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This important study characterizes with rigorous methodology anatomical and functional aspects of
the peripheral innervation of the Drosophila male reproductive tract. The convincing analysis reveals
two distinct types of glutamatergic neurons that co-release either serotonin or octopamine. While
serotonergic neurons are required for male fertility, octopaminergic neurons are dispensable. The
work is providing invaluable insight into neurochemical control of insemination, peripheral motor
control and neuromodulation in the male reproductive tract.

Abstract The essential outcome of a successful mating is the transfer of genetic material from
males to females in sexually reproducing animals from insects to mammals. In males, this culmi-
nates in ejaculation, a precisely timed sequence of organ contractions driven by the concerted
activity of interneurons, sensory neurons, and motor neurons. Although central command circuits
that trigger copulation have been mapped, the motor architecture and the chemical logic that
couple specific neuronal subclasses to organ-specific contractility, seminal fluid secretion, and sperm
emission remain largely uncharted. This gap in knowledge limits our ability to explain how neural
circuits adapt to varying contexts and how their failure contributes to infertility. Here, we present an
in-depth anatomical and functional analysis of the motor neurons that innervate the internal male
reproductive tract of Drosophila melanogaster. We identify two classes of multi-transmitter motor
neurons based on neurotransmitter usage, namely octopamine and glutamate neurons (OGNs) and
serotonin and glutamate neurons (SGNs), each with a biased pattern of innervation: SGNs predom-
inate in the accessory glands, OGNs in the ejaculatory duct, with equal contributions of each to the
seminal vesicles. Both classes co-express vesicular transporters for glutamate (vGlut) and amines
(vMAT), confirming their dual chemical identity. Their target organs differentially express receptors
for glutamate, octopamine, and serotonin, suggesting combinatorial neuromodulation of contrac-
tility. Functional manipulations show that SGNs are essential for male fertility but OGNs are dispens-
able. Glutamatergic transmission from both classes is also dispensable for fertility. These findings
provide the first high-resolution map linking multi-transmitter motor neurons to specific reproductive
organs, reveal an unexpected division of labor between serotonergic and octopaminergic signaling
pathways, and establish a framework for dissecting conserved neural principles that govern ejacula-
tion and male fertility.
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Introduction
Reproduction is a biological imperative of all species. For most sexually reproducing animal species,
this involves locating a mate, courtship, and most essentially, the transfer of genetic material via
copulation. The endpoint of copulation, ejaculation, consists of two coordinated phases, emission and
expulsion (Alwaal et al., 2015; Soni et al., 2022). During the emission phase, sperm and seminal fluid
are relocated from their site of origin to a central canal for transfer to the female during the subse-
quent expulsion phase. The series of events that culminate in ejaculation are regulated by a spinal
ejaculation generator located in the lumbar L3-L4 region of the spinal cord of mammals that executes
a motor program coordinating a series of muscle contractions and relaxations of the internal and
external male genitalia (Truitt and Coolen, 2002; Carro-Juarez et al., 2003; Chéhensse et al., 2017).
While male external genitalia exhibit remarkable evolutionary variation (Eberhard, 1985), internal
male reproductive organs exhibit remarkable evolutionary conservation over the last 600 million years
since the last common ancestor of insects and mammals (Guerrero et al., 2004; Gomes et al., 2012;
Beguelini et al., 2013; Tomas et al., 2019; Fromme et al., 2021; Oliveira et al., 2021; Yartsev and
Evseeva, 2021; da Maciel et al., 2024). These evolutionarily conserved structures of the male repro-
ductive system include paired testes, seminal vesicles (SVs), and semen-producing organs (prostate
glands in humans, accessory glands (AGs) in insects), as well as a singular duct (urethra in humans,
ejaculatory duct (ED) in insects) through which sperm and seminal fluid flow during mating.
Drosophila melanogaster has been instrumental in revealing fundamental principles of male repro-
ductive behavior and physiology that extend beyond insects, including how neural circuits control
mating drive, courtship, and the mechanics and duration of copulation (Acebes et al., 2004; Billeter
et al., 2006a; Villella and Hall, 2008; Tayler et al., 2012, Crickmore and Vosshall, 2013; Pavlou
etal., 2016; Jois et al., 2018; Baker et al., 2024). Among the findings of these studies is the existence
of neural circuitry in the ventral nerve cord that regulates ejaculation similar to the spinal ejaculation
generator circuitry of mammals, suggesting an ancient evolutionary origin. How the motor neurons
directly innervating the internal male reproductive organs control the events leading to ejaculation is
less well understood. It is also known in Drosophila and other species, including humans, that male

Figure 1. The Drosophila male reproductive system. (A) Schematic diagram showing paired testes (uncolored), SVs (green), and AGs (purple), Sph
(red), ED (gray), and EB (uncolored). Modified version of Figure 38A page 508 (Demerec, 1950). Used with kind permission from Cold Spring Harbor
Laboratory (CSHL) Press. (B) Actual male reproductive system. Te-testes, SV-seminal vesicle, AG-accessory gland, Sph-sphincter, ED-gjaculatory duct,
EB-ejaculatory bulb. Scale bar: 200 pm.
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ejaculate quality is plastic and can be adapted to environmental conditions, especially the level of
male-male competition (Gage and Baker, 1991; Wedell and Cook, 1999, Pizzari et al., 2003; Pound
and Gage, 2004; Bretman et al., 2009; Garbaczewska et al., 2013; Hopkins et al., 2019; DeLecce
et al., 2025), but the neural mechanisms underlying these adaptations remain to be identified.

Previous studies have determined there are at least three types of motor neurons innervating
the Drosophila internal male reproductive system distinguished by neurotransmitter usage, including
serotonergic (Lee and Hall, 2001), octopaminergic (Pauls et al., 2018), and glutamatergic (Paviou
et al., 2016) motor neurons, although there may be at least some overlap in neurotransmitter usage
as serotonin/glutamate multi-transmitter motor neurons have been reported in the seminal vesicle
(Castellanos et al., 2013). How these neurons coordinate the motor program to elicit ejaculation is
an open question, as is their anatomical organization relative to each other. Clarifying the targets and
anatomy of these motor neuron classes will uncover critical principles for how neuronal coordination
of internal male reproductive organ function contributes to male fertility. To address these questions,
we performed a comprehensive analysis of the neurons innervating each internal organ, defined their
neurotransmitter complements and receptor profiles, and tested their necessity for successful sperm
transfer and fecundity.

Results

Drosophila male reproductive system anatomy

The Drosophila male reproductive system consists of paired testes, SVs, and AGs, as well as a singular
ED and ejaculatory bulb (Figure 1; Demerec, 1950). The testes are surrounded by smooth muscle
with no neuronal innervation, while the SVs, AGs, and ED are ensheathed by neuronally innervated
skeletal muscles (Lee and Hall, 2001; Billeter et al., 2006b; Susic-Jung et al., 2012). The ejaculatory
bulb also possesses neuronally innervated skeletal muscle for pumping sperm out of the ED to the
female. The SVs fuse just prior to termination in the ED where they form a narrow sphincter that opens
during mating to allow sperm to flow. The AGs, insect equivalent of mammalian prostate glands,
produce the bulk of seminal fluid (Wolfner, 1997; Majane et al., 2022) and remain separate before
terminating in the ED (Bairati, 1968). Underlying the muscles of the internal male reproductive system
organs are a layer of secretory epithelial cells (Bairati, 1968) that are the cellular source of the seminal
fluid components (Sepil et al., 2019; Wigby et al., 2020).

B D

Figure 2. Gal4 and Split-GAL4 expression patterns in the Drosophila male reproductive system. (A) Tdc2-GAL4; (B) TRH-GAL4; (C) vGlut-GAL4;
(D) Tdc2-AD n vGlut-GAL4-DBD; (E) vGlut-AD C Tdc2-GAL4-DBD; (F) TRH-AD C vGlut-GAL4-DBD; (G) vGlut-AD C TRH-GAL4-DBD; (H) Tdc2-AD C

TRH-GAL4-DBD. Scale bar: 200 pm.
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Neurotransmitter identity of neurons innervating internal male

reproductive organs

To confirm previous reports of innervation of the Drosophila male reproductive system by octopami-
nergic, serotonergic, and glutamatergic neurons, GAL4 drivers for the octopamine (OA) neurotrans-
mitter synthesis enzyme tyrosine decarboxylase 2 (Tdc2), the serotonin (5-Hydroxytryptamine, 5-HT)
neurotransmitter synthesis enzyme tryptophan hydroxylase (TRH) and the vesicular glutamate trans-
porter (vGlut) were used to drive expression of a UAS-CD8-mCherry plasma membrane reporter. As
expected, all three drivers exhibited expression in neurons of the male reproductive system, but with
distinguishable differences in expression patterns. Tdc2-GAL4 exhibited dense innervation of the SV
and ED with sparse innervation of the AG (Figure 2A). TRH-GAL4 exhibited dense innervation of the
SV and AGs, with modest innervation of the ED (Figure 2B), and vGlut-GAL4 exhibited dense inner-
vation of all three organs (Figure 2C).

OA/glutamate neurons are distinct from 5-HT/glutamate neurons

To determine if the observed neuronal expression of the GAL4 drivers for Tdc2, TRH, and vGlut are
coincident or exclusive, two separate approaches were implemented. In the first approach, split-GAL4
drivers specific for each neurotransmitter were tested in pairwise combinations. Both Tdc2-AD paired
with vGlut-GAL4-DBD (Figure 2D) and vGlut-AD paired with Tdc2-GAL4-DBD (Figure 2E) exhibited
expression patterns very similar to Tde2-GAL4 with dense innervation of the SV and ED, and sparse
innervation of the AGs. These results suggest that all the Tdc2 neurons innervating the male reproduc-
tive system are OA/glutamate dual neurotransmitter neurons (OGNs). Similarly, both TRH-AD paired
with vGlut-GAL4-DBD (Figure 2F) and vGlut-AD paired with TRH-GAL4-DBD (Figure 2G) exhibited
expression patterns very similar to TRH-GAL4 with dense innervation of the SVs and AGs with modest
innervation of the ED. These results suggest that all the serotonergic neurons innervating the male
reproductive system are 5-HT/glutamate dual neurotransmitter neurons (SGNs). To determine if there
is overlap between the OGNs and SGNs, Tdc2-AD was paired with TRH-GAL4-DBD with the result
that no neuronal expression was observed (Figure 2H). This result suggests the OGNs and SGNs are
exclusive and non-overlapping.

A second approach to assess overlap between octopaminergic, serotonergic, and glutamatergic
neurons of the male reproductive system utilized pairwise combinations of GAL4 and LexA drivers
specific for each neurotransmitter. Pairing TRH-GAL4 and Tdc2-LexA together with UAS-6XGFP and
LexAop-6XmCherry reporters revealed no overlap in either the SVs (Figure 32A-F), ED (Figure 3G-L),
or AGs (Figure 2M-R). These results are consistent with the split-GAL4 result above of no intersection
between octopaminergic and serotonergic neurons of the male reproductive system, although both
neuron types are often tightly fasciculated, especially in the SVs. Pairing vGlut-LexA with TRH-GAL4
revealed a high degree of overlap in the SVs (Figure 3—figure supplement 1A-F), partial overlap
in the ED (Figure 3—figure supplement 1G-L), and near complete overlap in the AGs (Figure 3—
figure supplement 1M-R). Pairing vGlut-LexA with Tdc2-GAL4 revealed significant overlap in the
SVs (Figure 3—figure supplement 2A-F), majority overlap in the ED (Figure 3—figure supple-
ment 2G-L), and limited overlap in the AGs (Figure 3—figure supplement 2M-R). The results of the
split-GAL4 intersectional strategy and the GAL4/LexA overlap strategy are entirely consistent with
each other. Taken together, they demonstrate that the Drosophila internal male reproductive system
receives input from two distinct and non-overlapping motor-neuron populations, one population that
co-expresses octopamine and glutamate (OGNSs) and another distinct population that co-expresses
serotonin and glutamate (SGNs). The SV receives roughly equal innervation from both classes, the AG
is innervated more extensively by SGNs, and the ED is innervated more extensively by OGNs.

OGNs are fru +/dsx + while SGNs are fru+/dsx -

Neurons that innervate the male reproductive tract are expected to be sexually dimorphic (Billeter
and Goodwin, 2004; Yamamoto, 2007; Siwicki and Kravitz, 2009; Verhulst and van de Zande,
2015). To determine whether they express the canonical sex-determination genes fruitless (fru) and/
or doublesex (dsx), fru-GAL4 and vGlut-LexA were paired with UAS-6XGFP and LexAop-6XmCherry.
This experiment revealed complete overlap: every vGlut-positive neuron in the reproductive system—
both OGNs and SGNs—was also fru-positive (Figure 3—figure supplement 3A-C). To examine dsx
expression, the octopaminergic driver Tdc2-AD was combined with dsx-GAL4-DBD. The resulting
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Figure 3. Expression of TRH-GAL4 and Tdc2-LexA in the Drosophila male reproductive system. (A, D, G, J, M,
P) TRH-GAL4, UAS-6XGFP; (B, E, H, K, N, Q) TdcZ-LexA, LexAop-6XmCherry. (C, F, I, L, O, R) overlay. Scale bars:
O-50 pm; R-10 pm.

Figure 3 continued on next page
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Appendix 1—key resources table

Reagent type
(species) or
resource

Designation

Source or reference

Identifiers

Neuroscience

Additional
information

Genetic reagent
(Drosophila
melanogaster)

Tdc2-GAL4

Cole et al., 2005

RRID:BDSC_9313

Genetic reagent
(Drosophila
melanogaster)

GluRIIA-GALL

Deng et al., 2019

RRID:BDSC_84437

Genetic reagent
(Drosophila
melanogaster)

GluRIID-GAL4

Deng et al., 2019

RRID:BDSC_84438

Genetic reagent
(Drosophila
melanogaster)

TRH-GAL4

Deng et al., 2019

RRID:BDSC_844%4

Genetic reagent
(Drosophila
melanogaster)

vGlut-GAL4

Diao et al., 2015

RRID:BDSC_50312

Genetic reagent
(Drosophila
melanogaster)

vGlut-GAL4-DBD

Diao et al., 2015

Genetic reagent
(Drosophila
melanogaster)

Tdc2-AD

Dionne et al., 2018

: RRID:BDSC_601902

Genetic reagent
(Drosophila
melanogaster)

TRH-GAL4-DBD

Aso et al., 2014

RRID:EDSC_70371

Genetic reagent
(Drosophila
melanogaster)

TRH-AD

Aso et al., 2014

RRID:BDSC_70975

Genetic reagent
(Drosophila
melanogaster)

GluRIIB-GAL4

Diao et al., 2015

RRID:BDSC_50333

Genetic reagent
(Drosophila
melanogaster)

GIuRIIE-GAL4

Diao et al., 2015

RRID:BDSC_50332

Genetic reagent
(Drosophila
melanogaster)

Oct-TyrR-GAL4

Lee et al., 2018

RRID:EDSC_77735

Genetic reagent
(Drosophila
melanogaster)

GIuRIIC-GAL4

Lee et al., 2018

RRID:BDSC_83248

Genetic reagent
(Drosophila
melanogaster)

GIuRIIA-GFP

Beckers et al., 2024

RRID:BDSC_%9517

Genetic reagent
(Drosophila
melanogaster)

SHT1A-GAL4

Deng et al., 2019

RRID:BDSC_84588

Genetic reagent
(Drosophila
melanogaster)

SHT1B-GAL4

Deng et al., 2019

RRID:BDSC_84589

Genetic reagent
(Drosophila
melanogaster)

5-HT2A-GAL4

Deng et al., 2019

RRID:BDSC_845%0

Genetic reagent
(Drosophila
melanogaster)

5-HT2B-GAL4

Deng et al., 2019

RRID:BDSC_84591

Appendix 1 Continued on next page
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Appendix 1 Continued

Reagent type
(species) or
resource

Designation

Source or reference

Identifiers

Neuroscience

Additional
information

Genetic reagent

(Drosophila

melanogaster) 5-HT7-GAL4 Deng et al., 2019 RRID:BDSC_84592
Genetic reagent

(Drosophila

melanogaster) TBH-GFP Beckers et al., 2024 RRID:BEDSC_80113
Genetic reagent Donor: Barry Dickson, Howard

(Drosophila Hughes Medical Institute,

melanogaster) fru-GAL4 Janelia Research Campus RRID:BDSC_664%95

Genetic reagent
(Drosophila
melanogaster)

UAS-CD8-mCherry

Donor: Frank Schnorrer,
Max Planck Institute of
Biochemistry

RRID:BDSC_273%92

Genetic reagent
(Drosophila
melanogaster)

ProtB-GFP

Manier et al., 2010

RRID:BDSC_58406

Genetic reagent
(Drosophila
melanogaster)

AbdB-AD

Diao et al., 2024

Genetic reagent
(Drosophila
melanogaster)

vGlut-AD

Gao et al., 2008

Genetic reagent
(Drosophila
melanogaster)

|A2-GFP

Yu et al., 2025

Genetic reagent
(Drosophila
melanogaster)

UAS-BONT-C

Han et al., 2022

Genetic reagent
(Drosophila
melanogaster)

dsx-GAL4-DBD

Shirangi et al., 2016

Genetic reagent
(Drosophila
melanogaster)

vGlut-40XV5

Stowers, 2025

germline excision of
STOP cassette.

Genetic reagent
(Drosophila
melanogaster)

vGlut-40XMYC

Stowers, 2025

germline excision of
STOP cassette.

Genetic reagent
(Drosophila
melanogaster)

B2RT-7XMYC-vAChT

Tison et al., 2020

germline excision of
STOP cassette.

Genetic reagent
(Drosophila
melanogaster)

RSRT-2XV5-vGAT

Certel et al., 2022

germline excision of
STOP cassette.

Genetic reagent
(Drosophila
melanogaster)

OAMB-GAL4

McKinney et al., 2020

Genetic reagent
(Drosophila
melanogaster)

OAoZ R-GAL4

McKinney et al., 2020

Genetic reagent
(Drosophila
melanogaster)

OAB1 R-GAL4

McKinney et al., 2020

Genetic reagent
(Drosophila
melanogaster)

OABZ R-GAL4A

McKinney et al., 2020
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Reagent type
(species) or
resource

Designation

Neuroscience

Additional

Source or reference Identifiers information

Genetic reagent
(Drosophila
melanogaster)

OAB3 R-GAL4

McKinney et al., 2020

Genetic reagent
(Drosophila
melanogaster)

FRT-F3-OAMB-10XV5

Bakshinska et al., 2025

Genetic reagent
(Drosophila
melanogaster)

B3RT-TdcZ-LexA

Sherer et al., 2020

Genetic reagent
(Drosophila
melanogaster)

B3RT-vGlut-LexA

Sherer et al., 2020

Genetic reagent
(Drosophila
melanogaster)

RSRT-STOP-RSRT-6XV5-
vMAT

Sherer et al., 2020

Genetic reagent
(Drosophila
melanogaster)

UAS-B3

Sherer et al., 2020

Genetic reagent
(Drosophila
melanogaster)

20XUAS-R

Sherer et al., 2020

Genetic reagent
(Drosophila
melanogaster)

20XUAS-B2

Williams et al., 2019

Genetic reagent

(Drosophila

melanogaster) 13X LexAop-6XmCherry Shearin et al., 2014

Genetic reagent Octopamine split-
(Drosophila GAL4-DBD, JK&5C
melanogaster) Tdc2-GALA-DBD this study landing site

Genetic reagent

(Drosophila B3RT-Tdc2-LexA germline

melanogaster) excision this study Tdec2-LexA driver
Genetic reagent

(Drosophila B3RTvGlut-LexA germline

melanogaster) excision this study vGlut-LexA driver
Genetic reagent

(Drosophila RSRT-6XV5-vMAT germline constitutively
melanogaster) excision this study expressed &XV5-vMAT
Genetic reagent conditionally
(Drosophila expressible OAaZR-
melanogaster) FRT-F3-OA0ZR-20XV5 this study 206V5

Genetic reagent

(Drosophila FRT-F3-OA0ZR-20XV5 constituvely expressed
melanogaster) germline inversion this study OACZR-20XV5
Genetic reagent conditionally
(Drosophila B2RT-STOP-BZRT-OAB2ZR- expressible OAaZR-
melanogaster) AQXNVS this study 40XV5

Genetic reagent constitutively
(Drosophila BZRT-OABZR-40XV5 expressed OABZR-
melanogaster) germline excision this study 40XV5

Genetic reagent constitutively
(Drosophila expressed 5-HT7-
melanogaster) 5-HT7-20XV5 this study 206V5
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Reagent type
(species) or
resource

Designation

Source or reference

Identifiers

Neuroscience

Additional
information

Genetic reagent

Muscle-specific
expression of

(Drosophila GCAMPEm, VK00027
melanogaster) MHC-GCAMPS8m this study landing site
(DSHB Cat# 3 C11,
Antibody SYN 3 C11 supernatant RRID:AB_528479) Mouse monoclonal Dilution 1:20
(DSHB Cati# nc82,
Antibody ncB2 (Brp) supernatant RRID:AB_231484) Mouse monoclonal Dilution 1:40
(DSHB Cat# 4 F3 anti-discs
Antibody Dlg 4 F3 supernatant large, RRID:AE_528203) Mouse monoclonal Dilution 1:40
Antibody Mouse anti-V5 MNowus NBP2-52703 Mouse monoclonal Dilution 1:200
Antibody Rabbit anti-V5 Mowus NBP2-52653 Rabbit monoclonal Dilution 1:200
Antibody Rat anti-V5 MNowus NBP2-81037 Rat monoclonal Dilution 1:200
Antibody Human anti-V5 MNowus NBP2-81035 Human monoclonal Dilution 1:200
Antibody Rat anti-MYC 9E10 MNowus NBP2-81020 Rat monoclonal Dilution 1:200
Antibody Rabbit anti-MYC 9E10 MNowus NBP2-52636 Rabbit monoclonal Dilution 1:200
Antibody Mouse anti-MYC 4 Ab Millipore Sigma 05-724 Mouse monoclonal Dilution 1:200
Antibody Mouse anti-vGlut Banerjee et al., 2021 Mouse monoclonal Dilution 1:10
Antibody Mouse anti-GFP 3E6 Thermo-Fisher A11120 Mouse monoclonal Dilution 1:200
Antibody Rabbit anti-GFP Thermo-Fisher G10362 Rabbit monoclonal Dilution 1:200
Antibody Rat anti-mCherry 16D7 ThermoFisher M11217 Rat monoclonal Dilution 1:200
Antibody Rabbit anti-Tdc2 pab0822-F, Covalab Rabbit polyclonal Dilution 1:500
Antibody Rat anti-5-HT YC5 Abcam ab6334 Rat monoclonal Dilution 1:300
Antibody Goat anti-mouse Alexa 405 Thermo-Fisher A31553 Goat polyclonal Dilution 1:400
Jackson Immunoresearch
Antibody Goat anti-mouse Alexa 488 115-545-166 Goat polyclonal Dilution 1:400
Jackson Immunoresearch
Antibody Donkey anti-rat Alexa 488  712-544-153 Donkey polyclonal Dilution 1:400
Antibody Goat anti-rabbit Alexa 488  Thermo-Fisher A32731 Goat polyclonal Dilution 1:400
Antibody Goat anti-mouse Alexa 568 Thermo Fisher A11031 Goat polyclonal Dilution 1:400
Antibody Goat anti-rabbit Alexa 568  Thermo Fisher A11034 Goat polyclonal Dilution 1:400
Antibody Donkey anti-rat Alexa 568  Thermo-Fisher A78944 Donkey polyclonal Dilution 1:400
Antibody Goat anti-mouse Alexa 647 Thermo-Fisher A32728 Goat polyclonal Dilution 1:400
Antibody Goat anti-rabbit Alexa 647  Thermo-Fisher A32733 Goat polyclonal Dilution 1:400
Antibody Goat anti-rat Alexa 647 Thermo-Fisher A48265 Goat polyclonal Dilution 1:400
Goat anti-mouse ATTO
Antibody &47 N Rockland 610-156-121 Goat polyclonal Dilution 1:100
Goat anti-rabbit ATTO
Antibody &47 N Rockland 611-156-122 Goat polyclonal Dilution 1:100
Antibody Goat anti-rat ATTO 847 N Rockland 612-156-120 Goat polyclonal Dilution 1:100
Donkey anti-human Alexa  Jackson Immunoresearch
Antibody 790 709-655-149 Donkey polyclonal Dilution 1:400
other Stain, Phalloidin iFluor 405  Abcam AB176752 Dilution 1:800
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Reagent type

(species) or Additional
resource Designation Source or reference Identifiers information
Chemical

compound, drug  Triton X-100 Sigma-Aldrich TB787 X-100

Chemical

compound, drug  Bovine serum albumin Lampire-cat#-7500804

Chemical

compound, drug  Acryloyl-X SE Thermo Fisher A20770

Chemical

compound, drug  Ammonium persulfate Sigma-Aldrich 215589

Chemical

compound, drug  Acrylamide 40% solution Sigma-Aldrich 01697

N,N'-
Chemical Methylenebisacrylamide
compound, drug  (bis) 2% solution Sigma-Aldrich M1533
Chemical
compound, drug  DAPI Thermo Fisher D1306 2pg/ml
Chemical
compound, drug  Proteinase K Mew England Biolabs P81075 Dilution 1:20
Software,
algorithm Image J Schindelin et al., 2012
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