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Supplementary Material
1 Supplementary Tables

Supplementary Table S1. NCBI genome assembly accession numbers and sources of the peptide
annotations used for other Fagales species.

Species Abbreviation NCBI assembly Source of peptide annotations

Alnus glutinosa Alngl GCA 003254965.1 http://gigadb.org/dataset/101042

Betula pendula Bpev GCA 900184695.1  https://www.hardwoodgenomics.org/Genome-
assembly/2986212

Casuarina glauca Casgl GCA 003255045.1 http://gigadb.org/dataset/101051

Corylus avellana Corav GCA _901000735.1  https://www.hardwoodgenomics.org/Genome-
assembly/3472010

Fagus sylvatica FSB GCA 003347535.1 https://www.hardwoodgenomics.org/Genome-
assembly/2365974

Juglans nigra Juni GCA 002916485.1  https://www.hardwoodgenomics.org/Genome-
assembly/3641871

Quercus robur Qrob GCA 900291515.1  http://www.oakgenome.fr/?page id=587



https://urldefense.com/v3/__http:/gigadb.org/dataset/101042__;!!JmPEgBY0HMszNaDT!ukWz04GiDxbo2t_XqFkEUKqbzw0k5A6kIhkl3anava9FKlCLXuAK0cTKYGy_Zh3TynhY4kg$
https://urldefense.com/v3/__https:/www.hardwoodgenomics.org/Genome-assembly/2986212__;!!JmPEgBY0HMszNaDT!ukWz04GiDxbo2t_XqFkEUKqbzw0k5A6kIhkl3anava9FKlCLXuAK0cTKYGy_Zh3Ttb3xfxU$
https://urldefense.com/v3/__https:/www.hardwoodgenomics.org/Genome-assembly/2986212__;!!JmPEgBY0HMszNaDT!ukWz04GiDxbo2t_XqFkEUKqbzw0k5A6kIhkl3anava9FKlCLXuAK0cTKYGy_Zh3Ttb3xfxU$
https://urldefense.com/v3/__http:/gigadb.org/dataset/101051__;!!JmPEgBY0HMszNaDT!ukWz04GiDxbo2t_XqFkEUKqbzw0k5A6kIhkl3anava9FKlCLXuAK0cTKYGy_Zh3Tbftcz0c$
https://urldefense.com/v3/__https:/www.hardwoodgenomics.org/Genome-assembly/3472010__;!!JmPEgBY0HMszNaDT!ukWz04GiDxbo2t_XqFkEUKqbzw0k5A6kIhkl3anava9FKlCLXuAK0cTKYGy_Zh3TukTlIfI$
https://urldefense.com/v3/__https:/www.hardwoodgenomics.org/Genome-assembly/3472010__;!!JmPEgBY0HMszNaDT!ukWz04GiDxbo2t_XqFkEUKqbzw0k5A6kIhkl3anava9FKlCLXuAK0cTKYGy_Zh3TukTlIfI$
https://urldefense.com/v3/__https:/www.hardwoodgenomics.org/Genome-assembly/2365974__;!!JmPEgBY0HMszNaDT!ukWz04GiDxbo2t_XqFkEUKqbzw0k5A6kIhkl3anava9FKlCLXuAK0cTKYGy_Zh3TLP9MH7U$
https://urldefense.com/v3/__https:/www.hardwoodgenomics.org/Genome-assembly/2365974__;!!JmPEgBY0HMszNaDT!ukWz04GiDxbo2t_XqFkEUKqbzw0k5A6kIhkl3anava9FKlCLXuAK0cTKYGy_Zh3TLP9MH7U$
https://urldefense.com/v3/__https:/www.hardwoodgenomics.org/Genome-assembly/3641871__;!!JmPEgBY0HMszNaDT!ukWz04GiDxbo2t_XqFkEUKqbzw0k5A6kIhkl3anava9FKlCLXuAK0cTKYGy_Zh3Tvt8kBAs$
https://urldefense.com/v3/__https:/www.hardwoodgenomics.org/Genome-assembly/3641871__;!!JmPEgBY0HMszNaDT!ukWz04GiDxbo2t_XqFkEUKqbzw0k5A6kIhkl3anava9FKlCLXuAK0cTKYGy_Zh3Tvt8kBAs$
https://urldefense.com/v3/__http:/www.oakgenome.fr/?page_id=587__;!!JmPEgBY0HMszNaDT!ukWz04GiDxbo2t_XqFkEUKqbzw0k5A6kIhkl3anava9FKlCLXuAK0cTKYGy_Zh3TZlDGh44$
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Supplementary Table S2. Metabolites identified and/or provisionally annotated in red alder tissues. P, Phenolic acid; O, Organic acid; G,
Gallic acid derivative; E, Ellagitannin; F, Flavonoid; Pa, Proanthocyanidin; D, Diarylheptanoid; Po, Polyamine. PI, Pollen, Ca, Catkins.

Feature ?mTin) gj;}e’- ziirggiics;ion/Putative ?(/)[;)rlrilual ear Cz[ilrM(r:llzliis:s]tﬁd Efrr:r Nodules Roots Stems Buds Leaves Pl Ca
Sp Su Fa|Sp Su Fa|Sp Su Fa|Sp Su Fa|Su Fa | Su| Su

MI9ITI28 | 2.13 | O Quinic acid* C7H1,06 1910556 | 013 | ¥ N V| v N A A A N A A A A N
MI73T157 | 2.62 | O Shikimic acid® C7H100s 1730450 | 110 | ¥ N V[ v N A AN N A A A A
MI9IT299 | 498 | O Citric acid® CeH;0; 1910192 [ 016 | v v N[ v N N[N N AN N AN A A
M331T342 5.7 G f-Glucogallin® Ci3H16010 331.0665 0.51 v v v v v v v v V V V V V V V \/
M783T489 | 815 | E apsgr‘;“;;‘}agm (@3 CuHnOn | 7830681 | 100 [xo w w | v v Y| v v |[w w ww | v V| w | v
M783Ts81 | 9.68 | E :g;“;;‘}agm (@3 CuHnOn | 7830681 | 104 |[xo w a | v v Y| v v |[w w ww | v V| w | v
M483T594 9.90 G Digalloyl glucose® CaoH20014 483.0775 4.14 ND ND ND [ ND ND ND [ ND ND ND [ ND ND ND [ ND ND | ND | ND
M785T626 | 10.43 Z;éﬂl‘gi)%fdandm Toorp CyHyOn | 7850838 | 127 |~ o w [ v« v [ ¥ v v [w w w | ¥ v |[w| 4
M353T634 10.57 | P trans-Chlorogenic acid® Ci6H1309 353.0873 0.29 v v v v v v v v v v V V v V V \/
M633T645 | 10.75 | E Strictinin® CyHpOi | 6330728 | 076 |~ v V| v 4 v | v v A fw N w| N A w0 | A
M289T647 10.78 | F (+)-Catechin® C5sH 1406 289.0712 0.83 v v v v v v v v V V V V V v | ND V
M325T650 10.83 | P gl:l(}; (;scig::n aric acid CisHi50g 325.0923 1.54 ND ND ND |[ND ND ND [ND ND ND |ND ND ND | ND ND | ND [ ND
M353T659 | 1098 | P gygtgfg‘e’;‘;%zﬁ; f‘;‘:c] gy | GOy 3530873 | 043 | Y v N | v W V| v N N NN NN N V|
M577T688 11.47 | Pa Procyanidin B2* C30Ha6012 577.1346 0.07 v v v v v v v v v v V V v v | ND \/
M785T701 | 11.68 | E Z;éﬂl‘gi)%randm Toorp CulOn | 7850838 | 055 |~ v wo | v+ V| v N | v o ow|n || 4
M337T720 | 12.00 | P zz‘igfo‘p ~Coumaroyl quinic | ¢ y o, 3370923 | 157 | v N N | N 4 N v N NN NN N V|
M635T729 12.15 | G Trigalloyl glucose®™ Cy7H24018 635.0884 4.41 ND ND ND |[ND ND ND [ ND ND ND [ ND ND ND [ ND ND | ND | ND
M289T734 1223 | F (-)-Epicatechin® C5sH 1406 289.0712 0.35 v v v v v v v v V V V V V v | ND V
M337T739 12.31 P Zﬁﬁ;ﬁgﬁﬁfummoyl Ci6Hi50g 337.0923 0.59 ND ND ND |[ND ND ND [ND ND ND |ND ND ND | ND ND | ND [ ND
M337T748 | 1247 | P Z;’ﬁ;tg;{c"c"“maroyl CieHi505 3370023 | 009 | Y v N[ N 4 AN N N AN Ny N NN
M865T759 12.65 | Pa Pa trimer® CysH33018 865.1980 0.31 v v v v v v v v v v V V v v | ND \/
M625T776 1293 | F Dihexosylquercetin® Cy7H30017 625.1405 0.87 ND ND ND | ND ND ND [ND ND ND [ ND ND ND | ND ND i i
M367T782 13.03 | P 4-0O-Feruloyl quinic acid® C17H2009 367.1029 0.01 v v v v v v v v v v V V v V V \/
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Calculated
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Feature . ) mass Nodules Roots Stems Buds Leaves Pl Ca
(min) | gory annotation formulae [M-H] error
Sp Su Fa|Sp Su Fa|Sp Su Fa|Sp Su Fa|Su Fa | Su| Su
M935T791 13.18 | E Casuarinin® C41H25056 935.0791 0.88 ND  ND v v V v | ND V Vv [ ND ND ND V v | ND \/
M337T818 | 13.63 | P zi‘i;;'o'p'c"“mamyl qUIIC o H,50s 337.0923 | 041 S N L N N e L N A O A
M615T827 | 13.78 | F Quercetin-O(O-gallovh- | 0 | 6150986 | 090 [ x> N> W |ND v Np | 4 v V|4 VY ]
M937T835 1392 | E Tellimagrandin %4 C41H30026 937.0947 1.71 ND ND ND |ND ND ND [ ND ND ND [ ND ND ND [ ND ND | ND | ND
1 10_1h3
M436T839 | 13.98 | Po ]s\; cﬁn i‘é’i‘zg’j'c"“mamyl) CsH3N:O; | 4362236 | 003 | ND ND ND [ND ND ND [ND ND ND | ND ND ND | ND ND | V| ¥
M615T845 | 14.08 | F Se‘fgscie;gj'o'(o'ga“"yl)' CasH4016 6150986 | 151 [~ N> ND [ v 4 W[ v 4 | A V|
1 A710_ty
M436T872 14.53 | Po ak N b.l s([cJ-Coumaroyl) CysH3 N304 436.2236 1.01 ND ND ND | ND ND ND |[ND ND ND | ND ND ND [ ND ND v v
spermidine® (isomer)
MS507T884 1473 | D Hirsutanonol 5-O-glucoside® | CasH3,01; 507.1866 | 0.88 V V V v v v 2 \/ \/ \/ V V \/ v | ND V
M463T892 | 14.87 | F Qeies iSOl CuHuOn | 2630877 | 035 | v v N | v v | v v N v v | v | V|V
(isoquercitrin)
M477T895 1492 | F Quercetin glucuronide® CyHis013 477.0669 | 0.23 V V v | ND v \/ 2 \/ \/ \/ 2 2 \/ V V V
M939T920 15.33 Pentagalloyl glucose®” C41H3,056 939.1104 1.49 ND ND ND [ ND ND ND [ ND ND ND [ ND ND ND [ ND ND | ND | ND
M477T932 15.53 Oregonin® Ca4H30019 477.1761 0.53 v v v v V V V V V v V \/ v v | ND \/
1-(3,4-Dihydroxyphenyl)-7-
hydroxylphenyl-heptane-3-
M491T959 1598 | D irs SO Cy5H3,019 491.1917 0.37 v v v V V V V V V v V \/ v v | ND \/
glucopyranoside*
M447T965 16.08 | F gKlieCI;lggzraiH'O' C,1Hy01; 447.0927 1.25 ND ND ND |ND ND ND |[ND ND ND |[ND ND ND | ND ND y y
1-Hydroxylphenyl-7-(3,4-
dihydroxyphenyl)-heptane-
M491T968 16.13 | D 3-one 5-O4-D- C,sH3,010 491.1917 | 0.25 v v v v v v V v v v v v V v | ND V
glucopyranoside®
M447T974 | 1623 | F Quercetin-rhamnoside CoHxOn | 4470027 | 024 | v 4 v | v v v v v N[ N ] v
(quercitrin)™
M629T977 16.28 | D Galloyl oregonin like* C3;H3,014 629.1870 0.82 v v v v V V V V v | ND v ND v v | ND \/
M345T1006 | 16.77 | D Hirsutanonol? C1oH2O0g 345.1338 | 0.46 v v v v v v v v v v V v V v V V
M461T1018 1696 | D Alnuside A»¢ Cy4H3009 461.1812 0.09 ND ND ND [ ND ND ND [ ND ND ND [ ND ND ND [ ND ND | ND | ND
M625T1019 1698 | D Rubranoside D¢ C30H42014 625.2496 1.16 v v v v V V V V V v V \/ v v | ND \/
M629T1022 17.03 | D Galloyl oregonin like* C3;H34014 629.1870 0.38 v v v v V V V V V v V \/ v v | ND \/
M461T1028 17.13 | D Alnuside B* Ca4H3009 461.1812 0.08 v v v v v v V v v v V V v v | ND V
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Calculated

Feature RT. Cate- Identlﬁ'catlon/Putatlve Molecular mass ppm Nodules Roots Stems Buds Leaves Pl Ca
(min) | gory annotation formulae [M-HT error
Sp Su Fa|Sp Su Fa|Sp Su Fa|Sp Su Fa|Su Fa| Su| Su
M475T1045 | 1742 | D Platyphylloside® CssH3,00 4751968 | 063 | v N V| N v N | v N AN N N N || W
M431T1060 | 17.67 | F é‘;:ﬁ%gfml'}rhammde Ca1Hx010 4310978 | 028 | Vv N N | v N N v N NN N NN N VA
M493T1066 | 17.77 | D Rubranoside A CsH34019 4932074 | 050 | v N V| N N N[ v 4 A AN N AN
M629T1073 | 17.88 | D Galloyl oregonin like® C31H34014 6291870 | 084 | v N N[ v 4 N[ v 4 A A4 NN AN Y
M625T1099 | 18.32 | D Rubranoside C° C3oHiO14 6252496 | 064 | v N N | N 4 A | N N N[ A A NN AN
M463T1117 | 18.62 | D Rubranoside B* C24H3,00 4631968 | 014 | v N V| N v N[ v N AN NN N ||
M445T1120 | 18.67 | D Platyphylionol 5-0-D- CouHaOy | 4451862 | 045 | v v V| v v | v 4 Al v v |4 v|wm]| v
xylopyranoside
MS577T1180 | 19.67 | D Butanoyl hirsutanonol 5-0- | o by oy | 5772285 | 057 | v v V| v 4 A v 4 AN v A4 v|m]| v
S-D-glucopyranoside
M623T1192 | 19.87 | D Rl C3:H3601 6232129 | 026 | v N N | N A N[ N N N[N N AN A x|
oregonin
M285T1214 | 2023 | F Luteolin® CisH 906 2850399 | 010 | v N N | N 4 A | N N N A NN N A A
M547T1233 20.55 | D Butanoyl oregonin® CasH36011 5472179 0.39 \ \ N | ND N\ ND v \ \ N v v N v | ND v
M461T1240 | 20.67 | D Aceroside VII° CysH3405 4612175 | 047 | v N 4| x> v N | v 4 A 4y N[N AN
M591T1264 | 21.07 | D Methylbutanol hirsutanonol | v o7 | so12442 | 119 | v v V| v 4 N[ Vv v 4| A A4 N[ A |m]| v

5-0-f-D-glucopyranoside®

Tri-p-coumaroyl

M582T1274 | 21.23 | Po T
spermidine!

CyH37N;06 | 582.2604 1.03 ND ND ND |ND ND ND |ND ND ND |ND ND ND | ND ND V V

1,7-bis(4-Hydroxyphenyl)-
3-heptanol 3-O-4-D-

M593T1284 | 21.40 | D alucopyranosyl-(1—3)-4-D-

C30Ha2012 593.2598 | 0.32 v v v v v v V v v v V V V x/ x/ x/

xylopyranoside®

M561T1321 22.02 D Alnuside C°¢ Cy9H3301; 561.2336 0.43 V V V ND ND ND V V V V i i V i ND i
1,7-bis(4-Hydroxyphenyl)-

M431T1323 22.05 | D 3-heptanol 3-O-4-D- C14H3,0; 431.2070 | 0.73 v v v v v v v v v v v v v v v v
xylopyranoside®

M269T1353 2255 | F Apigenin® Ci5H;00s 269.0450 | 0.11 v v v v v v v v v v V v | ND V V V

1-(3,4-Dihydroxyphenyl)-7-
hydroxyphenyl-heptane-3-
one methylbutanoyl 5-O-f-
D-glucopyranoside®

M575T1366 | 22.77 | D C30H4001; 5752492 | 0.61 v v v | ND v v v v v v v v v v v v

Cinnamoyl hirsutanonol 5-

M637T1394 | 2323 | D C34H3301, 637.2285 | 0.86 v v v v v v v v v v v v v v | ND v

O-f-glucopyranoside®
M345T1416 | 23.60 | F Viscidulin ITI° C17H1405 345.0610 | 0.60 [ ND ND ND | ND v ND v v ND v v v J v v v
M283T1673 | 27.88 | F IHO gl C6H10s 2830607 | 015 | x> N> ND [ND ND WD | v ¥ W | Vv NN N V| W
(genkwanin)




Calculated

Feature EnTin) (g:(?;;_ Iﬁi::::;?jrtjonmmative ?gl(_)[lneslual :r : ﬁals{s] ] E fr I; Nodules Roots Stems Buds Leaves Pl |Ca
Sp Su Fa|Sp Su Fa|Sp Su Fa|Sp Su Fa|Su Fa | Su| Su

M313T1679 | 2798 | F Dimethoxyluteolin® Ci7H140¢ 313.0712 | 0.02 ND ND ND | ND ND ND v v ND v v v v v v v
M329T1686 | 28.10 | F Unidentified flavonoid C7H1407 329.0661 | 0.60 | ND ND ND | ND ND ND | ¥ v ND | Y v o Y| N Y v v

a = confirmed using authentic standards, including proanthocyanidins (procyanidin B2), diarylheptanoids (alnusides A and B, hirsutanonol,
oregonin, 2"'-O-p-coumaroyl oregonin, platyphylloside and rubranosides A and B), gallic acid derivatives and ellagitannin related [f-
glucogallin, pentagalloyl glucose, pedunculagin (a or f anomers), tellimagrandin I (o or f anomers), strictinin, casuarinin, tellimagrandin II],
polyamine [N!,N'*-bis(p-coumaroyl) spermidine], flavonoids [(+)-catechin, (-)-epicatechin, quercetin-3-O-glucoside, quercitrin, genkwanin,
kaempferol-3-O-glucoside, luteolin and apigenin], phenolic acids/derivatives (trans-chlorogenic, 4-O-caffeoyl quinic and trans-3-O-p-
coumaroyl quinic acids, as well as cis-4-O-p-coumaric acid glucoside), organic acids (citric, shikimic, and quinic acids).

b = metabolite with lower detection limit (trace)

¢ = provisionally annotated by analysis of mass spectrometric fragmentation patterns and comparison to literature reports such as by Sati et al.

(1), Jackrel (2), and Jackrel et al. (3).
d = several known alder metabolites were not detected in these Clone 639 tissues.
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Supplementary Table S3. Red alder homologs to bona fide shikimate, chorismate, phenylalanine, and S-glucogallin pathway genes.

Enzyme Plant species NCBI accession A. rubra homologs Name Amino acid Predicted
number identity (%)* localization**
3-Deoxy-D- Arabidopsis AAA32784 (4) ALNRUO00118289  ArDAHPSI 80.5 Plastid
arabinoheptulosonate 7- thaliana ALNRU00091501  ArDAHPS2 80.4 Plastid
phosphate synthase (DAHPS) ALNRU00046501  ArDAHPS3 77.6 Plastid
ALNRUO00044315  ArDAHPS4 74.2 Plastid
ALNRU00084407  ArDAHPS5 72.8 Plastid
3-Dehydroquinate synthase Solanum AAL77575 (5) ALNRUO00027821  ArDHQS 76.8 Plastid
(DHQS) lycopersicum
Bifunctional 3- A. thaliana Q9SQT8 (6) ALNRU00075273  ArDHQD-SDH1 73.2 Cytoplasm
dehydroquinate ALNRUO00016551  ArDHQD-SDH2 50.6 Cytoplasm
dehydratase/shikimate ALNRU00016553  ArDHQD-SDH3 64.1 Cytoplasm
dehydrogenase (DHQD- ALNRU00016554  ArDHQD-SDH4 63.6 Cytoplasm
SDH) ALNRUO00118494  ArDHQD-SDHS5 47.8 Cytoplasm
ALNRU00050250  ArDHQD-SDHG6 53.3 Cytoplasm
Shikimate kinase (SK) S. lycopersicum NP 001234112 (7) ALNRU00033270  ArSK 50.4 Plastid
5-Enolpyruvylshikimate-3- A. thaliana P05466 (8) ALNRU00062892  ArEPSPS 73.3 Plastid
phosphate synthase (EPSPS)
Chorismate synthase (CS) Capnoides CAA43034 (9) ALNRUO00062533  ArCS 76.1 Plastid
sempervirens
Chorismate mutase (CM) A. thaliana CAB54518 (10) ALNRU00054560  ArCM1 70.8 Plastid
ALNRU00061145  ArCM2 49.1 Cytoplasm
ALNRU00010637  ArCM3 61.4 Plastid
Prephenate amino-transferase  A. thaliana ADMG67558 (11) ALNRUO00090523  ArPPA-AT 71.9 Plastid
(PPA-AT)
Arogenate dehydratase A. thaliana At5g22630 ALNRUO00051159  ArADTI1 73.3 Plastid
(ADT) (AtADTS) (12) ALNRUO00103384  ArADT2 534 Plastid
ALNRU00048921  ArADT3 52.5 Plastid
S-glucogallin forming UDP Quercus robur AHAS54051 ALNRU00005258  ArUGT1 87.1 Cytoplasm
glucosyltransferase (UGT) (UGT84A13) (13) ALNRU00139344  ArUGT2 87.2 Cytoplasm
ALNRUO00005266  ArUGTS3 71.7 Cytoplasm
ALNRU00126768  ArUGT4 71.1 Cytoplasm
ALNRU00005272  ArUGTS 70.6 Cytoplasm

*used Clustal Omega Multi Sequence Alignment Tool (14).
**used LOCALIZER 1.0.4 (15) and DeepLoc 2.0 (16).



Supplementary Table S4. Red alder homologs to bona fide phenylpropanoid pathway genes.

Enzyme Plant species NCBI accession number A. rubra homologs Name Amino acid
identity (%)*

Phenylalanine ammonia lyase (PAL) Arabidopsis At2g37040 (AtPAL1) (17) ALNRU00113829 ArPAL1 83.9
thaliana ALNRU00062591 ArPAL2 82.2

ALNRU00103226 ArPAL3 81.8

ALNRU00062587 ArPAL4 80.8

Cinnamate 4-hydroxylase (C4H) Helianthus CYP73A1, CAA78982 (18)  ALNRU00092227 ArC4H1 89.1
tuberosus ALNRU00122270 ArC4H2 62.0

ALNRU00028961 ArC4H3 62.2

Hydroxycinnamoyl CoA: shikimate Nicotiana CAD47830 (NtHCT) (19) ALNRU00070014 ArHCT1 79.5
hydroxycinnamoyl transferase (HCT) tabacum ALNRU00070002 ArHCT2 76.0
ALNRU00069972 ArHCT3 75.3

p-Coumarate 3-hydroxylase (C3H) A. thaliana CYP98A3, At2g40890 (20)  ALNRU00003369 ArC3H1 82.3
ALNRU00003318 ArC3H2 77.4

ALNRU00003289 ArC3H3 74.6

ALNRUO00138548 ArC3H4 74.6

4-Coumarate CoA ligase (4CL) A. thaliana Atlg51680 (At4CL1) (21) ALNRUO00130727 Ar4CL1 69.8
ALNRUO00011055 Ar4CL2 69.6

ALNRUO00087439 Ar4CL3 70.3

ALNRUO00090869 Ar4CL4 60.3

Ferulate 5-hydroxylase (F5SH) A. thaliana CYP84A1, At4g36220 (22)  ALNRU00027975 ArF5H 62.3
Caffeic acid O-methyltransferase A. thaliana At5g54160 (AtCOMTT1) ALNRU00041884 ArCOMTI 78.5
(COMT) (23, 24) ALNRU00090858 ArCOMT?2 62.3
Caffeoyl CoA O-methyltransferase Petroselinum AAA33851 (25) ALNRU00005083 ArCCOMTI 78.6
(CCOMT) crispum ALNRU00005087 ArCCOMT?2 71.8
ALNRUO00025885 ArCCOMT3 58.0

Cinnamoyl CoA reductase (CCR) A. thaliana Atlgl15950 (AtCCRI1) (26) ALNRU00069900 ArCCRI1 78.9
ALNRU00065491 ArCCR2 50.3

Cinnamy] alcohol dehydrogenase (CAD) A. thaliana At4g34230 (AtCADS5) (27)  ALNRU00005245 ArCADI1 79.3
ALNRUO00011316 ArCAD2 62.9

ALNRU00085651 ArCAD3 50.1

ALNRU00028036 ArCAD4 47.6

ALNRU00048433 ArCADS 49.2

ALNRU00061461 ArCADG6 48.3

ALNRUO00085657 ArCAD7 48.5

ALNRU00085652 ArCAD8 48.7

ALNRUO00061417 ArCAD9 47.5

ALNRU00061363 ArCADI10 479

*used Clustal Omega Multi Sequence Alignment Tool (14).
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Supplementary Table S5. Red alder homologs to bona fide flavonoid pathway genes.

Enzyme Plant species NCBI accession number A. rubra homologs Name Amino acid
identity (%)*
Chalcone synthase (CHS) Antirrhinum CAA27338 (28) ALNRU00052590 ArCHSI1 86.1
majus ALNRU00080687 ArCHS2 73.9
ALNRU00080685 ArCHS3 86.2
ALNRU00080658 ArCHS4 72.7
Chalcone isomerase (CHI) Petunia x hybrida CAA32730 (29) ALNRUO00071279 ArCHI 70.5
Flavanone 3-hydroxylase (F3H) Arabidopsis AAC49176 (30) ALNRU00027879 ArF3H 84.6
thaliana
Flavonoid 3'-hydroxylase (F3'H) A. thaliana At5g07790 (31) ALNRU00072988 ArF3'H1 71.3
ALNRU00026572 ArF3'H2 71.2
Flavonoid 3',5'-hydroxylase (F3',5'H) P. hybrida CAA80266 (32) ALNRU00009602 ArF3',5'H 76.8
Flavonol synthase (FLS) P. hybrida CAA80264 (33) ALNRU00076204 ArFLS1 73.9
ALNRUO00037056 ArFLS2 67.5
Dihydroflavonol 4-reductase (DFR) A. majus P14721 (34) ALNRU00000326 ArDFR1 69.4
ALNRU00000329 ArDFR2 62.2
Leucoanthocyanidin reductase (LAR) Desmodium CAD79341 (35) ALNRU00034769 ArLARI1 66.2
uncinatum ALNRUO00056862 ArLAR2 58.1
Leucoanthocyanidin dioxygenase A. thaliana Q96323 (36) ALNRU00013023 ArLDOX 79.9
(LDOX) also called anthocyanidin
synthase (ANS)
Anthocyanidin reductase (ANR) Medicago AANT7T7735 (37) ALNRU00124301 ArANRI1 76.6
truncatula ALNRUO00012650 ArANR2 74.9
Flavone synthase 1T (FNS 1I) Gerbera hybrid AAD39549 (CYP93B2) ALNRU00042823 ArFNSII-1 57.1
cultivar (38) ALNRU00004682 ATrFNSII-2 51.3
ALNRU00004681 ArFNSII-3 51.4
ALNRU00004684 ArFNSII-4 48.5

*used Clustal Omega Multi Sequence Alignment Tool (14).



Supplementary Table S6. Red alder homologs to bona fide dirigent protein genes

Enzyme Plant species NCBI accession number A. rubra homologs Name Amino acid
identity (%)*

Dir-a sub-family Pisum sativum P13240 (DRR206) (39) ALNRUO00062277 ArDIR1 73.2

ALNRU00062278 ArDIR2 62.0

ALNRU00062271 ArDIR3 51.2

Dir-b sub-family P. sativum PsCam039127 ALNRU00004390 ArDIR4 55.7

600D (PsPTS1) (40) ALNRU00004385 ArDIRS 53.3

ALNRU00004380 ArDIR6 53.8

ALNRU00004378 ArDIR7 54.4

ALNRU00091352 ArDIRS 49.7

ALNRU00091353 ArDIR9 48.4

ALNRU00091336 ArDIR10 46.7

ALNRUO00135575 ArDIR11 46.7

ALNRU00091354 ArDIR12 45.4

ALNRU00091345 ArDIR13 43.2

ALNRUO00113764 ArDIR15 46.0

ALNRUO00116248 ArDIR21 49.2

Dir-d sub-family Gossypium GhDIR4 (41) ALNRUO00093085 ArDIR14 38.1

hirsutum ALNRU00093034 ArDIR16 44.6

ALNRU00065374 ArDIR17 46.3

ALNRU00093041 ArDIR20 46.0

ALNRUO00065375 ArDIR22 41.1

ALNRUO00065377 ArDIR25 44.6

ALNRUO00123362 ArDIR27 38.1

Dir-e sub-family Arabidopsis At2g28670 (AtDIR10) (42)  ALNRU00042827 ArDIR18 60.2

thaliana ALNRU00071249 ArDIR19 61.1

ALNRU00071250 ArDIR23 41.8

ALNRUO00052656 ArDIR24 40.9

ALNRU00071251 ArDIR26 36.4

*used Clustal Omega Multi Sequence Alignment Tool (14).
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Supplementary Table S7. Sequence comparisons (percent identity) of chalcone synthases (CHS),
curcumin synthase (CURS) and diketide CoA synthase (DCS).

AmCHS* CIDCS CICURS ArCHSI ArCHS2 ArCHS3

CIDCS 65.8

CICURS1 60.2 62.6

ArCHS1 86.1 65.5 60.7

ArCHS2 73.9 62.5 553 74.8

ArCHS3 86.2 65.8 59.4 89.5 76.5

ArCHS4 72.7 61.2 48.8 72.7 91.9 74.6

* AmCHS, Antirrhinum majus CHS (CAA27338); CICURSI1, Curcuma longa CURS (BAH56226);
CIDCS, C. longa DCS (BAH56225); ArCHS1 — ArCH3, putative Alnus rubra CHS (ALNRU00052590,
ALNRU00080687, ALNRUO00080685)
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Supplementary Table S8. Red alder homologs bona fide pinoresinol-lariciresinol reductase, allylphenol synthase, propenylphenol synthase,
and secoisolariciresinol dehydrogenase genes.

Enzyme Plant species NCBI accession number A. rubra homologs Name Amino acid

identity (%)*
Pinoresinol-lariciresinol reductase Forsythia AAC49608 (FiPLR1) (43) { ALNRUO0O0108755 ArPLR1 77.5

(PLR) intermedia

Allylphenol synthase (APS) Larrea tridendata i AHA90804 (LtAPS1) (44) | ALNRU00041001 ArAPS1 81.8
ALNRUO00117167 ArAPS2 81.8
ALNRU00040994 ArAPS3 77.0
ALNRU00041004 ArAPS4 77.0
ALNRU00117169 ATAPS5S 77.0
Propenylphenol synthase (PPS) L. tridendata AHA90806 (LtPPS1) (44) | ALNRU00072637 ArPPS1 64.4
ALNRU00072634 ArPPS2 63.1
Secoisolariciresinol dehydrogenase Podophyllum AF352734 (PpSDH) (45) ALNRUO00043749 ArSDH1 56.2
(SDH) peltatum ALNRU00043779 ArSDH?2 56.2
ALNRU00043753 ArSDH3 55.8
ALNRU00043507 ArSDH4 56.0
ALNRU00043783 ArSDHS5 53.5
ALNRU00049317 ArSDH6 53.4
ALNRU00043813 ArSDH7 50.2
ALNRU00049319 ArSDHS 54.1

*used Clustal Omega Multi Sequence Alignment Tool (14).
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Supplementary Figure S1. Current simplified shikimate-chorismate pathway and offshoots to
phenylalanine, quinate, f-glucogallin, and 1,2,3,4,6-penta-O-galloyl-$-D-glucopyranose. DHQD-
SDH: bifunctional 3-dehydroquinate dehydratase/shikimate dehydrogenase.
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Supplementary Figure S2. Protein sequence alignment of bona fide 3-deoxy-D-arabino-
heptulosonic acid 7-phosphate synthase (DAHPS) from Arabidopsis thaliana (AtDAHPS (4)) and
that of putative homologs (ArDAHPS1 — ArDAHPSS) in red alder.
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S1DHQS 1 ASSINO PO~ T SIFIN S THOLHQS RENNS HVINFIRAIRYV SSPEISIAC € LK KATTIRLKVIEATSAT
ArDHQS 1 UV TNIgES - —————————— KNS E'SINVIZNIZPNEVELINS = ' VEILESISININSIMBNE[ONSIAYSI A SRVINSVRIICASSA
S1DHQS 64 K\YUIBHE]S SIMA SEOAIRT i EDLGTRSYPIYIG‘GLLDQPDLLQRH HGKRVLVVTNHT VAP T SENNNDENIZN i
ArDHQS 70 QN0 T DK (VBVINLGBRSYPIYIGEHGLLDOPBILLORHMHGKRVLVVTNINTVEP A LTINGNPNVSV]
SERD):(OS NNy S/ T ,PDGEGBKNMET LMKMEFDKATIESRLDRRCTFVALGGGVIGDMCGMAAASMLRGVNEFIQIPTTVMAQVDSSVGGKTG
Nl (O IG5V 1 1. PDGEMMKIBMB T LMKBMFDKATIESRLDRRCTFVALGGGVIGDMCGEAAASELRGVNFIQIPTTVMAQVDSSVGGKTG
S1DHQS 224 IGAFYQPQCVLIDTDTLNTLPDRELASGLAEVIKYGLIRDAEFFEWQEGNMIZNT BAR D P AJNYATKRSCE]
ArDHQS 230 IGAFYQPQCVLIDTDTLNTLPDRELASGLAEVIKYGLIRDAEFFEWQE Q BIRDP EL‘YAIKRSCE
S1DHQS 304 |\ SODEKESGMRATLNLGHTFGHAMETGVGYG@WLHGEAVAAGIVMAVDMSRRLGWIDDS) TQR @M T LOOAKLPT]
Nl (O ICHNON I\ K A K\ SIDEKEE@GERATLNLGHTFGHABETGVGY GIMWLHGEAVAAGNMVMAVDESRRLGWIDDS !KRVHNILTQAKLPT
[SERR):(OSINCTT/AS) P1R3 T M TVEMEK SEMAVDKKVADGINLRLI LLKGELGNCVFTGDY D@KABDETLRAFFKS
ArDHQS 390 INTMTVEMFKSMMAVDKKVADGIRLRLI LLKGIMLGNCVFTGDYDIRKAMDETLRAF@®K S
Supplementary Figure S3. Protein sequence alignment of bona fide 3-dehydroquinate synthase

(DHQS) from Solanum lycopersicum (SIDHQS (5)) and that of a putative homolog (ArDHQS) in
red alder.
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Supplementary Figure S4. Protein sequence alignments of bona fide bifunctional 3-dehydroquinate
dehydratases/shikimate dehydrogenases (DHQD-SDH) from Arabidopsis thaliana (At) (6), Camellia
sinensis (Cas) (46), Citrus sinensis (Cs), Diospyros kaki (Dk) (47), Eucalyptus camaldulensis (Ec) (48),
E. grandis (Eg), Fragaria vesca subsp. vesca (Fv), Juglans regia (Jr) (49), Nicotiana tabacum (Nt) (50),
Populus trichocarpa (Poptr) (51)), Solanum lycopersicum (S1) (52), Vitis vinifera (Vv) (53) and that of
putative homologs (ArDHQD-SDH1 — ArDHQD-SDH6) in red alder. The N-terminal signal peptide of
AtDHQD-SDH was not included. The DHQD domain is shown as a red-range bar whereas the SDH
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domain is in light blue. The consensus motif SX[TG] is highlighted in blue, green, purple and Fuchsia.
The NRT sequence motif typically associated with NADP" preference is in red, whereas the DID motif
associated with NAD™ preference is green (54). Names of Group I DHQD-SDHs are depicted in blue,
Group II in green, Group Il in dark red, Group 1V in purple and Group V in Fuchsia.

AtDHQD-SDH (AAF08579), CasDHQD-SDHa (AYP64306), CasDHQD-SDHb (AYP64307),
CasDHQD-SDHc (AYP64308), CasDHQD-SDHd (AYP643079), CsDHQD-SDH1
(orangel.1g010050m), CsDHQD-SDH?2 (orangel.1g010101m), CsDHQD-SDH3 (orangel.1g007151m),
DkDHQD-SDH (BAI40147), EcDHQD-SDH2 (BBL52471), EcDHQD-SDH3 (BBL52472), EcDHQD-
SDH4a (BBL52473), EcDHQD-SDH4b (BBL52474), EgDHQD-SDH1 (Eucgr.H01214.1), EgDHQD-
SDH2 (Eucgr.H04428.1), EgDHQD-SDH3 (Eucgr.H04427.1), EgDHQD-SDH4 (Eucgr.B01770.1),
EgDHQD-SDHS (Eucgr.J00263.1), FvDHQD-SDH1 (XP004302480), FvDHQD-SDH2 (XP004302479),
FvDHQD-SDH3 (XP004289250), FvDHQD-SDH4 (XP004288087), JrDHQD-SDH (AAW65140),
NtDHQD-SDHI1 (AS90325), NtDHQD-SDH2 (AAS90324), PoptrDHQD-SDH1 (Potri.010G019000),
PoptrDHQD-SDH2 (Potri.013G029900), PoptrDHQD-SDH3 (Potri.005G043400), PoptrDHQD-SDH4
(Potri.014G135500v, PoptrDHQD-SDHS (Potri.013G029800), SIDHQD-SDH1 (AAC17991), SIDHQD-
SDH2 (XP010327280), SIDHQD-SDH3 (XP004242317), VvDHQD-SDH1 (ANC67814), VVvDHQD-
SDH2 (ANC67815), VVDHQD-SDH3 (ANC67816), VVDHQD-SDH4 (ANC67817). Accession numbers
correspond to the NCBI or the Phytozome (v13) databases. Finally, sequences from other Fagales species
were retrieved (using BLASTP) from the corresponding databases as indicated in Supplementary Table
S1.
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Supplementary Figure S5. Protein sequence alignment of bona fide shikimate kinase from
Solanum lycopersicum (SISK (7)) and that of a putative homolog (ArSK) in red alder.
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Supplementary Figure S6. Protein sequence alignment of bona fide 5-enolpyruvylshikimate-3-
phosphate synthase from Arabidopsis thaliana (AtEPSPS (8)) and that of a putative homolog

(ArEPSPS) in red alder.

CsCs 1 - SGERRRST YFOT S DEIROS NOG O RO TARL ARIGESF ClayF e GESHGGG]
ArCS 1 ¥ns GSEITDGF--—--— GLRHLP-SHBIPSEYHIN -RTRS)ZKEMO N JENY| GESHGGG
CsCs IO/ GCM 1 DGC PPRIFPISEADOEDL.DRRRPGOSRI TT PRKETDTCIRIMS GVABGIRT TGEP I|sllSv PNTDORGNDY SEMAKAY
ArCS gEN GCH 1 DGCPPRISPHSEADMORDLDRRRPGOSRITT PRKETDTCRIMS GVABGIT TGP T PNT DORGEIDY SEMAKAY
CsCS 160 EERININER REMOGGGRS SARET IGRVAAGAA M2 GINENTAYVSOMHKVVLPEGLVDHMBT HLHOTES
ArCS 153 RRIhNnNggr WREOGGGRSSARETIGRVAAGANA B3 GHE[T A YV SQWHKVVLPEGLVDH}Y QIES
OFYol- IR Al T/ R C PRI Y ABKMIA T DAVRVKGIRS GGVVTCI*'N PRGLGSPVFDKLEAELAKA®MSLPATKGFEFGSGFEGTRLT]
- No IRk T /R C PMEE Y ABKMTA T DAVRVKGNSEGGVVTC IIRI®PRGL.GS PVFDKLEAELAKAYMS LPATKGFEFGS GG TILT
(oF=Yol- BN Al 51 N DE F'Y TDENGR I RTRTNRSGGIQGGI SNGE I TNMR BT IEKKONT VIREREEET T ARGRHDPCVVPRAVD
)N oIIC Rl i 111 DE F Y T DERIGE T RTRTNRSGGI QGG I SNGE T TNMRMA KO I8EMET. T ARGRHDPCVVPRAVP
CsCs 400 VFINAUNKY Weay SRR iNiHg S MOFFSE TS SAIASLQGV -~ ——————

ArCS 393 [AUshNANRY (Relehhlin e):t:Xe CiNifg PiNE DI F T PR 1. DD VAEHE HEIINMRIARE

Supplementary Figure S7. Protein sequence alignment of bona fide chorismate synthase from
Capnoides sempervirens (CsCS (9)) and that of a putative homolog (ArCS) in red alder.
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Supplementary Figure S8. Protein sequence alignment of bona fide chorismate mutases from
Arabidopsis thaliana (AtCM1 and AtCM2 (10)) and that of putative homologs (ArCM1 — ArCM3)
in red alder.
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Supplementary Figure S9. Protein sequence alignment of bona fide prephenate aminotransferase
(AtPPA-AT (11)) from Arabidopsis thaliana and that of a putative homolog (ArPPA-AT) in red

alder.
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Supplementary Figure S10. Protein sequence alignment of hona fide arogenate dehydratase from
Arabidopsis thaliana (AtADTS (12)) and that of putative homologs (ArADT1 — ArADT3) in red
alder.
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Supplementary Figure S11. Protein sequence alignment of bona fide [-glucogallin forming UDP
glucosyltransferases from oak [Quercus robur, UGT84A13 (13)], tea [Camellia sinensis,
UGT84A22 (55)], pomegranate [Punica granatum, UGT84A23 and UGT84A24 (56)] and that of
putative homologs (ArUGT1 to ArUGTY) in red alder.
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Supplementary Figure S12. Expression levels of red alder homologs of bona fide shikimate,
chorismate and phenylalanine pathway genes, as well as f-glucogallin forming genes. (A) 3-
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Deoxy-D-arabinoheptulosonate 7-phosphate synthase (ArDAHPS). (B) Dehydroquinate synthase
(ArDHQS), shikimate kinase (47SK), 5-enolpyruvylshikimate-3-phosphate synthase (ArEPSPS),
chorismate synthase (47CS), and prephenate aminotransferase (ArPPA-AT). (C) Bifunctional 3-
dehydroquinate dehydratase/shikimate dehydrogenase (4rDHQD-SDH). (D) Chorismate mutase
(ArCM). (E) Arogenate dehydratase (4rADT). (F) f-glucogallin forming UDP glucosyltransferase
(ArUGT). Abbreviations: TPM, transcripts per million; Sp, spring; Su, summer; Fa, fall.
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Supplementary Figure S13. Unrooted phylogenetic tree of arogenate dehydratases (ADTs) from
Alnus glutinosa (Alngl), Alnus rubra (Ar), Arabidopsis thaliana (At), Betula pendula (Bpev),
Brachypodium distachyon (Bradi), Casuarina glauca (Casgl), Corylus avellana (Corav), Fagus
sylvatica (FSB), Juglans nigra (Juni), Oryza sativa (Os) Petunia hybrida (Ph), Pinus pinaster (Pp),
Populus trichocarpa (Ptr), Quercus robur (Qrob), and Thuja plicata (Thupl). A multiple-sequence
alignment was built using Clustal Omega (57), and the unrooted phylogenetic tree was rendered
with iTOL (58).

AtADT1 (Atlgl1790), AtADT2 (At3g07630), AtADT3 (At2g27820), AtADT4 (At3g44720),
AtADTS (At5g22630), AtADT6 (At1g08250), PhADT1 (ACY79502), PhADT2 (ACY79503),
PhADT3 (ACY79504), PpPADTA (APA32582), PpADTB (APA32583), PpPADTC (APA32584),
PpADTD (APA32585), PpADTE (APA32586), PpADTF (APA32587), PpADTG (APA32588),
PpADTH (APA32589), PpADTI (APA32590), PtrADT1 (Potri.004G188100), PtrADT2
(Potri.009G148800), PtrADT3 (Potri.011G004700), PtrADT4 (Potri.004G013400), PtrADTS
(Potri.008G195500). Sequences were obtained from NCBI and from the Phytozome (v13)
databases, whereas sequences from other Fagales species were retrieved (using BLASTP) from
the corresponding databases as indicated in Supplementary Table S1.
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Supplementary Figure S14. Unrooted phylogenetic tree of UDP-glucosyltransferases (UGTs).
Analysis used the Arabidopsis superfamily UGTs (59) and other UGTs of established functions.
A multiple-sequence alignment was built using Clustal Omega (57), and the unrooted phylogenetic
tree was rendered with iTOL (58). Red alder UGTs, ArUGT1 and 2, cluster with f-glucogallin
forming UGTs in subgroup L and are indicated with blue arrows. ArUGT3—-ArUGTS are shown
with red arrows.

Arabidopsis  thaliana: UGT71B1 (AT3G23330), UGT71B2 (AT3G21760), UGT71BS5
(AT4G15280), UGT71B6 (AT3G21780), UGT71B7 (AT3G21790), UGT71B8 (AT3G23390),
UGT71C1 (AT2G29750), UGT71C2 (AT2G25780), UGT71C3 (AT1G07260), UGT71C4
(AT1G06880), UGT7ICS5 (AT1G07240), UGT71DI1 (AT2G25790), UGT71D2 (AT2G29710),
UGT72B1 (AT4G01070), UGT72B2 (AT1G01390), UGT72B3 (AT1G01420), UGT72Cl
(AT4G36770), UGT72D1 (AT2G18570), UGT72E1 (AT3G50740), UGT72E2 (AT5G66690),
UGT72E3 (AT5G26310), UGT73B1 (AT4G39040), UGT73B2 (AT4G39030), UGT73B3
(AT4G34131), UGT73B4 (AT2G15490), UGT73B5 (AT2G10670), UGT73C1 (AT2G33480),
UGT73C2 (AT2G36760), UGT73C3 (AT2G36780), UGT73C4 (AT2G36770), UGT73C5
(AT2G36800), UGT73C6 (AT2G36790), UGT73C7 (AT3G53160), UGT73D1 (AT3G53150),
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UGT74B1 (AT1G25270), UGT74C1 (AT2G31790), UGT74D1 (AT2G31750), UGT74El
(AT1G05675), UGT74E2 (AT1G05160), UGT74F1 (AT2G43840), UGT74F2 (AT2G43820),
UGT75B1 (AT1G05560), UGT75B2 (AT1G05530), UGT75C1 (AT4G14090), UGT75DI
(AT4G15550), UGT76B1 (AT3G11340), UGT76C1 (AT5G05870), UGT76C2 (AT5G05860),
UGT76C3 (AT5G05900), UGT76C4 (AT5G05880), UGT76C5 (AT5G05890), UGT76DI
(AT2G26480), UGT76E1 (AT5G59580), UGT76E2 (AT5G59590), UGT76E3 (AT3G46700),
UGT76E4 (AT3G46690), UGT76ES5 (AT3G46720), UGT76E6 (AT3G46680), UGT76E7
(AT5G38040), UGT76E9 (AT5G38010), UGT76E11 (AT3G46670), UGT76E12 (AT3G46660),
UGT76F1 (AT3G55700), UGT76F2 (AT3G55710), UGT78D1 (AT1G30530), UGT78D2
(AT5G16690), UGT78D3 (AT5G17030), UGT79B1 (AT5G53060), UGT79B2 (AT4G27560),
UGT79B3 (AT4G27570), UGT79B4 (AT3G29630), UGT79B5 (AT1G50580), UGT79B6
(AT5G54010), UGT79B7 (AT4G09500), UGT79B8 (AT2G22930), UGT79B9 (AT5G53990),
UGT79B10 (AT1G64910), UGT79B11 (AT1G64920), UGT82A1 (AT3G22250), UGT83Al
(AT3G02100), UGT84A1 (AT4G15480), UGT84A2 (AT3G21560), UGT84A3 (AT4G15490),
UGT84A4 (AT4G15500), UGT84B1 (AT2G23260), UGT84B2 (AT2G18900), UGT85A1
(AT1G22400), UGT85A2 (AT1G22360), UGT85A3 (AT1G22380), UGT85A4 (AT1G78270),
UGT85A5 (AT1G22370), UGT85A7 (AT1G22340), UGT86A1 (AT2G36970), UGT86A2
(AT2G28080), UGT87A1 (AT2G30150), UGT87A2 (AT2G26230), UGT89A2 (AT5G03490),
UGT89B1 (AT1G73880), UGT89C1 (AT1G06000), UGT90A2 (AT1G10400), UGTI91Al
(AT2G22590), UGT91B1 (AT5G65550), UGTIIC1 (AT5G49690) and UGT92A1
(AT5G12890). Brassica napus: BnUGT84A9 (AAF98390). Camellia sinensis: CsUGT84A22
(ALO19890). Cleretum bellidiforme: DbUGT71F2 (AAL57240) and DbUGT73A5 (CAB56231).
Fragaria x ananassa: FaGT1 (AAU09442) and FaGT2 (AAU09443). Gentiana triflora:
GtUGT73A14 (BAC54092) and GtFv3GT (Q96493). Glandularia hybrida: GhAnt5GT
(BAA36423). Medicago truncatula: MtUGT71G1 (AAW56092), MtUGT78G1 (ABI94025) and
MtUGTS85H2 (ABI94024). Perilla frutescens: PfAntSGT1 (BAA36421) and PfFvd3GT
(BAA19659). Punica granatum: PgUGT84A24 (ANNO02877), PgUGT85K15 (ANNO02874),
PgUGT73AL1 (ANNO02876) and PgUGT84A23 (ANNO02875). Quercus robur: QrUGT84A13
(XP_050262807). Sorghum bicolor: SBUGT85B1 (AAF17077). Stevia rebaudiana, STUGT76G1
(AARO06912). Vitis vinifera, VVGT1 (AEW31187), VvGT2 (AEW31188), VvGT3 (AEW31189)
and VvFvd3GT (BAB41026). Accession numbers correspond to the NCBI database. Finally,
sequences from other Fagales species were retrieved (using BLASTP) from the corresponding
databases as indicated in Supplementary Table S1.
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Supplementary Figure S15. Simplified angiosperm phenylpropanoid pathway to diarylheptanoids, lignins, lignans, efc.

4CL: 4-Coumarate CoA ligase; C4H: Cinnamate 4-hydroxylase; CAD: Cinnamyl alcohol dehydrogenase; CCOMT: Caffeoyl CoA O-
methyltransferase; CCR: Cinnamoyl CoA reductase; COMT: Caffeic acid O-methyltransferase; FSH: Ferulate 5-hydroxylase; HCT:
Hydroxycinnamoyl CoA:shikimate hydroxycinnamoyl transferase; HQT: Hydroxycinnamoyl CoA: quinate hydroxycinnamoyl
transferase; PAL: Phenylalanine ammonia lyase; C3H: p-Coumarate 3-hydroxylase. NOTE: PAL, C4H, and 4CL enzymes are also
common to the first three biochemical steps leading to the flavonoid metabolic class.

*Diarylheptanoids are thought to be derived from CoA esters (e.g. p-coumaroyl or caffeoyl CoAs).
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Supplementary Figure S16. Relative
abundance of diarylheptanoids in
naringenin equivalents.

(A) Rubranosides A to D.

(B) Hirsutanonol derived metabolites.
(C) Alnuside B and related
diarylheptanoids.

(D) Platyphyloside and related
diarylheptanoids.

Abbreviations: Ca, catkins; Fa, fall; Po,
pollen; Sp, spring; Su, summer.
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Supplementary Figure S17. Protein sequence alignment of bona fide phenylalanine ammonia lyase
from Arabidopsis thaliana (AtPAL1 (17)) and that of putative homologs (ArPAL1 — ArPAL4) in red
alder.
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Supplementary Figure S18. Protein sequence alignment of bona fide cinnamate 4-hydroxylase from
Helianthus tuberosus (HtC4H (18)) and that of putative homologs (ArC4H1 — ArC4H3) in red alder.
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Supplementary Figure S19. Protein sequence alignment of bona fide hydroxycinnamoyl
CoA:shikimate hydroxycinnamoyl transferase from Nicotiana tabacum (NtHCT (19)) and that of
putative homologs (ArHCT1 — ArHCT3) in red alder.
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AtC3H AVVS

ArC3Hl YKL KPVRFRCFAWAQAYGP

ArC3H2 LLLAEKLYQRLRFRLPPGPRPWP KPVRFRCFAEWAQAYGP)

ArC3H3 LLLAYKLYQRLRFKLPPGPRPWP KPVRFRCFAEWAQAYGP,

ArC3H4 LLLAYKLYQRLRFKLPPGPRPWPEVG KPVRFRCFAEWAQAYGP,

AtC3H ) T S

ArC3H1 KEVLKEHDY RERS DGKDLIWADYGPHYVKVRKVCTLELFSEKRLEALRPIREDEV]

ArC3H2 KEVLKEFDOOLADRMRNRS DGKDLIWADYGPHYVKVRKVCTLELFSEKRLEALRPIREDEVY

ArC3H3 KEVLK DGKDLIWADYGPHYVKVRKVCTLELFSBKRLEALRPIREDE

ArC3H4 KEVLK DGKDLIWADYGPHYVKVRKVCTLELFSEKRLEALRPIREDE

AtC3H €l OISR Y 1.GAVAFNNI TRLAFGKRFMNBEGVDEQGLEFK

ArC3Hl < K YLGAVAFNNITRLAFGKREJNSEGVMDEQGLEFK

ArC3H2 EYLGAVAFNNITRLEFGKRFMNSEGVMDE@GLEFK

ArC3H3 G YLGAVAFNNITRLEFGKRFMNSEGVMDEQGLEFK|

ArC3H4 G YLGAVAFNNITRLEFGKRFMNSEGVMDEQGLEFK|

AtC3H S )

ArC3H1 DTTAISVEWAMAELIKNP
ArC3H2 DTTAISVEWAMAELIKNP
ArC3H3 < < < DTTAISVEWAMAELIKNP
ArC3H4 < < < DTTAISVEWAMAELIKNP
AtC3H DRV F :

ArC3H1 Q LRLHPPTPLMLPHRANANVKIGGYDIPKG

ArC3H2 < g (ELRLEPPTPLMLPHRANANVKIGGYDIPKG

ArC3H3 < (ELRLEPPTPLMLPHRANANVKIGGYDIPKG

ArC3H4 0 LPYLQCVVKEMLRLEHPPTPLMLPHRANANVKIGGYDIPKG

AtC3H (NPHEFRPERFLEEDVDMKGHDFRLLPFGAGRR

ArC3Hl <NPMFRPERFLEDVDMKGHDFRLLPFGAGRR

ArC3H2 EFRPERFLEEDVDMKGHDFRLLPFGAGRR

ArC3H3 EFRPERFLEEDVDMKGHDFRLLPFGAGRR

ArC3H4 (NPEFRPERFLEEDVDMKGHDFRLLPFGAGRR PPEGVKMEE I DMSENPG]
AtC3H \

ArC3H1 LVTYMRTPLOAVANPRLPSHLYK

ArC3H2 LVllYMRTPLOAMANPRLPSHLYK

ArC3H3 LVTYMRTPLQAVANPRLPSHLYK

ArC3H4 LVTYMRTPLQAVANPRLPSHLYK

Supplementary Figure S20. Protein sequence alignment of bona fide p-coumarate 3-hydroxylase
from Arabidopsis thaliana (AtC3H (20)) and that of putative homologs (ArC3H1 — ArC3H4) in red
alder.
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Ar4CL1 1 - OQEFIFRSKLPDIYIPIHLP
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Ar4CL3 1 ———— == EP K
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At4cLl 73
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ArdCL3 60 [NyNNANIEDi (e

Ar4CL4 80 i

At4CL1 153 ISPDDVVALPYSSGTTGLPKGVMLTHKG]
Ar4CL1l 140 C C Q ISPDDVVALPYSSGTTGLPKGVMLTHKG
Ar4CL2 140 ISPDDVVALPYSSGTTGLPKGVMLTHKG
Ar4CL3 140 @y S -O-——-L DELHFSQLTQADE———NDIP‘

Ar4CL4 160 EPKLGEDET) /T /|8J8 PE INCLHE'S

At4CLl 227 )
XY Al T/ T SVAQQVDGENPNLY FHSEDVILCVLPLFHIYSLNSVFLCGLRAGAAILIMIOKFET ol zm
Ar4cL2 207 LVTSVAQQVDGENPNLYFHSEDVILCVLPLFHIYSLNSVFLCGLRAGAAILIIQKFEI BLLELIONYKVSVIYP
)N R Il /T SVAQQVDGENPNLY FHSEDVILCVLPLFHIYSLNSVFLCGLRGAAT LIMOKFE IMNLLELORYKVllA PRV PP T
Ard4CL4 232

At4CLl 307
Ar4CLl 287 WSMTINFEITHESERINEER ¥ ¢l  ENaerea <FPABMIGOGY GMTEAGPVLAMCLAFAKE PIEVKSGACGTVVR
Ar4CL2 287 I IKFPD HKYDLSSIIﬁIKSFIiPLFKEI FGQGYGMTEAGPVLAMCLAFAKEP&EVKSGACGTVVR
Ar4CL3 286 LAIAKSPD‘QW{DISSIRMV SGAAPIPKELEDDV

Ar4crL4 312

At4CLl1 387
NI RGN\ 7. F' MK TVDPDTGASLPRNOFJGEICIRGBQOIMKGY NDPEATARTIDKEGWLHTGDIG IDDDDELFIVDRLKELIKYKGE]
S A NZENCTOWANN 7\ F' MK ITVDPDTGASLPRNOSGEICIRGBQOIMKGYMNDPEATART IDKEGWLHTGDIGEIDDDDELF IVDRLKELIKYKGE]
Ar4CL3 366
Ar4CL4 392

At4CL1 467 SNENINBRINAY
Ar4CL1 447 CNENINABINAY
Ar4CL2 447 CNENINARYNAE
Ar4CL3 446
Ar4CL4 463 AGEVPVAFVVRSSIEHET E BN KN

IKQFVSKQVVFEYKR
IKQFVSKQVVFEFYKR

At4CL1

Ar4CLl1 524
Ar4CL2 524
Ar4CL3 523
Ar4CL4 538

Supplementary Figure S21. Protein sequence alignment of bona fide 4-coumarate CoA ligase from
Arabidopsis thaliana (At4CL1 (21)) and that of putative homologs (Ar4CL1 — Ar4CL4) in red alder.
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ArF5H JREESVID S IR OA T Ol T HESs TP | I RORWMPYPPGPRGEP I IGN DOLTHRGLAKLAKQYGGEEHLREG
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AtF5H 161 REVEENMGKPEN| GEGEFALTRNIEBYRAAFG GODEFIRILOEFSKLFGAFNMADFEIP) WHEDPOGHEINKRT,
ArF5H 158 REVAANEGK PMNEGEMMEST. TN TBYRAAFG GODEFIGILOEFSKLFGAFNEADETP WMDPOGEMERT,

AtF5H 241 MARNDLDGFIDDIIDEHM ENONAVDDGDVVDTDMVDDLLAFYSEEAKLVSETADLONSIKLTRDNIK G
ArF5H L T I L Biei .. S q
AtF5H 321 VVGLDRRVEESDIEKLTYLKCTLKETLRMHPPIPLLLHETAEDTSIDGE
ArF5H S TR Sl R R G R A -
AtF5H 401 GSNFEFIPFGSGRRSCPGMQLGLY:H @ T
ArFSH 265 L .-

AtF5H 481
AYFSH  ——mmmmm o mmmmm oo

Supplementary Figure S22. Protein sequence alignment of bona fide ferulate 5-hydroxylase from
Arabidopsis thaliana (AtF5H (22)) and that of a putative homolog (ArF5H) in red alder.

AtCOMT1 1
ArCOMT1
ArCOMT2

AtCOMT1
ArCOMT1
ArCOMT2

AtCOMT1
ArCOMT1 GﬁDLRFNKVFNKGMSEHSTITMKKILETYKGFEGLTS.VDVGGGEGAMLSMIVSKYPSE
ArCOMT2 ) 3 g (K < V] I

AtCOMT1
ArCOMT1
ArCOMT2

PN sle{e) VU RNCH 2RI - I D@ I MLAHNPGGKERTEKEFEALAKES GFIaGEsNVNMCIBA Fe\ L
ArCOMT1 314 | IMLAHNPGGKERTEKEFEALAKGNGFOGINEVMCEIA
ArCOMT2 321 FEQ MLAGNPGGKERTOKEFEALAIMES GERIGOHVECOA H]

Supplementary Figure S23. Protein sequence alignment of bona fide caffeic acid O-methyltransferase
from Arabidopsis thaliana (AtCOMT1 (23, 24)) and that of putative homologs (ArCOMT1 and
ArCOMT?2) in red alder.
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Supplementary Figure S24. Protein sequence alignment of bona fide caffeoyl CoA O-
methyltransferase from Arabidopsis thaliana (AtCCOMTI1 (25)) and that of putative homologs
(ArCCOMT1 — ArCCOMT3) in red alder.

AtCCR1
ArCCR1
ArCCR2

AtCCR1
ArCCR1
ArCCR2

AtCCR1
ArCCR1
ArCCR2

AtCCR1
ArCCR1
ArCCR2

AtCCR1
ArCCR1
ArCCR2

=

79
80
75

153
154
155

233
234
234

313
314
313

EAKVKRVVITSSIGAVYMEDPNRIBP)

Ll PEPPPPSASOEFENGICE
PVIETOOOE - - - —[§i|-— - - lo8
Vs L K O

Supplementary Figure S25. Protein sequence alignment of bona fide cinnamoyl CoA reductase from
Arabidopsis thaliana (AtCCR1 (26)) and that of putative homologs (ArCCR1 and ArCCR2) in red

alder.
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AtCADS 1
AtCAD4 1
Arcapl 1 BT G E DVNRK VL @CGRICH
ArCAD2 1 SEL EAGPEDVVFKVLYCGI@
ArCAD3 1 SGMLSPFHFSRRATGDEDVTFKVLYCGICHSDLHUMKNEWG
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ArCAD6 1 SGELSPF FSRRATFDEDVTFIVLYCGICHSDLH IKNEH]
ArCAD7 1 SGHLSPFNFSRRET
ArCADS 1
ArCAD9 1
ArCAD10 1
Zn binding signature: GHEXXGXX
AtCAD5 76 C AKATVEQ
AtCAD4 77 '
ArCAD1 76
ArCAD2 72
ArCAD3 79
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ArCAD1O 80 TYGGYSDTMVANERY

AtCADS 156

AtCAD4 157 b GLUEE GLGG

ArCapl 156 ) GLINOR GLGG

ArCAD2 152 AQ §0IIKGSNK
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ArCAD7 159 p < GLAEPGRIIGVVGLGGLGHIAVRFARAFGRRVTVISTSISRRDEALIHLGADQFL
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AtCAD4 237
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ArCAD2 232 MDMIEDT UBGK €12 pRIIOFDSVD
ArcAD3 239 [OVONIOCH NSRS iy <SHGK GAPEKPLELPVFPLL|
ArCAD4 239 (e [oNAxNuNVisleht | DURVEIAT IS GAPEKPLELPVFPLL
ArCAD5 240 RAAMETMDNI IDTVSANHE) GEPEKPLELPFPL
ArCAD6 239 0AANTMDGIEDTVS AR GAPEKPLELPVFPLL|
ArCAD7 239 QIQ“QGTIDGIIDTVS HP (SHGK GﬂPIKPLELEﬂFPL T(e--
ArCADS 240 GAPPKPLELPVFPLL

ArCAD9 239
ArCAD10 240

AtCADS 306
AtCAD4 307
ArCAD1 316
ArCAD2 302
ArCAD3 309
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ArCADS 310
ArCAD6 309
ArCAD7 309
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ArCAD9 309
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Supplementary Figure S26. Protein sequence alignment of bona fide cinnamyl alcohol

44



dehydrogenases from Arabidopsis thaliana (AtCAD4 and AtCADS5 (27)) and that of putative
homologues (ArCAD1 — ArCAD10) in red alder. Highly conserved Znl catalytic center (

), the Zn-binding signature GHEXXGXXXXXGXXV, the Zn2 structural motif (C100, C103,
C106, and C114), and the NADPH-binding domain [ ] motif are highlighted.
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Supplementary Figure S27. Unrooted phylogenetic tree of hydroxylases involved in phenylpropanoid
(C4H, C3H and F5H) and phenylpropanoid-acetate (F3'H, F3'5'H and FSNII) pathways from A/nus
glutinosa (Alngl), Alnus rubra (Ar), Antirrhinum majus (Am), Arabidopsis thaliana (At), Betula
pendula (Bpev), Callistephus chinensis (Cach), Camptotheca acuminata (Cac), Capsicum annuum
(Can), Casuarina glauca (Casgl), Catharanthus roseus (Cr), Coffea canephora (Cc), Corylus avellana
(Corav), Cynara cardunculus (Cyc), Fagus sylvatica (FSB), Gerbera hybrid cultivar (Ge), Glycine
max (Gm), Glycyrrhiza echinata (Gle), Helianthus tuberosus (Ht), Juglans nigra (Juni), Medicago
sativa (Ms), Ocimum basilicum (Ob), Perilla frutescens (Pf), Petunia x hybrida (Ph), Phaseolus
vulgaris (Pv), Populus tremuloides (Ptre), Populus trichocarpa (Ptri), Quercus robur (Qrob), Solanum
lycopersicum x S. peruvianum (Sl), Solanum tuberosum (St), Vigna radiata (Vr), Vinca major (Vm),
Vitis vinifera (Vt) and Zinnia elegans (Ze). Sequences were obtained from NCBI and a multiple-
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sequence alignment was built using Clustal Omega (57), with the unrooted phylogenetic tree rendered
with iTOL (58). Dark red arrows show red alder hydroxylases.

AmFSNII (CYP93B3; BAAS84071), AtC3H (CYP98A3; At2g40890), AtC4H (CYP73AS,
At2g30490), AtF3'H (CYP75B1, At5g07990), AtF5H (CYP84A1), CacF5H (AAT39511), CachFSNII
(CYP93B5; AAF04115), CanF3',5H (QGZ19237), CanF3'H (XP_016563358), CcC3HI
(CYP98A35; ABB83676), CcC3H2 (CYP98A36; ABB83677), CrC4H (CAA83552), CycC3HI1
(CYP98A49; ACO25188), GeFSNII (CYP93B2; AAD39549), GIeFSNII (CYP93B1; P93149),
GmF3',5'H (AAM51564), GmF3'H (BAB83261), HtC4H (CAA78982), MsC4H (L11046), ObC3H
(CYP98A13; AAL99200), PfFSNII (CYP93B6; BAB59004), PhF3',5'"H (CAA80266), PtreC4H1
(ABF69099), PtreC4H2 (ABF69101), PtrFSH (CAB65335), PtriF3'H (XP_002319761),
PtriVmF3',5'"H (XP_002314004), PvC4H (CAA70595), SIFSH (AAD37433), StF3',5'H
(NP_001274807), VmF3',5H (BAC97831), VrC4H (P37115), VtF3',5'H (BAE47007), VtF3'H
(BAE47004), ZeC4H (Q43240). Sequences from other Fagales species were retrieved (using
BLASTP) from the corresponding databases as indicated in Supplementary Table S1.
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Supplementary Figure S28. Expression levels of red alder homologs of bona fide phenylpropanoid
pathway genes. (A) Phenylalanine ammonia lyase (4rPAL). (B) Cinnamate 4-hydroxylase (4rC4H)
and ferulate 5-hydroxylase (4rF5H). (C) Hydroxycinnamoyl CoA: shikimate hydroxycinnamoyl

50



transferase (ArHCT). (D) p-Coumarate 3-hydroxylase (47C3H). (E) 4-Coumarate CoA ligase (4r4CL).
(F) Caffeic acid O-methyltransferase (ArCOMT). (G) Caffeoyl CoA O-methyltransferase
(ArCCOMT). (H) Cinnamoyl CoA reductase (4rCCR). (I) Cinnamyl alcohol dehydrogenase (4rCAD).
Abbreviations: TPM, transcripts per million; Sp, spring; Su, summer; Fa, fall.
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Supplementary Figure S29. Simplified flavonoid biochemical pathway. ANR: Anthocyanidin
reductase; CHI: Chalcone isomerase; CHS: Chalcone synthase; DFR: Dihydroflavonol 4-reductase;
F3',5'H: Flavonoid 3',5'-hydroxylase; F3'H: Flavonoid 3’-hydroxylase; F3H: Flavanone 3-
hydroxylase; FLS: Flavonol synthase; FNSII: Flavone synthase II; LAR: Leucoanthocyanidin
reductase; LDOX/ANS: Leucoanthocyanidin dioxygenase/anthocyanidin synthase.
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Supplementary Figure S30. Protein sequence alignment of bona fide chalcone synthase from
Antirrhinum majus (AmCHS (28)) and that of putative homologs (ArCHS1 — ArCHS4) in red alder.
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Supplementary Figure S31. Protein sequence alignment of bona fide chalcone isomerase from
Petunia x hybrida (PhCHI (29)) and that of a putative homolog (ArCHI) in red alder.
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Supplementary Figure S32. Protein sequence alignment of bona fide flavanone 3-hydroxylase from
Arabidopsis thaliana (AtF3H (30)) and that of a putative homolog (ArF3H) in red alder.
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Supplementary Figure S33. Protein sequence alignment of bona fide flavonoid 3'-hydroxylase from
Arabidopsis thaliana (AtF3'H (31)) and that of putative homologs (ArF3'H1 and ArF3'H2) in red alder.
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Supplementary Figure S34. Protein sequence alignment of bona fide flavonoid 3',5'-hydroxylase
from Petunia x hybrida (PhF3',5'H (32)) and that of a putative homolog (ArF3’,5'H) in red alder.
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Supplementary Figure S35. Protein sequence alignment of bona fide flavonol synthase from Petunia
x hybrida (PhFLS (33)) and that of putative homologs (ArFLS1 and ArFLS2) in red alder.
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Supplementary Figure S36. Protein sequence alignment of bona fide dihydroflavonol 4-reductase
from Antirrhinum majus (AmDFR (34)) and that of putative homologs (ArDFR1 and ArDFR2) in red
alder.
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Supplementary Figure S37. Protein sequence alignment of bona fide leucoanthocyanidin reductase
from Desmodium uncinatum (DuLAR (35)) and that of putative homologs (ArLAR1 and ArLAR2) in

red alder.
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Supplementary Figure S38. Protein sequence alignment of bona fide leucoanthocyanidin
dioxygenase [also called anthocyanidin synthase (ANS)] from Arabidopsis thaliana (AtLDOX (36))
and that of a putative homolog (ArLDOX) in red alder.
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Supplementary Figure S39. Protein sequence alignment of bona fide anthocyanidin reductase from
Medicago truncatula (MtANR (37)) and that of putative homologs (ArANR1 and ArANR?2) in red
alder.
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Supplementary Figure S40. Protein sequence alignment of bona fide synthase 11 from Gerbera hybrid
cultivar (GhFSNII (38)) and that of putative homologs (ArFNSII-1 to ArFNSII-4) in red alder.
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Supplementary Figure S41. Expression levels of red alder homologs of bona fide flavonoid pathway
genes. (A) Chalcone synthase (4rCHS). (B) Chalcone isomerase (ArCHI), flavanone 3-hydroxylase
(ArF3H), flavonoid 3',5'-hydroxylase (A4rF3'5'H). (C) Flavonoid 3'-hydroxylase (4rF3'H). (D)
Flavonol synthase (ArFLS). (E) Dihydroflavonol 4-reductase (4rDFR). (F) Leucoanthocyanidin
reductase (4rLAR). (G) Leucoanthocyanidin dioxygenase (4rLDOX) and anthocyanidin reductase
(ANR). (H) Flavone synthase II (4rFNSII). Abbreviations: TPM, transcripts per million; Sp, spring;
Su, summer; Fa, fall.
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Supplementary Figure S42. Protein sequence alignment of bona fide dirigent proteins from the Dir-
a sub-family, DRR206 from Pisum sativum (39) and AtDIR6 from A. thaliana (60) and that of putative
homologs (ArDIR1 — ArDIR3) in red alder.
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Supplementary Figure S43. Protein sequence alignment of hona fide dirigent proteins from the
Dir-b sub-family, PsPTS1 from Pisum sativum (40) and that of putative homologs (ArDIR4 — 13, 15
and 21) in red alder.
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Supplementary Figure S44. Protein sequence alignment of bona fide dirigent proteins from the
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Dir-d sub-family, GhDIR4 from Gossypium hirsutum (41) and that of putative homologs (ArDIR 14,
16, 17, 20, 22, 25 and 27) in red alder.
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Supplementary Figure S45. Protein sequence alignment of bona fide dirigent proteins from Dir-e
sub-family, AtDIR10 from A. thaliana (42) and that of putative homologs (ArDIR18S, 19, 23, 24 and
26) in red alder.
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genes in the DIR-a (A) and DIR-e (B) sub-families. Abbreviations: TPM, transcripts per million; Sp,

spring; Su, summer; Fa, fall.
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Supplementary Figure S49. Protein sequence alignment of bona fide pinoresinol-lariciresinol
reductase from Forsythia intermedia (FIPLR1 (43)) and that a putative homolog (ArPLR1), as well as
that of allylphenol and propenylphenol synthases (ArAPS and ArPPS) in red alder.
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Supplementary Figure S50. Unrooted phylogenetic tree of known pinoresinol-lariciresinol reductases
(PLRs), phenylcoumaran benzylic ether reductases (PCBERs), allylphenol and propenylphenol
synthases (APS, PPS), and isoflavone reductases (IFRs), as well as leucoanthocyanidin reductases
(LARSs) from Alnus rubra (Ar), Arabidopsis thaliana (At), Cicer arietinum (Ca), Clarkia breweri (Cb),
Cryptomeria japonica (Cj), Daucus carota (Dc), Desmodium uncinatum (Du), Forsythia intermedia
(F1), Fragaria x ananassa (Fa), Gossypium raimondii (Gr), Gymnadenia conopsea (Gc), G. densiflora
(Gd), G. odoratissima (Go), Larrea tridentata (Lt), Linum album (La), Linum corymbulosum (Lc),
Linum usitatissimum (Lu), Lotus japonicus (Lj), Malus domestica (Md), Medicago sativa (Ms),
Medicago truncatula (Mt), Ocimum basilicum (Ob), Petunia hybrida (Ph), Pimpinella anisum (Pa),
Pinus taeda (Pt), Piper regnellii (Pr), Pisum sativum (Ps), Populus trichocarpa (Ptr1), Thuja plicata
(Tp), Trifolium pratense (Tpr), Tsuga heterophylla (Th), and Vitis vinifera (Vt). Sequences were
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obtained from NCBI and a multiple sequence alignment was built with Clustal Omega (57). The tree
was rendered with iTOL (58).

PLRs: AtPrR1 (Q9FVQ6), AtPrR2 (Q9SVP6), FiPLR (AAC49608), LaPLR1 (Q4RO0I0), LuPLRI1
(CAH60858), TpPLR2 (Q9LD13), TpPLR1 (Q9LD14), ThPLIR (AAF64184), and ThPLR2
(AAF64185).

PCBERs: CjPCBER79, CjPCBERS80, LcPCBER1 (ACA60729), LcPCBER2 (ACA60730), PtPCBER
(AAC32591), PtrPCBER (CAA06706), ThPCBER1 (AAF64176), and ThPCBER2 (AAF64177).
APSs and PPSs: CbIGS1 (ABR24112), CbEGS1 (ABR24113), CbEGS2 (ABR24114), DcE()GS1
(XP_017241251), FaEGS1la (AGV02006), FaEGS1b (AGV02007), FaEGS2 (AGV02008), GecEGS1
(AKB11747), GeEGS2 (AKB11748); GdEGS1 (AKB11749), GdEGS2 (AKBI11750), GoEGSI
(AKB11751), GoEGS2 (AKBI11752), LtAPS1 (AHA90804), LtAPS2 (AHA90805), LtPPS1
(AHA90806), ObEGS! (ABD17321), PhIGS1 (ABD17322), PhEGS1 (ABR24115), PaAISI
(ACL13526), PrAPS1 (AHA90807), PrAPS2 (AHA90808), and PrPPS1 (AHA90809).

IFRs: CalFR (Q00016), LjIFR (QBF58800), MsIFR (AAC48976), PsIFR (P52576), and TprIFR
(QBF58799).

LARs: DuLAR (Q84V83), GrLAR (CAI56324), MALAR1 (AAZ79364), MtLAR (CAI56327), and
VtLARI (CAI26309).
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Supplementary Figure S51. Expression levels of red alder homologs of (A) bona fide pinoresinol
lariciresinol reductase (47PLR), allylphenol synthase (4r4PS) and propenylphenol synthase (4rPPS)
genes, and (B) secoisolariciresinol dehydrogenase (4rSDH) genes. Abbreviations: TPM, transcripts
per million; Sp, spring; Su, summer; Fa, fall.
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Supplementary Figure SS52. Protein sequence alignment of bona fide secoisolariciresinol
dehydrogenase from Podophyllum peltatum (PpSDHI (45)) and that of putative homologs (ArSDH1 —
ArSDHBS) in red alder.
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