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Spermatogenesis
Analysis of Meiosis and Morphogenesis

Helen White-Cooper

1. Introduction
1.1. Cytogenetic Analysis of the Drosophila Testis

In this chapter, I hope to convince the reader that Drosophila spermatogen-
esis is an ideal system for the cytogeneticist. Spermatogenesis is relatively
simple, dispensable for adult viability, and amenable to genetic, cell biologi-
cal, and biochemical approaches. The stages of spermatogenesis are well
defined, the cells are large, easily accessible, and easily identified. Because
spermatogenesis initiates with a stem cell division, there is continuous produc-
tion through the life of the fly. Therefore, a normal adult testis presents all of
the stages of spermatogenesis as a spatio-temporal array (see Fig. 1A). Excel-
lent and comprehensive reviews of the genetics of spermatogenesis and ultra-
structure of wild-type spermatogenesis are available (1,2). In this introduction,
I will review only the essential features needed to interpret the results of experi-
ments performed according to the protocols given here.

Spermatogenesis follows a multistep differentiation program involving dra-
matic changes in cell cycle dynamics, gene expression, and morphogenesis.
The transformation of a 15-µm-diameter round spermatid into a 1.8-mm-long
mature motile sperm is a truly remarkable act of cellular remodeling. This
includes changes in mitochondrial morphology that occur nowhere else in the
fly; mitochondria aggregate, fuse, and wrap to give a characteristic Nebenkern
mitochondrial derivative at the onion stage. The centriole is transformed into a
flagellar basal body embedded in the nuclear envelope. Flagellal elongation is
accompanied by elongation of the two mitochondrial derivatives. Nuclear shaping
and chromatin condensation transforms a round nucleus into a bear-claw-shaped
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46 White-Cooper

Fig. 1. Phase-contrast microscopy of wild-type testes. The stages of spermatogen-
esis are easily visible with phase-contrast optics in gently squashed preparations. (A)
A whole wild-type testis, cut near the distal end, with most of the elongating sperma-
tids spilled out through the cut. There is a temporal progression of cell types from very
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Spermatogenesis 47

highly compact structure. Some processes and gene products are shared with
other tissues and developmental stages; others are spermatogenesis-specific.
Male meiosis, for example, is much more similar to mitosis than to female
meiosis. Many mitotic gene products are used for male meiosis and, therefore
the application of a few simple techniques for studying testes can reveal much
about the mechanics of cell division. For example, we have learned about the
maintenance of sister chromatid cohesion through analysis of mei-S332 and
ord. Analysis of weak ord mutants suggests Ord is required for proper centro-
meric cohesion after arm cohesion is released at the metaphase I–anaphase I
transition. Ord activity appears to promote centromeric cohesion during meio-
sis II. Mei-S332 protein is localized to the centromeric region in meiosis; its
destruction at the metaphase II–anaphase II transition allows sister chromatid
separation. A balance between the activity of Mei-S332 and Ord is required for
proper regulation of meiotic cohesion (3–7). Analysis of asp alleles indicates a
role for Asp protein in the normal meiotic and mitotic spindle structure.
Immunolocalization of Asp in spermatocytes revealed that it is required for the
bundling of microtubules at spindle poles, but it is not an integral centrosome
component implicated in microtubule nucleation (8,9). There has been a long-
standing debate over the role of asters in determining the position of the cleav-
age furrow of cytokinesis. Recent evidence from Drosophila spermatogenesis
has shown that asters are not required for cytokinesis, because asterless mutants
undergo cytokinesis (10). Instead, it appears that the cleavage furrow depends
on the central spindle (9). Analysis of cell cycle regulatory genes has revealed
that differentiation can continue in the absence of cell cycle progression. Muta-
tion of the meiosis-specific Cdc2-activator twine blocks progression through
the meiotic divisions; however, the cells continue with aspects of spermatid
differentiation, including axoneme elongation and nuclear shaping (11–14).

A notable feature of the recent completion of the genome sequencing and
continuation of the expressed sequence tag (EST) sequencing projects has been

early stages at the apical end (top) to nearly mature sperm at the distal end (bottom),
leading into the seminal vesicle (*). (B–H) Higher magnification of specific stages of
spermatogenesis; (B) polar spermatocytes. (C) mature primary spermatocytes; (D) part
of a cyst in metaphase–anaphase I; (E) part of a secondary spermatocyte cyst (meiotic
interphase); (F) a telophase II cyst; (G) onion-stage spermatids (right) and comet stage
of early spermatid elongation (left); (H) part of a cyst late in elongation before indi-
vidualization. (I–L) Hoechst 33342 labeling of DNA in wild-type live squashes. (I)
Primary spermatocytes with decondensed chromosomes visible as three discrete
regions in each nucleus; (J) prophase of meiosis I, partially condensed chromosomes
are visible; (K) leaf blade stage, DNA is compact within the nucleus, faint staining of
the mitochondrial DNA is seen in the Nebenkern; (L) tightly clustered and fully shaped
nuclei in nearly mature bundles of elongated spermatids, before individualization.
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the identification of a large set of testis-specific transcripts. Andrews et al. (15)
sequenced 3141 testis ESTs, representing 1560 contigs, of which 47% were
not represented in the 80,000 ESTs sequenced by the Berkley Drosophila
Genome Project (BDGP) from other tissues. Sixteen percent had not even been
predicted as genes on the first annotation of the genome sequence, and only
11% corresponded to known named genes. This study highlights how little we
know and how much more there is to learn about the genes required to carry
out this most remarkable cellular process of spermatogenesis. Fortunately, a
large set of new male sterile mutants, the tool we need to take a genetic
approach to understanding spermatogenesis, is now available. A large-scale
mutagenesis screen was undertaken in the Charles Zuker lab and yielded over
12,000 new viable mutagenized chromosomes. These were tested for male and
female sterility by Barbara Wakimoto and Dan Lindsley, yielding approx 2000
male sterile lines (cited in ref. 16). This collection supplements our existing
battery of male sterile mutants (e.g., those generated by Castrillon et al. [17]).
They are available to the whole community and have formed the basis of a new
wave of excitement and analysis of cytogenetics in Drosophila spermatogen-
esis (18–20).

1.2. Key Phases of Cellular Differentiation During Spermatogenesis

The testis sheath is a closed tube made up of muscle and pigment cells,
separated from the lumen by a basement membrane. At the apical tip (the closed
end of the tube), the basement membrane is thickened adjacent to a group of
approx 20 somatic cells called the hub (see Fig. 2A). About eight germ-line
stem cells are found around the hub, each associated with two cyst progenitor
somatic stem cells. Division of the germ-line stem cell, accompanied by division
of the two cyst progenitor cells, results in a spermatogonium encapsulated by
two cyst cells. These two cyst cells will never divide again, but they will grow
and remain intimately associated with the germ-line cells. Division of the sper-
matogonium generates two spermatogonia, and three subsequent spermatogo-
nial mitotic divisions (see Fig. 3A) followed by premeiotic S-phase results in a
cyst of 16 primary spermatocytes still surrounded by two cyst cells. Cells within
each cyst remain interconnected by cytoplasmic bridges called ring canals,
derived from the cleavage furrow after incomplete cytokinesis. A specialized
membrane-rich region of cytoplasm, the fusome, extends through these bridges
to connect all of the cells in the cyst (21).

The primary spermatocyte period is primarily one of cell growth (approx
25-fold increase in cell volume ref. 2), with certain morphological changes
indicating the early, middle, and mature primary spermatocyte. Notable is the
transition to the polar spermatocyte stage (see Fig. 1B), where the phase dark
mitochondria are aggregated to one side of the cell and the phase light nucleus
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Fig. 2. FITC Phalloidin shows the hub, meiotic cleavage furrows and investment
cones. Formaldehyde-fixed testis squash preparations stained with FITC phalloidin
(A,C,E), which labels F-actin, and counterstained with propidium iodide to reveal the
DNA (B,D). (A,B) The apical tip of a testis. The somatic hub structure appears as a
small rosette where there is a more extensive array of F-actin. The large cells around
this rosette are the germ-line stem cells. (C,D) Several cells at telophase of meiosis I.
The F-actin is concentrated in the contractile rings of the cleavage furrows separating
sister cells. (E) Investment cones are formed around the nuclei of elongated sperma-
tids; they are then displaced from the nuclei as they progress along the cyst, investing
each spermatid with its own plasma membrane and extruding the minor mitochondrial
derivative and excess cytoplasm into a cytoplasmic waste bag. This set of investment
cones has progressed part way along the spermatid tails.
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Fig. 3. Phosphorylation of histone H3 identifies mitotic and meiotic chromosomes.
Methanol/acetone fixed testes stained with an antibody against phosphorylated his-
tone H3 (B,E green [yellow] in C and F) and counterstained with propidium iodide
(A,D, red in C and F). (A–C) A cyst of four spermatogonia (arrow) near the apical tip
of the testis undergoing mitosis. Note the bright staining of spermatogonial cell DNA
and the relatively weak staining of the DNA of the maturing primary spermatocytes to
the left of the figure. (D–F) A cyst of cells completing meiosis I (large arrow) have
phosphorylated histone H3. Early in elongation (small arrow), the nuclei are all clus-
tered to one side of the cyst and histone H3 is no longer phosphorylated. (See color
plate 1 in the insert following p. 242.)

resides in the other side. Later, the asymmetry is lost as the cells become apolar
spermatocytes. Throughout the primary spermatocyte stage, the decondensed
chromosomes are in three nuclear domains, corresponding to the two major
autosome and the sex chromosome bivalents (see Fig. 1I). Primary spermato-
cytes have a very prominent phase dark nucleolus, which is associated with the
sex chromosome bivalent. Bulk transcription shuts down as primary spermato-
cytes mature (22,23), so transcripts for genes required late in spermatogenesis
need to have accumulated in the cells by this stage. They are then stored in
RNP particles in the cytoplasm until translation (24) (see Fig. 4B).

As mature primary spermatocytes (see Fig. 1C) enter the meiotic divisions
the nucleus becomes rounder and the chromosomes condense and move away
from the nuclear envelope (see Fig. 1J). Mitochondria aligned on the meiotic
spindle make this structure readily visible in phase-contrast preparations (see
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Figs. 1D and 5). An aster can be seen on one side of the nucleus, and this
separates as the centrosomes migrate to opposite poles to set up the bipolar
spindle. During meiotic telophase the cleavage furrow separating the sisters
pinches the spindle to generate a “bow tie” effect (see Fig. 1F, [telophase II],
Fig. 5 [bottom left panel], and 2C) and, finally, give a secondary spermatocyte
cyst consisting of 32 cells connected by ring canals, encapsulated by 2 cyst
cells. Meiosis II follows after a very short interphase (see Fig. 1E). Morpho-
logically, meiosis II is very similar to meiosis I, although there is clearly half
as much DNA, only 1 centriole per centrosome, the cells are smaller, and the
final product is a cyst of 64 interconnected spermatids, still surrounded by
the 2 cyst cells.

After the second meiotic division, all of the mitochondria aggregate and
fuse to form two giant mitochondria. These are interleaved by the onion stage
to make a Nebenkern, which, by transmission electron microscopy, resembles
an onion slice (25) and, by phase contrast, is a dark sphere adjacent to the
phase light nucleus (see Figs. 1G,J). The centriole inserts into the nuclear mem-
brane and axoneme elongation initiates (2). A phase dark dot, the pseudonu-
cleolus or protein body, appears inside the otherwise featureless phase light
nucleus. During elongation, the mitochondria unfurl from each other and two
distinct phase dark mitochondrial derivatives can be seen elongating alongside

Fig. 4. In situ to wild type with cyclin B, Mst87F. (A) In situ hybridization to cyclin
B transcript reveals a two-phase expression pattern. cyclin B message is expressed in
the mitotic cells at the apical tip of the testis, but is absent from cells undergoing
premeiotic S-phase. cyclin B message then reappears in early primary spermatocytes,
persists until meiosis, and is degraded before the cysts progress to onion stage. (B)
Mst87F encodes a protein important for the structure of the sperm heads. The tran-
script first accumulates in primary spermatocytes and persists through to very late
stage of spermatogenesis, when it is translated.
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the flagellar axoneme at the comet stage (see Fig. 1H). All of the spermatids in
a cyst develop in synchrony; during elongation, their heads become more
closely aligned. This is already visible at the comet stage where the nuclei are
found at one side of the cyst, and the tails extending toward the other side (see
Fig. 3D). Intercellular bridges remain at the distal end of the elongating cysts
(26). During elongation, the two cyst cells behave somewhat differently, each
encompassing one end of the cyst. The head end cyst cell contacts the terminal
epithelium near the base of the testis, so that cysts elongate with their heads
anchored and the tails pushing up the length of the testis. During elongation,
the nuclei become invisible with phase contrast as they compact and are trans-
formed from a sphere into a needle shape (see Fig. 1L).

Finally, the fully elongated spermatids individualize and coil. Individual-
ization initiates with an actin-based structure, the investment cone, at the head
end of each spermatid (27). This progresses along the length of each tail (see
Fig. 2E), stripping off all excess cytoplasm and the minor mitochondrial deri-
vative into a cytoplasmic waste bag (see Fig. 6C) that is eventually shed into
the lumen of the testis. Individual sperm are coiled into the seminal vesicle
ready for transfer to the female during copulation.

2. Materials
2.1. Phase-Contrast Microscopy

1. Testis buffer: 183 mM KCl, 47 mM NaCl, 10 mM Tris-HCl, pH 6.8 or TB1: 15 mM
potassium phosphate (equimolar dibasic and monobasic), pH 6.7, 80 mM KCl,
16 mM NaCl, 5 mM MgCl2, 1% polyethylene glycol (PEG) 6000.

Fig. 5. (opposite page) Meiosis I progression in wild-type spermatocytes observed
by time-lapse phase-contrast and fluorescence microscopy. Meiosis was followed from
early prometaphase to the end of meiosis I at a rate of 20 frames/min using a combi-
nation of phase contrast (left panels) and fluorescence (right panels) microscopy. The
chromosomes were labeled with a His2-GFP fusion protein (right panels). Five sig-
nificant time-points are shown in this figure, reproduced from Rebollo and Gonzalez
(41): 0' corresponds to late prophase, the two centrosomes have migrated to opposite
poles and organized large asters. The meiotic spindle is forming and is highlighted
with phase dark mitochondria (asterisks). A nonchromosomal phase dark nuclear struc-
ture, which remains throughout meiosis, can be seen (arrowhead). At 32', the sperma-
tocyte contains a fully formed elongated spindle. Two bivalents are stabilized at the
metaphase plate in this focal plane (arrows). At 37', anaphase has just started. Two
pairs of homologous chromosomes can be seen segregating from each other (double
arrows). At 41', the chromosomes have reached the poles and are decondensing. Chro-
mosome decondensation is first apparent midway through anaphase. At 55', the two
daughter nuclei have formed (arrows) and the cleavage furrow begins to pinch the
central spindle (white arrowheads).
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Fig. 6. Other cell types and typical artefacts that should be ignored. (A) Cells from
the accessory gland can be confused with early primary spermatocytes. However, pri-
mary spermatocytes are in cysts, the nuclei of accessory gland cells are more uniform,
and there is never a polarity to the accessory gland cytoplasm. (B) Oversquashed pri-
mary spermatocytes can develop vacuoles adjacent to the nucleus. These can be con-
fused with mutant onion stages; however, the large spermatocyte nuclei are usually
still apparent. (C) The cytoplasmic waste bag extruded upon individualization can
sometimes be confused with a very disorganized early elongation cyst. (D) Cells can
fuse under pressure from the cover slip. Fused normal onion stage cells can be con-
fused for cytokinesis mutants. True cytokinesis mutants show two or four phase light
nuclei adjacent to only one (large) Nebenkern. Here, the nuclei and Nebenkern are
similar in size and equal in number. (E) Occasionally, when elongated cysts are dis-
rupted just before individualization the sperm tails have a blebby rather than smooth
appearance. For this to be classified as the mutant phenotype, it has to be consistently
rather than rarely seen. (Scale bar is 10 µm and applies to all panels, except panel C.)
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2. Dissecting plate; for example, a 10-cm-diameter plastic Petri dish with the sides
removed.

3. Sharp forceps (the sharper the better).
4. Tungsten mounted needles (sharp!).
5. Microscope slides and cover slips, 22 × 22 mm2.
6. Phase-contrast compound microscope with camera.
7. Kimwipes.
8. Hoechst 33342 (bis-benzimide; e.g., Sigma-Aldrich) (1 mg/mL stock). Store in

the dark at 4°C. Dilute in dissection buffer to 2–5 µg/mL when needed.
9. 45% Acetic acid.

10. Halocarbon oil (Voltalef 10S).

2.2. Immunostaining

2.2.1. Whole Mount Immunohistochemistry

1. Testis buffer or TB1 (see item 1, Subheading 2.1.). For monoclonal antibodies
directed against phosphorylated epitopes, use TBPi buffer: 10 mM Tris-HCl,
pH 6.8, 180 mM KCl, 50 mM NaF, 1 mM Na3VO4, 10 mM Na β-glycerophosphate.

2. 4% Formaldehyde (from 40% stock) in phosphate-buffered saline (PBS), or make
up fresh 4% paraformaldehyde in PBS or HEPES buffer: 100 mM HEPES, pH 6.9,
2 mM MgSO4, 1 mM EGTA. HEPES buffer may be stored at –20°C, but check
pH before (re)use.

3. PBS+0.1% Triton-X100 (PBSTx).
4. Fetal calf serum (FCS). Sterile, but out of date will do; it is used as a blocking

agent.
5. 24-Well tissue culture plates and tissue culture inserts with 8-µm mesh (Fal-

con no. 3097).
6. Primary antibody.
7. Secondary antibody, biotin-conjugated (Vector Laboratories).
8. ExtrAvidin-HRP conjugate (Sigma-Aldrich), or Vectastain ABC reagents (Vec-

tor Laboratories).
9. 3,3'-Diaminobenzidine (DAB; available in tablet form from Sigma). DAB is a

potent carcinogen. Wear gloves and use caution.
10. Hydrogen peroxide.
11. Microscope slides and cover slips.
12. Mounting medium: 85% Glycerol. Add 2.5% n-propyl-gallate if counterstaining

with Hoechst.
13. Hoechst 33258 (e.g., Sigma-Aldrich) (optional; see Subheading 3.2.1.).

2.2.2. Formaldehyde Fixation for Confocal Microscopy

1. Testis buffer or TB1 (see item 1, Subheading 2.1.).
2. Liquid nitrogen, scalpel, safety glasses.
3. 100% Ethanol (chilled on dry ice).
4. 4% Formaldehyde in PBS.
5. PBST: PBS + 0.1% Triton X-100 or 0.1% Tween-20.
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6. PBST-DOC: PBS + 0.3% Triton X-100 + 0.3% sodium deoxycholate (from
10% stock).

7. FCS (sterile, but does not have to be in date), or bovine serum albumin (BSA).
8. Poly-L-lysine-coated slides.
9. Siliconized 22 × 22-mm2 cover slips.

10. Evostick impact adhesive or rubber cement.
11. Clear nail polish.
12. Humid chamber (e.g., sandwich box with wet tissue paper).
13. Primary antibody.
14. Fluorescently conjugated secondary antibody (Jackson ImmunoResearch Labo-

ratories or Vector Laboratories).
15. Propidium iodide or DAPI (4,6-diamidino-2-phenylindole) if staining for DNA.
16. RNAse A, 10 mg/mL stock (store at –20°C). Required if using propidium iodide.

2.2.3. Methanol/Acetone Fixation for Confocal Microscopy

As per Subheading 2.2.2., except replace item 3 (ethanol) with methanol
cooled on dry ice, item 4 (4% formaldehyde) with acetone cooled on dry ice,
and items 5 and 6 (PBST and PBS-DOC) with PBS + 1% Triton X-100 + 0.5%
acetic acid (PBS-T-AA).

2.3. X-Gal Staining

1. 1% Glutaraldehyde in PBS.
2. 20% 5-Bromo-4-chloro-3-indolyl-β-D-galactopyranoside (X-gal) in dimethyl-

formamide (DMF). Store at –20°C.
3. X-gal buffer: 150 mM NaCl, 7.2 mM Na2HPO4, 2.8 mM NaH2PO4, 1 mM MgCl2.

Keep as 5X stock.
4. Staining solution: X-gal buffer containing 5 mM K4Fe(CN)6, 5 mM K3Fe(CN)6.

Store 50 mM stock solutions in the dark.
5. 85% Glycerol.
6. Microscope slides and cover slips for mounting.

2.4. RNA In Situ Hybridization

2.4.1. Probe

1. Plasmid clone of cDNA with suitable RNA polymerase promoter sites (e.g.,
pBluescript, Stratagene).

2. 10X DIG RNA labeling mix (Roche): 10 mM ATP, 10 mM CTP, 10 mM GTP,
6.5 mM UTP, 3.5 mM DIG-UTP in Tris-HCl, pH 7.5.

3. RNA polymerase and buffer (for an antisense transcript, the one that transcribes
from the 3' end of the gene) (New England Biolabs [NEB] or Roche).

4. RNAse-free water.
5. 2X Carbonate buffer: 60 mM Na2CO3, 40 mM NaHCO3, pH 10.2.
6. 2X Neutralization buffer: 200 mM sodium acetate, 1% (v/v) acetic acid.
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2.4.2. Hybridization

1. Fix: 4% Paraformaldehyde in 100 mM HEPES, pH 6.9, 2 mM MgSO4, 1 mM EGTA.
May be stored at –20°C. Check pH before (re)use.

2. PBS + 0.1% Tween-20 (PBST).
3. Proteinase K (Roche). Stock is 19 mg/mL. Store at –20°C.
4. 2 mg/mL Glycine in PBST. Glycine stock is 200 mg/mL (store at room temperature).
5. Hybridization buffer (HB): 50% Formamide, 5X SSC, 100 µg/mL denatured soni-

cated salmon sperm DNA, 50 µg/mL heparin, 0.1% Tween-20, adjust to pH 4.5
with 2 M citric acid (approx 100 mM final concentration). Store at –20°C. Pre-
heat for 65°C washes. 20X SSC is 3 M NaCl, 0.3 M sodium citrate, pH 7.0.

6. RNA probe (see Subheading 3.4.1.).
7. High pH buffer (HP): 100 mM NaCl, 100 mM Tris-HCl, pH 9.5, 50 mM MgCl2,

0.1% Tween-20. Make up fresh, and add MgCl2 last to prevent precipitation.
8. Nitroblue tetrazolium (NBT): 18.75 mg/mL in 70% DMF stock (Roche).
9. X-Phosphate (5-bromo-4-chloro-3-indolyl-phosphate [BCIP]): stock solution is

50 mg/mL in DMF (Roche).
10. Alkaline phosphatase conjugated antidigoxygenin antibody (Roche), preadsorbed

against embryos (see Note 1).
11. Gary’s Magic Mountant (GMM): 1.6 g/mL Canada balsam (powder) in methyl sali-

cylate. If only liquid Canada balsam is available, mix 4 : 1 with methyl salicylate.
12. 24-Well tissue culture plates and tissue culture inserts with 8-µm mesh (Fal-

con no. 3097).
13. Glass staining blocks.
14. Microscope slides and cover slips.

3. Methods
3.1. Phase Contrast Microscopy of Live Testes

This is the first technique to apply when asking the question “Why are my
mutant males sterile?” Because the key stages of spermatogenesis have a
very distinctive appearance in wild-type testes (see Fig. 1), it is relatively
easy to look at a squash and preliminarily classify the mutant based on the
morphologies observed. Table 1 gives a key to the types of defects you may
observe; these give clues as to what cytological process may be affected and,
therefore, will direct your future experiments. This list is by no means
exhaustive; many characterized phenotypes are not listed here. Additionally,
as more mutations are characterized the number of distinct phenotypes seen
will increase substantially. Figure 7 shows examples of some mutant pheno-
types seen in phase-contrast squash preparations. As with analysis of mutant
phenotypes in other stages of the life cycle (e.g., embryogenesis), it is criti-
cal to identify the earliest stage at which faults are detectable. Sometimes,
mutant males will show more than one defect; the challenge then becomes to
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identify whether one is primary and the other secondary, or whether the gene
in question acts directly in both affected processes. For example, spermatids
in males mutant for proteins required for nuclear shaping fail to individual-
ize, because correct shaping of the nucleus is required for the normal assem-
bly of the investment cone (27). Mutations affecting spindle structure may
show defects in both chromosome segregation (uneven nuclear size at onion
stage) and cytokinesis (Nebenkern larger than wild type and fewer in num-
ber) because of the relationship between spindle structure, especially the cen-
tral spindle, and the cleavage furrow.

Cell division is an extremely dynamic process; however, the transient nature
of standard squash preparations observed by phase contrast yields only snap-
shot images of meiosis. In many cases, it is desirable to observe cells undergo-
ing the divisions using time-lapse microscopy (40,41). By observing living
cells, we can characterize in much more detail the exact nature of any meiotic
defect. For example, a four-wheel-drive phenotype, where karyokinesis is unaf-
fected but cytokinesis fails (e.g., Fig. 7D), could be the result of one of two
fundamentally different defects. There may be a failure in the contractile ring,
such that there is no contraction; alternatively, the intercellular bridge that
should remain after incomplete cytokinesis may not be stabilized (42). Obser-
vations of living cells can rapidly distinguish between these possibilities (32).
For analysis of live specimens undergoing meiosis see Subheading 3.1.3. and
Chapter 3.

1. Dissect testes from a newly eclosed male in fresh testis buffer (0–1 d old) (see
Note 2).

2. Place a drop of testis buffer on a clean microscope slide, using the surface tension
of the buffer transfer the testes to this drop.

3. Open up the testes (and seminal vesicles if looking for motile sperm) by cutting
them open with the tungsten needles or by ripping with the forceps (see Note 3).

4. Place a clean cover slip over the testes; this will gently squash the cells. Squash-
ing can be increased to give better phase contrast by wicking buffer out using a
Kimwipe. This can be done while observing the cells under the phase-contrast
microscope (see Note 4).

3.1.1. Analyzing Nuclear Morphology

Nuclear morphology can be examined in live squashes by staining the DNA
with the vital dye Hoechst 33342. This is included in the testes buffer at 2–5 µg/mL
during dissection.

1. Proceed as described in Subheading 3.1., but allow the testes to sit in the buffer
for 5 min after dissection and before adding the cover slip (see Fig. 1I–L). Alter-
natively, chromatin can be observed using a stock carrying a His2-GFP transgene
(41) (see Fig. 5).
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Fig. 7. Some examples of mutant phenotypes. (A) Meiotic arrest (e.g., aly, can,
mia, sa): Testes mutant for meiotic arrest genes accumulate morphologically normal
primary spermatocytes. No meiotic or postmeiotic cells are present. (B) Intracyst
asynchrony (e.g., polo): Some alleles of cell cycle mutants can result in asynchrony
within cysts. Here, half of the cyst has progressed to onion stage, four cells are attempting
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3.1.2. Analyzing Meiotic Chromosome Morphology

Meiotic chromosome morphology can be assessed in acetic acid squashes.
Because acid destroys much of the cellular structure, the morphology of the
squashed testis will be compromised; however, condensed meiotic chromo-
somes and sperm heads will be visible (14).

1. Dissect testes as described in Subheading 3.1., step 1, then transfer to 45% ace-
tic acid on the slide, and allow to swell for 15 s before cutting.

2. Proceed to step 3 of Subheading 3.1.

3.1.3. Time-Lapse Microscopy

1. Dissect out the testes and place into a large drop of halocarbon oil on a cover slip.
Remove as much nontestis material as possible from the preparation.

2. Cut the testes open and spill the contents out by pulling the sheath around the
cover slip.

3. Pick up the cover slip with a slide and observe with phase-contrast optics for up
to 1 h (32). The addition of extra cover slips (or pieces of cover slip) as supports
alongside the testes prevents oversquashing and increases the viability of the cells
to 2 h (see Note 5).

Fig. 7. (continued) meiosis, and four are still primary spermatocytes. (C) No meiotic
divisions (e.g., twine, boule, mgr, β2-tubulin): Failure to form a meiotic spindle results
in failure of both chromosome segregation and cell division. Onion stage cysts can be
seen containing 16 rather than 64 cells, each having a large (4N) nucleus and a large
(usually misshapen) Nebenkern. (D) Cytokinesis failure (e.g., fwd, shank): Normal
chromosome segregation followed by failure of cytokinesis at both meiotic divisions
results in an onion stage cell (arrow) containing four nuclei associated with just one
very large mitochondrial derivative. If only one cytokinesis fails, two nuclei are asso-
ciated with one large mitochondrial derivative (arrowhead). (F) Chromosome nondis-
junction (e.g., asp, compound chromosomes): Chromosome nondisjunction results in
one daughter nucleus having more DNA than its sister nucleus. Because the nuclear
size at onion stage is directly proportional to DNA content, this is manifest as variable
nuclear diameters in early spermatids (compare arrowed nuclei). (E) Cytokinesis fail-
ure and chromosome nondisjunction: Mutants that affect both cytokinesis and chro-
mosome segregation can result in postmeiotic cysts containing 64 variable-sized nuclei
associated with 16 large Nebenkern. (G,H) No mitochondrial derivative (e.g., nmd):
Failure of mitochondrial aggregation and fusion results in a cloud of mitochondria in
onion-stage cells (G). At the leaf blade stage (H), they are scattered, mostly to one
side of the nucleus, but a normal Nebenkern is never formed. (I,J) Mitochondrial
fusion (e.g., fzo): At onion stage, mitochondria aggregate but fail to fuse. Wrapping of
pairs of mitochondria forms a Nebenkern, which at this stage (I) looks somewhat
lumpy. By the comet stage (J), many individual mitochondrial pairs are seen elongat-
ing from each nucleus. Panel E was provided by Cayetano Gonzalez (EMBO), and
panels G–J were provided by Karen Hales (Davidson College).
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Because in each preparation only one field can be imaged, it is wasteful
to dissect more than one male per slide. Care should be taken in choosing
the image field; cells near the edge of the displaced testis contents may be
easier to see, but will die sooner than those that remain surrounded by other
testis material in slightly more physiological conditions. Cytokinesis seems
to be more sensitive to perturbation than chromosome segregation. If the
aim of the experiment is to observe cytokinesis in a mutant, it is best to
select cells in anaphase at the start of the recording session. Cells can eas-
ily fuse during preparation of the slide; if two cells in meiotic prophase are
artificially fused, both spindle morphology and kinetochore attachment to
microtubules may be disrupted. The effect will be an aberrant meiosis, and
often failed cytokinesis, which could be misinterpreted as representing the
true mutant phenotype.

3.2. Immunostaining

Phase-contrast observation of mutant testes can only give a broad indication
of the cytological defect in any particular mutant. Immunostaining mutant tes-
tes can give information on both cell-type distributions and subcellular struc-
tures. At the subcellular level, for example, staining of the meiotic spindle with
anti-tubulin antibodies and a DNA dye will reveal much about the cytological
mechanism underlying a chromosome nondisjunction phenotype. Antibodies
or markers can also reveal which cell types are present in the testes. This is
especially important in situations where relatively few, or very small, cells are
seen in phase contrast. Are these germ-line or somatic cells? Are they stem
cells or spermatogonia? Is the hub present and normal? Many of these cell
type-specific markers are LacZ enhancer traps, so staining can be done either
with an anti-LacZ antibody (Subheading 3.2.) or with a β-galactosidase activ-
ity assay (see Subheading 3.3.). A selection of useful antibodies and markers
for probing subcellular structure and cellular identity in the testis is given in
Tables 3 and 4. The detailed analysis of mutant phenotypes is, of course, not
the only reason for wanting to immunostain testes. Having generated an anti-
body to a protein expressed in testes, one will always want to know its cellular
and subcellular distribution patterns.

The choice of the following protocols depends on the exact question being
addressed in the experiment. If information is needed on the pattern of protein
localization at a global scale, then clearly whole-mount immunohistochemis-
try is required. This has the advantage of maintaining the temporal pattern of
cysts in the testes; however, the resolution at the subcellular level is relatively
low. This can be somewhat helped by counterstaining the preparation with
Hoechst 33258. Immunofluorescence of squashed preparations has greater
resolution of subcellular structures, but at the cost of loss of the temporal
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Table 4
Enhancer Traps That Reveal Specific Cell Types and GFP Reporters for Substructures

Reporter line Cell type/structure Ref.

M34a Germ-line stem cells and gonialblasts 36
LacZ600, eyes absent Hub and cyst cells 37,48
Vein Cyst cells 36
M5-4 Hub, germ-line stem cells and gonialblasts 49
Don Juan GFP Sperm tails 50
His2-GFP Meiotic chromosomes 41

sequence of cysts. Two different fixation protocols for immunofluorescence of
squashed preparations are given here. The choice of which to use is partly
personal preference and partly antibody/antigen-specific. As a general rule, if
trying a new antibody, do both protocols. I find that the methanol/acetone
method (Subheading 3.2.3.) gives better fixation of meiotic spindles. How-
ever, phalloidin staining of F-actin is significantly better with formaldehyde
fixation (Subheading 3.2.2.).

3.2.1. Whole Mount Immunohistochemistry

1. Dissect the testes in the appropriate buffer and transfer to an Eppendorf tube (see
Notes 2 and 6).

2. Fix the testes in 4% formaldehyde in PBS, for 20–30 min at room temperature.
3. Rinse once, transfer to tissue culture inserts in a 24-well tissue culture plate, then

wash three times in PBSTx, 20 min each wash (see Note 7).
4. Block 30 min in PBSTx + 5% FCS (see Note 8).
5. Incubate in 1° antibody diluted in PBSTx + 5% FCS overnight at 4°C, or at room

temperature for 2 h (see Note 9).
6. Rinse once, then wash three times in PBSTx, 20 min each.
7. Incubate in biotinylated 2° antibody diluted 1 : 2000 in PBSTx + 5% FCS for 1 h

at room temperature.
8. Rinse once, then wash three times in PBSTx, 20 min each. (If using Vectastain

ABC kit, see Note 10.)
9. Incubate for 30 min at room temperature with ExtrAvidin-HRP conjugate diluted

1 : 1000 in PBSTx.
10. Rinse once, then wash three times in PBSTx, 20 min each.
11. Stain with 0.7 mg/mL DAB, 0.001% H2O2 in PBS (see Note 11).
12. Stop the reaction by rinsing once, then washing several times (10 min each) in PBS.
13. Counterstain DNA with 1 µg/mL Hoechst 33258 in PBS for 15 min if required.
14. Mount on slides in mounting medium and observe with Nomarski optics (see

Note 12) (see Fig. 8).
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3.2.2. Formaldehyde Fixation for Confocal Microscopy

1. Dissect testes from young adults in testis buffer, four or five pairs per slide (see
Note 2).

2. Transfer the testes to a drop of testis buffer on a poly-L-lysine-treated slide and
cut open to spill the contents (see Notes 3 and 13).

3. Squash gently under a 22 × 22-mm2 siliconized cover slip.
4. Freeze immediately in liquid nitrogen (wear safety glasses) and pop off the cover

slip using a scalpel.
5. Immediately place in chilled (on dry ice) 100% ethanol, 10 min.
6. Place the slide flat and flood with 0.5–1 mL of 4% formaldehyde solution; incu-

bate for 7 min.
7. Tip off the formaldehyde onto paper towels (wear gloves). If staining with phal-

loidin, see Note 14.
8. Permeabilize the testes by incubating twice in PBST-DOC, 15 min each.
9. Store in PBST until all the slides have been prepared.

10. Make a well on the slide with Evostick (rubber cement), block for a minimum of
30 min in PBST + 3% BSA or PBST + 5% FCS (see Note 15).

11. Incubate with primary antibody diluted in PBST + BSA (or PBST + FCS) for a
minimum of 2 h at room temperature, or overnight at 4°C in a humid chamber
(see Notes 9 and 16).

12. Remove the evostick. Wash 4 times, 15 min each, in PBST.
13. Incubate with secondary antibody 1 : 500–1 : 1000 (in fresh Evostick wells) for at

least 1 h at room temperature, or overnight at 4°C, in a humid chamber (see Note 16).
14. Remove the Evostick. Wash four times in PBST, 15 min each.
15. Optional: Incubate 10 min in 1 µg/mL DAPI in PBST.
16. Wash once in PBS for 10 min.
17. Mount under a siliconized cover slip in 85% glycerol + 2.5% n-propyl gallate

(containing 1 µg/mL propidium iodide if required). Seal with nail polish.
18. Image with conventional epifluorescence or confocal laser scanning microscopy.

3.2.3. Methanol/Acetone Fixation for Confocal Microscopy

1. Dissect testes from young adults in testis buffer or TB1, four or five pairs per
slide (see Note 2).

2. Transfer to a drop of testis buffer on a poly-L-lysine-treated slide and cut open to
spill the contents (see Note 3).

3. Squash gently under a 22 × 22-mm2 siliconized cover slip.
4. Freeze immediately in liquid nitrogen (wear safety glasses) and pop off cover

slip using a scalpel.
5. Transfer to methanol, chilled on dry ice, and incubate for 5 min.
6. Transfer to acetone, chilled on dry ice, and incubate for 5 min.
7. Incubate in PBS-T-AA for 10 min at room temperature.
8. Store in PBST until all the slides are prepared.
9. Continue from step 10 of Subheading 3.3.2.
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3.3. X-Gal Staining

1. Dissect testes in testis buffer or TB1 (see Note 2). Transfer to a 24-well tissue
culture dish or glass staining block (see Note 17).

2. Fix in 1% glutaraldehyde (wear gloves) in PBS for 15 min (see Note 18).
3. Rinse three times in X-gal buffer. Leave in this buffer for at least 30 min.
4. Prepare 5 mL of staining solution and warm to 37°C.
5. Add 50 µL of 20% X-gal. Vortex. Keep at 37°C.
6. Incubate tissue in staining solution plus X-Gal at 37°C for 1 h to overnight. Moni-

tor the reaction and leave until color develops.
7. Wash in X-gal buffer, counterstain (if desired) by incubating in 1 µg/mL Hoechst

33258 for 15 min, and mount in 85% glycerol.

3.4. RNA In Situ Hybridization

The pattern of expression of your gene can give a clue as to its function.
Most testis transcripts are made in primary spermatocytes and stored until use.

Fig. 8. Immunohistochemistry of Aly and dpERK protein localization. Immunohis-
tochemical staining retains the spatial relationship between different stages of differ-
entiation in the testes, and so allows temporal changes in the cellular or subcellular
distribution of an antigen to be assessed. (A) The tip of a testis stained with an anti-
body against Aly protein. Aly is not expressed in the mitotic domain (out of focus in
this image). When Aly is first detected, it is both cytoplasmic and nuclear in the germ-
line cells. As the cysts mature, the localization resolves to be concentrated on chroma-
tin in primary spermatocytes. Aly protein is not found in cyst cells; hence, the gaps
seen between the areas of staining. (B) A monoclonal antibody specific to the acti-
vated (diphosphorylated) form of ERK/MAP kinase stains only the cyst cells near the
apical tip of the testis. This staining is particularly sensitive to buffer conditions and
only works when testes are dissected in TBPi buffer.
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A transcript that persists along the testis is more likely to encode a protein
needed late in differentiation. Early degradation of a transcript suggests an
earlier function (see Fig 4).

3.4.1. Preparation of Probe

Essentially follow the labeling protocol given with the Roche RNA labeling
mix, outlined as follows.

1. Linearize plasmid with a suitable restriction enzyme (usually one that cuts in the
polylinker at the 5' end of the gene).

2. Set up a 20–µL reaction using 1 µg of linear template and the relevant RNA
polymerase. A typical reaction contains 2 µL of 10X RNA labeling mix, 2 µL of
10X RNA polymerase buffer, 1 µg of template DNA in 14 µL of RNAse-free
water, and 2 µL of RNA polymerase.

3. Allow the transcription reaction to continue for 2 h at 37°C, then stop the reac-
tion by adding 2 µL of 0.5 M EDTA.

4. Hydrolyze the probe by diluting with distilled water to 100 µL and adding 100
µL of 2X carbonate buffer; incubate at 60°C. Probe hydrolysis times vary ac-
cording to transcript length. The aim is to generate short RNA fragments (approx
100 bp) that will penetrate the tissue more easily. I allow 15 min per 500 bp (i.e.,
incubate a 2-kb probe for 1 h).

5. Neutralize by adding 200 µL of 2X neutralization buffer.
6. Precipitate the RNA product by adding 3 vol of ethanol and incubating at –20°C

for at least 30 min.
7. Spin in a microcentrifuge 15 min, wash with 70% ethanol, dry the pellet, and

resuspend in 200 µL of RNAse-free water. Store the probe at –70°C. For hybrid-
ization, use 0.5–1 µL per 100 µL of hybridization buffer.

3.4.2. Hybridization

1. Dissect testes from young adults (0–1 d old) in testis buffer and transfer to a
1.5 mL tube (see Notes 2, 6, and 19).

2. Fix in 4% paraformaldehyde in HEPES buffer for 20–60 min; agitation is not
required—simply leave the tube on its side.

3. Wash three times in PBST, 5 min each.
4. Incubate in 50 µg/mL of proteinase K in PBST for 5–7 min (see Note 20).
5. Remove the proteinase K solution and stop the digestion by incubating the testes

in 2 mg/mL glycine in PBST for 2 min.
6. Wash twice in PBST, 5 min each.
7. Refix in 4% paraformaldehyde in HEPES buffer for 20 min.
8. Wash three times in PBST, 10 min each.
9. Incubate in 1 : 1 PBST : HB for 10 min.

10. Wash in HB for 10 min.
11. Transfer testes into tissue culture inserts in a 24-well tissue culture plate

(see Note 7).
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12. Prehybridize in HB at 65°C for at least 1 h (see Notes 21 and 22).
13. Dilute the RNA probe (from Subheading 3.4.1.) in HB, heat denature at 80°C

for 10 min, and briefly chill on ice.
14. Hybridize at 65°C overnight.
15. Wash at least six times, 30 min each, in HB at 65°C (see Note 23).
16. Wash once in 4 : 1 HB : PBST for 15 min at room temperature.
17. Wash once in 3 : 2 HB : PBST for 15 min at room temperature.
18. Wash once in 2 : 3 HB : PBST for 15 min at room temperature.
19. Wash once in 1 : 4 HB : PBST for 15 min at room temperature.
20. Wash twice in PBST, 15 min each.
21. Incubate overnight at 4°C in preadsorbed (see Note 1) alkaline phosphatase-

conjugated antidigoxygenin antibody diluted 1 : 2000 in PBST.
22. Wash four times in PBST, 20 min each.
23. Wash three times in freshly made buffer HP, 5 min each.
24. Make staining solution in HP buffer by adding 4.5 µL of NBT and 3.5 µL of

X-phosphate per milliliter.
25. Add the color reaction solution to the testes and leave to develop in the dark. The

signal typically takes 10 min to 1 h, although for some transcripts incubation for
several hours may be required. The staining needs to look quite dark, and purple
not pink, at this stage to get good pictures at high magnification.

26. Stop the reaction by washing three times in PBST, 5 min each.
27. Dehydrate through an ethanol series: 10 min in each of 30%, 50%, 70%, 90%,

and 100% (twice) ethanol. Transfer testes into a glass staining block (see
Note 24).

28. Incubate 15 min in 1 : 1 ethanol : methyl salicylate, then in 100% methyl salicy-
late (see Note 25).

29. Mount in GMM and observe with Nomarski optics.

4. Notes
1. To preadsorb the antibody, fix embryos using a protocol suitable for immuno-

staining (see Chapter 9). Dilute the antibody 1 : 20 in PBST and incubate with the
rehydrated fixed embryos for 2 h. Remove the antibody solution from the
embryos and store at 4°C.

2. Newly eclosed males are used for all of these protocols, as they show the best
morphology. To dissect testes from flies, place an anesthetized male next to a
drop of testis buffer on the dissecting dish. Hold near the top of the abdomen with
a pair of fine forceps in your left hand (or your right hand if you are left-handed).
Grasp the external genitalia with the other pair of forceps and pull into the drop
of buffer. The male genital tract, including testes, should come clear of the car-
cass. If it does not come clear, you will have to “fish” for the testes in the abdo-
men. Transfer the genital tract into a fresh drop of testis buffer and dissect the
coiled testes and attached seminal vesicle from the rest of the tissues. If scoring
for sperm motility, it is important to note that many males have no mature sperm
for about 12 h after eclosion. To be sure of the absence of motile sperm from a
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mutant, keep males isolated from females for 3 d, then dissect their seminal
vesicles.

3. Generally, it is best to cut halfway along the straight portion of the testis. The
contents should partially spill out, and this can be encouraged by gently tapping
on the slide. The diameter of the drop of buffer should be approx 7 mm to get
good preparations under a 22 × 22-mm2 cover slip. Cysts of spermatocytes or
spermatids should stay intact. The seminal vesicle from males that produce nor-
mal motile sperm will normally be slightly opaque. When it is opened, the sperm
spill out. Motile sperm will show a shimmering effect visible even under the
dissecting microscope.

4. Take pictures first, ask questions later. Photography can be done with either a
digital camera or using black-and-white film. Squash preparations are only good
for approx 20 min. After that, the cells are usually too flat and dead to observe.
Figure 6 shows some typical squash artifacts.

5. Alternatively, preparations can be made for visualization with an inverted
microscope by using slides with a hole cut in them, sealing a cover slip over the
bottom of the hole with vaseline, and dissecting the male into halocarbon oil in
the chamber thus generated. Under these conditions, the cells remain viable for
at least 3 h (40,41). (See Chapter 3.)

6. To transfer testes, place a small drop of testis buffer in the lid, put the testes into
this, add 600 µL of fix to the tube, close the lid, and mix. Testes stick to tweezers
if you try to put them directly into fix.

7. Add testes and washes into inserts; remove by lifting up the insert and aspirating
solution from the well (see Fig. 9). Be careful; sometimes the mesh at the bottom
detaches. Check for loose testes before aspirating. Do not fix testes in these
dishes, as they may stick to the mesh.

8. Blocking does not seem to be essential for whole-mount immunohistochemistry,
but it may improve the staining with certain antibodies.

9. The optimal dilution for each antibody needs to be empirically determined. As a
first guess try using it two to four times more concentrated than gives an accept-
able signal on Western blots. Immunohistochemistry often works with the anti-
body more dilute than is needed for immunofluorescence. For example, if an
antibody works well at 1 : 4000 on Western blots, try 1 : 2000 for whole-mount
immunohistochemistry and 1 : 1000 for immunofluorescence on squashed prepa-
rations. Antibody incubations can generally be done for a few hours at room
temperature or overnight at 4°C. The choice is usually governed by convenience,
although some primary antibodies work better overnight at 4°C.

10. The Vectastain ABC kit gives a slightly stronger signal, which decreases the
development time, and may be useful for some proteins with relatively low levels
of expression. Substitute the following for step 9 of Subheading 3.2.1.: Incubate
testes in 0.5X ABC reagent (50 µL solution A, 50 µL solution B, 5 mL PBS
mixed 30 min before use) for 30 min. Go to step 10 of Subheading 3.2.1.

11. DAB is a potent carcinogen; wear gloves and inactivate DAB with bleach after
use. Tablets from Sigma are 0.7 mg and should be dissolved in 1 mL of PBS.
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Lowering the concentration of DAB to 0.35 mg/mL (i.e., one tablet in 2 mL) does
not significantly compromise the staining.

12. To mount stained testes in 85% glycerol, first transfer to a glass staining block.
Remove the PBS and replace with glycerol. Mix well with a tungsten mounted
needle or tweezers. Leave the testes in glycerol for 15–30 min before transferring
to a cover slip, cutting off accessory gland and picking up with a clean slide.
Imaging stained tissue under Nomarski optics usually requires that the optics be
somewhat compromised, because the stain rarely shows up well when the
Nomarski is set up to give the most structural information. Photograph using a
tungsten balanced color slide film or a daylight correction filter and normal color
slide film.

13. Write the genotype on the slide with pencil or a diamond pen; marker dissolves in
ethanol! Use at least two slides per genotype, per antibody combination.

14. For phalloidin staining, testes do not need to be permeabilized with DOC. Instead,
wash in PBST, then block in PBST-FCS. Dry the required amount of labeled phal-
loidin (stored at –20°C in methanol) in a Speed Vac just before use, and resuspend
in the appropriate volume of PBST. Incubate for 2 h at room temperature, wash
three times in PBST for 15 min each, then counterstain and mount. If costaining
with an antibody, the phalloidin can be included in the secondary antibody incuba-
tion. Caution: Phalloidin is extremely hazardous! Wear protective clothing and be
aware of the risks and safety procedures before using this compound.

15. To make Evostick wells, dry off the surface of the slide around the testes, taking
care not to let the testes dry out. Paint a ring of Evostick or rubber cement around
the area containing the testes and leave to dry for about 1 min (see Fig. 10). This
forms a barrier, keeping a good depth of antibody solution above the tissue. Use
100 µL of diluted antibody per slide. Some antibodies penetrate the tissue much
better under these conditions. Additionally, the testes remain stuck more firmly
to the slide than if they are covered with a cover slip during antibody incubations.
Evostick can be removed from the slide with tweezers.

16. If propidium iodide will be used to stain DNA, then RNAse A (0.5–1 mg/mL)
must be added to one of the antibody incubations to reduce background fluores-
cence. I generally add it to whichever antibody incubation is being carried out at
room temperature.

17. Do not fix in the tissue culture inserts used for other protocols, because glutaral-
dehyde makes testes stick to the mesh. Testes can be transferred to the inserts
during the washes after fixation, but because the whole protocol is short, little
time is saved.

18. Four percent formaldehyde may be substituted for glutaraldehyde. It is less toxic,
but the staining intensity will be lower, so it is only suitable for reporters that
express well.

19. Prepare about 10 males per probe. If many probes are to be used, process the
testes together until the transfer into tissue culture inserts step. Removal of the
accessory glands and other bits of genital tract is not essential; they can provide a
nice in-sample negative control. If any mutant testes being used are different
enough to be easily told apart from wild-type by Nomarski optics, then an excel-
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lent control is to mix wild type and mutant testes together after fixation. This
allows a somewhat more accurate assessment of relative transcript levels, as the
treatment of both genotypes will have been identical.

20. New batches of proteinase K should be checked. Overdigestion results in testes
that are extra fragile and sticky, with a tendency to clump together.

21. To incubate at 65°C, the tissue culture dish can be left floating in a water bath.
22. Testes may be stored in HB at –20°C for up to 1 wk (in Eppendorf tubes).
23. The numbers of washes given here is a minimum. Increasing the number and

total time of washing, especially in HB, can improve the signal-to-noise ratio.
24. To transfer stained testes, use a 200–µL pipet tip with the end cut off. Watch

under the dissecting microscope to ensure complete transfer, especially of lightly
stained tissue. Transfer of the testes at this stage is essential because methyl sali-
cylate dissolves the tissue culture plastic.

25. Methyl salicylate clears the testes, but also dissolves some of the color product.
Therefore, this incubation will make background staining disappear, but care
must be taken to prevent the real staining from disappearing too. Canada balsam
stabilizes the color, so remove the methyl salicylate and add GMM to the staining
block when ready. The color should look quite intense under the dissecting
microscope, in order to obtain good higher-magnification pictures. To mount the
stained testes, transfer them in GMM onto a 22 × 22-mm2 cover slip with a cut-
off pipet tip. Methyl salicylate also makes the testes very brittle so that any
dissection (e.g., separation of pairs of testes) can be done by prodding or cutting
with a tungsten needle.
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