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Abstract

Protocols for single-tube library preparation can eliminate inter-reaction purifications, which are made
possible by replacing column purification with thermal inactivation of enzymes (Zheng et al. 2011; Neiman
et al. 2012). Such protocols allow libraries to be prepared much more quickly, with less manual handling,
and reduce the economic cost of using modern, high-quality DNA. These approaches can be used for
degraded DNA, where sequencing is difficult due to the limitations of handling chemically damaged and
highly fragmented DNA molecules. The advantage of this method is that very short DNA fragments (less
than 70 bp) are not lost during the purification steps. It also avoids the denaturation of ultrashort double-
stranded DNA fragments (e.g. 25 bp), which can denature at 72°C depending on the sequence composition
(Owczarzy et al. 1997), since the thermal inactivation of the enzymes is performed at 65°C instead of the
usual 72°C (Zheng et al. 2011; Neiman et al. 2012). Here, we propose an adaptation to the single-tube
protocol of Carge et al. (2018), in which we use the adapters of Meyer & Kircher (2010) on historical
(degraded) DNA from museum butterflies. We successfully extended the protocol from vertebrates to
insects, and found that the Meyer & Kircher's adapters are more efficient in this protocol, resulting in fewer
adapter dimers. This method allows the retention of very small fragments (<70 bp), which is of great
interest in the growing field of paleogenomics and other applications studying degraded and historical
DNA. By comparing the quality of genome assemblies with a classical in-house library preparation for the
same DNA, we found similar (if not better) assembly statistics for the genomes assembled with the single-
tube protocol.

Image Attribution

Pictured is a box of specimens of the genus Luehdorfia japonica from the Muséum National d'Histoire
Naturelle (Paris, France). Photographed by Fabien L. Condamine.

protocols.io | https://dx.doi.org/10.17504/protocols.io.yxmvm9k36I3p/v1 December 17, 2024 2/15



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.yxmvm9k36l3p/v1

€3} protocols.io Partof SPRINGERNATURE

Guidelines
Table: Adapters mix primers (Meyer & Kircher 2010)
A B
Names Sequences
IS1_adapter P5.F AxC*A*xC*TCTTTCCCTACACGACGCTCTTCCG*A*T*C*T
IS2_adapter P7.F G*T*G*A*CTGGAGTTCAGACGTGTGCTCTTCCG*A*T*C*T
IS3_adapter P5+P7.R AxG*A*xT*CGGAA*G*A*xG*C
IS4_ind PCRP5 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTT
I1_ind PCR P7 CAAGCAGAAGACGGCATACGAGATcctgcgaGTGACTGGAGTTCAGACGTGT

* PTO = phosphothioate oligonucleotide bond

Recipes:

A

Oligo hybridization buffer (10X)

500 mM NacCl

10 mM Tris-ClI, pH 8.0

1mM EDTA, pH 8.0

Adapter mix ready to use:

A B C D
Reagent Volume (pL) [Finall [Combined]
IS1_adapter_P7.F (500 uM) 20 200 uM 100 uM
each
IS3_adapter_P5+P7.R (500 pM) 20 200 uM 100 uM
each
Oligo hybridization buffer (10X) 5 1X 1X
H20 5 - -

Mix and incubate each reaction in a thermal cycler for 10 s at 95°C, followed by ramp from 95°C to 12°C
decreasing of -0.1°C/s. Pool both reactions to obtain adapter mix ready to use.
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Materials

Reagents:

- DNeasy Blood and Tissue Kit (Qiagen)

- Agencourt AMPure XP beads (Beckman Coulter, France SAS)

- Taq Polymerase (NEB cat#M0273S, 5 U/uL)

- 25 mM dNTPs (New England Biolabs, Ipswich, MA, USA)

- T4 DNA Polymerase (3 U/uL, New England Biolabs, cat#M0203S)

- T4 Polynucleotide Kinase (10 U/uL, New England Biolabs, cat#M0201S)
- 10X T4 DNA Ligase Reaction Buffer (New England Biolabs, cat#B0202S)
- Polyethyleneglycol 4000 (50%, Thermo Scientific Chemicals ref: A16151.30)
- T4 DNA Ligase (5.97 U/uL, New England Biolabs, cat#M0202S)

- 2X KAPA HiFi HotStart ReadyMix (Roche)

- Isothermal Amplification Buffer (New England Biolabs, cat#B0537S)

- Bst 2.0 Warmstart Polymerase (New England Biolabs, cat#M0538S)

- 10X QOligo Hybridation Buffer

Equipments:
- Centrifuge
- 0.5 uL LoBind tube

- Incubator (Eppendorf ThermoMixer® F1.5)
- Qubit 4.0 Fluorometer (Thermo Fischer Scientific)
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Aim of the study

1

Today, advances in next-generation sequencing and library construction techniques
provide a better approach to the study of historical (degraded) DNA (hereafter named:
hDNA), which is often degraded and fragmented. In our laboratory, we rely on a well-
tested protocol for library construction developed by Tilak et al. (2015), which was
modified and adapted from the classical protocol of Meyer & Kircher (2010). This
classical in-house protocol has been successfully performed for insect species for
short read sequencing with lllumina, in particular for butterflies (e.g. Reboud et al.
2024). However, this protocol does not always work optimally with hDNA from
museum specimens. Interestingly, new protocols have emerged, in particular the
"single tube" method (e.g. Carge et al. 2018). For hDNA, such a protocol is thought to
be faster and less costly, and also reduces the loss of small fragments by eliminating
several purification steps. Originally tested on vertebrate hDNA, we here test and
propose an adaptation of the "single tube" protocol of Carge et al. (2018) on hDNA
from museum butterflies.

DNA extraction

2

The specimen is a Papilio machaon (FC3013), a common swallowtail butterfly species
distributed across the Palearctic. Total genomic DNA has been extracted from a leg
using the DNeasy Blood and Tissue Kit from Qiagen. We followed the manufacturer’s
instructions.

DNA was quantified using the Qubit 4.0 fluorometer (Thermo Fisher Scientific). DNA
quality was also checked by running a 1% agarose gel or Agilent 2200 TapeStation
System.
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FC3013 Ladder

Figure 1. Pictured is an agarose gel showing the DNA of Papilio machaon (FC3013) after
the Qiagen extraction. The DNA profile looks fragments with a smear toward the smaller
fragment sizes.

Shearing DNA 20m

3 For good quality DNA: if your DNA extract has fragments that are too long, shear (0.2 20m
mL tube) 500 ng (10 ng/uL) of extracted genomic DNA from 200 bp to 500 bp using
an ultrasonic cleaner and add 250 mL of sterilised water at 4°C for 20 minutes.

Testing and adapting the single-tube DNA library preparation by Carge et al.
(2018)

4 End-Repair 5m

Start with 14 pL DNA (~ 100 ng of DNA) on a 0.5 pL LoBind tube. Add 2 pL of
Mastermix (on ice):

- 0.01 pL Taqg Polymerase

- 0.01puL T4 DNA Polymerase

- 0.1 pL T4 Polynucleotide Kinase

- 1.6 pL 10X T4 DNA Ligase Reaction Buffer
- 0.3 pL dNTPs (25 mM)
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4.1

4.2

5.1

5.2

Vortex and centrifuge for 3 seconds.

Incubate at 20°C for 30 minutes.

Incubate at 65°C for 30 minutes.

Adapter Ligation

Add to the same tube: 0.7 pL* of Adapter Mix (10 uM, Meyer & Kircher 2010 )**. Mix
by pipetting.

* |n the study of Carge et al. (2018), it is recommended to add 1 uL of adapter mix.
However, this was too concentrated for our DNA concentration of <100 ng because
we obtained a lot of dimers from the adapters. So, we performed several tests using
different volumes of adapter mix (from 1to 0.3 pL) on butterfly DNA extractions. We
found that the best amount of adapter mix is 0.7 pL per <100 ng of total DNA.
However, it can be important to adjust this volume on a case-by-case basis according
to the DNA quantity.

** For this protocol on butterfly DNA extractions, we decided to use the Meyer &
Kircher (2010)'s adapters. In fact, after several tests to compare the Meyer & Kircher's
adapters with those used by Carge et al., we concluded that the Meyer & Kircher's
adapters were more efficient since the number of adapter dimers is reduced (results
not shown).

Add 3 pL of Mastermix (on ice):

- 2.5 uL Polyethyleneglycol 4000 (50%)

- 0.4 pL 10X T4 DNA Ligase Reaction Buffer
- 0.1puL T4 DNA Ligase

Vortex and centrifuge for 3 seconds.

Incubate at 20°C for 1Th30 *

* Instead of 30 min as in Carge et al. (2018).
Fill-in

Add to the same tube 10 puL of Mastermix (on ice):
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6.1

6.2

7.1

8.1

- 0.3 pL dNTPs (25 mM)

- 3 pL Isothermal Amplification Buffer
- 0.5 pL Bst 2.0 Warmstart Polymerase
- 6.5 pL Nuclease-Free Water

Incubate at 65°C for 20 minutes.

Incubate at 80°C for 20 minutes.

Sample purification:

To adapt to the quality of our DNA, we used different purification methods in this
protocol.

- In the study by Carge et al. (2018), they performed the Qiagen protocol of the
MinElute PCR Purification Kit. This method is used to purify DNA with short fragments
(70kb to 4kb). Follow the manufacturer’s instructions. Elute in 30 pL of Nuclease-Free
water.

- For DNA with less fragmentation and larger amounts, we performed Agencourt
AMPure XP beads purification according to the manufacturer's instructions (ratio 2X).
This method is less expensive than the MinElute PCR Purification Kit for a larger
number of samples. Elute in 30 pL of Nuclease-Free water.

- Finally, for DNA with very short fragments and very low concentration, we did not
purify and performed the PCR directly.

For the two first purifications methods, DNA was quantified using the Qubit 4.0
fluorometer.

Indexed PCR

- For delicate samples without purification, take between 5 and 10 pL of DNA. Fill up
with water to a volume of 23 L.

- For others samples: Take 15 ng of sample DNA. And fill up with water to a volume of
23 uL.

Add 1 pL of Reverse IndexR_01 Primer
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8.2 Add 26 pL of Mastermix (on ice):

- 25 pL of 2X KAPA HiFi HotStart ReadyMix
- 1L of Forward primer 1S4

8.3 Here is the programme we used for the PCRs:
A B C D
Step Temperatur Time
e
Initial 98°C 45 s
denaturation
Final extension 72°C 60 s
Cycling: Denaturatio 98°C 15s
n
Annealing 64°C 30s
Extension 72°C 30s

Table 1. PCR programme with the different steps and time of each step.

Adjust the number of cycles according to the amount of DNA after purification: 12
cycles for the most concentrated, up to 17 cycles for the least concentrated.

8.4 Purify the sample using Agencourt AMPure XP beads purification, follow the
manufacturer’s instructions. Elute in 30 pL of Nuclease-Free water.

8.5 DNA was quantified using the Qubit 4.0 fluorometer.

Comparison of the single-tube library preparations with different adapters

9 DNA quality was also checked by running a 1% agarose gel.
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Ladder FC3013
200pb

FC3013 FC3013 Ladder
-ST1 o2 200pb

Figure 2. Pictured is an agarose gel showing DNA after PCR amplification of the
classical protocol of Tilak et al. (FC3013, left), and an agarose gel of the single-tube
library with Carge et al.'s adapters (FC3013-ST1, center) and the single-tube library with
Meyer & Kircher's adapters (FC3013-ST2, right).

Based on the agarose gel, we found that the three library preparations were similar in
size, but with smaller fragment sizes for the single-tube library preparations (Figure
2).

Comparison of the raw sequencing results

10 We sequenced the three library preparations on the same flow cell on an lllumina
NovaSeq 6000 (along with other butterfly libraries). We obtained 18.98 Gb for our
classical in-house library (18.07% estimated duplication rate), 20.62 Gb for the single-
tube library with Carge et al.'s adapters (19.57% estimated duplication rate), and 20.71
Gb for the single-tube library with Meyer & Kircher's adapters (17.96% estimated
duplication rate).

After removing adapters with fastp 0.23.2 (Chen et al. 2018), we obtained insert size
distributions that were similar but not identical. As expected, the single-tube libraries
showed a left-shifted distribution indicating a higher proportion of short reads (<100
pb; Figures 3-5).
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Insert size distribution (14.446819% reads are with unknown length)
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Figure 3. Insert size distribution from fastp output for the single-tube library using the
protocol of Tilak et al. (FC3013).

Insert size distribution (12.611843% reads are with unknown length)
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Figure 4. Insert size distribution from fastp output for the single-tube library using
Carge et al.'s adapters (FC3013-ST1). Note the peak of insert size = 0 that we struggle
to explain.
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Insert size distribution (10.437309% reads are with unknown length)
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Figure 5. Insert size distribution from fastp output for the single-tube library using
Meyer & Kircher's adapters (FC3013-ST2).

To validate the single-tube protocol on museum butterflies, we then wondered
whether these three libraries could be equally good to assemble the whole genome of
the Papilio machaon specimen; a species for which a reference genome is already
available (Lohse et al. 2022: GCA_912999745.1).

Comparison of the genome assemblies

11

To test whether the whole-genome sequencing worked well so that genome
assemblies are of good quality to proceed with micro or macroevolutionary analyses,
we performed a genome assembly for each library. We ran MEGAHIT 1.2.9 (Li et al.
2015) with default options, notably the default parameters for the maximum, minimum,
and increment of k-mer size in each iteration. We then processed the resulting
assemblies through the gVolante platform (Nishimura et al. 2017) using the BUSCO
database (Manni et al. 2021) to assess genome completeness (odb_10 database,
Lepidoptera dataset, composed of 5,286 orthologous genes).

Based on our results, we found very similar statistics for the three genome assemblies
(Table 2). The genome assembled with the "classical" in-house library, which we
used for our whole-genome sequencing of all swallowtail butterfly species (e.g.
Reboud et al. 2024), was slightly larger than the two single-tube libraries (+ 8 Mb).
However, the genome assembled with the "classical" in-house library was more
fragmented (>14,000 scaffolds) and had more missing genes (> +3%) than the
genomes assembled from single-tube libraries.

A B C D E

Library type Genome Number BUSCO score (single N50 (pb)
size (pb) of complete/duplicated/fr
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A B C D E

scaffolds agmented/missing)

Classical in- 358,549,31 251,917 S:63.2%, D:4.3%, 2137
house 3 F:17.0%, M:15.5%
Single-tube with | 350,796,44 237,913 S:69.1%, D:3.0%, 2206
Carge et al's 8 F:15.6%, M:12.3%
adapters
Single-tube with | 350,448,43 | 231,669 S:71.9%, D:3.4%, 2301
Meyer & Kircher's 7 F:14.6%, M:10.1%

adapters

Table 2. Comparison of genome statistics after assembly and BUSCO analyses. It shows
that the three types of library preparations provided similar quality of genome assembly.
The single-tube library with Meyer & Kircher's adapters yielded the "best" assembly in
terms of statistics.

The completeness of the genomes assembled from single-tube libraries was higher
than with the genome made with the classical library (> +6% of complete orthologous
genes). Interestingly, we assembled very similar (if not identical, ~350 Mb) genome
size with the single-tube library with Carge et al.'s adapters and the single-tube
library with Meyer & Kircher's adapters (Table 2).

Conclusion

12

Single-tube library preparation is a promising approach for whole genome
sequencing. Originally developed for vertebrates, we have successfully applied and
extended it to invertebrates by testing and adapting the protocol of Carge et al. to
museum butterflies (and even on beetles) through a range of DNA concentrations
going from 0.08 to 30 ng/uL. By comparing a classical in-house protocol to the
single-tube protocol with different adapters, we validated the results through
analytical comparisons of the quality of genome assemblies. We concluded that the
single-tube protocol using Meyer & Kircher's adapters provided the best results for
the genome assembly. Although we have tested and adapted this protocol for a single
sample for which we could perform multiple tests on the same DNA, we have used
this single-tube protocol with very low DNA concentrations (~0.08 ng/uL). For this
latter, we successfully constructed and sequenced the DNA library and assembled a
'correct' genome with >54% of the orthologous genes from BUSCO recovered,
despite the large genome size of the butterfly species (1 Gb). This cost- and time-
effective protocol paves the way for the sequencing of insect hDNA, in particular
coming from museum collections.
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