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Part 1: Tissue preparation and comparison of live and fixed tissue

Sample Mounting

Conventional sample mounting methods with SPIM involve embedding samples in
agarose or alternatively, using adhesives or hooks to grip large tissue samples.
Embedding the tissue would block access to SST orifices making it inappropriate for
studying sperm-female interactions. Moreover, gripping UV] tissue with hooks or
adhesives was found to be unsuitable in preliminary tests due to the flexible nature
of the tissue, which resulted in unwanted tissue movement during imaging scans. To
overcome this problem, a modified sample holder was designed for suspending

utero-vaginal (UV]) tissue in the sample chamber as follows:

The bottoms of free-standing micro-centrifuge tubes were cut to a depth of 5 mm. 1
mL syringes were cut to remove the dispensing tip and the micro-centrifuge tube
pieces were fixed at right angles to the syringes using epoxy glue (Figure S1). The
well of the micro-centrifuge tube was filled with silicone elastomer (SYLGARD® 184;
Dow Corning). UV] tissue samples and/or individual UV] folds could be mounted on
to the surface of the silicone elastomer using the ends of fine insect needles. The free
end of the syringe was fastened on the sample arm of the SPIM positioning system

for imaging.
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Figure S1: Customised sample holders of two sizes for imaging oviduct tissue samples. The
tissue samples were pinned on the silicone elastomer surface with the UV] mucosal surface and

the SST orifices exposed.

Localisation of autofluorescence granules
Live UV] folds (n = 10 birds) imaged using the SPIM were compared to those of fixed
UV] tissue folds imaged, on the SPIM after staining for nucleic acids (n = 3 birds), and

on a bright-field microscope after general histochemical staining (n = 3 birds).

For histochemical examination, pieces of fixed UV] tissue from three females were
sent to the Skeletal Analysis Laboratory (skelet.AL) at the University of Sheffield for
processing. The tissue was set in resin blocks and 3 pm thick sections were cut using
a microtome. The tissue sections were stained with haematoxylin to label nucleic
acids and eosin to label the cytoplasm and other acidophilic structures. The sections
were mounted on individual slides and micrographs were taken of the slides on a
microscope with bright-field (Leica DMBL with Infinity 3 camera, Luminera

Corporation) at 250X magnification using a tiling method. Multiple overlapping



image tiles with a 50% overlap were taken for each slide. The individual image tiles
were then stitched together using the ‘TrakEM2’ plugin [1] in Fiji [2] to digitally

reconstruct each histological section.

10 random SST transverse sections from the histology slides for each bird (n = 3
birds) were measured using Fiji [2]. Two measurements were recorded for each (1)
the lumen diameter; (2) the diameter between SST nuclei (referred to as ‘inter-
nuclear diameter’ from here on), and (3) the diameter bound by the basement
membrane (the ‘outer diameter’) of the SST from each cross-section (Figure S2). The
diameter of the SST from autofluorescence images and the inter-nuclear diameter

from SPIM images were measured as outlined in the main manuscript text.
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Figure S2: Cross section of an SST from histology with arrows indicating the diameters

measured from the images: 1. lumen diameter, 2. the inter-nuclear diameter and 3. outer

diameter of the SST.



The three different diameter measurements from the histology images showed a
linear correlation (lumen and inter-nuclear diameter (log transformed): estimated
effect = 1.1339, t = 5479, p = <0.0001) suggesting that lumen size scales
proportionately with the size of the SST epithelial cells (Figure S3). Changes in the
diameter of autofluorescence could therefore be considered to be representative of
changes in SST lumen size, so the three-dimensional structure of live SSTs could be

analysed from the autofluorescence images.
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Figure S3: Diameter of SST lumen is positively correlated with diameter between SST epithelial
nuclei and the outer diameter of the SST. Measurements were recorded from histology images (n

= 3 birds, with 10 transverse sections measured per bird). Different colours have been used for

data points from each individual.



Table 1: Diameter measurements [um] from SST sections

n Diameter

(Birds*) | (mean * S.D.)
lumen from histology 3 8.3+ 2.3 um
autofluorescence from SPIM 10 16.1 £ 6.6 um
inter-nuclear diameter from SPIM 3 229+ 7.7 ym
inter-nuclear diameter from histology 3 26.9 £5.3 um
outer diameter of SST from histology 3 40.2 £5.7 um

*Data are based on 10 randomly selected SST transverse sections per individual.

Validation with labelled fixed tissue

After 2-3 folds had been removed for live tissue imaging, the remaining UV] tissue
was flooded with 5% formalin while still pinned flat on the silicone elastomer and
left to fix for two hours at room temperature. The fixed tissue samples were then
transferred to micro-centrifuge tubes with 1 mL of 5% formalin for storage at room
temperature. For imaging fluorescently stained SST epithelia, individual folds were
cut from the fixed UV] tissue of three females and incubated with 100 pL solution of
10 uM SYTO 13 nucleic acid stain (Molecular Probes Inc., UK) in PBS overnight at
room temperature in the dark. The labelled folds were then mounted on the sample
holder, one at a time, in the same way as the live tissue samples, and imaged in
phenol free DMEM/F12 on the SPIM using the same settings as with live tissue

(above), but with 1 ms exposure time.

Image analysis was performed and major axis (d1) and minor axis (d2) diameter

measurements were recorded as described for the live tissue image stacks.



A quadratic mixed effects model with average SST diameter [(d1+ d2) / 2] at the
sampled point as the dependent variable, the distance of sampled point from SST
orifice and the SST total length as fixed effects, and the bird ID as a random effect
showed a similar relationship as with measurements from live tissue, between inter-
nuclear diameter and distance from SST orifice (estimated effect = -25.293, t = -
4.530, p = 0.0001, Figure 12) confirming that the autofluorescence has a uniform

distribution and is a fair proxy for analysing SST shape in label-free images (Figure
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Figure S4: The inter-nuclear diameter shows the same relationship with distance from orifice as the
autofluorescence diameter. (A) Each colour represents data from a SST. (B) Fits to experimental

data from label-free images of SSTs (blue, n = 10) and labelled fixed SSTs (red, n = 3).



Model selection for SST diameter to length relationship

The data show a quadratic trend as seen from the plots in Figure 3 and Figure S4. A
linear relationship between SST diameter and distance from orifice was also tested and
was found to be statistically significant [estimated effect: 15.29221, t = 2.712, p =
0.00804, r?(m) = 0.1009, r?(c) = 0.3538]. This was not as strong as the quadratic
relationship reported [estimated effect = -16.761, t = -3.085, p = 0.003, r2(m) = 0.1584,
r2(c) = 0.4123]. The above models were compared by performing a Chi-square test
using the ‘anova’ function in R which showed a better fit for the quadratic relationship
(p = 0.0023; smaller Akaike’s Information Criteria (AIC) and Bayesian information
criteria (BIC) values for the quadratic regression model: linear model- AIC = 646.64,
BIC = 659.66; quadratic model- AIC = 639.36, BIC = 654.99). Higher order polynomial
regressions were also tested in R, the results from which show that the quadratic effect

was still the most statistically significant. The results have been reproduced below:

Linear mixed model fit by REML. t-tests use Satterthwaite's method ['ImerModLmerTest']

Formula: Diameter ~ Polynomial (Distance from orifice, 5) + Total length of SST+ (1 | Bird

ID)

Estimate Std. Error df tvalue p
(Intercept) | 10.98587 4.96486 8.57267 2.213 0.05565.
1st order 15.24785 5.67588 85.14802 2.686 0.00868 **
(linear)
2nd order -16.71283 5.46547 85.67117 -3.058 0.00297 **
(quadratic)
3rdorder 4.39748 5.33776 85.85596 0.824 0.41231
(cubic)
4thorder -5.05563 5.34529 85.96753 -0.946 0.34690




(quartic)

5th order 2.93449 5.33739 85.98189 0.550 0.58388
(quintic)

Total 0.03813 0.03607 8.61638 1.057 0.31924
length of

SST




Part 2: Sperm motility inside, and after release from, the sperm storage tubules of

zebra finches

As part of a separate study (by NH), 13 female zebra finches that had copulated with
males were dissected to isolate sperm storage tubules (SSTs) for sperm counts using
standard light microscopy. During this work, we took the opportunity to observe

whether sperm appeared to be motile, both inside and outside the SST.

The females were dissected as described in the main text of the paper, but instead of
mounting utero-vaginal folds for SPIM imaging, folds were dissected on a
microscope slide under a Nikon SMZ25 stereomicroscope to isolate and open
individual SSTs and release sperm following methods described in Hemmings &
Birkhead (2017). A single SST containing a large number of sperm (mean = 33 per
SST) was isolated per fold (46 SSTs in total), submerged on a microscope slide in
warmed nutrient media (Ham’s F10: Invitrogen, UK; typically used for avian sperm
motility analysis), which was then observed on a heated stage (382 C) using 200X phase
contrast microscopy. Each SST was observed for 5 mins to screen for sperm motility
inside the tubule. After this initial observation period, the SST was broken open using
fine dissection needles and sperm were released. The slide was then observed for
another 5 mins on the heated stage to screen for sperm motility after release from the

tubule.

Across at total of 1520 sperm from the SSTs of 13 different females, we did not
observe any motile sperm either inside, or after release from, the SSTs. This suggests

that sperm are not motile during storage and require some form of activation to
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trigger motility on release. However, we cannot rule out the possibility that the
techniques used for isolating SSTs and extracting sperm may have affected sperm
motility, and since the study was not originally designed to test this idea, we do not
have data on or observations of stored sperm using other techniques and/or at other
places in the oviduct. Our observations should therefore be treated as preliminary

and interpreted with care.
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