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Abstract
Testis cords are specialised tubes essential for generation and export of sperm, yet the mechanisms
directing their formation, and the regulation of their position, size, shape and number, remain
unclear. Here, we use a novel fluorescence-based three-dimensional modelling approach to show
that cords initially form as a network of irregular cell clusters that are subsequently remodelled to
form regular parallel loops, joined by a flattened plexus at the mesonephric side. Variation in cord
number and structure demonstrates that cord specification is not stereotypic, although cord
alignment and diameter becomes relatively consistent, implicating compensatory growth
mechanisms. Branched, fused and internalised cords were commonly observed. We conclude that
the tubule-like structure of testis cords arise through a novel form of morphogenesis consisting of
coalescence, partitioning, and remodelling. The methods we describe are applicable to
investigating defects in testis cord development in mouse models, and more broadly, studying
morphogenesis of other tissues.

Introduction
Testis cords are specialised tubular structures that facilitate male reproduction by sheltering
germ cells from exogenous signals, nurturing their development into mature spermatogonia,
and canalising them into the male reproductive tract. Testis cord development is a hallmark
of success for the male sex determining pathway, which must overcome competing signals
to wrest the gonad from an ovarian fate (Kim et al., 2006). An increasing understanding of
cellular events during testis development is building the potential for this organ as a model
of tissue organisation, with the process of cord formation being of central interest.

During early differentiation of the testis, pre-Sertoli and germ cells form apparently random
clusters. Further elaboration of these clusters into definitive cords does not rely on the
presence of germ cells (Buehr et al., 1993b), but instead on cell migration from the
mesonephros (Buehr et al., 1993a; Merchant-Larios et al., 1993; Martineau et al., 1997;
Tilmann and Capel, 1999; Combes et al., 2008). Testis cords are encased by smooth muscle-
like peritubular myoid cells, but recent studies have revealed that peritubular myoid cells do
not come from the mesonephros or trigger cord formation (Combes et al., 2008; Cool et al.,
2008). Instead, migrating endothelial cells induce Sertoli cells to arrange into cords (Buehr
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et al., 1993a; Merchant-Larios et al., 1993; Martineau et al., 1997; Tilmann and Capel, 1999;
Combes et al., 2008), and interaction between Sertoli and peritubular myoid cells leads to
production, and polarised secretion, of various extracellular matrix proteins between these
two cell types (Paranko et al., 1983; Pelliniemi et al., 1984; Paranko, 1987; Frojdman et al.,
1989; Frojdman et al., 1992). Thus, details are emerging of how various cell types contribute
to testis cord formation.

In the mouse gonad, testis cords develop from 11.5 days post coitum (dpc) and are visible by
12.5 dpc under a dissecting microscope. However, using conventional light microscopy, the
structure of cords is obscured by tissue opacity. Analysis of tissue sections circumvents this
problem but sacrifices the three-dimensional context of cords. Thus, there is a need for a
method that enables analysis of cord structure at high resolution throughout the entire gonad.
Some progress has been made towards this goal through reconstruction of serial sections
from a portion of fetal rabbit gonads (Wartenberg et al., 1991) and through serial optical
sections of a genital ridge obtained by confocal microscopy (Karl and Capel, 1995). Recent
work in mouse has used fluorescence and differential contrast imaging to explore the close
spatial relationship between ingressing vasculature and developing cords (Coveney et al.,
2008). Despite these advances, important questions remain regarding cord structure, size,
shape, position and number, and the mechanisms regulating these features.

To address these questions, we developed a new method for visualising organ development
in three dimensions. Application of this method revealed that the structure of testis cords
arises through remodelling of a primitive cord network in an entirely novel mode of
tubulogenesis. Our data implicate mechanisms that generate cords of similar size from
irregular initial clusters, and molecular differences between the mesonephric face of the
gonad and the rest of the gonad that result in different cord properties in these two domains.
The methods we describe are applicable to investigating defects in testis cord development
in mouse models, and to studying the morphogenesis of other organs.

Results
As a first step in examining the specification, structure, and number of testis cords in mice,
we used in situ hybridisation (ISH) on whole testes between 12.5 and 15.5 dpc to visualise
testis cords using the germ cell marker Oct-4 (Scholer et al., 1990).

At 12.5 dpc, primitive testis cords were observed throughout the gonad (Fig. 1A). A ring of
staining was observed in transverse slices of the central region of the testis, confirming the
basic toroid (cylindrical ring) structure of testis cords at this stage (Fig. 1B). By 13.5 dpc,
cord numbers appeared to have decreased, and definitive cords occupied the entire gonad
(Fig. 1C). Variation in cord structure was identified with apparent instances of cord
branching or overlap (Fig. 1C,E,G, white arrowheads). Transverse slices demonstrated a
change in the profile of cords as the testis matures. The toroid structure observed in central
cords at 12.5 dpc developed into an inverted ‘U’ shape from 14.5 dpc (Fig. 1B,D,F,H, black
arrowheads) suggesting remodelling of cord structure, or movement of germ cells away
from the mesonephric area. At 15.5 dpc, some cords buckled under the surface of the gonad,
potentially due to physical constraints (Fig. 1H, red arrowhead). These results reveal two
novel features of the cord network. First, cord numbers appear to decrease between 12.5 and
13.5 dpc. Second, some cords deviate from a simple loop structure through branch points.
These phenomena have received little attention in previous studies, prompting their further
investigation here.
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3-D modelling of cord structure
To clarify in detail how cords are structured and remodelled, we required a visualisation
method that would enable high-resolution analysis of cord structure throughout the entire
gonad. Through assessing different testis cord markers by confocal microscopy, we found
that a fluorescently labelled anti-mouse secondary antibody, goat anti-mouse Alexa 555
(555), produced an avid histological stain. Using this antibody we achieved a uniform signal
throughout the depth of the whole-mount tissue, defining cords in a much clearer way than
any cell type-specific marker tested. In whole mount or tissue sections, 555 bound and
labelled all cells in the tissue with a higher affinity for mesenchymal cells and basement
membranes. In the testis, the basement membrane surrounding the testis cords was strongly
labelled from 12.5 dpc, providing high definition of cord structure (Fig. 2A,B). The
vasculature and interstitium were also stained, but did not obscure the outline of the cords
(Fig. 2A,B). The structures defined by 555 were confirmed by comparison to basement
membrane marker laminin (data not shown), Sertoli cell marker SOX9 (Fig. 2A,C), and
vascular marker VE-cadherin (Fig. 2A,D).

To analyse cord structure, we collected high resolution optical sections of whole mount
testes stained with 555. We then outlined cord boundaries and reconstructed 3-D models for
multiple samples from 12.5–15.5 dpc (Fig. 3). 3-D animations of one model for each time
point have been appended as supporting data (Supplementary movies 1–4). Lateral views of
the models (Fig. 3B,F,J,N) replicate lateral views of cords seen in wholemount ISH (Fig. 1),
further confirming the accuracy of this method. The resolution of our models enabled
visualisation of the network of testis cords to an unprecedented level of detail, allowing us to
characterise several features of testis cord morphogenesis.

Variation in cord number and structure
One important clue to understanding the mechanisms driving testis morphogenesis is to
determine to what degree cord formation is a stereotypic process, and which elements within
the system vary. All developing testes have the basic form of a series of looped cords
arranged in parallel across the length of the gonad. One analysis of cord formation put the
number of cords at ~10 (Coveney et al., 2008), yet it remains unclear whether the structure
or number of cords varies between gonads of the same species and age.

Nascent cords in 12.5 dpc testes varied greatly in shape and size, and appeared to be
transitional structures between clusters and definitive cords. Testes mature earliest in the
centre and later in the poles (Bullejos and Koopman, 2001), and this spatial gradation is
reflected in the state of development of the testis cords visualized in this study. Regions near
the poles of the testis were generally more perforated, interconnected and irregular, such that
it was difficult to distinguish one cord from another (Fig. 3B, C, arrowheads). Cords in the
central area of the gonad were more distinct, but still irregular in form and diameter (Fig.
3B, C). The co-existence of these stages in the same testis implies that developing testis
cords are rapidly and dynamically remodelled, and the progression of 12.5 dpc protocords
into definitive cords by 13.5 dpc may involve fusion of smaller cords and irregularities into
larger, more stable structures. The remodelling of cord structure is so thorough that it is not
possible to predict the structure, position or likely number of definitive cords at 13.5 dpc by
their form at 12.5 dpc.

Cord structure also varied considerably in more mature testes. Most cords formed a toroidal
loop under the coelomic epithelium, originating and terminating at the mesonephric border
(Fig. 3). Some were connected with adjacent cords at other positions and either fused (Fig.
4A, blue), or split into two at lateral branch points (Fig. 4A, red). Transverse views of the
models revealed the presence of internal cords that either branched internally from an
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external cord (Fig. 4B,C, orange), or existed as whole looped cords that occupy the internal
space (Fig. 4C, yellow; Supplementary movie 5). The variation in structure between
individual cords indicates the influence of a stochastic or exogenous factor during cord
establishment.

Internal testis cords
Internal cords are usually hidden from view by external cords that abut the coelomic
epithelium, and therefore have been largely overlooked. Using the 3-D models to interrogate
the entire network of testis cords, we counted the number of cords from at least three models
for each time point from 12.5 to 14.5 dpc (Fig. 4D). We initially analysed numbers of
external (those seen on the surface of a model) and internal (all others) cords separately. We
found a reduction in the number of external testis cords from 12±1.5 at 12.5 dpc, to 9±1 at
13.5 and 14.5 dpc (p<0.05; Fig. 4D). However, the number of internal cords increased from
0.3±0.5 at 12.5 dpc, to 5.2±1.6, then 7±1.2 at 13.5 and 14.5 dpc respectively (p<0.005 for
the increase between 12.5 and 14.5). Thus, the reduction in external cords seen between 12.5
and 13.5 dpc is offset by an increase in internal cord numbers, resulting in a similar total
number of testis cords between 12.5–14.5 dpc (12.5 dpc = 13.6±2.3; 13.5 dpc = 14±1.6; 14.5
= 16.8±1.7; Fig. 4E).

We reasoned that the redistribution of some cords from external to internal positions from
12.5 to 13.5 dpc (Fig. 4D) might be driven by spatial constraints. To investigate this
hypothesis we determined and compared the average cord diameter and gonad length for
12.5 and 13.5 dpc gonads. The average diameter of cords in the coelomic region doubled
between 12.5 and 13.5 dpc (42±2 µm [n=63] to 84±3 µm [n=60]; p<0.0005), whereas the
length of the gonad increased by only 10% (1027±84 µm [n=6] to 1150±45 µm [n=9];
p>0.05), suggesting that some cords are literally squeezed into internal positions as the testis
matures, presumably due to physical pressure.

Development of the rete primordium
One feature of testis development that has remained obscure is the region towards the
mesonephric face of the testis, where the cords are assumed to connect with each other. Our
analysis shows that this region does not become segmented, but remains as a broad,
flattened plexus (network) with perforations (Fig. 3D) that presumably correlate to paths of
vascular ingression from the mesonephros (Combes et al., 2008; Coveney et al., 2008). In
gonads at later time points, this plexus had contracted and narrowed to occupy the dorso-
medial region of the gonad (Fig. 3H,L,P). Thus, we confirm that testis cords interconnect
through a plexus at the mesonephric side of the gonad.

Anatomically, this plexus occupies a similar area to that in which the rete testis later forms.
The rete testis is the connection between the testis cords and the mesonephric tubules. We
investigated connections between the gonad and mesonephros and found that this plexus
connects the network of cords to the mesonephric tubules by 15.5 dpc (Fig. 5;
Supplementary movie 6). From this, we conclude that the plexus is the precursor of the rete
testis, a collection point for sperm to be exported from the testis, and we subsequently refer
to it as the rete primordium.

Cord remodelling in the mesonephric and coelomic regions of the testis
The flattened, perforated network of the rete primordium provides a stark contrast to the
arrayed tubule-like structures of the testis cords in the coelomic region of the gonad and
raises the questions of how and when these structural differences are established. To address
these questions, we compared cord structure in coelomic and mesonephric regions from
12.25 to 13.5 dpc. Lateral views of testis cord models at 12.25 dpc showed little evidence of
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cord partitioning compared to models from 12.5 and 13.5 dpc (Fig. 6A–C). However,
internal views of the same samples showed extensive segregation of the gonad into irregular
cord domains (Fig. 6D). By 13.5 dpc, the irregular domains had resolved into cords in the
coelomic region, and into a flattened plexus in the mesonephric region (Fig. 6E,F). At 12.25
dpc, cord diameter was similar in coelomic and mesonephric regions (Fig. 6G). By 13.5 dpc
the mean cord diameter between coelomic and mesonephric regions had diverged: cord
diameter in the coelomic region had roughly doubled (54 to 84 µm), but in the mesonephric
region had halved (47 to 22 µm; Fig. 6G). Cord diameter was consistent within each region.
These data demonstrate that testis cords in the coelomic and mesonephric regions of the
gonad actively remodel into one of two different forms, despite a common beginning.

Discussion
In this study we developed and exploited novel fluorescence-based imaging methods to
build a picture of how tests cords develop in three dimensions. It is well established that
testis cords are looped, parallel tubes arranged transverse to the long axis of the testis, and
that these tubes link up at the mesonephric face of the testis. However, our studies reveal
several issues that have remained unclear from previous methods of imaging, and highlight a
number of new aspects about the dynamics of testis cord formation. We show, for example,
that the number of cords (approx. 14) is higher than previously suspected, because several
cords in each gonad are internal and therefore not obvious by standard imaging techniques.
Cords arise from apparently randomly partitioned clusters of pre-Sertoli cells and germ cells,
indicating a stochastic initial patterning process. Irregularities in cord structure, such as
fused or branched cords, are a common feature, and testis cord numbers are variable,
reflecting these stochastic beginnings. Immature cords arising from these clusters are rapidly
remodelled to result in definitive cords, and the remodelling occurs differently in the
mesonephric and coelomic domains of the testis, giving rise to the rete primordium and the
definitive cords, respectively. The remodelling in the coelomic domain achieves the
regularity in form and orientation seen in definitive testis cords. These findings indicate that
cord formation is not a stereotypical process, and bring into focus the underlying
mechanisms regulating this novel mode of tubulogenesis.

Existing models regarding how testis cords are formed invoke a partitioning or repulsive
action for migrating endothelial cells as they traverse the gonad (Combes et al., 2008;
Coveney et al., 2008). When endothelial cell-cell contacts were disrupted with a mild dose
of blocking antibody to VE-cadherin, testis vasculature formed a hyperbranched network
that was distributed throughout the gonad (Combes et al., 2008). This indicates that the
spacing of vessels does not arise through pre-determination of migration paths, but is
stochastically established, and maintained through endothelial cell-cell adhesion. Because
endothelial cells direct cord partitioning, it follows that the initial partitioning of testis cords
is also stochastic. Consistent with this concept, we see large variation in cord structure and
size as cords are first defined, and in varying cord numbers and structure as the testis
matures. However, relative uniformity in alignment and diameter of cords suggests the
involvement of a homeostatic mechanism that contributes to a more regular definitive cord
structure to compensate for the stochastic nature of their establishment.

Our model of cord formation through coalescence and partitioning (Combes et al., 2008)
centres around migrating endothelial cells partitioning the testis cords as they traverse the
gonad. Yet endothelial cells migrate through the testis in columnar streams (Coveney et al.,
2008). Therefore, if the presence of endothelial cells causes localised cord partitioning, and
is the only factor to influence cord structure, then we would expect the testis to develop into
a perforated structure, like Swiss cheese, rather than the parallel cords, which resemble a
stack of doughnuts. Our imaging data reveal that the form and position of cords is not
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finalised during cord partitioning. Rather, the initial partitioning event results in a
randomised cord network at ~12.25 dpc, with this network undergoing remodelling and/or
refinement to form the rete primordium and the regular looped structure of cords as
development progresses. This conclusion is supported by the findings of Wartenberg and
colleagues (Wartenberg et al.), who reported remodelling of the cords from a primary
reticulum in rabbit testes. Mature Sertoli cells have an innate capacity to form cords (Gassei
and Schlatt, 2007) although in the context of the embryo, this capacity is not realised
without interaction with migrating endothelial cells (Buehr et al., 1993a; Merchant-Larios et
al., 1993; Martineau et al., 1997; Tilmann and Capel, 1999; Combes et al., 2008). Thus, it is
not surprising that the initial random partitioning of clusters of Sertoli cells resolves into
cords. However, the regular alignment of looped cords along the length of the gonad, and
their anchoring at the mesonephric side, point to the influence of patterning mechanisms that
remain to be identified.

We propose that cord branches arise as a result of this process of partitioning and
remodelling. The variation involved in the initial partitioning event gives rise to varied cord
structures—some form independent loops, while others remain interconnected with near-by
cell clusters. During testis development these structures mature, with independent loops
forming classic testis cords, and structures that had retained interconnections from their
partitioning appearing as branched cords. This process is clearly distinct from branching
morphogenesis that occurs in the lung and kidney, because cords do not appear to branch
from a bud, but seem to spontaneously organise after partitioning.

Despite common beginnings, cord structures come to differ in coelomic and mesonephric
regions of the gonad. In the coelomic region of the gonad, Sertoli cell clusters typically
evolve into the looped cord structures that originate from and return to the mesonephric
region. In contrast, similar clusters in the mesonephric region form a flattened,
interconnected plexus which is the precursor of the rete testis. How might these differences
arise? One possibility is that cord structure may be modulated by a regionally restricted
morphogen. We examined testis-associated gene expression patterns in the GenitoUrinary
Development Molecular Anatomy Project database (GUDMAP; Little et al., 2007;
McMahon et al., 2008; www.gudmap.org/) and observed gene expression localised to the
mesonephros, or along the border between the gonad and mesonephros (Supplementary Fig.
1 and Supplementary Table 1). Genes expressed in either of these domains may exert a
localised effect on the Sertoli cells near that region by either suppressing the partitioning of
cords, or promoting the development and refinement of the rete primordium into the rete
testis. Members of the insulin-, and transforming growth factor-beta- signalling pathways
were expressed within these domains, and are capable of regulating such morphogenesis.
However, further studies are required to test if these genes, or others, regulate the regional
differences in cord morphology across the testis.

Tubulogenesis is a recurring mode of morphogenesis during embryonic development, and is
known to occur through several distinct mechanisms. Both kidney and lung undergo a
process of branching morphogenesis whereby an existing tubular bud is induced to sprout
and branch according to molecular cues received from the surrounding environment (Pohl et
al., 2000). In contrast, a process of invagination and fusion generates the neural tube (Catala
et al., 1996), while polarisation then cavitation of a cord of cells into a luminal tubule
contributes to Müllerian duct formation and secondary neurulation (Catala et al., 1996;
Orvis and Behringer, 2007). Clearly, testis cords do not arise through these established
modes of tube formation but through a process of coalescence, partitioning, and remodelling
—a previously uncharacterised and so far unique mode of tubulogenesis. Further study of
this process is likely to uncover new insights into tubulogenic mechanisms used more
broadly in organogenesis.
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Experimental Procedures
Mouse strains

Embryos were collected from timed matings of outbred CD1 strain, with noon of the day on
which the mating plug was observed designated 0.5 dpc.

Whole-mount in situ hybridization (ISH)
Embryos and dissected gonads/mesonephroi were fixed in 4% paraformaldehyde (PFA) in
phosphate buffered saline (PBS) for several hours at 4°C. ISH with digoxygenin (DIG)-
labeled RNA probe for Oct-4 (Scholer et al., 1990) was carried out essentially as described
by Hargrave at al. (2006).

Antibodies
Rabbit anti-SOX9 antibody has been described previously (Wilhelm et al., 2005). A rat
antibody specific for vascular endothelial cadherin (VE-Cadherin) was obtained from BD
Biosciences and used at a dilution of 1:200. All secondary antibodies, goat anti-rat Alexa
Fluor 647, goat anti-rabbit Alexa Fluor 488, goat anti-rabbit Alexa Fluor 647, and goat anti-
mouse Alexa Flour 555 were obtained from Invitrogen and used at a dilution of 1:200.

Whole mount immunofluorescence
Tissue samples were fixed in 4% PFA for 1–4 h or overnight before blocking for 4 h in PBS
with 0.1% Triton x-100 (PBTX) and 10% heat inactivated horse serum (Invitrogen).
Samples were incubated with a 1:100 dilution of primary antibodies at 4°C overnight before
washing three times over 3 h or overnight in PBTX and blocking again for 1–2 h (this step
was omitted for samples treated with anti-mouse 555 only). Following the second block,
samples were incubated with secondary antibodies at 1:100 dilution for 8 h or overnight at
4°C before a minimum of four 30 min washes in PBTX. Samples were then mounted in 60%
glycerol/PBS. Older samples were cleared before imaging to increase clarity at depths over
100 µm. Samples were dehydrated in a methanol series (25%, 50%, 70%, 100%, 100%, for
3 minutes each) then cleared in a 2:1 solution of Benzyl benzoate: Benzyl alcohol (Sigma).
Samples obtained from 12.5 dpc embryos or younger were mounted on single concave
microscope slides (Sail). Older samples were mounted in 3.5 cm glass bottom culture dishes
(Mattek). The final stage of clearing was performed on the mounting apparatus so the
samples were not lost. All samples were imaged on a Zeiss LSM 510 META inverted
confocal microscope.

Image capture and processing
For collection of data for modeling, samples were imaged at 0.7 × digital magnification on a
20 × objective. Serial optical sections were taken throughout the depth of each sample with
each image representing a 5 µm thick section of the field of view. Typically, two or more
fields of view were required to provide complete coverage of the sample. Optical sections
were exported as an image series then manually aligned and joined. Custom-built macros
generated with the ‘Actions’ feature in Adobe Photoshop were used to repeat the joining and
alignment process for subsequent images in the series.

3D modelling
Joined image stacks were imported into the tomography program IMOD
http://bio3d.colorado.edu/imod/ (Kremer et al., 1996). Testis cords and other features of
interest were outlined in each optical section throughout the image stack then meshed
together and rendered to create a three-dimensional representation of the tissue structure in
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the sample. Z-depth was adjusted to the thickness of each slice to give an accurate
representation of the volume of the sample.

Analysis of gene expression patterns from GUDMAP database
Testis-specific gene expression patterns were retrieved from www.gudmap.org/ in
November 2008 by searching for genes where expression is present in testis from Theiler
stage (TS) 21, which corresponds to 13.5 dpc. The search results consisted of images which
were individually assessed to determine specificity of the expression pattern depicted by
comparison to levels of background staining in surrounding tissue. If the expression pattern
was deemed to be specific, then the localisation of the gene was annotated with reference to
known tissue compartments or apparent expression domains.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Testis cord structure visualised by wholemount in situ hybridisation for germ cell marker
Oct-4. (A–H) Lateral and transverse views of cord structure in 12.5 – 15.5 dpc testes. From
13.5 dpc evidence of cord overlap and branching were observed (white arrowheads) as well
as a change in the transverse profile of the testis cords at the border between gonad and
mesonephros (black arrowheads, boundary denoted by dashed line). The mesonephros has
been removed in D,F,H. From 15.5 dpc some cords buckled under the coelomic epithelium
(red arrowhead). g, gonad; m, mesonephros.
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Figure 2.
Validation of 555 antibody. (A) Structures labelled by 555 (red) were compared to Sertoli
(green) and vascular (blue) markers to determine that this antibody outlined the basement
membrane around the testis cords (arrowheads), the mesonephric tubules (asterisks) as well
as marking the vasculature (arrow) and the interstitium. (B–D) Single channel images for the
555, SOX9, and VE-cadherin fluorescence respectively. Scale bar, 100 µm.
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Figure 3.
Testis cord modelling visualised with 555. (A–P) Lateral, coelomic, and mesonephric views
of models generated from testis cord outlines from whole mount testis. The left panel in
each row is a representative image from the data set used to compile the models.
Arrowheads in C indicate areas of irregular, interconnected or perforated, immature cord
structures at the gonad poles. Scale bar, 100µm.
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Figure 4.
Testis cord features and numbers. (A) Medial view of the 14.5 dpc model shown in Fig. 3J–
L revealing different forms of cord branching. Some cords split at branch points (red)
whereas others are fused (blue). A rare blunt-ended cord is indicated (green). (B) A
transverse view of a single cord demonstrating an internal branch (orange). (C) Transverse
cut-away view (black = cut plane) of a model revealing internal cord structure. Internal
cords either branch from external cords (orange) or exist as independent loops (yellow)
within the internal space. A three-way branch point is also seen (red). (D) The number of
external cords decreases in gonads between 12.5 and 14.5 dpc while the number of internal
cords increases. (E) Although the numbers of external and internal cords change as the
gonad grows, the total number of cords is relatively stable between 12.5 and 13.5 dpc,
increasing slightly at 14.5 dpc. Bars represent the standard error of the mean. For analyses
12.5 n=3; 13.5 n=5; 14.5 n=4.
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Figure 5.
The plexus at the mesonephric side of the gonad is the precursor of the rete testis. (A)
Representative image of a 15.5 dpc testis showing continuity from the testis cords to the
mesonephric tubules (arrowheads) through the plexus. (B) Higher magnification of the area
boxed in A with connections between testis cords highlighted (arrowheads). Testis cords (tc)
are traced with a dashed line, mesonephric tubules (mt) with a solid line. (C) Lateral view of
a model showing connectivity between testis cords and the mesonephric tubules.
Connections are labelled with red arrowheads.
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Figure 6.
Testis cord remodelling. (A) Lateral views of models at 12.25 dpc show little evidence of
cord partitioning when compared to models at (B) 12.5 dpc or (C) 13.5 dpc. (D–F) Internal
views (black = cut plane) of the same samples show extensive segregation of the gonad into
irregular cord domains at 12.25 dpc in both mesonephric (m) and coelomic (c) regions,
which resolve into more regular structures by 12.5 dpc. By 13.5 dpc, cord structures in the
mesonephric region have decreased in diameter, whereas cords under the coelomic surface
increased in diameter. The dashed box indicates the region of these models depicted in
panels A–C. (G) Changes in mean diameter between cords in mesonephric and coelomic
regions. Cord diameters were calculated from ≥ 3 gonads at each age. Bars depict the
standard error of the mean.
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