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1) Supplementary Figures.

Supplementary Figure 1. Additional photomicrographs of representative Rhynie chert
eukaryotic. Aglaophyton majus (plant, a); Rhynia gwynne-vaughanii (plant, b); Rhizoids (fungi, c);
Glomeromycotan spore preserved in plant cortex (fungi, d); plant spore (e); Frankbaronia
polyspora (peronosporomycetes, f).
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Supplementary Figure 2. Chemometric ratios of plants (PL; n=12); Fungi (FG; n=10);
Arthropods (AR; n=6); Peronosporomycetes (PE; n=4); Amoebae (AM; n=2); Nematophytes
(NE; n=2); Plant spores (SP; n=4); and Bacteria (BA; n=9). Blue boxes are eukaryote groups
and orange are cyanobacteria. Each black dot represents one specimen. The whisker-plots
show the lower and upper extreme (vertical black line), the first and third quartile (upper and
lower box edges) and the median (horizontal black lines in boxes). Numbers are the mean
value for each group. Source data are provided in the Source Data file.
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Supplementary Figure 3. Averaged raw spectra for the 49 analyzed Rhynie Chert specimens
(black) and raw spectra for the chert matrix (red). Black arrows correspond to vibration bands
associated with silica (Si-O); blue rectangle corresponds to the interval dominated by hydroxyl
group vibration (various OH groups and H2O in the chert). Brown rectangle corresponds to
the interval dominated by atmospheric CO; vibration and artefact from the diamond coated
ATR crystal.
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Supplementary Figure 4. Preprocessed averaged ATR-FTIR spectra and second derivative
spectra for Prokaryote and Eukaryote organisms from the Rhynie Chert. Numbers on second
derivative spectra correspond to band numbers in Supplementary Table 2.
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Supplementary Figure 5. PC spectral loadings. PC1 loading (A) shows a positive correlation
with lipid moieties (aliphatic CHx) and ester C=0 groups. PC2 loading (B) shows a positive
correlation with fossilization products of polysaccharides and proteins (COOH, C=0, N-moieties,
COO) along with aliphatic CH2 groups. Source data are provided in the Source Data file.
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Supplementary Figure 6. PC score plot (PC1 vs PC2 as in main Figure 2a) showing values of
CHoy/silica ratio. This ratio increases along PC1. Source data are provided in the Source Data file.
The color gradient illustrates the increasing value of the ratio (from blue to yellow, rightward).
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Supplementary Figure 7. PC score plot (PC1 vs PC2 as in main Figure 2a) showing values of
C=0O/silica ratio. This ratio does not increase along PC1, indicating that PC1 is tracking variations
in the composition of, not the amount of, organic matter. Source data are provided in the Source



Data file. The color gradient illustrates the increasing value of the ratio (from blue to yellow,
upward).
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Supplementary Figure 8. Fossil endogeneity. PC1 vs PC2 score plot of principal component
analyses of fossil material (blue) and chert matrix (red). Principal component 1 represents 67%
of the variance and PC2, 15%. Source data are provided in the Source Data file.
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Supplementary Figure 9. Canonical Correspondence Analysis. Alternative presentation of main
Figure 3. Discriminant factors are represented by numbered blue lines. Blue numbers correspond
to specific absorption bands presented in Supplementary Data 2. Numbers 4, 5, 7, 9-11



correspond to absorption bands of sugar and protein fossilization products (C=0, COOH, COQO-,
N-moieties); numbers 1-3, 14 correspond to absorption for lipids and aliphatic groups (14 is too
small to be visible). Green hull correspond to fossil with an original composition depleted in amino-
glucan sugar and red hulls correspond to fossil with an original composition enriched in amino-
sugar. Source data are provided in the Source Data file.

2) Supplementary Tables

Supplementary Table 1. Band assignments. Numbers in first column correspond to band
numbers as shown in Supplementary Figure 4.

Number Band (cm™?) | Assignment References

1] 2961-2963 | Asymmetric v(CHs) [1]

2| 2920-2923 | Asymmetric v(CH>) [1]

3| 2851-2852 | Symmetric v(CH>) [1]

4| 1732-1737 | v(C=0) ester [1]

5 1717 V(COOH); v(C=0) [1, 2, 3]

6 1684 Si-O [4, 5]

7| 1652-1654 | v(C=0); v(C=N); (Amide I) [1,2, 3]

8 1614 Si-O [4, 5]

9| 1573-1575 | v(C=N); COOH; carboxylate [1, 2, 6]
10 | 1557-1560 | v(C-N); 8(N-H); COOH; (Amide II) [1, 2]
11 1540 V(C-N); 8(N-H); COOH; carboxylate [1, 2, 6]
12 1524 Si-O [4, 5]
13 1490 Si-O [4, 5]
14 | 1457-1462 | 5(CH.); 5(C-H) [1, 2]

3) Supplementary Note

Band Assignments. The use of ATR-FTIR allows study of the fossils in situ within the rocks
without any alteration due to extraction and preparation of the organic material. In living
organisms, C=0 groups and amides will usually contribute the main absorption in the spectrum.
As diagenesis progresses, with the carbonization and removal of heteroatoms, bands for this
groups decrease in absorbance whereas absorption of C=C groups in aromatic structures
increase (e.g.,”®°). However, degradation via peroxidation processes of polysaccharide and
protein-rich tissues also yield various concentrations of oxygenated moities!®!. The main

absorption bands in kerogenous fossils are often the contributions of the aromatic groups



represented by a strong band around 1600 cm™ (conjugated C=C; often strongest of the
spectrum) and several bands below 900 cm® (C-H out-of-plane bend)!?. Due to the Si-O
vibration*®, these two sets of bands are not observable in chert-preserved organisms. It is
possible that the band at 1615 cm™ in the Rhynie fossils represents the dual contribution of silica
and aromatic groups. However, the absence of a marked aromatic C-H stretching band at ca.
3100 cm™ as observed in mature kerogen (see fig. 1 in ®) reflects a relatively low aromatic

contribution in the present case.

The organic bands observed here, and retained by the PCA components, correspond to the
expected bands for the fossilization products of sugar, protein and lipids. Degradation of
polysaccharide-rich tissue produces carboxyl (COOH); carbonyl (C=0) and nitrogen-moieties
(e.g., N-heterocycles)'°. The bands observed at ca. 1735, 1717, 1650, 1575, 1560 and 1540 cm-
!(bands 4,5, 7,9, 10, 11 on Supplementary Figure 4 and Table 1) reflect the contribution of these
fossilization products to the kerogen®. In addition, bands at 1575 and 1540 cm also indicate a
contribution of carboxylate groups (COQO"), a common function in degrading organic material'?
and in fossilization products of polysaccharide rich tissues at the silica interface®*3. Interactions
taking place at the silica interface will also produce ester-SiO moieties in kerogen rich in

carboxylate moieties!*.
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