sk sk sk she sk sk sk sk sk stk sk sk sk sk sk sk sl sk sl sk sk sk ste sk st st ske sk sk sk sk sk sk sk skeosk sk sk skeoskeoskoskoskoskosk
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