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Supplemental Figure 1 Illustration of the experimental design A group of 15 mature spruce trees (P. abies), which were sole survivors of a massive bark beetle attack in 2008, was sampled in 2012, and designated as trees with a previous attack history (PA). A group of 19 trees that were being attacked by bark beetles at the time of sampling was designated as trees under current attack (CA). Six trees were sampled from a stand that was not affected by the current outbreak and had never been recorded to be attacked by bark beetles. These trees were designated as trees with no current attack (NA). At the onset of the experiment, bark samples were cut from the stem and an 8-mm bark plug was removed on the opposite side of the stem pled stem and inoculated with E. polonica culture 1993-208/115 using the method of Hammerbacher et al. (2011). Bark samples were then taken from the inoculation site after 14 days.
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Supplemental Figure 2: Quantification of minor resin monoterpenes in spruce bark before and after Endoconidiophora polonica infection. The amounts were quantified by GC-FID from bark tissue harvested before and 14 days after infection with E. polonica. Trees investigated: (1) had a history of previous bark beetle attack, but no current attack (PA), (2) were under current attack, but had no previous history of attack (CA), or (3) had no previous nor current attack (NA). Data are means ± SD of measurements from 6–19 biological replicates, exact numbers are given in the Materials and methods section, Statistical values for individual compounds are given in Supplementary Table 2, 3. 
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Supplemental Figure 3: Determination of the stereochemical form of copalyl diphosphate (CDP) present in spruce bark. Separation of the stereoisomers of copalyl diphosphate was not possible in the form of the diphosphate. However after enzymatic dephosphorylation the resulting alcohols could be separated by GC-MS into one peak for the syn- and one peak for the ent- and normal-stereoisomers. The left panel depicts the products of enzyme assay with OsCPS4 (makes syn-CDP) (Xu et al., 2004), AtCPS1 (makes ent-CDP) (Prisic et al., 2004), AgAS:D621A (makes normal-CDP) (Prisic et al., 2004) and P. abies total protein extract 14 days after inoculation (makes either ent- or normal-CDP). Right panel depicts the MS spectra of the indicated copalol peaks 1 or 2.  
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Supplemental Figure 4: Outline of jasmonic acid biosynthesis and degradation showing metabolites that were measured in this study. The (+)-7-jasmonic acid isoleucine conjugate is the bioactive form (modified from Wasternack and Hause, 2013).
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Supplemental Figure 5: Quantification of jasmonic acid related metabolites in spruce bark before and after Endoconidiophora polonica infection. The amount of 12-oxophytodienoic acid (upper left panel), 12-hydroxyjasmonic acid (upper right panel), the (-)-7 jasmonic acid isoleucine conjugate (middle left panel), the 12-hydroxyjasmonic acid isoleucine conjugate (middle right panel) and the 12-carboxyjasmonic acid isoleucine conjugate (lower panel) were quantified by LC-MS/MS from bark tissue harvested before and 14 days after infection with E. polonica. Trees investigated: (1) had a history of previous bark beetle attack, but no current attack (PA), (2) were under current attack, but had no previous history of attack (CA), or (3) had no previous nor current attack (NA). Data are means ± SD of measurements from 6–12 biological replicates, exact numbers are given in the Materials and methods section. Statistical significance for changes in individual compounds are given in Supplementary Table 9. 
Supplemental Table 1
Quantitative real-time PCR primers
	Primer
	5'  3'

	α-/β-Pinene Synthase Forward
	GTT GTT GCT GAT CTG AAC TCA ACT GC

	α-/β-Pinene Synthase Reverse
	CGG GAA AGG CGA TGA GGG AA GC

	δ-3-Carene Synthase Forward
	GCA TCA CTT CTA CAA TTA TCG AGA TGG

	δ-3-Carene Synthase Reverse
	TGC AAC CTC AAA CTT TAG GCG

	Bisabolene Synthase Forward
	GCA GAC TGT TCT GGA TGA TAT GTA TG

	Bisabolene Synthase Reverse
	CTT CTC TAC CTC CCA AGC CAC

	Longifolene Synthase Forward
	TGT ACG CTT CCG ATA GAA ATT CTG C

	Longifolene Synthase Reverse
	GAC AAA ACG ATT CAT GGC TCA AGT CG

	Diterpene Synthases Forward
	GCC GTA CAG TGT TAT ATG AAG GAC C

	Diterpene Synthases Reverse
	CCA GTC TCC TGC AAC TGT CCG

	Stilbene Synthases Forward
	GTG GCG AGC AGA ACA CAG ACT TC

	Stilbene Synthases Reverse
	CAG CGA TGG TAC CTC CAT GAA CG

	Chalcone Synthases Forward
	CAG CAG TTC GGA ATC TCG GAC TGG AAC

	Chalcone Synthases Reverse
	CTC ATC TCG TCC AAG ATG AAG TGC ACG C
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Supplemental Table 2
Statistical values for the analysis of changes in terpene concentrations after fungus inoculation of Norway spruce trees with different bark beetle attack histories.
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Supplemental Table 3
Statistical values for the analysis of terpene concentrations of Norway spruce trees with different bark beetle attack histories before fungal treatment.
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Supplemental Table 4
Statistical values for the analysis of phenolics concentrations after inoculation of Norway spruce trees with different bark beetle attack histories.
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Supplemental Table 5
Statistical values for the analysis of phenolic concentrations of Norway spruce trees with different bark beetle attack histories before fungal treatment.   
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Supplemental Table 6
Statistical values for the relative expression of terpene and phenolic biosynthetic genes before and after inoculation of Norway spruce trees with different bark beetle attack histories.
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Supplemental Table 7
Statistical values for the analyses of IDS enzyme activity after inoculation of Norway spruce trees with different bark beetle attack histories.  
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Supplemental Table 8
Statistical values for the analyses of prenyl diphosphate abundances after inoculation of Norway spruce trees with different bark beetle attack histories.
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Supplemental Table 9
Statistical values for the analysis of changes in phytohormone concentrations after inoculation of Norway spruce trees with different bark beetle attack histories.
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analyte method

F

(2,37)

 / Chi

2

FDRgroup differences method

t / V

FDR group differences

t / V

p-valuegroup differences

t / V

p-valuegroup differences

t / V

p-valuegroup differences

sum all terpenes anova 0.246 0.783 t-test 10.118< 0.001dpi0 < dpi14

sum monoterpenes anova 0.399 0.674 t-test 10.307< 0.001dpi0 < dpi14

tricyclene anova 0.158 0.947 t-test 9.205< 0.001dpi0 < dpi14

thujene anova 0.679 0.845 Wilcoxon 629 < 0.001dpi0 < dpi14

α-pinene anova 0.039 0.962 Wilcoxon 820 < 0.001dpi0 < dpi14

camphene anova 0.300 0.947 t-test 9.663< 0.001dpi0 < dpi14

β-pinene anova 1.279 0.842 Wilcoxon 820 < 0.001dpi0 < dpi14

myrcene anova 2.595 0.492 Wilcoxon 820 < 0.001dpi0 < dpi14

α-phellandrene anova 6.676 0.056 Wilcoxon 276 < 0.001dpi0 < dpi14

δ-3-carene Kruskal-Wallis 0.338 0.947 Wilcoxon 528 < 0.001dpi0 < dpi14

para-cymene anova 0.815 0.842 Wilcoxon 495 < 0.001dpi0 < dpi14

limonene anova 1.209 0.842 t-test 9.795< 0.001dpi0 < dpi14

ocimene Kruskal-Wallis 7.652 0.163 Wilcoxon703.000< 0.001dpi0 < dpi14

γ-terpinene Kruskal-Wallis 4.439 0.504 Wilcoxon 434 < 0.001dpi0 < dpi14

cis-sabinene hydrate Kruskal-Wallis / Dunn's test 13.376 0.037PA > CA Wilcoxon 105 0.003dpi0 < dpi14 91 0.005dpi0 < dpi14 21 0.094

terpinolene anova 1.479 0.842 Wilcoxon 780 < 0.001dpi0 < dpi14

trans-sabinen hydrate Kruskal-Wallis 1.605 0.842 Wilcoxon 120 < 0.001dpi0 < dpi14

terpinen-4-ol anova 0.233 0.947 Wilcoxon 183 0.004dpi0 < dpi14

α-terpineol Kruskal-Wallis 7.602 0.163 Wilcoxon 747 < 0.001dpi0 < dpi14

bornyl acetate Kruskal-Wallis 4.743 0.492 Wilcoxon 721 < 0.001dpi0 < dpi14

sum sesquiterpenes Kruskal-Wallis 0.252 0.882 Wilcoxon 818 < 0.001dpi0 < dpi14

longipinene Kruskal-Wallis 2.721 0.842 Wilcoxon 741 < 0.001dpi0 < dpi14

longifolene Kruskal-Wallis 0.165 0.947 Wilcoxon 812 < 0.001dpi0 < dpi14

(E)-β-caryophyllene Kruskal-Wallis 1.686 0.842 Wilcoxon 808 < 0.001dpi0 < dpi14

β-copaene Kruskal-Wallis 1.261 0.845 Wilcoxon 323 < 0.001dpi0 < dpi14

bergamotene Kruskal-Wallis 7.796 0.163 Wilcoxon 159 0.308

sesquisabinene anova 0.569 0.845 t-test 3.091 0.004dpi0 < dpi14

humulene Kruskal-Wallis 1.125 0.845 Wilcoxon 779 < 0.001dpi0 < dpi14

germacrene D Kruskal-Wallis 0.461 0.947 Wilcoxon 778 < 0.001dpi0 < dpi14

γ-cadinene Kruskal-Wallis 1.576 0.842 Wilcoxon 112 0.438

bisabolene Kruskal-Wallis 0.168 0.947 Wilcoxon 697 < 0.001dpi0 < dpi14

δ-cadinene Kruskal-Wallis 0.267 0.947 Wilcoxon 773 < 0.001dpi0 < dpi14

germacrene D-4-ol Kruskal-Wallis 1.985 0.842 Wilcoxon 774 < 0.001dpi0 < dpi14

sum diterpenes anova 0.244 0.784 t-test 10.002< 0.001dpi0 < dpi14

abienol anova 0.406 0.917 t-test 9.359< 0.001dpi0 < dpi14

sandaracopimaric acid anova 0.909 0.842 t-test 8.332< 0.001dpi0 < dpi14

isopimaric acid anova 0.418 0.917 t-test 9.983< 0.001dpi0 < dpi14

levopimaric and palustric acid anova 0.242 0.947 t-test 9.910< 0.001dpi0 < dpi14

dehydroabietic acid anova 0.731 0.845 t-test 7.633< 0.001dpi0 < dpi14

abietic acid anova 0.924 0.842 Wilcoxon 804 < 0.001dpi0 < dpi14

neoabietic acid anova 2.045 0.592 t-test 9.541< 0.001dpi0 < dpi14

Significant FDR-values are given in bold. Depending which statistical test was used F-, Chi²-, t- or V-values are given. Chi²- and V-values are given in italics. Kruskal-Wallis stands for Kruskal-Wallis rank sum test, anova for one-way analysis of variance, 

t-test for one sample t-test, and Wilcoxon for Wilcoxon signed rank test with continuity correction. In case of statistical differences the performed post-hoc test method is given. Only significant group differences are listed. Numer of replicates: PA = 15, 

CA = 19, NA = 6.

influence of bark beetle attack history changes of terpene concentrations due to E. polonica infection

PA CA NA
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analyte method

F

(2,37)

 / Chi

2

FDR group differences

sum all terpenes Kruskal-Wallis / Dunn's test 6.574 0.037PA > CA

sum monoterpenes Kruskal-Wallis / Dunn's test 8.384 0.015PA > CA

tricyclene not analyzed

thujene not analyzed

α-pinene Kruskal-Wallis 6.067 0.108

camphene Kruskal-Wallis 5.922 0.108

β-pinene Kruskal-Wallis / Dunn's test 8.642 0.046PA > CA

myrcene Kruskal-Wallis / Dunn's test 12.122 0.015PA > CA

α-phellandrene not analyzed

δ-3-carene not analyzed

para-cymene not analyzed

limonene Kruskal-Wallis / Dunn's test 9.615 0.034PA > CA

ocimene not analyzed

γ-terpinene not analyzed

cis-sabinene hydrate not analyzed

terpinolene Kruskal-Wallis / Dunn's test 13.487 0.010PA > CA

trans-sabinen hydrate not analyzed

terpinen-4-ol not analyzed

α-terpineol not analyzed

bornyl acetate Kruskal-Wallis / Dunn's test 8.453 0.046PA > CA

sum sesquiterpenes anova 2.871 0.069

longipinene Kruskal-Wallis 1.197 0.581

longifolene Kruskal-Wallis 2.987 0.312

(E)-β-caryophyllene Kruskal-Wallis 3.214 0.298

β-copaene not analyzed

bergamotene Kruskal-Wallis / Dunn's test 25.189 < 0.001PA > CA

sesquisabinene Kruskal-Wallis / Dunn's test 23.635 < 0.001PA < CA = NA

humulene anova 0.200 0.819

germacrene D Kruskal-Wallis 1.423 0.558

γ-cadinene Kruskal-Wallis 4.487 0.189

bisabolene Kruskal-Wallis 2.762 0.331

δ-cadinene anova 0.748 0.558

germacrene D-4-ol Kruskal-Wallis 1.166 0.581

sum diterpenes Kruskal-Wallis / Dunn's test 6.738 0.034PA > CA

abienol Kruskal-Wallis / Dunn's test 7.998 0.050PA > CA

sandaracopimaric acid Kruskal-Wallis 3.193 0.298

isopimaric acid Kruskal-Wallis 3.902 0.237

levopimaric and palustric acid Kruskal-Wallis 7.193 0.069

dehydroabietic acid Kruskal-Wallis 2.100 0.437

abietic acid Kruskal-Wallis 5.720 0.110

neoabietic acid Kruskal-Wallis / Dunn's test 11.522 0.016PA > CA

influence of bark beetle attack history

Significant FDR-values are given in bold. Depending which statistical test was used F- or Chi²-values are given. Chi²- 

values are given in italics. Kruskal-Wallis stands for Kruskal-Wallis rank sum test, anova for one-way analysis of 

variance. In case of statistical differences the performed post-hoc test method is given. Only significant group 

differences are listed. Terpenes which were not detectable in more than half of the samples in each of the three bark 

beetle attack history groups were not analyzed. Numer of replicates: PA = 15, CA = 19, NA = 6.
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analyte method

F

(2,37)

 / Chi

2

FDR group differences method

t / V

FDR group differences

t / V

p-valuegroup differences

t / V

p-valuegroup differences

t / V

p-valuegroup differences

sum phenolics anova 3.1719 0.052 t-test 18.14 <0.001dpi0 < dpi14

taxifolin glucoside anova 0.6181 0.706 t-test -0.058 0.954

taxifolin Kruskal-Wallis 1.199 0.706 Wilcoxon 355 0.299

quercetin glucoside anova 2.7874 0.665 t-test -1.695 0.176

catechin anova 0.4052 0.753 t-test 11.74 < 0.005dpi0 < dpi14

gallocatechin Kruskal-Wallis 1.9734 0.706 Wilcoxon 900 < 0.005dpi0 < dpi14

procyandin B-type anova 0.8201 0.706 t-test 2.782 0.024dpi0 < dpi14

astringin anova 0.0888 0.915 t-test -1.34 0.281

isorhapontin anova 1.4028 0.706 t-test -0.356 0.814

piceid anova 1.4028 0.706 t-test -1.949 0.131

CA

changes of metabolite concentrations due to E. polonica infection

Significant FDR-values are given in bold. Depending which statistical test was used F-, Chi²-, t- or V-values are given. Chi²- and V-values are given in italics. Kruskal-Wallis stands for Kruskal-Wallis rank sum test, anova for one-way analysis of variance, t-test for 

one sample t-test, and Wilcoxon for Wilcoxon signed rank test with continuity correction. In case of statistical differences the performed post-hoc test method is given. Only significant group differences are listed. Numer of replicates: PA = 15, CA = 19, NA = 6.

PA NA

influence of bark beetle attack history
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analyte method

F

(2,37)

 / Chi

2

FDR group differences

sum all phenolics anova 3.975 0.027PA > CA = NA

sum flavonoids anova 0.519 0.599

taxifolin glucoside anova 0.295 0.769

taxifolin Kruskal-Wallis 0.526 0.769

quercetin glucoside anova 9.388 0.005CA > PA = NA

sum flavan-3-ols anova 3.612 0.036PA > NA

catechin anova 3.612 0.081

gallocatechin Kruskal-Wallis 13.593 0.005PA > NA

procyanidins anova 2.308 0.170

sum stilbenes anova 4.329 0.020PA > CA = NA

astringin anova 4.500 0.051

isorhapontin Kruskal-Wallis 1.677 0.555

piceid anova 2.9449 0.116

Significant FDR-values are given in bold. Depending which statistical test was used F- or Chi²-values are given. 

Chi²- values are given in italics. Kruskal-Wallis stands for Kruskal-Wallis rank sum test, anova for one-way 

analysis of variance. In case of statistical differences the performed post-hoc test method is given. Only 

significant group differences are listed. Terpenes which were not detectable in more than half of the samples in 

each of the three bark beetle attack history groups were not analyzed. Numer of replicates: PA = 15, CA = 19, 

NA = 6.

influence of bark beetle attack history
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Gene Transformation Variance structure Factor L-ratio FDR

interaction 103.857< 0.001

NA0 < CA0=PA14 < PA0 < CA14 < NA14

attack history 2.002 0.525

fungal infection 29.153< 0.001

t0 < t14

interaction 16.477< 0.001

NA0 < NA14=PA14 < PA0 < CA0 < CA14

attack history 99.907< 0.001

NA < PA < CA

fungal infection 25.064< 0.001

t0 < t14

interaction 179.986< 0.001

CA0=NA0 < CA14 < PA0 < PA14 < NA14

attack history 22.314< 0.001

CA < NA=PA

fungal infection 32.826< 0.001

t0 < t14

interaction 70.351< 0.001

NA0 < CA0 < PA0 < PA14 < NA14 < CA14

attack history 2.296 0.525

fungal infection 136.504< 0.001

t0 < t14

interaction 45.522< 0.001

PA0 < CA0=NA0 < PA14 < NA14 < CA14

attack history 0.053 0.974

fungal infection 336.458< 0.001

t0 < t14

interaction 150.948< 0.001

NA0 < PA0 < CA0 < PA14 < CA14 < NA14

attack history 5.398 0.168

fungal infection 72.636< 0.001

t0 < t14

interaction 102.133< 0.001

NA14 < PA14 < CA14 < PA0 < CA0 < NA0

attack history 4.092 0.258

fungal infection 85.239< 0.001

t14 < t0

interaction 120.545< 0.001

CA0 < CA14=NA14 < PA0 < NA0 < PA14

attack history 49.937< 0.001

CA < NA < PA

fungal infection 12.012< 0.001

t0 < t14

interaction 69.254< 0.001

NA0 < PA0 < CA0 < PA14 < CA14 < NA14

attack history 0.776 0.754

fungal infection 161.715< 0.001

t0 < t14

interaction 162.949< 0.001

NA0 < CA14 < PA0=PA14 < CA0 < NA14

attack history 1.058 0.736

fungal infection 1.076 0.300

IDS1 log



IDS4 log attack history : fungal infection

IDS5



Diterpene synthases log



Carene synthase log



Pinene synthase log



Bisabolene synthase log



Longifolene synthase log



Significant FDR-values are given in bold. Variance structure "attack history : fungal infection" means that 

every group (attack history before and after fungal infection) was allowed to have its own variance. 

Number of replicates: PA = 6, CA = 12, NA = 6.

Chalcone synthases log



Stilbene synthases log
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IDS Method Transformation Variance structure Factor L-ratio / F

(2,21)

FDR

interaction 7.059 0.070

attack history 6.006 0.050

NA < PA < CA

fungal infection 54.782< 0.001

t0 < t14

interaction 1.102 0.576

attack history 6.463 0.050

PA=NA < CA

fungal infection 43.660 <0.001

t0 < t14

interaction 6.134 0.070

attack history 50.201 <0.001

NA < CA=PA

fungal infection 34.890 <0.001

t0 < t14

CDP anova / Tukey HSD log attack history 6.785 0.011

PA < CA

GDP lme



attack history : fungal infection

FDP lme



attack history : fungal infection

GGDP lme



attack history : fungal infection

Significant FDR-values are given in bold. Depending which statistical test was used likelihood ratios (L-ratio) or F-values 

are presented. F-value is given in italics. lme stands for linear mixed effects model, anova for one-way analysis of 

variance. Variance structure "attack history : fungal infection" means that every group (attack history before and after 

fungal infection) was allowed to have its own variance. Numer of replicates: PA = 6, CA = 12, NA = 6.
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PrenylIDP Method Transformation Variance structure Factor L-ratio / F

(2,21)

FDR

interaction 10.495 0.016

CA0=NA0 < PA0 < CA14=NA14=PA14

attack history 2.050 0.359

fungal infection 91.817 <0.001

t0 < t14

interaction 3.640 0.243

attack history 21.326 <0.001

CA=NA < PA

fungal infection 91.020 <0.001

t0 < t14

interaction 2.637 0.268

attack history 6.454 0.053

fungal infection 2.405 0.121

CDP anova / Tukey HSD attack history 17.440  <0.001

PA=NA < CA

GDP lme log attack history

FDP lme log attack history : fungal infection

GGDP lme



attack history : fungal infection

Significant FDR-values are given in bold. Depending which statistical test was used likelihood ratios (L-ratio) or F-values 

are presented. F-value is given in italics. lme stands for linear mixed effects model, anova for one-way analysis of variance. 

Variance structure "attack history" means that every attack history was allowed to have its own variance, "attack history : 

fungal infection" means that every group (attack history before and after fungal infection) was allowed to have its own 

variance. Numer of replicates: PA = 6, CA = 12, NA = 6.
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analyte method

F

(2,21)

 / Chi

2

FDR method

t / V

FDR group differences

absicic acid Kruskal-Wallis 4.298 0.262 Wilcoxon 1 < 0.001dpi0 > dpi14

OH-JA anova 1.767 0.351 t-test 0.42372 0.676

JA Kruskal-Wallis 7.260 0.211 Wilcoxon 300 < 0.001dpi0 < dpi14

OPDA Kruskal-Wallis 1.405 0.557 Wilcoxon 78 0.044dpi0 > dpi14

IAA Kruskal-Wallis 6.120 0.211 t-test -2.341 0.036dpi0 > dpi14

minus JA-Ile Kruskal-Wallis 0.312 0.856 Wilcoxon 300 < 0.001dpi0 < dpi14

plus JA-Ile Kruskal-Wallis 4.980 0.249 Wilcoxon 300 < 0.001dpi0 < dpi14

OH-JA-Ile Kruskal-Wallis 1.472 0.557 Wilcoxon 300 < 0.001dpi0 < dpi14

COOH-JA-IleKruskal-Wallis 2.165 0.508 Wilcoxon 300 < 0.001dpi0 < dpi14

influence of bark beetle attack history changes of terpene concentrations due to E. polonica infection

Significant FDR-values are given in bold. Depending which statistical test was used F-, Chi²-, t- or V-values are given. Chi²- and V-values are 

given in italics. Kruskal-Wallis stands for Kruskal-Wallis rank sum test, anova for one-way analysis of variance, t-test for one sample t-test, 

and Wilcoxon for Wilcoxon signed rank test with continuity correction. In case of statistical differences the performed post-hoc test method is 

given. Only significant group differences are listed. Numer of replicates: PA = 6, CA = 12, NA = 6.
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