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ABSTRACT

Adhesives have been integral to the production of herbaria for paper making, securing plant material to paper, and, in the case of bound volumes, 
for bookbinding. The adhesives used may be of plant, animal, or synthetic origin. Here we investigated herbarium specimens from the Natural 
History Museum London (NHM), collected between 1698 and 1970, to determine whether information on the adhesives used in the preparation 
of herbarium specimens can be established using ancient DNA analysis of the mounted plant material. Ancient DNA was obtained from leaf tissue 
of 14 herbarium specimens of Trochetiopsis and sequenced using Illumina MiSeq. Non-Trochetiopsis DNA was identified using metagenome analysis 
software (MEGAN). Reads identified as animal were further analysed using the metagenomics pipeline Phylogenetic Intersection Analysis (PIA). 
Two specimens showed distinct animal reads. One specimen from 1698, which had glue residue observable on the leaf material, showed evidence 
for Pecora and Bovidae, specifically Bos, and with lower read counts also for both Leporidae and Ovis. The bones of cattle, rabbits, and sheep are 
all likely to have been used in the preparation of glue in this period, and consequently the animal DNA retrieved is probably from the glue used 
for mounting. The second sample was from 1970 and showed reads of Pecora, Bovidae, and Bos. Latex adhesives were used at the NHM during 
the 1970s with synthetic adhesives used thereafter. We infer that the animal DNA retrieved is probably from gelatine used for paper sizing. The 
results of this study demonstrate that the genetic analysis of plant material can also provide insights into the process of making herbaria.
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I N T RO D U CT I O N

It is unclear who made the first herbarium (Stefanaki et al. 2019) 
although Luca Ghini was certainly a pioneer in their develop-
ment (Thijsse 2016). The earliest surviving herbaria date back 
to the mid-16th century, Bologna, Italy (Stefanaki et al. 2018, 
2019, Thiers 2020). Such early herbaria were used by physicians 
and apothecaries, or were decorative presents (Thiers 2020). 
Today, herbaria have an extraordinarily diverse range of users 
and uses (Carine et al. 2018, Davis 2023, Swain and 
Chakraborty 2024).

Herbaria are a paper-based technology in which dried pressed 
plant material is attached to paper sheets for long-term preserva-
tion. A range of products derived from biological sources may be 
used in the production of paper used in herbaria. Fibres from 
plants such as flax and hemp, and from clothes and rags made from 
linen, cotton ,and wool may all have been used in the production 

of paper (Bloom 2017, Clark 1986). From the 19th century 
onwards, wood pulp was also used for paper production (Barrett 
et al. 2016). Today, paper may still be described as ‘rag’ to indicate 
the paper was made from cotton or linen, even though rags are 
rarely used themselves (Clark 1986). Sizing of the paper, to make 
it less permeable to water for ease of writing (Gimat et al. 2021), 
may also make use of biological products. Paper can be sized using 
a range of different products including starch, polyvinyl alcohol, 
and gelatine (Clark 1986, Gimat et al. 2021). Sizing with gelatine, 
which is thought to have originated in Italy around the end of the 
13th century (Barrett and Mosier 1995, Gimat et al. 2021), is con-
sidered to have advantages over other sizing agents, improving the 
strength, resistance to abrasion, and protection against soiling of 
paper (Barrett and Mosier 1995).

Attaching plant specimens to paper can be done by using a 
range of techniques, for example stitching, or using adhesives in 
different ways, with paper strips, pre-coated paper, point adhesion, 
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or overall adhesion (Croat 1978, Clark 1986, Egenberg and Moe 
1991, Berli and Belhadj 2020, Grenda-Kurmanow 2021, Davies 
et al. 2023, Yesilyurt et al 2025). The adhesives used may be syn-
thetic but they may also be derived from plant or animal tissue 
(Bridson and Forman 1999, Grenda-Kurmanow 2021). 
Plant-based adhesives used in herbaria have included starch pastes, 
gums, and resins from a variety of plant species (Fay 2021, 
Grenda-Kurmanow 2021). Early descriptions of animal glue rec-
ipes for herbaria were provided by Van den Spiegel (1606) and 
De Tournefort (1694). Van den Spiegel wrote in Isagoge in rem 
herbariam libri duo: ‘This glue is made of transparent hide glue 
(bovine glue), called the German glue (“colla Tedescha”) in 
Padova. One ounce is macerated in six ounces of vinegar through-
out the night and then heated slowly until it becomes liquid. Then 
allow the glue to cool down and add a drachma [1/8 of an ounce] 
of “hepatic” aloe extract, one scrupulus [1/24 of an ounce] of 
clove powder and mix.’ (Grenda-Kurmanow 2021). De Tourne-
fort (1694) suggested use of hide glue together with mercury 
chloride, warning that decoctions of ‘Semen contra’ [Seriphidium 
cinum (O. Berg & C.F. Schmidt) Poljakov, Asteraceae], ‘Absinthe 
commune’ (Artemisia absintium L., Asteraceae), aloe, or ‘similar 
drugs’ cause a discoloration of the plant material (Grenda- 
Kurmanow 2021).

A fish-based recipe using isinglass (collagen derived from the 
swim bladders of fish), from the early 18th century, in the hand of 
James Petiver (1663–1718) can be found in the Sloane Herbarium 
at the Natural History Museum London (NHM) ( Jarvis 2021). 
Petiver does not state the type of fish used as the source of swim 
bladders but they were typically obtained from fish such as stur-
geon (Ova 2000, Werrett 2025). Linnaeus (1751) also later pub-
lished recipes for isinglass or fish-based adhesives that he used for 
mounting his own herbaria (Grenda-Kurmanow 2021). While 
fish-based glues are rarely used in herbaria today, gelatine glues 
are still in use (Bridson and Forman 1999, Schellmann 2007, 
Grenda-Kurmanow 2021).

The biological origin of adhesives in artworks and archival doc-
uments has been investigated using a range of techniques. Atten-
uated total reflection Fourier transform infrared spectroscopy 
(ATR-FTIR) is a technique with which the presence of gelatine 
in paper can be detected (Rouchon et al. 2010). Gas 
chromatography–mass spectroscopy (GC/MS) has been used to 
determine the gelatine content in paper (Stephens et al. 2008). 
Other techniques used include pyrolysis-GC/MS (Py-GC/MS) 
(Chiavari et al. 2006) and thin layer isoelectric focusing, a method 
of protein separation, that has been used to characterize parch-
ment and animal glue (Van Oosten 1989). DNA sequencing tech-
niques, such as species-specific PCR, have also been used even 
though exposure of DNA to water and destructive pH levels 
during the glue making process (Schellmann 2007) could degrade 
DNA. Mitochondrial DNA analysis on glue from the Madonna 
of Citerna by Donatello showed that the adhesive was probably 
made from Bos taurus L. (Albertini et al. 2011).

Grenda-Kurmanow (2021) noted that there has, to date, been 
no study of DNA from adhesives in herbaria. Whole genome 
sequencing technologies are increasingly being used to examine 
plant diversity and evolution using herbarium specimens (Davis 
2023). Herbarium material contains fragmented DNA of approx-
imately 40–120 bp in length, so-called ancient DNA (Orlando  
et al. 2021). Often the focus of analysis is on the successful 

recovery of ancient endogenous DNA from the focal organism(s) 
(Gutaker and Burbano 2017, Bakker et al. 2020, Kistler et al. 2020, 
Davis 2023). Here we focus on the analysis of ancient exogenous 
DNA (Bieker et al. 2020, Grasso et al. 2025), i.e. ancient DNA that 
is not from the expected taxon and that is typically filtered out 
from the analysis. Ancient exogenous DNA may provide insights 
into the material used in the preparation of herbarium specimens.

In this project, we used a metagenomics pipeline to study the 
exogenous DNA which is a by-product of sequencing herbarium 
material of Trochetiopsis specimens and that is typically filtered 
out. Fourteen herbarium specimens from the NHM ranging in 
age from 1698 to 1970 were sequenced. We screened the ancient 
exogenous DNA for evidence of taxa consistent with the use of 
animal- or plant- based glues or paper making. We specifically 
investigated for reads from animal species used in isinglass (fish) 
glue, or in animal-based glue, notably those derived from the 
bones of butchered animals including rabbits, pigs, and other 
domesticated ungulates (Haupt et al. 1990, Schellmann 2007, Fay 
2021, Grenda-Kurmanow 2021). We also investigated for reads 
consistent with the use of plant-based adhesives derived from 
maize, rice, potato, wheat, cassava, Aloe vera, rubber, gums, or res-
ins (Fay 2021, Grenda-Kurmanow 2021). Other plant species 
such as flax, hemp, and cotton associated with paper making were 
also investigated. Our overall goal was to ascertain whether ancient 
exogenous DNA can give insights into the material history of her-
barium specimens.

M ET H O D S
Herbarium material sampling

Dried leaf samples were obtained from the herbarium of the 
NHM, London, UK. Samples of 0.5–1 cm2 were taken from 14 
specimens of Trochetiopsis (Malvaceae), a genus of three species 
endemic to St Helena recently considered to be part of Melhania 
Forssk (Dorr and Wurdack 2021).

The date of collection ranged from 1698 to 1970. The oldest 
specimens sampled (Table 1, samples HS92.7 and HS87.24) were 
stored in bound volumes originally assembled by Leonard 
Plukenet (1641–1706) and were subsequently integrated into the 
Herbarium of Hans Sloane (1660–1753) (Dandy 1958, Carine 
2020, Scott et al. 2025). These samples were adhered to the paper 
and were released by slow and partial dissolving of the glue using 
5% agarose gel blocks. Glue residues remaining on the leaves were 
subsequently removed using tweezers to carefully scratch the glue 
off. Figure 1 shows the leaf samples before and after glue removal. 
The remaining 12 herbarium specimens (Table 1) were sampled 
from the General Herbarium. While these specimens were also 
mounted using adhesives, no glue was observed on the leaf mate-
rial sampled.

Ancient DNA extraction and next-generation sequencing of 
ancient DNA

Ancient DNA extractions were performed using a modified cet-
yltrimethylammonium bromide (CTAB) protocol (Rogers and 
Bendich 1985, Doyle and Doyle 1990). This was followed by the 
single-tube BEST method for library preparation (Mak et al. 2017, 
Carøe et al. 2018) with the modifications of Liu (2019). The PCR 
protocol followed Meyer and Kircher (2010) and the clean-up 
used Sera-Mag SPRI beads (Roland and Reich 2012). The volume 
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of SPRI beads was adjusted to ×3 (120 μL) (beads/DNA ratio 
2.67:1). During the library preparation process, duplicates were 
made for six of the 14 specimens, where a low DNA yield was 
obtained on the first attempt (duplicate samples are: 080a and 
080b, 25b and 25a, 118a-a and 118a-b, 79 and 79b, and 86a and 
86b). All 20 libraries with negative controls were diluted to 4 nM 
using molecular-grade water and pooled for sequencing. DNA was 
indexed double ended and, to allow for covering more template 
molecules, single end sequencing was done (Roycroft et al. 2022). 
Sequencing of the libraries was performed on the MiSeq Illumina 
platform using reagent Kit v.3 (150 cycles) with a low-concentration 
PhiX spike-in of 1% as a control.

Bioinformatics pipeline
After demultiplexing DNA reads, FASTQC reports were made for 
quality control using FASTQC 0.11.6 (Andrews 2010) obtained 
via BioConda (Grüning et al., 2018). AdapterRemoval v.2.2.2 
(Schubert et al. 2016) was used to remove the adapter sequences.

BLASTn v.2.2.31+ (Altschul et al. 1990) was used (with param-
eters: -max_target_seqs 500 -outfmt ‘6 std staxids’) to search the 
resulting sequences to determine whether the material being 
sequenced is (predominantly) Trochetiopsis using the National 
Center for Biotechnology Information (NCBI) nucleotide 
database downloaded on 3 May 2021 (Altschul et al. 1990). 

These  results were visualized using MEtaGenome ANalyzer 
(MEGAN) v.6.23.4 (Huson et al. 2007). The data were filtered 
using MEGAN by extracting only Vertebrate or Viridiplantae data. 
The Phylogenetic Intersection Analysis (PIA) pipeline was fol-
lowed for both Viridiplantae and Vertebrata data with the mini-
mum taxonomic diversity score parameter changed from 0.1 to the 
less restrictive 0.04 (Cribdon et al. 2020). MetaDamage v.2.8 is 
sensitive for low copy numbers and was used to determine whether 
the DNA showed a damage signal (Everett and Cribdon 2023).

R E SU LTS
DNA extraction yields

DNA quantities are shown in Table 1. DNA quantity following 
extraction ranged from 1.50 to 11.53 ng/μL. Yields measured 
before sequencing ranged from 0.22 to 11.53 ng/μL. Samples 
080a, 118a-a, 118b-b, 117a, and 117b exhibited DNA yields below 
1 ng/μL. These low DNA yields were not found to be related to 
species or age of the specimens. Following sequencing, insuffi-
cient data were retrieved for analysis of samples 117a, 117b, and 
118a-a [coloured in grey in Supporting Information Table S1 
(Viridiplantae) and Table S2 (Vertebrata)]. No contamination 
was found in the negative controls (NC_a to NC_e coloured grey 
in Tables S1 and S2).

Figure 1.  Leaf material of Sloane Herbarium samples HS87.24 (A and B) and HS92.7 (C and D). Before (A and C) and after (B and D) 
removing glue.
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PIA pipeline: what non-Trochetiopsis DNA of higher plants or 
animals is present?

Reads were compared using NCBI blast and the output sorted 
into Viridiplantae and Vertebrata groups using MEGAN (Huson 
et al. 2007). The Viridiplantae and Vertebrata groups were then 
subject to stringent phylogenetic assignations using PIA (Cribdon 
et al. 2020).

Results from the PIA focusing on the Viridiplantae showed that 
the total number of reads for the higher taxa Viridiplantae was 
6195, for Mesangiospermae was 120 629, and for Pentapetalae was 
189 129. Table 2 gives details of the higher taxa of Trochetiopsis 
and the total of numbers of reads found. Total numbers of reads 
found per sample for the higher taxa of Trochetiopsis are listed in 
Supporting Information Table S3. The majority of sequences were 
assigned to clades that include Trochetiopsis with most reads 
counted for Malvaceae, the family in which Trochetiopsis is placed 
(181 909 reads). While for Trochetiopsis there is no genome and 
data from few loci are available on public databases, there were 
145 reads that mapped to Trochetiopsis which are shared between 
sample 21 with 51 reads and sample 25b with 94 reads. Other 
samples did not show read counts for Trochetiopsis specifically, but 
13 samples did show reads for Dombeyoideae (Table S1, Vir-
idiplantae). All samples, excluding 117a, 117b, and 118a-a, had 
between 4846 and 20 102 read counts for Malvaceae.

Total read counts of between 119 and 291 were found for the 
families Euphorbiaceae, Cucurbitaceae, Convolvulaceae, Solana-
ceae, Brassicaceae, and Poaceae. For Brassica and Solanum, a total 
read count of 159 and 225 was found, respectively, with each sam-
ple containing between four and 24 reads (Supporting Informa-
tion Table S1, Viridiplantae). While the total read count for both 
these genera is higher than found for Trochetiopsis, the read count 
per sample is much lower.

For Asparagales, the order that includes Aloe vera, only five 
reads were found in total (Supporting Information Table S1, Vir-
idiplantae). For Poaceae, which includes maize and wheat, both 
of which have been used in the production of adhesives, the total 
number of reads was 382. Of these, 233 reads belong to sample 
20, and the other samples each have below 20 reads (Table S1). 
No reads were found specifically for wheat or maize.

Results from the PIA focusing on the Vertebrates showed five 
samples where there were more than five reads in total (Support-
ing Information Table S2, Vertebrata). These five samples are pre-
sented in Table 3. Samples 87 and HS87.24 exhibit total read 
counts for Vertebrata of 413 and 2955 respectively (Table 3). 
Sample 87 is a Trochetiopsis erythroxylon specimen collected in 
1970 and curated in the General Herbarium at the NHM. Reads 
were found for Bos (32 reads), Bovidae (285), and Pecora (88; 
Table 3). Sample HS87.24 is a specimen of Trochetiopsis melanox-
ylon from the Sloane Herbarium. This sample had 66 reads found 
for Bos, 2032 reads for Bovidae, and 751 reads for Pecora with 
lower counts for Leporidae (39 reads) and Ovis (19 reads; Table 
3). Samples 87 and HS87.24 were processed in separate batches 
during lab work and cross-contamination between these samples 
can therefore be ruled out. Large numbers of reads were not found 
for bony fish or specifically sturgeon.

Animal reads show DNA damage signals
To authenticate the animal reads as ancient, the Bos and Bovidae 
reads in both samples 087 and HS87.24 were tested for a damage 
signal using MetaDamage (Everett and Cribdon 2023). Sample 
HS87.24 shows elevated C to T (5′ end, red line) and G to A (3′ 
end, blue line) base misincorporations at fragment ends consistent 
with ancient DNA damage (Fig. 2). In contrast, sample 87 did not 
show a clear damage signal for Bos and Bovidae with no evidence 
of increasing substitutions at the 3′ and 5′ end.

D I S C U S S I O N
The aim of this study was to determine if the use of a metagenom-
ics pipeline to analyse ancient exogenous DNA in herbarium sam-
ples could provide insights into the way specimens were prepared.

The results showed a strong signal of endogenous DNA. As 
expected, within Viridiplantae, read counts were high for taxa 
within which Trochetiopsis is resolved. Trochetiopsis reads were 
recorded for two of the 20 samples (10%), reads for the subfamily 
Dombeyoideae were found in 13 of the 20 samples (65%), and all 
samples for which sequence data were generated showed relatively 
high read counts for Malvaceae (21.0–34.5%). A higher read count 
was observed for Malvoideae rather than Dombeyoideae (the 
subfamily to which Trochetiopsis belongs) and this is probably 
explained by the limited reference data in GenBank for Dombe-
yoideae relative to Malvoideae. When a taxon present in a sample 
is not included in the database used, the reads are often assigned 
to closely related taxa present in the database (Smith et al. 2015, 
Warinner et al. 2017, Cribdon et al. 2020). PIA has been shown 
to accrue fewer false positives than other standard approaches 
(Cribdon et al. 2020).

Among the ancient exogenous DNA recovered, distinct animal 
reads were found for two of the 14 Trochetiopsis herbarium spec-
imens sequenced. Sample HS87.24 is stored in a bound volume 
that was assembled by Plukenet before his death in 1706. It 
showed the highest animal read counts and the most variation in 
animal taxa found. Not only are Bos (66 reads), Bovidae (2032 
reads), and Pecora (751 reads) present in quantity, consistent with 
the use of cow products in glue, but there are also reads found for 
Leporidae (rabbit) and some reads of Ovis (sheep). MetaDamage 

Table 2.  PIA output for Viridiplantae total number of reads for all 
samples combined for the taxa associated with Trochetiopsis.

Taxon Total read count per taxon 
for all samples combined 
(proportions)

Ingroup 686 192
Rosids 68 823 (0.100)
Rosids/Malvids 22 932 (0.033)
Rosids/Malvids/Malvales 7626 (0.011)
Rosids/Malvids/Malvales/Malvaceae 181 909 (0.265)
Rosids/Malvids/Malvales/ 

Malvaceae/Malvoideae
19 521 (0.028)

Rosids/Malvids/Malvales/Malva-
ceae/Dombeyoideae

2567 (0.004)

Rosids/Malvids/Malvales/Malva-
ceae/Dombeyoideae/Trochetiopsis

145 (<0.001)
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analysis for Bos and Bovidae sequences show a damage signal indi-
cating that they are not recent contamination. A signal of deami-
nation, evidence of DNA damage, is expected at the ends of the 
molecule because water has easier access to the bases. Therefore, 
an increase in deamination at the ends of the molecule is expected 
in the MetaDamage plots (Fig. 2) as is observed here. For Lepo-
ridae and Ovis the assigned reads were not sufficient for assess-
ment of ancient DNA damage with MetaDamage.

There are no records of the glue recipe used by Plukenet to 
mount specimens but in the 18th century, bones from butchered 
animals were generally used for glue making, which could include 
cattle, pigs, sheep, and rabbits. The results of our study are consis-
tent with the use of a mix of different animal bones in the glue 
used by Plukenet to mount his specimens. The sample did not 
show a high quantity of reads for bony fish, which we would have 
expected had Plukenet been using the recipe recorded in the 
Sloane Herbarium by Petiver or that published by Linnaeus 
(1751). It is evident that a range of different glue recipes were used 
to prepare herbarium specimens in the 17th/18th centuries.

It is notable that both specimens sampled from the Sloane Her-
barium showed visible evidence of glue (Fig. 1) but reads associ-
ated with animals were only observed for specimen HS87.24 and 
not for sample HS92.7. In the preparation of the specimens for 
DNA extraction, the removal of glue was more successful on 
HS92.7 than on HS87.24, but the absence of animal reads in the 
former and, indeed, in most other samples included in this study 
could mean that there was insufficient glue present to be detected 

using this approach or that the DNA was too degraded by the glue 
preparation process.

Sample 87, a specimen of Trochetiopsis erythroxylon collected in 
1970 was the other specimen to exhibit reads of animal DNA with 
reads matching Bos (32), Bovidae (285), and Pecora (88) (Table 3). 
MetaDamage plots for the Bos taurus reads (Fig. 2) show no clear 
damage signal but this could be due to insufficient reads, which could 
be clarified by deeper sequencing (Everett and Cribdon 2023). 
While herbaria today still use animal-based adhesives 
(Grenda-Kurmanow 2021), it is likely the specimen was mounted 
with latex adhesives which were used at the NHM from the 1970s 
due to their ease of use and price (R. Vickery, Dr R. Huxley, Prof. S. 
Blackmore, pers. comm.). Only later, around the 1980s, a shortage 
of latex arose due to the AIDS crisis and new adhesives were investi-
gated, at which point the NHM switched to using polyvinyl acetate 
glue (PVA). We would not, therefore, expect to find evidence of cattle 
from the glue used. The herbarium paper used at the NHM still 
includes sizing with gelatine and it is plausible that the bovine reads 
in this sample are likely to come from the gelatine used for this pro-
cess. Further investigation using near-infrared (NIR) spectroscopy 
or GC/MS for identification and estimation of the gelatine content 
in historical papers could be carried out to test this hypothesis (Ste-
phens et al. 2008, Ormsby Barrett and Lang 2011, Barrett et al. 2016).

To investigate plant material that was used in the adhesives, we 
focused on the families and genera for maize (Zea; Poaceae), 
potato (Solanum; Solanaceae), wheat (Triticum; Poaceae), cassava 
(Manihot; Euphorbiaceae), Aloe vera (Asphodelaceae), and 

Table 3.  The five samples with total read counts greater than five per sample for Vertebrata from the PIA with minimum diversity score of 0.04; 
bold text indicates read counts greater than 15.

Taxon HS87.24 Sin. 
Coll. 1698

311 Robson c.  
1772

25a Roxburgh  
1814

86a Grant 1884 87 Kerr & 
Hill 1970

Total read count 2955 10 6 9 413
Cyprinoidei 0 1 0 0 0
Teleostei 0 0 0 1 0
Osteoglossocephalai 1 0 0 1 0
Clupeocephala 1 1 0 1 1
Acanthomorphata 1 0 0 0 0
Euacanthomorphacea 0 0 0 1 1
Percomorphaceae 2 2 1 1 0
Eupercaria 1 0 0 0 0
Leporidae 39 0 0 0 0
Ruminantia 3 0 0 0 0
Pecora 751 1 0 0 88
Bovidae 2032 0 0 0 285
Bos 66 0 0 0 32
Caprinae 5 0 0 0 0
Ovis 19 0 0 0 0
Euteleostomi 11 3 3 3 1
Tetrapoda 1 0 0 0 0
Amniota 15 1 0 0 3
Mammalia 1 0 0 0 0
Theria 4 0 1 0 1
Glires 1 0 0 0 0
Lagomorpha 1 0 0 0 0
Cricetidae 0 0 0 0 1
Caniformia 0 0 1 0 0
Galloanserae 0 0 0 1 0
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rubber (Hevea; Euphorbiaceae), and plants associated with gums 
or resins (Fay 2021, Grenda-Kurmanow 2021).

Reads were found for Cucurbitaceae, Convolvulaceae, Euphor-
biaceae, Solanaceae, Brassicaceae, and Poaceae. At a genus level, 

Solanum and Brassica occurred in every sample. Sample contami-
nation during processing in the lab can be excluded since there 
were no reads assigned to Viridiplantae or Vertebrata in the nega-
tive controls (NC_a to NC_e in Supporting Information Table S1, 

Figure 2.  MetaDamage graphs for samples 087 and HS87.24 with reference genome Bos for the reads of Bos and Bovidae. For each, two graphs 
are presented that show the 5′ and 3′ ends of the DNA molecule primer. The x-axis shows the position of the base along the molecule. The 
fraction of bases that differ from the reference base for C to T (red), G to A (blue), and other substitutions (grey) are shown on the y-axis.
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Viridiplantae, and Table S2, Vertebrata). Both Solanum and Brassica 
have a much lower read count per sample than found for Trocheti-
opsis. The genus Solanum includes S. tuberosum, the potato, which 
could be an indicator of a starch-based glue. However, read counts 
per sample for Solanum and Brassica were low and it is likely that 
the recovery of these sequences reflects the high number of 
sequences available in GenBank for these economically important 
taxa. We found no reads for Manihot, Zea, Triticum, or Aloe. For 
Asparagales only five reads were found in total. There was therefore 
no evidence for the use of plant-based adhesives in the preparation 
of the samples examined.

We also consider plants used to make the paper. Flax or hemp 
could be used in paper making, but we did not observe reads 
assigned to either Linaceae or Cannabaceae. Another plant species 
that could be expected in paper making, including the herbarium 
paper currently used at NHM, is cotton (Gossypium). This species 
is a member of Malvaceae, which is the same family as the target 
taxon Trochetiopsis. It is notable, however, that no peak in reads 
was found for Gossypium, despite the abundance of sequence data 
available for this economically important taxon. In a future study 
of herbarium material of species outside of Malvaceae, the poten-
tial to detect sequences from the paper on which the sample is 
mounted may be more easily investigated.

The sequencing data were originally produced for the study of 
Trochetiopsis. The data were not specifically produced for the 
metagenomic analysis performed in the present article. During 
sample preparation visible adhesives were avoided and removed 
as much as possible. The generation of sequence data was there-
fore not focused on the products used in the production of paper 
and adhesives. Nevertheless, we were able to use the metagenom-
ics pipeline PIA to detect reads in the ancient exogenous DNA 
from materials that were used in the preparation of herbarium 
specimens. Reads of ancient exogenous DNA from samples 087 
and HS87.24 allowed us to identify animal products to the genus 
level and provide insights into the glue used in a 17th century 
herbarium and the process of paper sizing in the late 20th century. 
We found no evidence for plant-based glues or a signal from the 
material used to make paper.

For many samples, we were unable to detect reads for the cura-
torial products used. Increased sequencing depth might enable 
further detection of herbarium materials. A focus on the adhesives 
specifically could improve the success of genetic analysis of the 
materials used (Albertini et al. 2011, Fortes and Paijmans 2015). 
Other techniques such as GC/MS and FTIR spectroscopy, thin 
layer isoelectric focusing, or Py-GC/MS (Chiavari et al. 2006, Ste-
phens et al. 2008, Albertini et al. 2011) may also be used to investi-
gate herbarium adhesives further. Nevertheless, this metagenomic 
study suggests that insights into the history of mounting specimens 
can be obtained by using ancient exogenous DNA. While not all 
sequences may yield information, it is plausible that information on 
the history of herbarium practices could also be obtained from the 
discarded ancient exogenous DNA of other herbariomics studies.
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