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Figure S1. A schematic presentation of the pRT99/35S-Pt4CL1-a
plasmid vector used in the biolistic transformation of silver

birch clones A, E5382 and E5396.
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Figure S2. The scatterplots presenting CV% and concentration values of stem samples.
The CV% (SDcq/meancq) values were calculated from two technical replicates of each utilized
primer pair and the concentration values were generated with Abs Quant/2nd Derivative Max
for All Samples Analysis of Lightcycler 480 Software release 1.5.0 SP3. A, Atub; B, PP24; C,
Bp4CL1; D, Bp4CL2; E, Bp4CL3; F, Bp4CL4; G, Pt4CL1.
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Figure S3. The scatterplots presenting CV% and concentration values of leaf samples.
The CV% (SDcy/meancq) values were calculated from two technical replicates of each utilized
primer pair and the concentration values were generated with Abs Quant/2nd Derivative Max
for All Samples Analysis of Lightcycler 480 Software release 1.5.0 SP3. A, Atub; B, PP24; C,
Bp4CLI; D, Bp4CL2; E, Bp4CL3; F, Bp4CL4; G, Pt4CL1.
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Figure S4. The Cq values of Atub and PP2A4 in undamaged and wounded leaves. The Cq values represent crossing point values
generated with Abs Quant/2nd Derivative Max for All Samples Analysis of Lightcycler 480 Software release 1.5.0 SP3 of Afub (A) and
PP24 (B) in non-treated leaves (c) and leaves collected immediately after mechanical wounding (w0) and 1 (w1h), 3 (w3h), 12 (w12h), 24
(w24h), 72 (w3d) and 168 (w7d) hours after the wounding treatment.
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Figure SS. Southern blot analysis of regenerated silver birch lines. Lines Al, A2, A5 and
E5382/3 were transformed with pRT99/35S-Pt4CL1-a plasmid vector and probed for the
presence of the 35S-Pt4CLI and nptll. A genomic DNA sample of 15 pg digested with BamHI
(figures on the left) or Xbal (figures on the right) was loaded to each lane.
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Figure S6. Southern blot analysis of regenerated silver birch line E5396/4. Line was
transformed with pRT99/35S-Pt4CL1-a plasmid vector and probed for the presence of the
nptll. A genomic DNA sample of 15 pug digested with BamHI (figures on the left) or Xbal
(figures on the right) was loaded to each lane.
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Figure S7. Northern blot analysis of transgenic silver birch lines. RNA
samples of 15 pg were isolated from the leaf (L), phloem (P) and xylem
(X) of clones A and E5382 and lines A1, A2, A5 and E5382/3. The probes
were 1.1 and 0.8 kb for Pt4CL1 and nptll, respectively.

Figure S8. The leaf morphology of Pt4CL1a line E5382/3. During the first
growing season in the greenhouse, the leaf margins of Pt4CL1a line E5382/3
(on the left) differed in from clone E5382 (on the right).



Figure S9. The autumn leaf senescence of silver birch clones and
lines. The clone A, line A2, line A5, line E5382/3, and clone E5382
(from left to right) at the end of first growing season at the greenhouse
of Finnish Forest Research Institute Punkaharju Unit (photographed on
the 6™ of October).
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Figure S10. Alignment of predicted amino acid sequence of silver birch (Betula pendula)
putative 4-coumarate:CoA ligase (Bp4CL1, KM099195). Bp4CL1 aligned with the
predicted amino acid sequences of Betula Iluminifera (Bpl4CL1, AY792353), Betula
platyphylla (BI4CL, FJ410448), Glycine max (Gm4CL2, Glymal3g44950; Gm4CL6,
Glymal5g00390), Manihot esculenta (Mes4CL2, cassava4.1 005014m; Mes4CL3,
cassava4.1 _005006m), Populus tremuloides (Pt4CL1, AF041049), and Populus trichocarpa
(Poptr4CL3, grail3.0100002702 LG I; Poptr4CLS5, fgenesh4 pg.C LG 111001773 LG III).
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Figure S11. Alignment of predicted amino acid sequence of silver birch (Betula pendula) putative 4-
coumarate:CoA ligase (Bp4CL2, KM099196). Bp4CL2 aligned with the predicted amino acid sequences
of Arabidopsis thaliana (At4CL3, At1g65060), Rubus idaeus (Ri4CL3, AAF91308), Glycine max
(Gm4CL3, NM_001250341), Manihot esculenta (Mes4CL1, cassavad.l_004658m; Mes4CL4,
cassava4.1l 004136m), Populus tremuloides (Pt4CL2, AF041050), and Populus trichocarpa (Poptr4CL4,
grail3.0099003002 LG IX).
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Figure S12. Alignment of predicted amino acid sequence of silver birch (Betula pendula)
putative 4CL-like acyl-CoA synthetase (ACS) (Bp4CL3, KM099197). Bp4CL3 aligned with
the predicted amino acid sequences of Arabidopsis thaliana (AtACS6, At4g05160), Oryza sativa
(OsACS1, 0s03g05780) and Populus trichocarpa (PoptrACS1, eugene3.01230068; PoptrACS2,
estEXT_fgeneshl_pg_v1.C_LG_IV0024).
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Poptr4CL1 233 YSLNSVLLCGLRVGH AILINQKFEIVTL ELVQKYKVTI APFVPPNVLANYAK
Poptr4CL2 233 YSLNSVLLCGLRIG ANL[SVQKFEQIVEL UBL VQKYKVTI APMVPPI [JL Al AK
Gm4CL7 236 YSLNSVLLCHLRVGAAWL | IFKFEI VIALLEL VOKEINVEIAPFVPPI VLAl AK
Gm4CL8 231 YRLNSVLLCYLRVGARRYL | ARKFE! [TLLEL[MOK[EKVS APFVPPI VLIRYAK
Gm4CL1 234

Gm4CL9 233 YRIL NS (L L CGIMRNIGAAWL | (JOKFE| (T L[JE L (MK YKVT\YASFVPPI VL ARYK
Bp4CL4 PARENS PDV[OYY D\YS S| RV MS GAAP MG[HE L E DRVRAKL P NAKL GQGYGNTEAGPVLEMCL AF AK
Ri 4CL2 pAEINEP DEIRYDLS S| RV MS GAAP MGKE L EDUWIVRAKLPNAKL GQGYGNTEAGPVLIMCL AF AK

(oY A g Y el Ny BRI I E P Y]V DI4Y DL S S | RV VS GAAP VGKE L E DJjVRAKL PNAKL GQGYGNTEAGPVLYVCL AF AK
Poptr4CL2 293 \V[eJeYDLSS| RIJVHS GAAP VGKE L EDJIVRAKL PNAKL GQGY GNTE AGP V[IMCL AF AK

Gm4CL7 PATINS PDV(HRY DIYS S| RIUMVS GAAP MGKE L EDSJVRAKL PNAIL GQGY GNTEAGPVLYMCL AF AK
Gm4CL8 291 SPDLERYDLSSIRNINSGAAPNGKELEDSLRAKLPNAILGQGYGNTEAGPVLSNCLAFAK
G4 CL1 294 NGET HIAEsIERY|

Gm4CL9 293 HGET HIRESIESS

Bp4CL4 EEREE LVE | KS GACGTVVRNA@NVKI VDP DT GYS L PRNQAGE

Ri 4CL2 ERENNE PME | KSGACGTVVRNAE VK| [JOPDT[NES L PRNQYGE

EP@E| KSGACGTVVRNAEMKI VDP DT G[JS L PRNQAGE!
EP[HE| KSGACGTVVRNAEMKI VDPET GBS [@P RNAGE | TWSK--------

Poptr4cCL1 353
Poptr4CL2 353

Gm4CL7 ERYNE PYO)IK S GACGT VVRNAE VK| [IDP DT GIYS L [fIRNQAGE
Gm4CL8 EERINE P (UOMK S GACGTVVRNAE VK1 VDPIT GIIS L [gR NQAGE
Gm4CL1 BRI P SNl KIGACGTVVRNAE VK| VDIST GBS L P R N[MEIGE
Gm4CL9 ERWANF PN K[JGACGTVVRNAE VKI VDLRST GBS L PR NLYGE | RGLEYQUVKGYLNDPEATERT

Figure S13. Alignment of predicted amino acid sequence of silver birch (Betula pendula)
putative 4-coumarate:CoA ligase (Bp4CL4, KM099198). Bp4CL4 with the predicted amino
acid sequences of Rubus idaeus (Ri4CL2, AAF91309), Glycine max (Gm4CL7,
Glymal7g07170; Gm4CLS8, Glymal7g07180; Gm4CL1, Glymal7g07190; Gm4CL9,
Glymal3g01080), and Populus trichocarpa (Poptr4CL1, estExt fgenesh4 pg.C 1210004
scaffold3; Poptr4CL2, gw1.XVII1.2818.1 LG_XVIII).
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Figure S14. Relative expression of Pt4CLI in stems and leaves of
Pt4CL1a lines A1, A5 and E5282/3. Values represent means and standard
deviations calculated using PP24 gene as reference gene (n = 3-14).
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Figure S15. Relative expression of Bp4CL1-4 genes in mechanically wounded silver birch (Betula pendula) leaves. The Bp4CL1 (A, C) and
Bp4CL2 (B, D) expression in leaves collected immediately (w0) and 1 (wl), 3 (w3), 12 (w12), 24 (w24), 72 (w3d), and 162 (w7d) h after
mechanical wounding of clones A, E5382, E5396 and R and transgenic lines Al, A5, E5382/3 and E5396/4. Values represent means and
standard errors calculated from the target/refence ratios. A and C, PP2A was used as the reference gene; B and D, Atub was used as the reference
gene.



Relative expression

Relative expression

0.54

0.0+

0.0

A ® E5382
o A1 O E5382/3
@w-A5 257 A E539
¢ R A E5396/4
2.04
| & h * * 1.5 Q i & * A
* * "¢ ° A
1.0 1 A A .O A
L AN
A L o)
0.5+ oA ) 4
T t ] = O
o 2 i o ] R 0.0 o
: : : : : : : : { ; % f : t
w0 w1 w3 w12 w24 w3d w7d w0 w1 w3 w12 w24 w3d w7d
3.04
2.5
= 2 2.0 A
® X
=] 1.5 [ )
o i * A A
AN
. ® 1.0 °
i A ® o o
[m] ] L] | [ ] A
o s ] 2 e
* L g OA .O 4 A
° 0.0 © e} o
1 | 1 1 1 1 Il } } Il } 1 1 |
T T T 1) T T T T T T T T T T
w0 w1 w3 w12 w24 w3d w7d w0 wi w3 w12 w24 w3d w7d

Figure S16. Relative expression of Bp4CL3 (A, B), and Bp4CL4 (C, D) in wounded leaves.
The leaves were collected immediately (w0) and 1, 3, 12, 24, 48, and 162 h after mechanical
wounding of silver birch (Betula pendula) clones A and R and transgenic lines A1 and A5 (A,
C) and clones E5382 and E5396 and transgenic lines E5382/3 and E5396/4 (B, D). Values
represent means and standard errors calculated using the mean of control leaves as normalizer
within each line/clone and PP2A4 as reference.



