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Table S1: Primers used in this work.

Primer sequence (5’'->3’)

Purpose Name Gene ID Forward Reverse
RT-gPCR PaGH3.16_q MA_10434772g0010 GCTACCACCGAGCGTAACAAG CACTGAACCCATAGCGTTGAAG
PaGH3.17_q MA_16777g0010 CGGTCGAATCGATAACAAATCG CTGTGAAGCTCCTCGGGAAT
PaGH3.gll.1_q MA_100975g0010 CACGAGGTGGTATAAGAGTCG GAACCCAGAAGCAAAGATGGC
PaGH3.gll.2_q MA_10432413g0010 CACTGGATGAGAAAGAGCGAC GCGTCGATACTCAGCACAA
PaGH3.gll.3_q MA_580596g0010 CTATCTATCGCCAAGGAAGAGC GGAGTTTAGCAGCTCAACGA
PaGH3.gll.4_q MA_66253g0010 GACGATCTCAAGTCTGAG CGGGCATGAGAAGACTATACAG
PaGH3.gll.5_q MA_6467862g0010 GGTCACTACGTGCTATACTG CCCTCTACTGAGAGCATAATCC
PaGH3.gll.7_q MA_212507g0010 CGTCGTATTGCTAACGGAGAC CCCTTGTCAAGTCCTTGCA
PaGH3.gll.8_q MA_10432413g0020 CTGCTCATCCAGTTTCCGAA GGAGTCTTTGCCTCCGATT
PaGH3.gll.9_q MA_10330250g0010 CGAGAATACGAGCTTGTCG CAGCTCTGCTTCATCCGTTT
PaGH3.gl.1_q MA_10429520g0010 CATCTGCGTCATGAAGGCTT CGGTAACTTTCACGACATCACC
PaGH3.gl.2_q MA_376158g0010 GACTGGAGACGGAAACCAGAA CCAAGTCCACTTGCATTGC
. PaCIFAA G MA 50378g0010 - TIGGTCGGAGTEGACGATITGS oo oennr JOACGAGAGARTGCTGCAGGAC
Cloning PaGH3.16_clo MA_10434772g0010 TCCCCTCTAGAAATAATTTTGATTTAACTTTAAGAAGGAGATATACCATGCATCACCATCACCATCACGCGATGGGAGAGAAAGCGAAAGC CTCGAGTGCGGCCGCAGCAAGCTTCTAGCTAGCTTATTATTACCTCACAATTTTAGCAACAAAC
PaGH3.17_clo MA_16777g0010 TCCCCTCTAGAAATAATTTTGATTTAACTTTAAGAAGGAGATATACCATGCATCACCATCACCATCACGCGATGGAGATGAATATTCGCTGC CTCGAGTGCGGCCGCAGCAAGCTTCTAGCTAGCTTATTATTAATAAAGCTGAGAATTTGG

PaGH3.gll.8_clo MA_10432413g0020 TCCCCTCTAGAAATAATTTTGATTTAACTTTAAGAAGGAGATATACCATGCATCACCATCACCATCACGCGATGAGTTCTTCTCTGGGAAACGAGG CTCGAGTGCGGCCGCAGCAAGCTTCTAGCTAGCTTATTATTATGCCCAATTTCTGCATCCTGG

CTCGAGTGCGGCCGCAGCAAGCTTCTAGCTAGCTTATTATTACGCCCATTCTCTGCATCC
TGAGCCATTGCACCAGTGACGATGACAT

PaGH3.gll.9_clo MA_10330250g0010 _ TCCCCTCTAGAAATAATTTTGATTTAACTTTAAGAAGGAGATATACCATGCATCACCATCACCATCACGCGATGAGTTCTGCTATGGGAAAC
5'-RACE PaGH3.gll.9 gsp  MA_10330250g0010
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Fig. S1
Full-length coding sequence of PaGH3.16, PaGH3.17, PaGH3.g11.8 and PaGH3.g11.9.

>PaGH3.16_CDS

ATGCCTCAGGCAAAGAGAGAAGAGAGTATGGAGTCCGTCCAAGAGTGTATTAGCATTGCTACCACCGAGC
GTAACAAGGAAGCTCTGGATTTCATCGAGAATGTCACCGTTCATGCTGATGCAGTGCAAGAGCGAGTTCT
GTTGGAAATTTTAACTAGAAATGCTCATACAGAATATCTTCAACGCTATGGGTTCAGTGGTCGCACTGAT
AGAGAGTCATTCAAGGAATGTTTTCCTGTGATTACTTACGAAGATCTGCAGCCTGAGATTCTTCGCATAG
CTAACGGAGACACATCTCCCATTCTTTCTGCTCACCCCATCTCTGAATTTCTCACAAGCTCTGGAACATC
GGCTGGAGAGCGCAAGATTATGCCCACTATTCACGAAGAATTAGAGCGGAGAACGCTTCTTTACAGCCTG
CTTATGCCTGTCATGAACCAATACATGGAAGGGCTGGACAAGGGAAAAGGCATGTACTTCCTCTTCATCA
AATCTGAGACCAGGACTCCCGGTGGGTTGCTCGCTCGTCCTGTCCTCACGAGCTACTACAAGAGTCAGCA
CTTCAGAGAGCGGCCTTACGACCCCTACAATGTATACACCAGCCCCATAGAGGCGATACTAAGTGCAGAC
TCATATCAAAGCATGTACTGCCAGCTTCTCTGCGGTCTTGCGCAGAACCACGAGGTGCTCAGAGTGGGAG
CCGTGTTCGCGTCCGGGCTTCTGAGAGCAATACGTTTCCTGGAGGAACATTGGAAGTCGCTGTGTCAAGA
TATTCGCAGTGGCACAATAAACGATGAAGAGGTGACGGATCCATGCCTCAGAGAGAGCGTCATGAAGATA
CTCCGCCCGAAAATTCAACTGGCTGACTTGATCCACGCCGAGTGCTCCAAAGAATCATGGCAAGGAATCA
TCACTCGCCTGTGGCCCAACGCCAGATATTTGGACGTCATTGTTACAGGCGCCATGGCGCAATACATCGA
GACGCTGGATTTTTACAGCGGCGGCCTTCCTCAGGTTTGCACAATGTATGCCTCCTCGGAGTGCTATTTC
GGAATCAATCTCAAGCCTCTGTGCAAGTCGTCCGAGGTTTCCTACACGCTAATGCCCAACATGGCCTTTT
TCGAGTTCCTTCCGGTCTACCGTAACAACGACGATGCAGCGCCCGTCACCATGGCCACCGAGCAGCAAGA
GCTTGTCGATCTAGCTGATGTGACAGTGGGACAAGAATATGAGCTTGTGATCACCACATATGCAGGACTA
TACCGTTACAGAGTGGGAGACGTGCTACGGGTGACGGGGTTCTACAACGCGGCGCCGCAGTTCCAGTTCG
TGTGCAGGAAGAATGTAATGCTGAGCATCGACTCCGATAAAACCGACGAAGCAGAGCTGCACAGCGCAGT
AAAGAATGCTGTTAAGCATCTGGAGCCCTTCGAGGCTAGCCTCGTGGAGCACACCAGCTACGCCGAAACG
TCCACCATTCCGGGTCATTACGTTCTTTACTGGGAGCTGCGGAACTCCACGGTGCCCGTGCCTGCCTCCG
TTTTTGAAGATTGCTGCCTGACCATAGAAGAATCTCTCAACTCCGTCTACAGGCAGTGCAGAGTAGCAGA
CAAATCCATCGGCCCCTTGGAGATTAAAGTAGTTGAAACGGGAACATTCGACAAATTGATGGACTATGCT
ATCAGCCGAGGTTCCTCCATCAATCAATACAAAGCGCCACGATGCGTCAAGTTCGCTCCAATGGTGGATC
TCCTAAAGTCCAGAGTTTCGGCAAGCTATTTCAGCCCCAGGTGTCCCAAATGGACACCAGGACGGACCCA
GTGGGGCGCCATTACTCGGTTAATTTAATAATAA



>PaGH3.17_CDS

ATGGAGATGAATATTCGCTGCGCCAAAGACAAAGGCGAGGCGGCCCTGCAGCTTATCGAGAATTTGACTG
CCAGGGCCGACGAGGTGCAGAAGCAAGTATTGTATGAGATCTTAAGGAGAAACGCAGAGACCGAGTACCT
GAACAAATTTCTCAACGGTCGAATCGATAACAAATCGTTCAAAATCAACGTACCCGTTGTTAACTACGAG
GATATCAAACCATACATCCAGCGGATAGCCAATGGAGACGCTTCTGCCATTATTTCTGCTGAACCCATAT
CAGAGCTGCTGACAAGCTCTGGAACATCAGGCGGACAGCCTAAAATAATGCCTTCCATTCCCGAGGAGCT
TCACAGGAAAACCTTTCTTTACAATCTACTGATGCCAATAATGAACAAGTACAGGAAAACCTTTCTTTAC
AATCTACTGATGCCAATAATGAACAAGTATGTTCCTGGACTGGACAAAGGAAAAGGGATGTACCTCCAGT
TTATAAAAACGGAGGTAACTACTCCTTCCGGACTAAAGGCGAGGCCGGTGCTGACGAGCTACTACAAGAG
TAGCAACTTCAGGGATCGACCATTTGATAAGTTTAATGTGTATACGAGCCCGGACGAGACAATCCTTTGT
CCCGACAGCAGACAAAGTATGTTTTGCCAATTACTGTGTGGATTATTACAAAGGGACGAAGTACTCAGAG
TTGGGGCTGTTTTTGCCTCCGCATTTCTCAGGGCCATTAAGTTTCTGGAGGAAAACTGGGAAGAACTTTG
CGACAACATACGCACAGGGCATCTGAGCGACTGGATCGACGATCCTCCATCCAGAATTGCTGTTATGAAG
ATGCTCAGTCCTAACCCCCAACTCGCAGAAGAAATCCATGGGGAATGCAGCAAGAAATCGTGGCAAGGAA
TAATTACCCGTCTGTGGAGAAAGACAATATACATAGATGTAATAGTCACTGGAACCATGGCACAGTATAT
TCCAACTCTTGATTACTATGGTGGAGGGCTCCCTTTAGTATCTACCATGTACGCGTCTTCTGAGTGTTAT

TTCGGAGTAAATCTGAAACCTTTGAAAGTCTTAGATTTGCAGTCCAACGGCACAGAAAATGGGAAAAAAA
TAGAGGATGAATTAGTGGACCTGGTGGATGTGAAGGTTGGTCACTACTATGAACTTGTAGTGACAACTTA
TGCTGGCTTATATCGATATAGGGTCGGTGACATTCTCTTAGTGACAGGTTTCTACAACAGAGCCCCTCAG
TTTGAATTTGTTTACCGTAGAAACGTGGTTCTCAGTATTGACACAGACAAAACAAATGAAGAAGATTTGT
TGAAGGCTGTCACTAAAGCCAAGAAATTGTTAGAGCCATTCAATGCCCTGTTATCGGAGTACACTAGCTA
TGCTGATACATCTACACTACCCGGTCACTATGTTCTGTTCTGGGAACTGAATACCAGGGAAGAATTTTTG
GATGCATCCGTATTGGAAAGCTGTTGCTCAACGATCGAGGAATCCTTGGATTCTATCTACAGAAGATGCA
GAACCAAAGATAAGTCTATTGGCCCGCTAGAGATAAGGCTAGTGAAACCTGGGACGTTTGATTTGTTGAT
GGATTATTGTCTGAATCAAGGCTCTTCCTACAATCAGTACAAAACACCCAGATGTATCAAGTCTCTCCAT
GTCCTAGGGCTTCTAAATTCAAAAGTCACTGCCAAATACTTCAGCAAACGTCTTCCGTCTTGGACACCAT
ACAACCCTGGCAGCCTGAATCCAAATTCTCAGCTTTATTAA



>PaGH3.gII.8 CDS

ATGAGTTCTTCTCTGGGAAACGAGGTCGATGATCGAAACAAGAGAGCTCTGGAATTCATCGAGACCGTCA
CCACAGACGCAGACGAGGTGCAGACTCAGGTCCTCTCCTCAATCTTATCGAGAAATGCAGACACGGAATA
CTTGAAGAGATACGGCCTCAATGGACGAACTGATAGAGCCACTTTCAAAAAGTGTCTGCCAGTAATCACT
TATGATGATCTGAAGCCTGAAATACGTCGGATTGCTAGCGGAGACACTTCTCCAATCCTTTCTGCTCATC
CAGTTTCCGAATTCCTCACAAGCTCGGGAACCTCTGCTGGTGAACGGAAGCTGATGCCCACCATCCAGGA
GGAATTGGAGAGGAAAGCTCTTCTGTATAGTCTTCTCATGCCCGTCATGAATCAATACATGAAAGGACTT
GACGAGGGAAAGGGAATGTATTTCTTCTTCATAAAATCGGAGGCAAAGACTCCAGGAGGGTTGCTCGCAC
GTCCCGTCCTGACGAGCTATTACAAGAGCGACTACTTCAAGGAGAGGCCTTACGATCCCTACAATGTTTA
CACTAGTCCTAATCAGACAGTCCTCTGTCAGGATGCCTACCAGAGCATGTACTCTCAACTGCTATGCGGT
CTCCTTCAAAATAACGAGGTTCTAAGAATGGGAGCCGTCTTCGCCTCTGGATTCATCAGAGCTATACGCT
TCCTAGAAGAGCACTGGAGACAATTTTGCCTGGACATAAAAACCGGCATTCTCAACAGAGAGGTGACGGA
TCCATCAGTGAGGGAGGCCGTCGGGGAGCTTCTGCACCCGAATCCAGAGTTGGCTGATTTTGTTGAAAGG
AAATGTTCAGCCCAGTCCTGGCAAGGAATTATAACTCGCCTGTGGCCTAACACTAAGTATATCGATGTCA
TCGTGACTGGTGCAATGGCTCAATATATTCCTACTTTGGATTACTACAGCGGCGGGCTACCCCTGGTATG
CACCATGTACGCTTCATCCGAATGCTACTTTGGACTTAATCTGAAGCCTCTCTGCAAGCCTTCAGAAGTG
TCATACACTTTACTCCCAAACATGGCCTATTTCGAGTTCCTTCCCGTTCACCGCAAACAAGAAGCAGCTG
GTCTGACCATAGAATCGTCAACGATCCCCAAAACACTCGACGACAAAGAGCGAGAGGAATTGGTTGAGCT
TGTGGACCTGAAACTTGGGCAAGAATACGAGCTCGTCGTCACCACATATGCTGGTTTGAATCGTTATAGA
GTGGGGGATGTGCTACGCGTGACTGGTTTCCACAACGCTGCGCCTCAATTCCATTTTGTATGCAGACAGA
ATGTTGTTCTGAGTATAGACTCAGACAAAACAGATGAAGTAGAGCTTCACAGTGCGGTAGAGAATTCTGT
CAAGCATCTGGAAGCGTTCGACGCCCAATTGATCGAGTATACAAGCTATGCCGACACAGGTACAATCCCT
GGCCACTACGTGCTATACTGGGAACTTCGCTTCAACACCAAAGCAATTGAAGTTCCTTCTTCAGTTTTTG
AAGATTGCTGTCTCACCGCAGAAGAATCCCTGAATTCTGTCTATCGCCAAGGAAGAGCGTCCGATAAGTC
CATCGGCCCTCTGGAAATTAGGGTAGTTGAAGAGGGAACGTTCAACGAATTGATGGATTATGCTCTCAGT
AGAGGGGCATCCATAAATCAATACAAAGCCCCCAGATGCATTAAATTCACTCCCATCGTTGAGCTGCTAA
ACTCCAGGGTCGTGCATTCCTACTTCAGCCCGCAGCCTCCACAATGGGCTCCAGGATGCAGAAATTGGGC
ATAA



>PaGH3.grII.9 CDS

ATGAGTTCTGCTATGGGAAACGGCGTCAGTGATCGAGACAAGAGAGCTCTGGATTTCATCGAGAGCGTCA
CCACAAACGCAGACGATGTGCAAATTCGTGTCCTCTCCTCGATCTTATCGAGAAATGCGGACACCGAATA
CCTCAAGAGATACGGCCTGAATGGACGAACTGATAGAGCCACTTTCAAAGAGTGTCTGCCAGTGATAACT
TATGACGATCTCCAGCCTGATATACGTCGTATTGTTGGCAGAGACACTTCTCCCATCCTTTCTGCTCACC
CAGTTTCTGAATTCCTCACTAGCTCGGGAACCTCGGCTGGTGAACGGAAGCTGATGCCCACCATCCAGGA
GGAATTGGAGAGGAAAGCTCTTCTGTATAGTCTTCTCATGCCCGTCATGAATCAATATATGCAAGGACTT
GACAAGGGAAAGGGAATGTATTTCTTCTTCATAAAATCGGAGGCAAAGACTCCCGGAGGGTTGCCCGCAC
GTCCCGTCTTGACGAGCTATTATAAAAGCCCCCACTTCAGGGAGAGGCCCTACGATCCCTACAACGTTTA
CACCAGTCCTAACCAGACGGTCCTCTGTCCGGATGCCTACCAGAGCATGTACTCTCAACTGCTATGCGGT
CTACTCCAACATAATGAGGTGCTGAGGATGGGAGCCGTCTTCGCTTCTGGGTTCATCAGAGCTATACGCT
TCCTGGAAGAGCACTGGACACAATTTTGCCTGGACATAAGAACCGGCATTATCAACAGAGAGGTGACGGA
TCCATTAGTGAGAGAGGCCGTCGGGGAGCTTCTGCACCCGAATCCAGAGTTGGCCGATTTGGTTGAAAGG
GAATGTTCAGCCCCGTCATGGCAAGGAATTATAGCTCGCCTCTGGTCTAACACTAAGTATATCGATGTCA
TCGTCACTGGTGCAATGGCTCAATATATTCCTACTTTGGATTACTACAGTGGCGGGCTACCACTGGTATG
CACCATGTACGCTTCGTCCGAATGCTACTTTGGACTTAATCTGAAGCCTCTCTGCAAGCCTTTTGAAGTG
TCATACACTTTACTCCCAAACATGGCCTATTTTGAGTTCCTTCCCGTTCACCGCAAACAAGAAGAAGCTG
GCGTGACTCTCGAATCGCCAGGGACACTCGACGAGAAAGAGCGAGAGGAGTTGGTGGAACTTGCTGACGT
GAAACTTGGGCGAGAATACGAGCTTGTCGTCACCACGTATGCGGGTTTGAATCGTTATAGAGTCGGGGAT
GTGCTGCGTGTGACTGGATTTTACAACGCTGCGCCACAATTCCATTTCGTGTGTAGACAGAATGTTGTGC
TCAGCATCGACTCCGACAAAACGGATGAAGCAGAGCTGCACAGCGCGGTAGAGAATTCTGCTAAGCATCT
GGTGCCATTCCACGCCCAATTGGTCGAGTATACAAGCTATGCCGACACAGCGACAATACCTGGTCACTAC
GTGCTGTATTGGGAACTTCGCTTCGACACCAAAGCAGTTGCATTTCCTTCTTCAGTCTTTGAAGATTGTT
GTCTCACTATAGAAGAATCCCTGAATTCTGTTTATCGCCAAGGAAGAGCGTCCGACAGGTCCATCGGCCC
CCTGGAAATTAGGGTAGTTGAAGAGGGAACGTTCGACCAATTGATGGATTATGCTCTCAGTAGAGGGGCA
TCCATAAATCAATACAAAGCTCCCAGATGCGTTAAATTCACACCCATTGTTGAGCTGCTAAACTCCAGGG
TCGTGCATTCCTACTTCAGCACCCAGCCACCACAATGGGCTCCCGGATGCAGAGAATGGGCGTAA
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Figure S2

Levels of IAA metabolites in different organs of Pinus sylvetris and Pinus contorta seedlings.

IAA and IAA metabolites oxIAA, oxIAGilc, IAGIc, IAAsp and IAGIu were quantified in cotyledons, hypocotyl and root
from 2-week-old pine seedlings. The level of IAGIu in P. contorta root was under the detection limit of the used
LC-MS/MS method. Blue indicates P. sylvestris and red indicates P. contorta. The concentrations of all metabolites
are in picograms per milligram fresh weight (FW). Error bar indicates +SD (n = 4).
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Figure S3

Concentrations of IAA metabolites in different organs of Picea abies after feeding with unlabeled IAA.

Two-week-old spruce seedlings were incubated with 1 (red line), 10 yM (pink line) or without (blue line) unlabeled
IAA and the levels of IAA and IAA metabolites IAAsp, IAGlu and oxIAA were quantified in cotyledons, hypocotyl and
root after different incubation times. The concentrations of all metabolites are in picograms per milligram fresh
weight (FW). Error bars indicate +SD (n = 4).
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Figure S4

Concentrations of IAA metabolites in Pinus sylvetris and Pinus contorta roots after feeding with unlabeled

I1AA.

Two-week-old pine seedlings were incubated with (red line) or without (blue line) 10 uM unlabeled IAA and the
levels of IAA and IAA metabolites oxIAA, oxIAGilc, IAGIc, IAAsp and IAGIlu were quantified in roots after different
incubation times. Panel a indicates P. sylvestris and panel b indicates P. contorta. The concentrations of all metabo-
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Fig. S5

Multiple sequence alignment of predicted amino acid sequences of PaGH3 and
AtGH3 proteins.

The multiple sequence alignment was obtained with MUSCLE software. Black shading
indicates conserved residues, gray shading indicates residues with similar properties, -
indicates a gap inserted to maximize the alignment. Letters with different colors indicate
motif 1 (red), motif 2 (blue) and motif 3 (orange) involved in ATP/AMP binding that are
conserved in the acyl-adenylate/thioesther-forming enzyme superfamily (Staswick et al.,

2002). Bold letters represent conserved motif variation in members of Group I.
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Fig. S6

Phylogenetic relationships of GH3 proteins between Picea abies and other land
plants.

Predicted proteins sequences (both full-length and partial) from P. abies (Pa), Pinus
pinaster (Ppin), Arabidopsis (AT), Selaginella moellendorffii (SM), Physcomitrella patens
(PP), Sphagnum fallax (Sphfalx) and Marchantia polymorpha (Mapoly) were aligned using
MUSCLE program. The phylogenetic tree was constructed using MEGA6 program and the
Neighbor-Joining method with predicted GH3 proteins. Bootstrap support is indicated at
each node. Closed triangle indicates angiosperms, closed square represents
gymnosperms, up-pointing open triangle indicates lycophytes, down-pointing open

triangle represents mosses and open circle indicates liverworts.



a 6 hours overnight

20°C 37°C 20°C 37°C
To 0.1 1 0.1 1 0.1 1 0.1 1
mM mM mM mM mM mM mM mM
— 100 KDa
PaGH3.16 — — — D ~70KDa
— 55 KDa
b overnight at 20°C
0.1 0.1 0.1
TO mM TO mM TO mM

— 100 KDa

- - 70 KDa
— 55 KDa
PaGH3 PaGH3 PaGH3.17
orll.8 arll.9

Figure S7

Western blot analysis of IPTG-induced PaGH3.16, PaGH3.gll.8, PaGH3.gll.9 and
PaGH3.17 recombinant proteins.

(a) PaGH3.16 was used to test the optimal condition for expression of PaGH3 proteins.
Bacterial cultures were treated with either 0.1 or 1 mM IPTG and incubated at 20°C or 37°C
for 6 hours or overnight. Bacterial cultures that were sampled before the IPTG induction
were used as non-induced control (at time 0, TO). The optimal condition was set to 0.1 mM
IPTG overnight at 20°C (indicated by a black arrow) and used to induce the expression of
other PaGH3 proteins. (b) PaGH3.gll.8, PaGH3.gll.9 and PaGH3.17 proteins expression.
Calculated molecular weight (MW) of 6x His-recombinant proteins: 70.84 kDa (PaGH3.16),
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