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ABSTRACT

Genetic analysis of the honey bee spermathecal content can be particularly useful to provide
an estimate of the genetic diversity and purity of the surrounding populations. Here we
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compared the concentration and quality of DNA extracted from queen spermatheca using

four commercial kits to determine the best method to obtain DNA suitable for single nucleo-
tide polymorphism genotyping by next-generation sequencing. The four kits were tested
with different adjustments in the lysis incubation time, use of RNA-carrier, elution conditions
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and number of re-elutions. Only the use of QIAamp DNA Microkit with 3 h of lysis incuba-
tion, the addition of RNA-carrier and multiple re-elutions produced a DNA concentration

over the required threshold.

In honey bee (Apis mellifera L.) conservation and
breeding programs, isolated mating stations are
established to avoid unwanted crosses, although
these are not always effective as matings with
unwanted drones are commonly reported (Gregorc
et al., 2008; Jensen et al, 2006). An interesting
method to monitor the degree of isolation could be
the genetic analysis of the queen’s spermathecal
content. While this method implies that queens
selected for monitoring are sacrificed, it can be a
powerful way of assessing the effectiveness of mat-
ing stations because it would allow easy detection of
unwanted alleles. However, obtaining enough quan-
tities of drone DNA from the queen’s spermatheca
for genetic analysis can be challenging for two main
reasons. First, only 3-5% of the drones’ ejaculates are
stored in the spermatheca (Koeniger & Koeniger,
1991), which corresponds to 3.66 to roughly 7 mil-
lion spermatozoa (Bienkowska et al., 2011; Guler
et al,, 1999; Guler & Alpay, 2005). Second, high chro-
matin condensation, via a protamination-like process,
has been described for several insect species
(Jayaramaiah Raja & Renkawitz-Pohl, 2005), which
may also affect the drone’s sperm. While such a pro-
cess has not been described for the honey bee, a
subset of sperm-specific proteins is thought to

mediate a similar process with specific adaptations
to long-term sperm storage in the queen’s sperma-
theca (Zareie et al., 2013).

Here, we assessed the performance of four com-
mercial kits, with modifications, for DNA extraction
of the queen spermathecal content. The ultimate
goal was to identify the best extraction protocol for
single nucleotide polymorphism (SNP) genotyping
by next-generation sequencing (NGS), which requires
a higher DNA input for NGS library construction than
PCR-based applications (e.g. microsatellite genotyp-
ing, mtDNA haplotyping). To the best of our know-
ledge, this is the first study reporting on DNA
extraction from queens’ spermathecal content for
such downstream applications.

Spermathecae were removed from 43 mated
queens using a pair of thin and pointed forceps.
Great care was taken to avoid injuring the poison
gland or sac. The spermathecal fluid was collected
from each spermatheca by piercing and squeezing
out the spermatheca in a droplet (20puL) of K+
(Wegener et al, 2014). The droplet was taken up
into 280 uL of KT, briefly vortexed, and stored at
—70°C. Later, the droplet was thawed and centri-
fuged at 5,000 x g for 5min. The supernatant was

CONTACT M. Alice Pinto €) apinto@ipb.pt

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/00218839.2023.2262871.

Spermathecae collection and preparation were performed by Jakob Wegener and Eduard Musin. M. Alice Pinto, Dora Henriques, Ana R. Lopes, and
Carlos A. Yadré contributed to the study conception and design. Ana R. Lopes, Carlos A. Yadrd, Dora Henriques performed the molecular work. The
first draft of the manuscript was written by Carlos A. Yadré and M. Alice Pinto. Dora Henriques and Ana R. Lopes commented in previous versions
of the manuscript. All authors read and approved the final manuscript.

© 2023 International Bee Research Association


http://crossmark.crossref.org/dialog/?doi=10.1080/00218839.2023.2262871&domain=pdf&date_stamp=2023-10-03

2 (&) C A YADROET AL

Table 1. Commercial DNA extraction kits, protocols and adjustments assayed. MP: manufacturers’ protocol.

Kit Protocol

Adjustments

NucleoSpin® Tissue (Macherey-Nagel™,
Diiren, DE)
Monarch Genomic DNA Purification (New

England Biolabs® Inc., Massachusetts, US)

QIlAamp DNA Mini Kit (Qiagen®, Hilden, DE)

Kit 3B. User-developed protocol for isolation of e
genomic DNA from sperm

QlAamp DNA Micro Kit (Qiagen® Hilde, DE)

Kit 4B. Isolation of genomic DNA from tissues .

Kit 4 C. Isolation of genomic DNA from tissues .

with RNA-carrier

Kit 4D. Isolation of genomic DNA from tissues
with RNA-carrier and multiple elutions

Kit 1 A. Support protocol for the isolation of .
genomic DNA from semen

Kit 2 A. Protocol for extraction and purification
of genomic DNA from tissues

Kit 3 A. DNA purification from tissues .

Kit 4 A. Isolation of genomic DNA from small .
volumes of blood with RNA-carrier

Final elution in 100 puL of DEPC water (MP,

Step 11)

Lysis incubation for 1h (MP, Part 1, Step 3)

Final elution in 40 pL of DEPC water (MP,

Part 2, Step 6)

Lysis incubation for 2 or 4h (MP, Step 3)

e Final elution in 50 uL of DEPC water, with

RT incubation for 5 min before

centrifugation (MP, Step 11)

Final elution in 50 pL of DEPC water, with

RT incubation for 10 min before

centrifugation (MP, Step 11)

Addition of 1L of RNA-carrier (1 pg/pL)

(MP, Step 4)

Lysis incubation for 1 or 3h (MP, Step 5)

Elution in 25 pL of DEPC water with RT

incubation for 10 min before centrifugation

(MP, Step 13)

Lysis incubation for 6 h or overnight (MP,

Step 4)

e Elution in 25 uL of DEPC water with RT

incubation for 10 min before centrifugation

(MP, Step 12)

Lysis incubation for 1h, 3h, 6h, or

overnight (MP, Step 4)

e Addition of 1L of RNA-carrier (1 pg/pL)
(MP, Step 5)

e Elution in 25 L of DEPC water with RT
incubation for 10 min before centrifugation
(MP, Step 12)

Lysis incubation for 3h (MP, Step 4)
Addition of 1 uL of RNA-carrier (1 pg/uL)
(MP, Step 5)

e Elution in 25 uL of DEPC water with RT
incubation for 10 min before centrifugation
(MP, Step 12)

o Re-use of the first eluate in 2, 3 or 4

elution steps

removed, and the semen pellet was stored in 400 puL
of 98% ethanol.

Four different DNA extraction kits were tested on
43 semen samples. DNA extractions were performed
according to the manufacturers’ protocols (MPs),
with slight adjustments described below (Table 1).
Before DNA extraction, the semen pellets were cen-
trifuged at 5,000 x g for 2 min, and the ethanol was
carefully removed. The pellets were dried for 10 min
at room temperature (RT) to evaporate as much
ethanol as possible.

Total nucleic acid yield and purity (Ay0/Ag0 ratio)
were determined by spectrophotometry with the
SpectroStar®Nano LVis Plate (BMG Labtech,
Ortenberg, DE). Additionally, the dsDNA was quanti-
fied by fluorometric methods using the Quantus™
Fluorometer apparatus (Promega, Wisconsin, US)
with the QuantiFluor® dsDNA System. Since NGS
library construction with the NEBNext Direct®
Genotyping Solution (New England Biolabs® Inc.,
Massachusetts, US) requires a volume of 6L con-
taining a minimum of 10ng of DNA (New England
Biolabs, 2019), we established a concentration
threshold of 1.7 ng/ulL to assess the DNA extracts.

The success of the DNA extractions was assessed
by PCR-amplification of the nuclear gene L-5S1ter
(Suazo & Hall, 2002) in 34 DNA extracts. The

reactions were carried out in a 10pL final volume
containing 5 pL of Q5® High-Fidelity 2X Master Mix

(New England Biolabs® Inc., Massachusetts, US),
0.5 uM of each primer, 2 uL of DEPC water, and 2 uL
of the DNA extract. The PCR-thermal conditions fol-
lowed the Q5 manufacturer’s instructions with the
annealing temperature set at 65°C. The amplicons
were analysed in the LabChip GX Touch Nucleic Acid
Analyzer using the DNA High Sensitivity Kit (Perkin-
Elmer, Massachusetts, US).

According to spectrophotometric quantitation of
total nucleic acid, all the protocols produced DNA
extracts with a median concentration of 27.04 ng/pL,
well-above the established threshold (Figure 1a and
Supplementary Material 1). However, when analysing
the Ayeo/Azgo ratio, 82.9% of these samples showed
values > 2.0, indicating elevated proportions of RNA
(Figure 1b). Hence, dsDNA quantitation was chosen
to assess the performance of the different extraction
protocols. Only the tissue protocol of QlAamp DNA
Microkit, with the addition of RNA-carrier and 3 or
6h of lysis incubation (method Kit 4C), produced
dsDNA concentrations exceeding the 1.7ng/pL
threshold (Figure 1c). Moreover, repeating the elu-
tion step two and three times greatly increased the
yields, when compared to the single elution (69%
increase for double re-elution and 154% for triple re-
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Figure 1. Comparative results of the extraction methods, expressed as median and Q2-Q3 ranges. (a) Total nucleic acid con-
centrations estimated by SpectroStar®Nano Lvis Plate. (b) DNA purity estimated by the A,s0/Asg0 absorbance ratio. The red
dashed line marks the 1.8 ratio, expected for pure DNA. (c) dsDNA concentrations estimated with Quantus ™ Fluorometer.

The red dashed line represents the threshold of 1.7 ng/pL.

elution). A fourth re-elution did not increase the
DNA yield much further.

The DNA extracts were further assessed by PCR.
Of the 34 analysed samples, 28 (82.4%) were suc-
cessfully amplified (Supplementary Material 2 and 3),
producing the expected 500-bp fragments (Suazo &
Hall, 2002). Amplification success was not related to
dsDNA concentration values. For example, samples
extracted using the protocols of Kit 3A and B
showed strong amplification bands, despite having
dsDNA concentrations as low as 0.71 and 0.02 ng/pL
(Figure 1a and Supplementary Material 2). This find-
ing indicates that while most of the extraction proto-
cols generated DNA concentrations below the
threshold required for library construction with the
NEBNext Direct® Genotyping Solution, they can still
be used for PCR applications.

Our results showed that the QlAamp DNA
Microkit, with slight modifications (Kit 4D), provides
the highest DNA concentrations. We recommend
lysis incubation for 3 h, and the addition of RNA-car-
rier to enhance DNA recovery. Furthermore, the use
of multiple re-elution steps helps to obtain the min-
imum DNA yields required for genotyping by NGS.
This method was later used to extract DNA from
sperm obtained from 126 spermathecae, which were
successfully genotyped by NGS despite the high
amount of RNA in all the samples.
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