Supplementary Tables

Supplementary Table 1 | Demographics of the injections. List of the marmosets (case), tracers
used, hemisphere (L = left, R = right) of the injection, injected area (target area), age (y = years, m =
months, d = days) and gender (M = male, F = female) of the marmosets sacrificed for this, and not
only, study.
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Supplementary Table 2 | Location and tracer of each injection. All 143 injections to the 52
marmosets (rows) with the six retrograde tracers (columns). Each cell shows the cortical area that
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has been injected to the corresponding marmoset with the corresponding tracer. Areas in bold
denote right hemisphere, otherwise left hemisphere. In some marmosets (in shaded pink) there has
been more than one injection to the same target area with different tracer, in most cases within the
same hemisphere but also across hemispheres (marmoset CJ146).

Supplementary Table 3 | Abbreviations of the names of cortical areas, grouped in the major
cortical subdivisions. Colors correspond to the color code in figures (Fig. 4, and Supplementary Figs.
4,16,17). Asterisks denote the target areas. Target areas are broadly distributed in the cortex,
selected from all the major subdivisions, except the insular and rostral lateral sulcus cortex and the
ventral temporal cortex.
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Supplementary Table 4 | Spine count data. Spine count data (fourth column) collected from the
literature (first column1–4) for 15 cortical areas based on the parcellation in the corresponding source
papers (second column), and 22 areas in the Paxinos et al. 20125 parcellation (third column). The
data were chosen from the literature so that to correspond to sexually matured marmosets (fifth
column) since the spine count shows age dependence4, as well as to correspond to the age range of
the marmosets of this study. Specifically, the spine count of the average pyramidal layer three neuron
in area V1, TE3, A47L/A47M has 950, 3100, 3500 spines respectively3, in area A14R, A8b/A9,
A24a/A24b/A24c/A24d has 5334, 4843, 6507 spines respectively4, in area

V2, V6, V3A,

LIP/MIP/VIP, V4, V5, TEO, TE1 has 1240, 1338, 1667, 1806, 2098, 2359 spine respectively1, and in
area A10 has 39832 The spine count in V1 in an earlier study1 was reported to be smaller but similar
(699 spines for marmoset of age 20-28 months old), so we chose to consider the most recent report3.
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Supplementary Table 5 | Multiple injections within each target area. Number of injections in
each of the 55 target areas. Overall there is one area with 9 injections (V2), 4 areas with 6 injections
(V1, A6DR, A10, A8b), 5 areas with 5 injections (A47L, A4ab, A6Va, PG, A8aV), 3 areas with 4
injections (A23b, A6DC, A6M), 8 areas with 3 injections (V6, V5, V4, A23a, AuML, A24d, A8aD, A3b),
15 with 2 injections (A3a, A46D, AIP, AuCM, AuRT, PFG, PGM, S2E, TE3, TPO, V4T, LIP, A8C, OPt, V3A),
and 19 areas with one injections (A1-2, A11, A19DI, A19M, A23c, A32, A32V, A45, A4c, A9, AuA1,
AuCPB, MIP, MST, PE, PEC, PF, PGa-IPa, TEO).
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Supplementary Table 6 | Brain volume data. Gray matter volume data6,7 in 𝑚𝑚3 . Specifically, the
grey matter volume of the mouse and rat (GMVmouse = 112 𝑚𝑚3 , GMVrat = 425 𝑚𝑚3 ) were obtained
from the caption of Figure 2 in Zhang and Sejnowskii 20007 and the grey matter volume of the
marmoset, macaque and human (GMVmarmoset = 6090 𝑚𝑚3 , GMVmacaque = 55100 𝑚𝑚3 , GMVhuman =
683000 𝑚𝑚3 ) from Table 1 in Hofman 19886. A recent study8 have measured the volume of the
primate neocortex (marmoset: 4,451.98 𝑚𝑚3 , macaque: 44,557.89 𝑚𝑚3 , no human data) with
magnetic resonance. These values are not much different from those shown in the table and when
taken into account

’

w

. 7 (not shown here). The values shown in

the table have been used in Zang and Sejnowski 20007 where they showed the power law scaling of
the gray matter with white matter volume based on data from many species and we chose to consider
these for consistency.
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Supplementary Table 7 | Rostrocaudal coordinates. The rostro-caudal coordinate of each of the
116 areas of the marmoset cortex, measured based on the spatial coordinates of their barycenter9.
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Supplementary Figures

The macaque data used in Supplementary Figs. 1-3,8-12 are obtained from Markov et. al 201410, in
Supplementary Figs. 4,15,16 from Chaudhuri et al. 201411 and the mouse data used in Supplementary
Figs. 9,10 from ă ă

ţ et al. 201912, while for Supplementary Fig. 8 from Horvát et al. 201613, where

the projection lengths have been reported. We considered connectivity and wiring distances data
from these resources for consistency because they have been collected with the same way as the
marmoset connectivity data in the current study. The connectivity data (FLN and SLN) in macaque
and mouse in these studies have been collected with retrograde tracing, and for the wiring distances
the same definition was used (shortest path through the white matter, avoiding the gray matter), and
therefore they are suitable for comparison.

Supplementary Figure 1 | Two- and three-node motifs in marmoset and macaque corticocortical connectivity network. (a) Distribution of the FLN values of the reciprocal connections of
the edge-complete network (black bars; 𝜇𝑙𝑜𝑔10 𝐹𝐿𝑁𝑟𝑒𝑐𝑖𝑝𝑟𝑜𝑐𝑎𝑙 = − 2.43) and of the unidirectional
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connections (gray bars; 𝜇𝑙𝑜𝑔10 𝐹𝐿𝑁𝑢𝑛𝑖𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 = −3.41). The two distributions are different (twosided two-sample Kolmogorov-Smirnov test, 𝑝 = 4.39 × 10−75 ,

’

z : 𝑔 = 1.02). (b)

Average fraction of the proportion of triads in the marmoset network to the proportion of triads in a
random network of the same size and same in- and out- degree sequences as in the data, across 100
realization of such random networks (error bars are standard deviations). The three motifs that are
mostly overrepresented in the marmoset cortex are those comprised of bidirectional connections
and/or absence of connections. (c) Average fraction of the two motif counts of the marmoset (gray)
and macaque (blue) edge-complete subnetwork to the two motif counts in a randomized version of
the edge-complete network keeping the in-and out-degree sequences the same as in the data. The
average is across 100 realizations across such random network and the error bars are standard
deviations. (d) Same as (b) but for the proportion of triads in the marmoset (gray) and macaque
(blue) edge complete network.

Supplementary Figure 2 | FLN of the core-periphery subnetworks and cliques in the marmoset
and macaque cortico-cortical connectivity network. (a) Distribution of the FLN values within the
core (20 × 20), within the periphery (35 × 35) and between core and periphery (20 × 35). The FLN
distributions within the core and periphery come from normal distributions with same mean
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(𝜇𝑙𝑜𝑔10 𝐹𝐿𝑁20×20 = − 2.42 and 𝜇𝑙𝑜𝑔10 𝐹𝐿𝑁35×35 = − 2.44 respectively, two-sided two-sample t-test: 𝑝 =
0.8) but different variance (two-sided two-sample F-test: 𝑝 = 5.60 × 10−6 ). Both distributions are
different than the distribution of the FLN between core and periphery nodes (two-sided two-sample
Kolmogorov-Smirnov test: 𝑝 = 4.15 × 10−9 , 8.92 × 10−10

,

’

z :𝑔=

0.37 , 0.32 respectively) and tend to have slightly stronger values 𝜇𝑙𝑜𝑔10 𝐹𝐿𝑁20×35 = −2.79 ). (b)
Proportion of cliques (how many there are divided by how many they could be based on the size of
the edge complete network) of marmoset (pink) and macaque (blue). The plots with the error bars
(one standard deviation) are the same counts but averaged across 1000 random networks of same
size and keeping the in- and out- degree sequences as in the data.

Supplementary Figure 3 | FLN of feedforward and feedback connections. Distribution of the FLN
values of the feedforward connections (red; SLN > 0. 5) and of the feedback connections (blue; SLN <
0.5), with the first being stronger than the latter of the macaque connectivity 29x89 matrix 11
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(middle), its edge-complete version (b), and of the marmoset edge-complete network (c) (two-sided
two-sample Kolmogorov-Smirnov test: 𝑝 = 0.0034, 8.89 × 10−10 , 3.30 × 10−16,

’

size 𝑔 = 0.26, 0.30, 0.44 respectively.

Supplementary Figure 4 | Hierarchy of marmoset and macaque cortical areas. (a) Hierarchy of
the macaque11 (left) and marmoset (right) target cortical areas. (b) Same as (a) for all the areas.
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Supplementary Figure 5 | Bow-tie representation. Bow-tie representation of the relation of the
core structure (Fig. 2e,right) with the periphery, derived from the hierarchical laminar weights of
their pathways. FF: feedforward, FB: feedback. Visual, somatosensory and medial prefrontal areas
mainly project to the core in an effectively feedforward way while the core projects effectively
feedback mainly to auditory, motor and parietal areas. The bow-tie representation s computed by the
feedforward and feedback classification of the connections based on the SLN and the core-periphery
structure of the network, following the method described in [Markov et al. 2013]14. In the center of
the scheme there is the dense core structure (Fig. 2e,right) while at the wings there are the areas of
the periphery (the rest of the target areas) categorized to the left or to the right based on the
feedforward/feedback connections into and from the core.
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Supplementary Figure 6 | Spine count as a function of hierarchy. (a) Target areas (ellipses with
black, and red, perimeter) visualized on the marmoset cortical 2D flat map [Reser et al. 2013]15.
Ellipses with blue shaded area correspond to the areas where intracellular injections of fluorescent
tracers have been conducted (14 areas in total from which 15 overlap with the target areas denoted
as ellipses with red perimeter) and spine count data have been collected from the literature
(Supplementary Table 4). (b) The spine count of the areas in the Paxinos et al. 2012 parcellation are
plotted (Supplementary Table 4) as a function their hierarchical value (Fig. 4a). Here for areas that
are merged in the parcellation considered in the source study, the same spine count is assumed.
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Supplementary Figure 7 | Microstructural properties as a function of hierarchy. (a) Left: Spine
count of basal dendrite in a layer 3 pyramidal neuron is correlated with the rostrocaudal axis. The
rostrocaudal coordinate of the areas that are merged is the average over them (as Fig. 5). Right: Same
as left but for the spine count of the areas in the Paxinos et al. 2012 parcellation5 (as Supplementary
Fig. 6b). (b) Rostrocaudal coordinates as a function of the hierarchical level of the areas for which we
have spine count (as in a,right) and of all areas (right). (c) Neural density as a function of the
hierarchical level of all areas (left) and number of neurons per column as a function of hierarchy
(right). (d) Spine count as a function of the common logarithm of the the neural density (left). The
red line is linear fit, which gives 𝑙𝑜𝑔10 (𝑠𝑝𝑖𝑛𝑒 𝑐𝑜𝑢𝑛𝑡) = −2.6 𝑙𝑜𝑔10 (𝑛𝑒𝑢𝑟𝑎𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦) + 16.3, which is
approximated to a cubic power law (right, red line, where the constant c is fitted to the data). The
neural density data was obtained from Table 1 in Atapour et al. 20199. The number of neurons per
unit column of each marmoset cortical area was taken from Table 3 in [Atapour et al. 2019]9. The
rostrocaudal coordinate of each area is computed based on the stereotaxic coordinates of their
barycenter9 and shown in Supplementary Table 7. r is the Pearson correlation.

Supplementary Figure 8 | EDR at the common template. The exponential distance rule in the
common template of mouse (green), marmoset (pink) and macaque (blue). Distance in the x-axis are
the wiring distances divided by the average distance as suggested in Horvat et al. 201613. In the
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marmoset case, all 1,966,028 projection lengths were divided by 12.4375 mm (the marmoset average
interareal wiring distance). The bar plots and the corresponding line fits were done as in Fig. 6c. The
bin size here is 0.2.

Supplementary Figure 9 | FLN distribution across species. The mean of the distribution of the
marmoset connectivity weights (red) lies between that of the macaque (blue) and of the mouse
(green). Bars are binned data and lines are fits of gaussian distribution with mean and standard
deviation from the data. Data from all species come from different distributions (two-sided twosample Kolmogorov-Smirnov test: 𝑝 = 9.93 × 10−10, 2.84 × 10−18, 𝑝 = 5.40 × 10−23
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effect size: 𝑔 = 0.20, 0.26, 0.42 for marmoset vs mouse, macaque vs. marmoset and marmoset vs.
mouse data respectively. Only the distributions of the marmoset and mouse have similar variances,
two-sided two-sample F-test: 𝑝 = 0.06).

16

Supplementary Figure 10 | Density as a function of FLN threshold, across species. The density
of the edge-complete marmoset (purple), macaque (blue) and mouse (green) cortico-corticortical
networks as a function of FLN threshold. The data in both primates indicate a same density of the
cortical connectome, which is lower than that in the mouse. Different plots for the marmoset
correspond to different subsets of the data based on the leakage of the tracer in neighboring areas
(see Discussion, Supplementary Fig. 14).
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Supplementary Figure 11 | In- and out- degree of marmoset and macaque cortical areas. (a)
In- and out- degree distribution of the marmoset (pink and red respectively) and macaque (light and
dark blue respectively), normalized by the size of the edge-complete network (n = 55 of the marmoset
and n = 29 of the macaque). (b) Normalized (by the maximum value) in- and out- degree sequences
in descending order for macaque and marmoset with color codes as in (a).

Supplementary Figure 12 | Probability of connections dependence on functional similarity
and wiring distance. (a) Proportion of connections as a function of similarity distance (left: input
similarity distance, right: output similarity distance) for the marmoset (black) and macaque (orange).
Here only the plots from fitting on the data is shown (solid lines) and the predicted plots for the
reciprocal and non-reciprocal connections (dashed plots) (for details of methods see Song et al.
201416). (b) Proportion of connections as a function of wiring distance for the marmoset, as was done
for macaque in Song et al. 201416.
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Supplementary Figure 13 | Variability across injections. (a) Coefficient of variation (CV) of the
FLN as a function of the common logarithm of the average value of the FLN. (b) The common
logarithm of the FLN as a function of interareal wiring distance for different CV of the FLN thresholds.

Supplementary Figure 14 | Samples of data based on the leakage of tracers in adjacent areas.
From the 143 retrograde tracing injections (55 target areas, shown on the 2d flattened map of the
marmoset cortex, a) in 120 of them the tracer was confinded at least 80% of its overall volume within
the injected target area (50 target areas, b ,

%

’

the target area (34 target areas, c) (see supplementary table S3 in Majka et al. 202017).
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Supplementary Figure 15 | Analysis of samples of data based on the leakage of tracers in
adjacent areas. (a) Distribution of FLN as in Fig. 1d for the different data subsets based on the
leakage of the tracer in neighboring areas (Supplementary Fig. 14). The data for the 55 and 50 target
areas come from the same distribution (two-sided two-sample Kolmogorov-Smirnov test： 𝑝 =
0.44), while the data for the 50 and 34 target areas are from two distributions of different means
(two-sided two-sample t-test: 𝑝 = 0.009) and same variance (two-sided two-sample F-test: 𝑝 =
0.13 ) (two-sided two-sample Kolmogorov-Smirnov test ： 𝑝 = 0.014 ,

’

z :𝑔=

0.079), while that of the 55 and 34 target areas are from different distributions, with small though
effect size (two-sided two-sample Kolmogorov-Smirnov test：𝑝 = 3.50 × 10−4,

’

z :

𝑔 = 0.13). (b) Distribution of interareal wiring distances as in Fig. 6a fot the different cases as in (a).
The data for the 55, 50, and 34 arget areas come from the same distribution (two-sided two-sample
Kolmogorov-Smirnov test： 𝑝 = 0.9999 (for 𝐺55×116 , 𝐺50×116 ), 0.0821 (for 𝐺50×116 , 𝐺34×116 ), 0.0515
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(for 𝐺55×116 , 𝐺34×116 )). (c) The average values (and their standard deviations) of the FLN as a
function of wiring distance as shown in Fig. 6b for the different cases as in (a) (cicles and error bars
are mean and one standard deviation over a window of 173, 146 and 90 data points respectively, so
that the bin size is 20 in all cases). (d)-(e). Up. The 2d histogram of the FLN and SLN for the 55 target
areas as in Fig. 3c for the 55, 50 and 34 target areas respectively. Bottom. The distribution of the
connectivity weights that correspond to feedforward and feedback projections as in Fig. 3d for the
55, 50 and 34 target areas respectively. The values from all projections (not the average values across
injections in the same target areas) are ploted here, but the results don’
average values and even the corresponding edge-complete matrices. . In all cases the FLN
distributions that correspond to feedforward and feedback are different with different mean but
same variance (two-sided two-sample Kolmogorov-Smirnov test: 𝑝 = 3.87 × 10−65 , 4.31 × 10−57 ,
2.58 × 10−40 ,

’

z g = 0.46, 0.48, 0.52, two-sided two-sample t-test: 𝑝 = 7.68 ×

10−73, 4.95 × 10−62, 1.93 × 10−43, and two-sided two-sample F-test: p = 0.36, 0.63, 0.86 for (d)-(e)
respectively).
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Supplementary Figure 16 | Hierarchy and two-dimensional representation of the marmoset
architecture based on data samples according to the leakage of tracers in adjacent areas.
Hiearchical position and 2d polar plot (insets) as shown in Fig. 4 of the 55 (a) 50 (b) and 34 (c) target
areas (Supplementary Fig. 14) computed from their corresponding FLN and SLN data.
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Supplementary Figure 17 | Comparing hierarchy computed with logistic regression. (a)
Hierarchy of the marmoset cortical areas fitted with beta regression. (b) Hierarchy of the marmoset
cortical areas fitted with logistic regression. (c) Predicted SLN values as a function of the actual SLN
values, the Pearson correlation is 0.53.
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