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Supplemental Figure 1. Functional domain structure of three bryophyte desaturases. Structural
comparison of functional protein domains cb5 and FADS (catalytic domain) within the putative novel
desaturase Pp3c21_180V3.1 and its closest homologs Pp3c15_5610V3.1 of P. patens and
Mapoly0050s0117.1 of M. polymorpha.
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Supplemental Figure 2. Validation of five putative desaturase knockouts with PCR and Southern
Blot. (a) Amplification of the construct (~1,900 bp) with primers in the flanking genomic regions of the
construct. Correct 3’ and 5’ integration was shown for five independent Ppsfd lines (sfd-3, sfd-7, sfd-9, sfd10, sfd-11). (b) On cDNA level, the transcript was shown to be absent in all five mutants, TBP was used as
a control for proper cDNA synthesis from RNA. (c) Southern Blot analysis with two different restriction
digests confirmed the integration of the construct and showed different banding patterns of the same five
mutants. Red arrows mark the expected band sizes, if single integration would have occurred: one band
for EcoRV (left) and two bands for PvuII (right) digests. Gel images represent one experiment.

Supplemental Figure 3. Wild type and Ppsfd mutants do not differ in size, form and differentiation
of protonemata, gametophores and sporophytes. (a) Gametophores of P. patens wild type (WT) and
the three mutant lines sfd-3, sfd-10, and sfd-11 are comparable in size, an F1 generation is shown, scale
bar = 1 mm. (b) Sporophytes of P. patens WT, sfd-3, sfd-10, and sfd-11 develop normally and produce
mature spore capsules with spores, scale bar = 0.5 mm. (c) Protonemata of P. patens WT, sfd-3, sfd-10, and
sfd-11 grown in liquid culture develop in a similar manner, scale bar = 0.1 mm.

Supplemental Figure 4. Wild type and Ppsfd mutants do not differ in growth rate in liquid media.
Protonema growth of P. patens wild type (WT) and the three mutant lines sfd-3, sfd-10, and sfd-11 in liquid
medium was monitored over a time period of 12 days. For every plant line n = 3 10 mL aliquots of the
suspension were harvested at each of the indicated time points, dried, and subsequently weighed. Each
data point represents the mean value with standard deviation of the three measured aliquots.

Supplemental Figure 5. Ppsfd mutants show no deviating fatty acid profile when compared with
wild type. Fatty acid profiles of P. patens wild type (WT) and the three mutant lines sfd-3, sfd-10, and sfd11 under (a) standard growth conditions, (b) 8 h, and (c) 24 h of cold treatment. Each data point
represents the value of a single experiment.

Supplemental Figure 6. Carotenoid profiles from gametophores of P. patens wild type and Ppsfd
mutants. Carotenoid profiles of P. patens wild type (WT) and the three mutant lines sfd-3, sfd-10, and sfd11. No quantitative differences to the WT were observed in the mutants. Data are depicted in the Source
Data File and represent mean values. The standard deviation is shown when n = 3 biologically
independent samples were analyzed (sfd-10, sfd-11). n = 2 biologically independent samples were
analyzed for the WT and one sample was analyzed for the sfd-3 line..

Supplemental Figure 7. Ppsfd mutants show no deviating ceramide profile when compared with
wild type. Ceramide profiles of the wild type (WT), sfd-3, sfd-10 and sfd-11 mutants under standard
growth conditions. Each data point represents the value of a single experiment. n = 2 biologically
independent sampleswere analyzed for each genotype.

Supplemental Figure 8. Lipid profile of phospho-glycerolipids in P. patens wild type. Subclasses
include: Phosphatidic acid (PA), phosphatidyl-choline (PC), phosphatidyl-ethanolamine (PE),
phosphatdidyl-glycerol (PG), phosphatidyl-inositol (PI), and phosphatidyl-serine (PS). Moss cultures
were grown as aerated liquid cultures for 7 days. Data are depicted in the Source Data File and represent
mean values with standard deviations of n = 4 independent experiments.

Supplemental Figure 9. Lipid profile of glycol-glycerolipids in P. patens wild type. Subclasses
include: Monogalactosyl-diacylglycerol (MGDG), digalactosyl-diacylglycerol (DGDG). Moss cultures were
grown as aerated liquid cultures for 7 days. Data are depicted in the Source Data File and represent mean
values with standard deviations of n = 4 independent experiments.

Supplemental Figure 10. Lipid profile of neutral glycerolipids in P. patens wild type. Subclasses
include: Diacylglycerols (DAG), and triacylglycerols (TAG). Moss cultures were grown as aerated liquid
cultures for 7 days. Data are depicted in the Source Data File and represent mean values with standard
deviations of n = 4 independent experiments.

Supplemental Figure 11. Lipid profile of sterol lipids in P. patens wild type. Subclasses include:
Sterol esters (SE), free sterols, acylsterylglucosides (ASG), and sterylglucosides (SG). Moss cultures were
grown as aerated liquid cultures for 7 days. Data are depicted in the Source Data File and represent mean
values with standard deviations of n= 4 independent experiments.

Supplemental Figure 12. Lipid profile of sphingolipids in P. patens wild type. Subclasses include:
Ceramides (Cer), glycosyl-ceramides (GlcCer), and glycosylinositolphosphate-ceramide (GIPC). Moss
cultures were grown as aerated liquid cultures for 7 days. Data are depicted in the Source Data File and
represent mean values with standard deviations of n = 4 independent experiments.

Supplemental Figure 13. Relative transcript levels of genes AtADS2 and PpSFD in different coldstressed A. thaliana complementation lines. A. thaliana complementation lines were transformed
with AtADS2 (lines F03 & F09) or PpSFD (lines C05 & C11) under control of the CaMV 35S promoter via
agrobacterium-mediated transformation of the A. thaliana ADS2-KO line ads2.1. Measurements were
done via RT-PCR. Shown are fold over transcript levels against the reference gene (actin). Plants were
grown at long-day conditions (16 h day/8 h night, 24 °C) for 15 days before having been transferred to
cold stress conditions (continuous light, 6 °C) for 59 days. Bar diagrams represent mean values with
standard error for either n = 3 (wild type (WT), ads2.1, C05) or n = 4 (C11, F03, F09) biologically
independent samples. One-way ANOVA with Tukey-test was performed comparing the fold over
reference (actin). Different letters indicate that the means difference is significant at the 0.05 significance
level. Same letters indicate that the means difference is not significant at the 0.05 significance level.

Supplemental Figure 14. LC-MS analysis of C24 fatty acid PC, PE & PS in A. thaliana
complementation lines. Complementation lines were transformed with AtADS2 (lines F03 & F09) or
PpSFD (lines C05 & C11) under control of the CaMV 35S promoter via Agrobacterium-mediated
transformation of Atads2.1. Data are depicted in the Source Data File and represent mean values with
standard deviations for either n = 3 (wild type (WT), ads2.1, C05) or n = 4 (C11, F03, F09) biologically
independent samples. One-way ANOVA with Tukey-test was performed comparing the relative peak area.
Different letters indicate that the means difference is significant at the 0.05 significance level. Same letters
indicate that the means difference is not significant at the 0.05 significance level.

Supplemental Figure 15. Analysis of double bond position in 24:1;1 in A. thaliana wild type, P.
patens wild type and A. thaliana ads2.1/35S::PpSFD (C11). Measurements were done via GC-MS. A)
Extracted ion chromatogram of the analytical fragments for n-9 (m/z 269, orange line) or n-8 (m/z 283,
green line) double bond positions of 24:1;1 DMDS-FAMEs, shown for: (1) 24:1;1 ceramide standard (n9), (2) A. thaliana wild type, (3) P. patens wild type (Asterisk marks an unknown substance), (4)
ads2.1/35S::PpSFD complementation line C11. B) Mass spectra of n-9 24:1;1 DMDS-FAMEs in (2) A.
thaliana wild type and (4) ads2.1/35S::PpSFD complementation line C11. Position of double bonds in
24:1;1 DMDS-FAMEs is shown in chemical formulas. Measurements depicted are representative for n = 2
independent measurements each.

Supplemental Table 1. Lipid species affected by SFD mutation. All lipid species were selected, which
show a more than 5-fold reduction in sfd vs. WT (calculated via the relative peak area of the species in
the lipid class [%]). All selected lipid species, beside of Cer(18:0;3/24:1;1), Cer(18:0;3/24:1;0) and
GIPC(18:0;3/24:1;1) (in bold), represent low abundant species of a relative peak area below 1 % in the
respective lipid class. Relative peak area of lipid species in the respective lipid class [%] are shown as
data bars in blue and fold reductions are shown as data bars in red, respectively. nc: not calculable
Molecular species
PE
PE(18:2/24:1)
PE(18:3/24:1)
PE(20:3/24:1)
PE(20:4/24:1)
PE(20:5/24:1)
PC
PC(18:2/24:1)
PC(18:3/24:1)
PC(20:3/24:1)
PC(20:5/24:1)
Lyso-lipids
LPC(24:1;0)_24:1;0
LPE(24:1;0)_24:1;0
DAG
DAG(24:1/18:2)
DAG(24:1/20:3)
DAG(24:1/18:3)
TAG
TAG(48:3)
Sterols
18:4;0_cholesteryl_ester
24:1;0_campesteryl_glucoside
20:4;0_stigmasteryl_glucoside
Cer
Cer(18:0;3/24:1;1)
Cer(18:0;3/24:1;0)
Cer(18:0;2/24:1;0)
Cer(18:2;2/24:1;1)
Cer(18:0;3/26:1;1)
Cer(18:0;3/26:1;0)
GlcCer
GlcCer(18:2;2/20:0;0)
GlcCer(18:1;2/20:1;0)
GlcCer(18:2;2/20:1;0)
GlcCer(18:1;2/20:0;0)
GlcCer(18:2;2/24:1;1)
GlcCer(18:2;2/24:1;0)
GIPC
GIPC(18:0;3/24:1;1)

Relative peak area (of lipid class) [%]
WT normal mean
sfd normal mean

Fold reduction
WT / sfd

0.03
0.02
0.12
0.55
0.08

0.00 nc
0.00 nc
0.01
0.11
0.01

17.66
5.14
6.32

0.06
0.10
0.03
0.03

0.01
0.01
0.01
0.00

6.27
11.78
5.74
8.84

0.55
0.15

0.00 nc
0.00 nc

0.02
0.01
0.03

0.00
0.00 nc
0.00

7.26

0.08

0.01

6.41

0.06
0.73
0.41

0.00 nc
0.04
0.07

16.60
3.08
0.11
0.05
0.30
0.09

0.82
0.39
0.00 nc
0.01
0.03
0.01

20.33
7.97

0.21
0.01
0.01
0.09
0.62
0.03

0.02
0.00 nc
0.00
0.02
0.02
0.00 nc

8.40

33.34

4.60

8.56

16.17
6.11

6.85
10.42
8.62

6.39
5.98
29.25

7.25

Supplemental Table 2. Fresh weight, disease index as a marker of disease severity, infection rate and
regeneration of infected colonies of P. patens wild type and sfd mutants. The rating was performed 3, 14
and / or 28 dai, depending on the type of experiment. nd= not determined. Different letters indicate
statistically significant differences within the individual features at p ≤ 0.05; *same number of colonies
per plate. Mean values of three experiments are given. Two-sided unpaired Student’s t-test analysis (pvalue in brackets); with no p-value: there was no significant difference; a, b: values between 5 and 100%
are significant, but p-value cannot be calculated due to all values being 100%; c, d: value between 38 and
0 is significant, but due to the number zero it was of course not possible to calculate p-values. Disease
index: asterisks denotes significant differences between control and mutant lines at least in one class; the
values were calculated by using Kruskal-Wallis test for data with non-homogenous distribution and given
individually for the separate classes (footnote).
Feature

Line

Fresh weight
(mg plate-1)*

Days after inoculation (dai)
3

14

28

wild type

nd

202.3 ±
114

nd

sfd-3

nd

96.5 ± 21

nd

(0.028)

sfd-10

nd

80.2 ± 23

nd

(0.014)

sfd-11

nd

70.8 ± 39

nd

(0.011)

Disease Index

Infection
(%)

rate

Additional
gametophores
on sick plants
(%)

wild type

nd

54

64

sfd-3

nd

81 (0.0096)

86 *

sfd-10

nd

81 (0.0203)

85 *

sfd-11

nd

89 (0.0339)

93 *

wild type

5 (a)

100

100

sfd-3

67 (0.00008)

100

100

sfd-10

nd

100

100

sfd-11

100 (b)

100

100

wild type

nd

nd

38 (c)

sfd-3

nd

nd

0 (d)

sfd-10

nd

nd

0 (d)

sfd-11

nd

nd

0 (d)

Disease index 14 dai: sfd-3 (class 1 p=0.01; class 2 p=0.003; class 3 p=0.028; class 4 P=0.0001), sfd-10
(class 1 p=0.01; class 2 p=0.022; class 3 p=0.101; class 4 P=0.028, sfd-11 (class 1 p=0.01; class 2 p=0.011;
class 3 p=0.058; class 4 P=0.002). Disease index 28 dai: sfd-3 (class 1 p=0.0128; class 2 p=0.025; class 3
p=0284; class 4 P=0.00056), sfd-10 (class 1 p=0.042; class 2 p=0.071; class 3 p=0.313; class 4 P=0.013),
sfd-11 (class 1 p=0.0128; class 2 p=0.145; class 3 p=0.138; class 4 P=0.033).

