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Supplementary Section 1: Sampling properties

The main strength of AntiSplodge comes from the fact that we sample new synthetic spatial transcriptomics profiles
from real scRNA cells. First, theoretical profiles are sampled, examples of these are shown in Supplementary Figure
2. Next, these profiles are converted to synthetic spatial transcriptomics profiles by picking a random number of cell
types equal to the count in the profile, where cell type index corresponds to the respective index in the profile. The
sampler will start by having an equal chance of each cell type (index), and then go towards the more extreme profiles,
where some indices will have higher probabilities of being selected. These probabilities are shuffled for each profile
generated, so that which cell type has the highest probability is random for each profile.
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Supplementary Figure 1: Theoretical profiles based on Supplementary Figure 2 (a) [Ne=2, M=1000, CD_min=2,
CD_max=2]. Each column represents a cell type, and each row represents a profile.

An example of the profiles generated in Supplementary Figure 2 (a), is shown in Supplementary Figure 1. In this
particular example, we have two cell types (Nc=2), and each profile has a cell density of 2 (the number of cell that
are used to generate the profile CD_min, CD_max = 2). A total of 1000 profiles is generated (M=1000). If we for
example had [M=1000, CD_min=1, CD_max=2] we would generate 1000 profiles with CD=1, and 1000 profiles with
CD=2, totalling the number of profiles to 2000.

If we look at the profiles generated (in Supplementary Figure 1), we see that profile 1 (index 0) has 1 cell of cell
type 0 and 1 cell of cell type 1. This is true for profile 1, 2, 4, 5. For profile 3, we see that cell type 0 has 2 cell for
this profile, this is due to the fact that the probability selected cell type 0 two times (remember in the beginning each
type has equal probabilities, so this is possible). If we look at the last 5 profiles (indices: 995, 996, 997, 998, 999), we
see that 995, 996, 998, and 999 has 2 of the same cell types (because we are now sampling with a higher bias towards
one cell), but it is still possible to sample equal profiles like in profile index: 997.

If we turn our attention to the distributions in Supplementary Figure 2. In (a) we see how the sampler does a
good job of distributing cell types evenly across the possible profiles that it can generate. We know that in this case,
whenever 1 cell type has been contributed with 1 in a profile, the other must be contributed with a 1 to satisfy the
CD of 2. There is a total of 1000 profiles being generated and approximately 50% (500) has a 1 for each cell type. The
remaining profiles will have a 2 in one of them and 0 in the rest (to satisfy CD=2). Each has approximately 25% of
2’s, meaning a total of 50% 2, which leaves 50% of 0’s, meaning we have equal distribution of all possible distributions
of profiles.

In (c) and (d) we extended the problem to 4 cell types (with M=2000). In (c) all profiles have CD of 4, while in
(d) we have 2000 profiles of CD 1, CD 2, CD 3, CD 4. Like in (a) we the distributions are actually equal, but now



shared across 4 cell types. In (c), whenever we see a profile with 4 of one cell type, all the (three) others must now
have a 0 in their counts. Whenever one cell type has 3, one of the others must have a 1 and the remaining 2 must
have a 0. While for profiles with a 2, one of the others can have a 2, or two of the others can each have a 1, with the
remaining having a 0. This gives this ladder distribution which can might not seem equal, but it is. For d we see the
same distributions with more profiles in the lower counts, as a result of the lower CDs.

In (e) and (f) we see the generation with CD = 10, but for (e) we generate 1000 profiles and (f) we generate
100000 profiles. Here the overall distributions stays the same regardless of the number of profiles generated, which is
what we would like to see.

In (b) we extend the number of cell types to 9 (with CD=10 and M=100000) which is a more realistic case. Again
we see that the distributions are the same across cell types, but with higher concentration of Os, as a 9 in one type
will generate 8 zeroes, one in each of the rest of the cell types. A 8 will generate a 1 in one of the others and zero in
the rest of the 7, etc.

For all of the distributions, each cell type is represented an equal number of times (Supplementary Figure 3),
regardless of their proportionality in the scRNA dataset that will be used. If we look at Supplementary Figure 3(a),
we see that each cell type has approximately 1000 cell counts, 1006 and 994, for 0 and 1 ,respectively. The total
number of cell counts can be computed with the formular:

CD_mazx

> )M,

i=C'D_min
while the counts per cell type is then approximately divided among the cell types:

CD_max .
> ieCD-min(i) - M
N, ’

For example, if we look at Supplementary Figure 3(c) and (d). For (c), we have:
4 - 2000 = 8000
which is then divided between the four cell types so that each has approximately 2000 counts. While for (d), we have:
10 - 2000 = 20000
which is then divided between the four cell types so that each has approximately 5000 counts.

Conclusion: The distributions grasp all the possible cases of counts, which is in particular nice when
working with neural networks in an unbiased way. We recommend using a sufficient high M but with a
CD equal (both min and max the same) to the suspected number of CDs in the ST's being deconvoluted.
If you suspect that many of the spots will have a tendency towards a lower CD but with a few high
CDs we recommend generating profiles in a range from the low suspected number of CDs towards the
expected high CD. For example in the range of [1,2,3,4,5,6,7,8,9,10].
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(f) [Nc=4, M=100000, CD_min=10, CD_max=10]

Supplementary Figure 2: The distributions are made with the AntiSplodge function: multinomialSampler(Nc, M,
CD_min, CD_maz), which is the pre-step for sampling profiles. Subsequently profiles are generated by picking cells at
random based on the index (integer on top of histgram), representing the cell type index.
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Supplementary Figure 3: The counts of each cell type (index, x-axis) made with the AntiSplodge function: multinomi-
alSampler(Ne, M, CD_min, CD_maz), which is the pre-step for sampling profiles. These counts matches the respective
distributions found in Supplementary Figure 2.



Supplementary Section 2: error function and run-time experiments

Initial experiments

Because of the versatility of AntiSplodge, you can supply it with any error function that is compatibly with Pytorch
(including custom functions). Therefore, we tested AntiSplodge using the standard available error functions that makes
sense for the deconvolution problem.

For this we generated synthetic datasets with various sizes but still small compared to what you should do in an
actual anaylsis. Below are the overview of datasets (with and without dropout on the first layer), where the numbers
in the brackets corresponds to [#training profiles, #validation profiles, #test profiles]. The indices corresponds to
the respective columns in Supplementary Table 1 and Supplementary Table 2. For all experiments, we ran 5 warm
restarts with a patience counter of 50, using the default AntiSplodge optimizer (Adam with default parameters),
profiles contained 1,562 marker-genes found via logistic regression (one cell type vs. all), and synthetic profiles were
generated based on cell samples from the Heart Cell Atlas (https://www.heartcellatlas.org/), using the global
dataset without normalization. The train, validation, test-split is 90%, 5%, 5%, respectively.

Without dropout: With dropout:
1=[10000, 5000, 5000], dropout=0 7=[10000, 5000, 5000], dropout=0.33
2=[25000, 10000, 10000], dropout=0 8=[25000, 10000, 10000], dropout=0.33
3=[50000, 10000, 10000], dropout=0 9=[50000, 10000, 10000], dropout=0.33
4=[100000, 10000, 10000], dropout=0 10=[100.000, 10000, 10000}, dropout=0.33
5=[100000, 10000, 20000], dropout=0 11=[100.000, 10000, 20000}, dropout=0.33
6=[100000, 20000, 10000], dropout=0 12=[100.000, 20000, 10000], dropout=0.33

(The synthetic datasets (and their generated profiles), are the same for 1 and 7, 2 and 8 etc.)

1 2 3 4 5 6 7 8 9 10 11 12 Loss function

16.09% 13.75% 14.44% 12.69% 13.44% 12.25% 12.49% 1841%  26.38%  11.96% 12.92% 19.00% nn.L1Loss()

18.02%  15.00%  15.81%  14.35%  14.91%  13.88%  13.98%  13.58%  14.63%  13.40%  14.39%  13.55% nn.MSELoss()

17.09%  14.89%  16.09%  13.87%  14.83%  13.79%  13.92%  13.31% 13.94% 13.67% 14.29%  13.41% nn.SmoothL1Loss(beta=0.1)
17.60%  14.95%  16.17%  14.00%  15.56%  14.25%  14.22%  13.37%  14.34%  13.57%  14.15%  13.79%  nn.SmoothL1Loss(beta=0.25)
24.30%  14.93%  15.75%  14.03%  15.12%  13.98% = 14.45% = 13.42%  14.32%  21.57%  14.28%  13.50% nn.SmoothL1Loss(beta=0.5)
17.66%  15.09%  16.55%  14.09%  15.36%  14.01%  14.09%  13.45%  14.66%  13.58%  14.17%  13.62% nn.SmoothL1Loss(beta=1)
17.28%  15.01%  15.92%  14.13%  14.64%  13.92%  13.92%  13.43%  14.52% 13.45%  21.66%  13.69% nn.HuberLoss(delta=0.1)
17.63%  14.96%  15.95%  14.04%  15.59%  13.96%  14.19%  13.41%  14.26%  13.55%  14.12%  13.72%  nn.HuberLoss(delta=0.25)
17.36%  15.11%  16.15%  13.97%  15.32%  13.92%  14.14%  13.37%  14.48%  13.43% 14.35%  13.60% nn.HuberLoss(delta=0.5)
33.46%  33.29%  51.76%  32.78%  53.62%  56.23%  32.65%  56.39%  33.45%  54.96%  69.87%  33.00% nn.KLDivLoss()

Supplementary Table 1: Loss function JSD-divergences for small synthetic datasets generated based on cells from the
Heart Cell Atlas. Bold text is the lowest divergence for each column.

1 2 3 4 5 6 7 8 9 10 11 12 Loss function

2.40 2.15 3.22 5.04 5.09 9.07 8.86 1533 9.63 17.62 9.48 1527 nn.LlLoss()

142 205 3.02 3.77 477 729 831 13.83 872 1289 9.72 14.19 nn.MSELoss()

1.66 1.86 2.69 392 494 633 894 12.62 9.03 1497 9.06 14.47 nn.SmoothL1Loss(beta=0.1)
1.33 180 3.05 349 465 6.81 840 13.06 873 1491 9.10 13.95 nn.SmoothL1Loss(beta=0.25)
1.21 194 2.67 407 489 798 807 13.06 898 15.02 9.26 14.09 nn.SmoothL1Loss(beta=0.5)
1.17 229 246 4.07 496 6.57 817 1322 9.00 13.00 8.93 15.20 nn.SmoothL1Loss(beta=1)
1.84 215 246 344 507 842 890 12.75 850 15.52 8.78 13.77 nn.HuberLoss(delta=0.1)

2.65 184 274 408 47 720 869 11.50 892 1491 941 14.59  nn.HuberLoss(delta=0.25)
1.27 202 252 353 497 7.81 892 1205 9.07 13.70 10.20 13.70 nn.HuberLoss(delta=0.5)

095 095 217 220 4.72 474 772 7.65 761 10.78 11.83 8.13 nn.KLDivLoss()

Supplementary Table 2: Run-times for each experiment, measured in minutes. Each table cell corresponds to the cell
of Supplementary Table 1. Bold text match the best JSD divergence from Supplementary Table 1.

Based on Supplementary Table 1, L1 (nn.L1Loss()) seems to perform best when not used in conjunction
with dropout (datasets 1-6), while when dropout is used the top performing method is shared between
between L1 and SL1 (Smooth L1 Loss with beta=0.1, datasets 7-12). Although they both use L1
normalization, it seems that the high fluctuation of the L1 might be due to bad initiations or unlucky
dropouts which could be dropout of some of the most important marker genes. Prolonging the run-time
by increasing the patience counter or by adding more samples should help to decimate this effect.


https://www.heartcellatlas.org/

Overall, the true difference between L1, SmoothLL1, MSE, and, Huber seems insignificant, while KLDivLoss doesn’t
seem to work for this method. Supplementary Table 2 simply shows the run-time of AntiSplodge, which are in the
range of 1 to 20 min approximately. We continue for larger datasets with L1 and SmoothL1 (beta=0.1) below.

Extended experiments

This time, we try with larger datasets for .1 and SL1, in the range of 200.000 to 500.000 training samples, only
increasing the number of synthethic training profiles. We run these experiments with 100 warm-restarts and a patience
threshold of 3.

Without dropout: With dropout:

1=[200.000, 100.000, 100.000], dropout=0 5=[200.000, 100.000, 100.000], dropout=0.33
2=[300.000, 100.000, 100.000], dropout=0 6=[300.000, 100.000, 100.000], dropout=0.33
3=[400.000, 100.000, 100.000], dropout=0 7=[400.000, 100.000, 100.000], dropout=0.33
4=[500.000, 100.000, 100.000], dropout=0 8=[500.000, 100.000, 100.000], dropout=0.33

(The synthetic datasets (and their generated profiles), are the same for 1 and 5, 2 and 6 etc.)

1 2 3 4 5 6 7 8 Loss function
13.11% 12.37% 12.32% 11.69% 12.58% 11.54%(*) 11.90% 11.70% nn.L1Loss()
14.21% 13.33% 13.14% 12.98% 13.20% 12.61% 12.79% 12.81% nn.SmoothL1Loss(beta=0.1)

Supplementary Table 3: Loss function JSD-divergences for larger datasets. (*) Although this is the lowest JSD, with
multiple runs, we would expect it to be larger than column 7 and 8, the increased run-time from Supplementary Table
4 also indicates that we simply ran for a longer period (because we found more better weight settings).

1 2 3 4 5 6 7 8 Loss function

21.70 23.05 45.79 44.81 86.38 101.50 89.41 92.20 nn.L1Loss()
2241 21.12 43.81 44.77 89.11 98.63 88.47 92.68 nn.SmoothL1Loss(beta=0.1)

Supplementary Table 4: Run-times for each experiment, measured in minutes. Each table cell corresponds to the cell
of Supplementary Table 3. Bold text match the best JSD divergence from Supplementary Table 3.

Based on the results in Supplementary Table 3, it is clear that more training data, means better
models (as expected), even with the outlier in column 6 (we ran each experiment once, repeating each
experiment multiple times would give us more stable results). It also seems that it is beneficial to use
L1 rather than SL1, as L1 on average is approximately 1% point lower than SL1 in terms of JSD.

Realistic-sized experiments

We now try with datasets that are more realistic in terms of how an actual study should proceed, again for L1 and
SL1. Only increasing the number of synthethic training profiles. This time in the range of 1 million to 4 million
samples.

Without dropout: With dropout:

1=[1.000.000, 100.000, 100.000], dropout=0 1=[1.000.000, 100.000, 100.000], dropout=0.33
2=[2.000.000, 100.000, 100.000], dropout=0 2=(2.000.000, 100.000, 100.000], dropout=0.33
3=[3.000.000, 100.000, 100.000], dropout=0 3=[3.000.000, 100.000, 100.000], dropout=0.33
4=[4.000.000, 100.000, 100.000], dropout=0 4=[4.000.000, 100.000, 100.000], dropout=0.33

(The synthetic datasets (and their generated profiles), are the same for 1 and 5, 2 and 6 etc.)

Looking at the results for realistic-sized experiments (Supplementary Table 5), we see that overall L1 seems to be the
best error function (at least for this dataset), for the 4 million synthetic training profiles dataset, it is approximately
1.5%-points lower than SL1. The difference in results for using drop-out vs. not using drop-out seems insignificant,
however, the run-time is considerable larger for the drop-out version (Supplementary Table 6, columns 5-8), this is



1 2 3 4 5 6 7 8 Loss function

11.06% 10.72% 11.03% 10.46% 11.05% 10.63% 10.66% 10.44% nn.L1Loss()
12.40% 12.21% 12.25% 12.06%  11.91% 11.88% 11.95% 11.93%  nn.SmoothL1Loss(beta=0.1)

Supplementary Table 5: Loss function JSD-divergences for realistic-sized datasets.

1 2 3 4 5 6 7 8 Loss function

62.55 98.28 136.68 216.79 222.95 250.28 189.76 340.66 mnn.L1Loss()
71.89 101.81 121.97 135.01 190.48 210.09 219.85 341.93 nn.SmoothL1Loss(beta=0.1)

Supplementary Table 6: Run-times for each experiment, measured in minutes. Each table cell corresponds to the cell
of Supplementary Table 5. Bold text match the best JSD divergence from Supplementary Table 5.

because the number of epochs increases as improvements usually comes in smaller error reductions, because of the
missing features at random in the drop-out version. We run these experiments with 100 warm-restarts and a patience
threshold of 3.

Conclusion: Overall, L1 loss seems to be the best choice of error function, dropout takes approximately
double the number of solutions to reach the same plateau as the non-dropout version, so unless it is
needed, use the non-dropout version as using a validation check already solves the over-fitting. Also,
use as many training samples as your system can handle, up to a reasonable number. You might think,
why doesn’t we reach the same JSD as in the comparison figure in the main text, this is because the
comparison was made with a quality controlled and preprocessed version of the dataset, while these
tests use the dataset as is.



Supplementary Section 3: Comparison

Cell population

In Supplementary Table 7 is the number of each cell type after preprocessing.

Cell type # Cell type # Cell type # Cell type #
Adipocytes 2,943  Fibroblast 54,272 Myeloid 10,135 Smooth_muscle_cells 8,947
Atrial Cardiomyocyte 22,583 Lymphoid 5,189  Neuronal 3,137 Ventricular_Cardiomyocyte 119,205
Endothelial 25,468 Mesothelial 387 Pericytes 53,609

Supplementary Table 7: Cell types after preprocessing from the heart cell atlas (https://www.heartcellatlas.org/,
dataset="Heart Global”)

Marker genes
Below are the marker genes used (in python format, N=1389).

marker_genes = ABCA1’, ’ABCA6’, "ABCAS’, "ABCAY’, ’ABCA9-AS1’, "ABCC1’, ’ABCC9’, *ABI1’, 'ABI3BP’, "ABL1’, 'ABTB2’,
'AC003991.17, >’AC005037.1°, ’AC005358.17, * AC005699.1, >’AC007319.1°, ’AC008056.1’, * AC008250.1’, *AC009264.1°, ’AC010609.1’, ’AC011369.17,
AC011389.17, ’AC012636.1°, ’AC013640.1’, "AC013652.17, "’AC015712.2°, "AC016766.17, ’AC016831.7’, "’AC017002.5’, ’AC018464.1’, "AC018742.17,
'AC019197.1°, "AC020637.1°, ’AC022034.2’, *AC022075.1°, >AC027097.2°, ’AC058822.1°, ' AC068234.2", "AC079336.4’, "AC084357.2’, ' AC091057.67,
'AC001691.27, ’AC092114.1°, ’AC092164.1’, *AC092567.17, ’AC092683.1°, ’AC098617.17, ’AC100803.3”, "’AC109587.1°, "AC109779.1’, ’AC113386.17,
'AC114760.2’, *AC114763.1°, *AC120193.1°, *AC130650.1’, *'AC140912.1’, "ACACB’, ’ACAP1’, 'ACKR1’, 'ACLY’, ’ACSL1’, >ACSL4’,
'ACSMT’, ’ACSM3’, *ACSS2’, ’ACTAL’, ’ACTB’, '"ACTCL’, ’ACTN4’, ’ACVR1C’, ’ADAM19’, ’ADAM28’, 'ADAMTS12’, ’ADAMTS2’,
"ADAMTS4’, ’ADAMTSY’, "ADAMTSL1’, 'ADAP2’, ’ADARB2’, ’ADCY3’, ’ADCY4’, ’ADD3’, ’ADGRB3’, ’ADGRD1’, ’ADGRF5’, ’AD-
GRL3’, "ADH1B’, ’ADIPOQ’, ’ADIPOR2’, 'ADIRF’, ’ADK’, ’AFAPIL1’, ’AFDN’, 'AFF3’, ’AGAP1’, 'AGAP2’, ’AGBL1’, 'AGBL4’,
"AGL’,’AGPAT2’,’AGT’, "AHCTF1’, ’AHCYL2’, "AIFM1’, "AKAP12’, "AKAP6’, >’AL034397.3, "’AL109930.1’, "AL117190.2’, "AL132671.2",
'AL138828.1°, "AL139383.1°, ’AL139807.1’, ’AL157871.4’, "’AL450384.2’, ’ALCAM’, ’ALDH1A2’, ’ALKBH3’, "AMPD3’, ’ANAPC5’, ’ANGPTL1’,
'ANGPTL4’, ’ANK?2’, "’ANK3’, ANKRD1’, '"ANKRD?2’, ’ANKRD44’, ’ANKRD45’, ’ANKS1B’, ’ANKUB1’, 'ANLN’, ’ANO1’, ’ANO2’,
"ANXA1’, ’AP000561.1", "AP001021.2’, ’AP001825.1’, ’AP002518.2’, ’AP002989.1’, ’AP003108.2’, ’APBB1IP’, ’APCDD1’, '"APOD’, ’APPBP2’,
'AQPY’, ’AQPT’, ’ARAP2’, "ARGLUT’, "ARHGAP1’, ’ARHGAP15’, '’ARHGAP18’, ’ARHGAP21’, ’ARHGAP24’, '’ARHGAP31’, 'ARID5B’,
"ARL15, ’ARMH4’, "ARPC3’, "ASAP1’, ’ASB11’, 'ASPH’, 'ASPN’, 'ASTN2’, ASXL2’, 'ATF3’, "ATF6’, ’ATG7’, "ATP10A’, ’ATP1A2’,
'ATP2B1’, ’ATP2B4’, ’ATRNL1’, "B2M’, "B3GLCT’, 'B4AGALTS’, 'BACH1’, 'BACH2’, 'BANP’, "BBX’, 'BCKDHB’, "BCL11B’, "BCL2’,
'BCL6’, 'BCO2’, 'BHLHE4(’, 'BICC1’, "BICD!’, 'BICDL1’, 'BMP2K’, 'BMPR1B’, 'BMPR2’, 'BMS1P14’, 'BNC2’, 'BODILI’, 'BRCAL’,
'BRCA2’, 'BRD3’, "BRIP1’, 'BST?2’, 'BTBDY’, 'BTG2’, 'BTNLY’, 'Cl4orf180°, *C1QC’, *C1R’, *C2CD2’, 'C3’, ’C6’, *C7’, "CA1’, *CA4’,
"CACNA2D3’, "CADM1’, "CADM2’, "CADPS’, "CALD1’, "CALM2’, "CAMK1D’, "CARD11’, '"CARDS’, "CARMIL1’, "CARMN’, "CASQ2’,
"CAV1’, "CAV?2’, *CC2D2B’, "CCDC102B’, *CCDC18’, *CCDC3’, *CCDCS0’, *CCDC88A’, *CCL2’, *CCL21°, "CCND3’, *CCNH’, *CCSERY’,
'CD14’, *CD163’, ’CD200’, *CD247’, *CD36’, ’CD47’, *CD68’, ’CD69’, *CD74’, *CD86’, *CDY’, "CDC42BPA’, "CDC42BPB’, "CDC42EP4’,
"CDH13’, 'CDH19’, *CDH6’, *"CDK13’, *CDK15’, 'CDKN1A’, '"CDON’, 'CELF2’, *"CEMIP2’, *CENPK’, "CENPP’, *CEP128’, "CEP350’,
"CEP95’, "CFH’, *CFLAR’, *CHDY’, *CHL1’, "CHRM3’, *CHST11’, "CHSY3’, "CKMT2’, 'CKMT2-AS1’, "CLASP2’, "CLDN1’, *CLDN5’,
"CLEC11A’, *CLEC2D’, 'CLEC7A’, *CLIC4’, *CLIC5’, *CLK1’, "CLMN’, "CLMP’, *"CLSPN’, 'CLSTN2’, *"CMIP’, "CMTM§¢’, 'CMTMS’,
"CNGA1’, "CNOT6L’, "CNR1’, "CNTN4’, "CNTNAP2’, "COBLL1’, "COL12A1’, "COL14A1’, "COL1A1’, "COL1A2’, "COL21A1’, "COL23A1’,
"COL24A1’, "COL27A1’, "COL4A1’, "COL4A2’, "COL4A3’, "COL4A4’, "COL4A5’, "COL5A1’, "COL5A2’, "COL6A3’, "COL6A6’, "COLSA1’,
"COL9A3’, "COLGALT?’, "COMT’, "COQ10A’, "COR0O2B’, *COXA4I2’, "CPA3’, "CPAMDS’, "CPED1’, "CPLX3’, "CPM’, "CPNES’, 'CPXM2’,
'CRADD’, "CREB5’, "CRIM1’, "CROT’, ’CSDC2’, "CSRNP3’, "CSRP3’, *CST3’, '"CTDSPL’, "CTNNAL’, "CTNNA3’, '"CTNND2’, "CTSB’,
"CTSC’, "CXADR’, "CXCLY’, 'CXCL2’, 'CYB5R3’, 'CYP1B1’, 'CYP4Z1’, *CYR61’, 'CYTIP’, '"CYTOR’, "CYYR1’, 'DAPK1’, 'DAPK2’,
'DCBLD1’, "DCLK1’, 'DCN’, 'DDAHI’, "DDR2’, 'DDX17’, 'DDX5’, 'DECR1’, 'DEDD’, 'DENND1A’, 'DES’, 'DGKH’, 'DGLUCY”, 'DI-
APH3’, 'DISC1’, 'DKK3’, 'DLCI’, 'DLG4’, 'DNAJA1’, 'DNAJCI’, 'DNAJC6’, 'DNM3’, 'DOCK10’, 'DOCK3’, 'DOCK4’, "DOCKSE’,
'DOCKS’, 'DOCKY’, "DPF3’, "DPP6’, 'DPYD’, 'DPYSL2’, 'DST’, 'DSTN’, 'DTNB’, 'DTX3’, 'DUSP1’, 'DYM’, "DYNC1I1’, "EBF1’,
"ECE1’, 'ECHDC?2’, 'EDC3’, 'EDF1’, 'EDNRA’, 'EFEMP1’, 'EFL1’, 'EFNA5’, "EGFL7’, 'EGFR’, '"EHBP!’, 'EIF1B’, 'EIF2AK3’, 'EIF3A’,
'EIF4A1’, "ELL2’, ’ELMOY’, "ELN’, "EMC10’, ’"EMCN’, 'EMP1’, ’ENG’, 'ENOSF1’, 'ENOX!’, '"ENPEP’, 'ENTPD1’, "ENTPD1-AS1’,
'EPAST’, "EPB41L2’, "EPG5’, 'EPHA4’, 'EPHB1’, "ERBB4’, 'ERBIN’, "ERI’, 'ERICHY’, '"ERRFI1’, 'ESR2’, 'ETFB’, 'EVA1C’, 'EVI5’,
'EVL’, 'EWSR1’, 'EXOC4’, 'EXOC6B’, "EXT1’, 'EXTL3’, 'EYA4’, 'EZR’, 'F13A1’, 'FABP4’, 'FABP5’, 'FAF1’, 'FAM107B’, 'FAM111B’,
'FAM126B°, "FAM129A’, "FAM13A’, 'FAM155A°, "FAM189A2’, "FAM198B-AS1’, 'FAM45A°, "TFAM49B’, 'FAR2’, 'FASN’, "FAT3’, 'FBLN2’,
'FBLN5’, 'FBN1’, 'FBXL13’, 'FBXL7’, 'FBX021’, 'FBXW7’, 'FCER1G’, "FCHSD?2’, 'FER’, 'FEZ2’, 'FGD4’, 'FGF14’, 'FGF7’, 'FGFRY’,
'FHIT’, 'FHL2’, "FHL5’, "FHOD3’, 'FIGN’, 'FILIP1L’, 'FKBP¥’, 'FLI1’, "FLNA’, "FLNC-AS1’, 'FLT1’, "FMN1’, 'FMO2’, 'FN1’, "FN3K’,
'FNBP1’, 'FNDC3B’, *’FOS’, 'FOSB’, "FOX01’, 'FOX03’, '"FOXP2’, 'FRASI’, 'FRK’, 'FRMD4A’, 'FRMD4B’, "FRMD5’, 'FRMPD2’,
'FSTL1’, "FTHL’, "FUTS’, "FYB1’, 'FYN’, *G0S2’, '"GABPBI1-AS1’, 'GALK?2’, "GALNT17’, ‘GALNT18’, '"GAPVDI’, 'GAS?’, "GBEYL’,
'GCNT2’, *GDAPT’, "GFPT?’, 'GGT5’, 'GHR’, "GIMAPS’, "GLCCII’, *GLIS3’, ’GMDS’, 'GNA12", "GNA14-AS1’, ’GNAQ’, "GNLY”,
"GOLGA4’, "GPAM’, "GPATCHS’, 'GPBP1’, "GPC6’, "GPM6A’, '"GPM6B’, "GPR155’, 'GPR20’, 'GPR34’, "GPRINS’, "GPX3’, "GRAMD1B’,
'GRB10’, '"GREBIL’, 'GRIK?’, 'GRIP1’, 'GRIP2’, "GRK3’, *GSEl’, "GTF2l’, *GTF2IRD2’, 'GYG2’, '"HAMP’, "HAND2-AS1’, "HAS1’,
'HCK’, "HCN1’, "HDAC2-AS2’, "HDACS’, 'HDACY’, "HDC’, "HEATR3’, "HECTD4’, "HECW2’, "HEG!’, 'HELLS’, "HERC?2’, 'HER-
PUD!’, "HES4’, "HIF1A’, "HIF3A’, '"HIGD1B’, "HIST1H2AC’, "HLA-A’, "HLA-B’, "HLA-C’, "HLA-DRA’, 'HNRNPDL’, 'HNRNPH?’,
"HOOK2’, "HP’, "HPGD’, "HSPA12A’, "HSPAY’, "HSPB7’, '"HSPHI’, "HTR4’, "HYAL?2’, "ICAM2’, ’ID1’, ID2’, ID3’, "IER2’, 'IER3’,
'IFI27’, 'IFITM2’, IFNARL’, 'IFNG-AS1’, 'IGF1’, "IGF1R’, "IGFBP2’, "IGFBP7’, 'IGKC’, "IGSF21’, 'IKBKB’, "IKZF1’, "IL16’, 'IL18R1’,
'ILIRY’, 'TLIRAPLY’, 'ILIRAPL2’, "IL7R’, 'ILK’, IMMT’, 'INPP4A’, 'INPP4B’, 'INPP5D’, 'INSR’, 'TPO9-ASI’, 'IQGAP2’, 'TRAK3’,
ITGAD, 'ITGAT’, 'ITGAS’, 'ITGAY, "ITGBL’, 'ITGBS’, 'ITIH5’, 'ITK’, "ITLN1’, 'ITPK1’, 'ITPKB-AS1’, 'ITPR2’, ITSN1’, "ITSN2’,
VD, *JPH2’, *JUN’, *JUNB’, *JUP’, '"KALRN’, ’KANK1’, 'KANK3’, '"KANSL1L’, '"KAZN’, 'KCNAB1’, "/KCNE1’, 'KCNE4’, 'KCNH5’,


https://www.heartcellatlas.org/

'KCNJ3, "KCNJ8’, '"KCNMA1’, 'KCNMB2’, 'KCNMB2-AS1’, 'KCNMB4’, 'KCNQ5’, 'KCNT2’, "KDM5B’, "KIAA0232’, "KIAA0355’,
'KIAA1217, "KIAA1549’, 'KIF13A’, "KIF18B’, "KIF20B’, "KIRREL3’, 'KIT’, '"KLF12’, "KLF13’, ’KLF2’, 'KLF6’, 'KLHL29’, '"KMT2A’,
'KMT2E’, ’KNTC1’, "KRT18’, '"KRT19’, 'L3MBTL4’, 'TLAMA2’, 'LAMA3’, 'LBH’, 'LCP2’, 'LDB2’, 'LDB3’, 'LDLRAD3’, "LEMD3’, 'LGI4’,
'LGMN’, 'LGR6’, 'LHFPL2’, "LIAS’, "'LIMA1’, "LIMCH1’, *LIMS1’, "'LINC00486’, *LINC00598’, "LINC00882’, "LINC01088’, "LINC01091’,
"LINC01099’, 'LINC01411’, "LINC01568’, "LINC01572’, 'LINC01592’, "LINC01828’, "LINC02147, "LINC02208’, 'LINC02240’, "LINC02248’,
'LINC02253’, "LINC02388’, "LINC02511’, "LINGO1’, 'LIPE’, 'LIPE-AS1’, 'LMCD1’, "LMO7’, 'LMODI’, 'LMOD?2’, 'LOXL2’, ‘LPAR1’,
'LPAR6’, 'LPINT’, 'LPL’, 'LRIG1’, 'LRMDA’, 'LRP1’, 'LRP1B’, 'LRP2’, 'LRRTM3’, 'LRRTM4’, 'LSAMP’, 'LSM14A’, "LST1’, 'LTBPY1’,
'LTBP4’, 'LYN’, 'LYST’, 'LZTS1-AS1’, 'MACROD?2’, '"MAGI1’, 'MAGI2’, "MAGT’, '"MAML3’, "MAP3K11’, 'MAP4’, 'MAPK10’, 'MAPK4’,
'MARCI’, '"MARCH1’, 'MARCHS’, 'MARKS’, "MAST4’, "MBD5’, '"MBNL1’, "MCM7’, '"MCTP1’, '"MCTP2’, "MDFIC’, "ME1’, '"MECOM’,
'MED13L’, '"MEF2C’, '"MEG3’, 'MEGS’, "MEIS2’, "MELK’, '"MEST’, '"MFGES’, '"MGAT5’, "MGP’, "MGST1’, '"MGST2’, "MGST3’, *MI-
CALL2, "MIPEP’, "MIR193BHG’, "MIR22HG’, "MIR29B2CHG’, *MIR4435-2HG’, "MIR99AHG’, "MITF’, "MLIP’, "MLLT10’, "MLLT6’,
'MLXIPL’,"MME’, '"MMP16’, 'MMRN1’, '"MMS22L’, "MPZ’, '"MRC1’, '"MRC2’, "MS4A6A’, "MSC-AS1’, '"MSR1’, '"MT1E’,"MT2A’, "MTHFD1L’,
'MTHFD2’, "MTUSL’, "MX2’, '"MYBL1’, '"MYBPC3, '"MYCBP2’, "MYH10’, "MYH11’, '"MYH13’, "MYH6’, '"MYH7’, '"MYH7B’, "MYL2’,
'MYL3’, 'MYL4’, 'MYL6’, "MYL?’, '"MYO18B’, '"MYO1F’, "MYOCD’, '"MYOM2’, "MYPN’, "MYRIP’, "MYSM1’, 'N4BP2L2’, '"NAA35’,
'NAIP’, 'NAMPT’, "NAVD’, 'NAV2’, 'NCAM1’, 'NCAM?2’, 'NDRG4’, "NDUFA4L2’, '"NDUFAFS’, 'NEAT1’, 'NEB’, 'NEBL’, '"NEDDAL’,
'NEGR1’, 'NEXN’, 'NFATC2’, 'NFATC2IP’, 'NFIB’, 'NFKB1’, 'NFKBIA’, 'NFKBIZ’, 'NFRKB’, 'NGF’, 'NHS’, 'NHSL1’, "NID1’, "NIPBL’,
'NKAIN?’, 'NKAIN3’, 'NKTR’, 'NLGN1’, 'NLGN4X’, 'NLK’, "NLRC5’, '"NNMT’, '"NOL10’, 'NOSTRIN’, '"NOVA1’, "NPPA’, '"NR2F1’,
'NR4A1’, 'NR4A3’, 'NREP’, 'NRG2’, 'NRG3’, 'NRXN1’, 'NRXN3’, "NSD3’, 'NSMCE?2’, 'NTM’, 'NTN1’, 'NTRK3’, 'NUP210’, "NUP210L’,
'NUP50-DT’, 'NUPR1’, "NUSAP1’, 'NXN’, 'OBSCN’, "'ODF2L’, ’OGA’, 'OGFRL1’, 'OLFM2’, 'OPCML’, 'ORC2’, 'OSBPL10’, 'OSMR’,
'OTUBY’, 'P2RYS’, 'PABPC4’, 'PACS1’, 'PAIP1’, "PALLD’, "PALM2-AKAP2’, 'PALMD’, 'PAM’, 'PAPPA’, "PARD3B’, 'PARP14’,
'PARP4’, 'PARPS’, 'PATJ’, 'PATLL’, 'PBX1’, 'PBX3’, "PC’, 'PCDH15’, 'PCDHY7’, 'PCDHY’, 'PCED1A’, "PCED1B’, "PCSK7’, 'PDCD6IP’,
'PDE10A’, '"PDE1C’, 'PDE3B’, 'PDE4B’, "PDEAD’, "PDE5A’, "PDE7A’, "PDE7B’, 'PDGFD’, "PDGFRB’, 'PDK4’, 'PDLIM3’, "PDLIM?7’,
'PDXDCY’, 'PDZRN4’, 'PECAMY’, 'PERI’, "PER3’, 'PFKFB3’, 'PGAP1’, 'PGK!’, 'PCGMI’, "PHACTRI’, 'PHACTR2’, 'PHLDBY’,
'PHLDB2’, 'PIAS2’, "PID1’, 'PIGX’, "PIK3R1’, 'PIK3R5’, 'PIP4K2A’, 'PIP5K1B’, "PIR’, 'PITPNC1’, "PITPNM2’, "PKHDI1L1’, "PKIA’,
'PKN2-AS1’, "PKN3’, "PLA2G2A’, 'PLCBI’, "PLCB2’, 'PLCE!’, 'PLCG2’, 'PLEKHA5’, 'PLEKHG1’, 'PLINT’, 'PLIN4’, "PLIN5’, 'PLN’,
'PLOD2’, "PLPP1’, "PLSCR1’, 'PLVAP’, 'PLXDC2’, "PLXNA4’, 'PMP22’, 'PNISR’, "PNPLA2’, "PODXL’, 'POLQ’, 'POPDC2’, 'POSTN",
'POU6F2’, 'PPARG’, 'PPP1R12A’, 'PPP1R13B’, 'PPP1R16B’, 'PPP1R17, 'PPP1R42’, 'PPP2R2B’, 'PPP2R5C’, 'PPP3CA’, 'PRDM16’,
'PRELP’, PRG4’, 'PRICKLEL’, 'PRIM2’, 'PRIMA1’, "PRKAR2A’, 'PRKAR2B’, "PRKCA’, 'PRKCA-AS!’, 'PRKCE’, 'PRKCH’, 'PRKCQ’,
'PRKD1’, ’PRKDC’, 'PRKG1’, "PRLR’, "PRR16’, "PRRX1’, 'PRSS23’, 'PSEN1’, "PSMB6’, 'PSMBY’, "PSMD4’, "PTEN’, 'PTGIS’, 'PTK2’,
'PTP4A3’, 'PTPN2’, 'PTPRA’, 'PTPRB’, 'PTPRC’, 'PTPRG’, '"PTPRJ’, 'PTPRM’, 'PTPRQ’, 'PTPRS’, "PVT1’, 'PXDNL’, 'PYGL’,
'QKT’, 'RAB27B’, 'RAB2A’, 'RABEP1’, 'RABL3’, 'RAF1’, 'RALGPS1’, 'RALGPS2’, 'RALYL’, '/RAMP3’, 'RANBP3L’, 'RAP1GAP2’,
'RASD1’, '/RASGEF1B’, '/RASGEF1C’, 'RASSF8’, 'RBFOX1’, 'RBL1’, '/RBM47’, 'RBMS3-AS2’, '"RBPJ’, 'RBPMS’, "RCSD1’, 'RELN’,
'RERG’, 'RETSAT’, 'REV1’, 'RFWD3’, 'RGS5’, 'RGS6’, 'RGS7BP’, "RHBDL3’, 'RIN2’, "RIN3’, 'RMND5B’, 'RNF115’, "RNF121’,
'RNF13’, 'RNF149’, 'RNF150’, 'RNF24’, "RNGTT’, '/ROBO1’, 'ROCK1’, '/ROR2’, 'RORA’, 'RPL10’, 'RPL29’, "/RPL3L’, "RPLP1’, "RPS15A",
'RPS23’, 'RPS25°, "RPS6KA2’, 'RPS6KA3’, 'RPS6KA5’, 'RPS6KC1’, 'RRAD’, 'RRBP1’, 'RSRP1’, 'RUNX1’, 'RUNX1TI’, 'RUNX3’,
'S100A6’, ’S100A9’, *SAAL’, 'SAMDS’, 'SAMHD1’, 'SAMSNT’, "SASHI’, "'SAT1’, 'SAVD’, 'SCAPER’, ’SCD’, 'SCMH1’, ’SCN3A’, "SCN5A’,
'SCN7A’, ’SCN9A’, 'SCPEP1’, *SDK1’, 'SEC14L1’, 'SEMA3B’, "SEMA3C’, 'SEPT6’, 'SERINC5’, 'SERPINE?’, 'SERPINF1’, 'SESTD1’,
'SETD5’, 'SGCD’, 'SGCG’, "SGIP1’, 'SGK1’, 'SGMS2’, *SH2B3’, *'SH2D3C’, *SH3D19’, 'SH3PXD2B’, *SH3RF2’, 'SH3RF3’, 'SHANKS’,
'SHISAY’, *SIK2’, *STK3’, *SIMC1’, *SIPA1L1’, *SIPA1LY’, 'SKAP1’, 'SKAP2’, *SKIL’, *SLC11A1’, 'SLC16A10’, 'SLC16A12’, *SLC16A7’,
'SLC18A2’, *SLC19A3’, "SLC1A3’, *SLC20A1’°, *SLC22A23’, *SLC22A3’, "SLC24A3’, *SLC25A36’, *SLC26A3’, *SLC2A13’, 'SLC35F1’,
'SLC38A1’, *SLC38A11’, 'SLC39AS’, *SLC44A1’, 'SLC4A4’, *SLCTA6’, "'SLCSA1-AS1’, *SLCIA3R2’, *SLCIAY’, *SLCICT’, *SLCO1CYT’,
'SLCO3A1’, ’SLIT2’, SLIT3’, 'SLPI’, 'SMAD6’, *SMAPI’, *SMAP2’, *'SMC5’, 'SMCHD1’, *'SMIM19’, ’SMOC2’, 'SMYD2’, *SNAP23’,
'SNCG’, 'SNED1’, 'SNHG9’, "SNTB2’, 'SNTG2’, "SNX1’, ’SNX31’, 'SOCS3’, SORBS1’, "SORBS2’, 'SORCS1’, ’SOX5’, 'SOX6’, 'SPACAS’,
'SPATA6’, *SPIDR’, SPNS2’, *SPONT’, 'SPRED1’, 'SPSB1’, ’SQSTM1’, *SRBD1’, 'SREBF1’, 'SRGAP2’, 'SRGN’, 'SRPK2’, 'SRPX’,
'SRPX2’, 'SRSF11°, 'SSBP2’, 'ST6GALL’, 'ST6GALNACS’, "ST6GALNACS’, 'ST7’, ’ST8SIA6’, 'STAB1’, 'STARD13’, 'STC1’, 'STEAP4’,
'STK4’, ’STOX2’, 'STT3A’,’STX3’, 'STXBP5’, 'SULF1’, 'SVEP’, 'SYNE1’, 'SYNE2’, 'SYNPO2’, 'SYNPR’, 'SYNRG’, "SYTL3’, "TACCY’,
'TAF1D’, "TAGLN’, "TBC1D14’, "TBC1D22B’, "TBCK’, "TBL1XR1’, "TBX20’, "TBX5’, "TBXASI’, "TC2N’, "TCEALY’, "TCF4’, "TCF7L2’,
"TCIM’, "TEAD1’, "TEC’, "TECPR2’, 'TENM2’, 'TENM3’, "'TENM4’, "TENT5A’, "TET3’, 'TEX14’, "TFPI’, "TGFB3’, "TGFBR3’,
'THBS1’, "THBS2’, "THEMIS’, "THRAP3’, "THSD4’, "THUMPD1’, "THUMPD3’, *'TIE1’, 'TIMP1’, "TIMP3’, "TLL1’, "TLN2’, "TM4SF1’,
'TMCOL’, "TMCO4’, "TMEFF2’, "TMEM106A’, "TMEM108’, "TMEM131L’, "TMEM132C’, "TMEM135’, "TMEM161B-AS1’, "TMEM163’,
"TMEM178B’, "TMEM51’, "TMEMS88’, "TMSB10’, "'TMSB4X’, "TMTC1’, "TNC’, "TNFAIP6’, "TNFRSF21’, *TNIK’, "TNKS2’, "TNNI3’,
'TNNT2’, "TNNT3’, "TNRC18’, "TNRC6B’, "TNRC6C’, "TNS1’, "TNXB’, "TOGARAM?’, "TOPBP1’, "TPM2’, "TPM4’, "TPO’, "TPRG1’,
"TPSB2’, "TRAF3’, "TRAPPC1(’, "TRDN’, "TRERF1’, "TRIM54’, "TRIO’, "TRMT9B’, "TRPS1’, "TSC22D1’, "TSHZ2’, "TSHZ3’, "TSPANY’,
'TTLL7, "TXLNB’, "TYROBP’, "U91319.1°, "UAP1’, "UBACL’, "UBAC2’, "UBC’, "UBE2EL’, 'UBE2E2’, "UBE2R2’, "UBE3A’, "UGT2B4’,
'UPF2’, "UPF3A’, *USP15’, "USP32’, 'USP36’, 'USP42’, "USP53’, "VAMP5’, "VDAC2’, "VEGFC’, "VIPR2’, "VIT’, "VKORCIL1’, "VMP1’,
"VOPP1’, "VPS8’, 'VWC2', "VWF’, "WAPL’, "WDR20’, "WDR76’, "WIPF1’, "WSB1’, "WTIP’, "WWC1’, "WWOX’, 'XAF1’, "XIRP2’,
XIST?, "XKR4’, 'YWHAE’, "ZBTB20’, "ZBTB7C’, 'ZC3H6’, "ZDHHC14’, *ZEBY’, *ZEB2’, *ZFHX3’, "ZFP36’, "ZFP36L1’, 'ZFP36L2’,
'ZFPM2, "ZGRF1’, 'ZMYM?2’, 'ZMYNDI11’, *ZNF337, 'ZNF385B’, 'ZNF521°, 'ZNF532’, *ZNF536’, 'ZNF608’, *ZNF630’, 'ZNF644’,
"ZNRF3’, "ZRANB2-AS1’, "ZSWIMG6']
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Supplementary Section 4: Developmental human heart analysis

Cell population

In Supplementary Table 8 is the number of each cell type after preprocessing. Note, this is a rather small scRNA dataset (N=3717 cells),
but we can still sample as many synthetic spatial transcriptomics profiles as we wish

Cell type

#  Cell type

Cell type

#

Atrial cardiomyocytes
Capillary endothelium

Cardiac neural crest cells & Schwann progenitor cells
Endothelium / pericytes / adventitia

Epicardial cells
Epicardium-derived cells
Erythrocytes

Fibroblast-like (related to cardiac skeleton connective tissue) 462

128 Fibroblast-like (related to larger vascular development)
389 Fibroblast-like (related to smaller vascular development)

298  Immune cells

Myoz2-enriched cardiomyocytes

150 Smooth muscle cells / fibroblast-like) 263
Ventricular cardiomyocytes 497

Supplementary Table 8: Cell types after preprocessing from the developmental human heart study (https://www.sp

atialresearch.org/resources-published-datasets/doi-10-1016-j-cell-2019-11-025/)

Predicted cell type proportions

Based on the trained model (one for all samples, based on the accompanied scRNA) for Application 1, these are the predicted proportions
for each cell type, shown for each tissue sample (zoom in to see the numbers).

Ventricular cardiomyocytes

Erythrocytes

Atrial cardiomyocytes

Smooth muscle cells / fibroblast-like)

Fibroblast-like (related to smaller vasci  Endothelium / pericytes / adventitia

Myoz2-enriched cardiomyocytes

Cardiac neural crest cells & Schwann |

Epicardial cells

Fibroblast-like (related to larger vascul

Fibroblast-like (related to cardiac skel

e

Immune cells

Ventricular cardiomyocytes

Smooth muscle cells / fibroblast-like)

Afrial cardiomyocytes

Supplementary Figure 4: Developmental human heart - Sample #1

Fibroblast-like (related to smaller vasci  Endothelium / pericytes / adventitia

Myoz2-enriched cardiomyocytes

Epicardial cells

Fibroblast-like (related to larger vascul:

e

Immune cells
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Supplementary Figure 5: Developmental human heart - Sample #2
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Ventricular cardiomyocytes

Erythrocytes

Smooth muscle cells / fibroblast-like)

Fibroblast-like (related to smaller vasct

Atrial cardiomyocytes

Endothelium / pericytes / adventitia

Myoz2-enriched cardiomyocytes

Cardiac neural crest cells & Schwann |

Fibroblast-like (related to larger vascul:

Capillary endothelium

Epicardium-derived cells

Epicardial cells

Fibroblast-like (related to cardiac skel

e

Immune cells

Ventricular cardiomyocytes

Supplementary Figure 6: Developmental human heart - Sample #3

Erythrocytes

Smooth muscle cells / fibroblast-like)

Fibroblast-like (related to smaller vasct

Atrial cardiomyocytes

Endothelium / pericytes / adventitia

Cardiac neural crest cells & Schwann

Immune cells

Ventricular cardiomyocytes

Supplementary Figure

Smooth muscle cells / fibroblast-like)

Erythrocytes

Fibroblast-like (related to smaller vasct

Atrial cardiomyocytes

: Developmental human heart - Sample #4

Endothelium / pericytes / adventitia

Cardiac neural crest cells & Schwann

Epicardium-derived cells

Epicardial cells

Immune cells

Ventricular cardiomyocytes

Supplementary Figure 8: Developmental human heart - Sample #5

Erythrocytes

Smooth muscle cells / fibroblast-like)

Atrial cardiomyocytes

Fibroblast-like (related to smaller vasct

Endothelium / pericytes / adventitia

Cardiac neural crest cells & Schwann

e

Immune cells

Supplementary Figure 9: Developmental human heart -

12

Sample #6



Ventricular cardiomyocytes Erythrocytes Smooth muscle cells / fibroblast-like)  Atrial cardiomyocytes Fibroblast-like (related to smaller vasci  Endothelium / pericytes / adventitia  Myoz2-enriched cardiomyocytes

Epicardial cells

Fibroblast-like (related to cardiac skele Immune cells

Supplementary Figure 10: Developmental human heart - Sample #7

Ventricular cardiomyocytes Erythrocytes Smooth muscle cells / fibroblast-like)  Atrial cardiomyocytes Fibroblast-like (related to smaller vasci  Endothelium / pericytes / adventitia  Cardiac neural crest cells & Schwann

Supplementary Figure 11: Developmental human heart - Sample #8

Ventricular cardiomyocytes Erythrocytes Atrial cardiomyocytes Smooth muscle cells / fibroblast-like)  Fibroblastike (related to smaller vasct Endothelium / pericytes / adventitia  Cardiac neural crest cells & Schwann

My hed Epi -dl d cells le  Immune cells

Supplementary Figure 12: Developmental human heart - Sample #9

Ventricular cardiomyocytes Erythrocytes Atrial cardiomyocytes Smooth muscle cells / fibroblast-like)  Fibroblast-ike (related to smaller vasct Endothelium / pericytes / adventitia  Cardiac neural crest cells & Schwann

M hed derived cells Immune cells

Supplementary Figure 13: Developmental human heart - Sample #10
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Ventricular cardiomyocytes

Erythrocytes

Atrial cardiomyocytes

Smooth muscle cells / fibroblast-like)

Fibroblast-like (related to smaller vasct

Endothelium / pericytes / adventitia

Cardiac neural crest cells & Schwann

d cells

Fibroblast

e

Immune cells

Ventricular cardiomyocytes

Supplementary Figure 14: Developmental human heart - Sample #11

Erythrocytes

Atrial cardiomyocytes

Smooth muscle cells / fibroblast-like)

Fibroblast-like (related to smaller vasct

Endothelium / pericytes / adventitia

Myoz2-enriched cardiomyocytes

=

Epicardium-derived cells

Ventricular cardiomyocytes

Supplementary Figure 15: Developmental human heart - Sample #12

Erythrocytes

Smooth muscle cells / fibroblast-like)

Fibroblast-like (related to smaller vasct

/ pericytes / adventitia

Atrial cardiomyocytes

Cardiac neural crest cells & Schwann |

Fibroblast-like (related to larger vascul:

Epicardial cells

Immune cells

Ventricular cardiomyocytes

Supplementary Figure 16: Developmental human heart - Sample #13

Erythrocytes

Smooth muscle cells / fibroblast-like)

Fibroblast-like (related to smaller vasct

Endothelium / pericytes / adventitia

Myoz2-enriched

Atrial

Cardiac neural crest cells & Schwann |

Epic

Immune cells

Supplementary Figure 17: Developmental human heart - Sample #14
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Ventricular cardiomyocytes Erythrocytes Smooth muscle cells / fibroblast-like)  Fibroblast-like (related to smaller vasci  Endothelium / pericytes / adventitia  Myoz2-enriched cardi Atrial

Cardiac neural crest cells & Schwann |

Supplementary Figure 18: Developmental human heart - Sample #15

Ventricular cardiomyocytes Erythrocytes Smooth muscle cells / fibroblastlike)  Fibroblast-like (related to smaller vasct My hed lum / pericytes / adventiia  Atrial cardiomyocytes

L

Capillary endothelium Immune cells

Supplementary Figure 19: Developmental human heart - Sample #16

Ventricular cardiomyocytes Smooth muscle cells / fibroblast-like)  Erythrocytes Fibroblast-like (related to smaller vasci  Endothelium / pericytes / adventitia  Myoz2-enriched cardi Atrial

Fibroblast-like (related to cardiac skele Immune cells

Supplementary Figure 20: Developmental human heart - Sample #17
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Supplementary Figure 21: Developmental human heart - Sample #18
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Marker genes
Below are the marker genes used (in python format, N=1387).

marker_genes = [A2M’, ’ABCAS’, "ACOT13’, ’ACP1’, "ACTA1’, ’ACTA?2’, ’ACTB’, "ACTC1’, 'ACTG1’, ’ACTG2’, "ACTN1’, ’ACTN2’,
'ACTN4’, ’ACTR2’, '’ACTR3’, "ACVRL1’, ’ACYP1’, "ADAM15’, ’ADAMTS6’, "ADAMTS9’, ’ADD3’, ’ADGRL4’, ’ADIPOR1’, ’AFAP1L1’,
'AGRN’, "AHNAK’, 'AKAP12’, ’AKAP9’, ’AKR1A1’, "AKR1B1’, ’ALCAM’, ’ALDH1A2’, ’ALDH2’, "ALDOA’, ’ALKBH?7’, "ANAPC16’,
'ANGPTL2’, ’ANKRD1’, ’ANKRD®’, ’ANP32B’, ’ANXA1’, ’ANXA2’, ’ANXA3’, 'ANXA5’, 'ANXA6’, 'ANXAT’, "AP1S2’, "AP2M1’,
"AP2SI’, 'AP3S1’, ’APCDDY’, 'APEXI’, ’APLNR’, 'APLP1’, 'APLP2’, 'APOBEC2’, 'APOE’, ’APP’, "APRT’, 'ARF4’, ’ARGLUY’,
'ARHGAP29’, 'ARHGDIA’, ’ARHGDIB’, 'ARID5B’, ’ARLAD’, ’ARL6IP1’, ’ARL6IP5’, ’ARMCX3’, ’ARPC1B’, 'ARPC2’, ’ARPC3’,
"ARPC4’, "ARPC5’, 'ARRB2’, 'ASAHI’, ASH2L’, 'ASPN’, ASSI’, 'ATF4’, "ATOHS’, ’ATOX1’, ’ATP1Al’, 'ATP1B1’, 'ATP1B3’,
'ATP2A2’,’ATP2B1’, ’ATP6VOB’, ’ATP6VOEL’, "ATP6V1EF’, "ATP6V1GL’, ’ATRX’, ’AURKA’, ’AXL’, 'B2M’, "BAALC’, 'BAG1’, 'BAMBY’,
'BANF1’, 'BASP1’, "BAX’, 'BCAM’, ‘BCL2L1’, 'BCL7C’, 'BEX1’, 'BEX3’, 'BGN’, 'BID’, 'BIN1’, "BIRC5’, 'BLVRB’, 'BMP4’, 'BNIP3’,
'BNIP3L’, 'BPGM’, 'BRI3’, 'BSG’, 'BST2’, 'BTF3’, 'BTG1’, 'BTG2’, 'BUB3’, "BZW?2’, *C110rf96’, *C120rf57’, *C120rf75’, *C1D’, "C1QA’,
'Clorf122, ’C200rf27’, *Cdorf3’, *Cdorfds’, *C7’, *CTort50°, *C9orf78’, "CACYBP’, "CADM1’, "CALCRL’, "CALD1’, "CALM1’, "CALM2’,
'CALR’, "CALU’, "CAMK2D’, "CAMTAL’, "CAP1’, "CAP2’, "CAPZA2’, "CAPZB’, "CARHSP1’, "CAT’, "CAV1’, "CAV2’, "CBX5’, "CCDC3’,
'CCDC34’, "CCDC8Y’, *CCDC85B’, *"CCDC88A’, *CCLY’, *CCL21’, "CCNA2’, *CCNB1’, *CCNB2’, *CCND1’, *CCNDBP1’, ‘CCNG1’,
"CCONT’, *CCNL1’, *CCS’, *CCT3’, *CCTH’, *CCTS’, 'CD14’, ’CD151’, *CD24’, *CD248’, *CD34’, *CD36’, *CD37’, *CDA0’, *CDAT’, *CD59’,
'CD63’, *CDY’, *CDY3’, *CDYY’, *CDC20’, *CDC37’, *CDC42’, "CDC42EP1’, "CDC42EP3’, "CDH11’, *CDH13’, "CDH2’, *CDH5’, *CDK1’,
"CDKN1A’, "CDKN2D’, '"CDKN3’, '"CEBPB’, "CEBPD’, '"CENPF’, "CENPV’, "CENPW’, "CFAP20’, 'CFL1’, "CFL2’, "CGNL1’, "CHCHD10’,
"CHCHD?’, "CHCHD?’, "CHD’, *CIRBP’, *CISD1’, ’CISD2’, "CITED2’, "CKB’, "CKLF’, "CKM’, *CKS1B’, '"CLEC11A’, "CLIC1’, "CLTA’,
'CLTC’, *CLU’, *CMC2, "CMTM3’, *CMTM$6’, *CMYA5’, *"CNBP’, 'CNDP2’, *CNN1’, ’"CNN2’, *CNN3’, *CNP’, "CNPY2’, "CNPY3’,
'CNTFR’, "COL14A1’, "COL15A1’, "COL18A1’, "COL1A1’, "COL1A2’, "COL21A1’, "COL2A1’, "COL3A1’, "COL4A1’, "COL4A2’, "COL5A1’,
"COL5A2’, "COLBAL’, "COLBA2’, "COL6AS’, "COL6A6’, "COLIAL’, "COLIA2’, "COLIAS’, "COLEC11’, "COMMDS’, "CORO1B’,"COTLY’,
'COX14’, *COX4I1’, *COX5A’, *COX5B’, "COX6A1’, *COX6A2’, *COX6B1’, *COX6C’, *COXTAL’, *COXTA2’, "COXTA2L’, *COXTB’,
"COX7C?, *COX8A’, *CPE’, "CPVL’, 'CRABP2’, '"CREB5’, 'CREG1’, 'CRIP2’, *CRISPLDI’, '"CRMP1’, '"CRYAB’, "CSRP1’, '"CSRP2’,
"CSRP3’, 'CST3, 'CSTB’, *CTHRC1’, '"CTNNAL1’, *"CTNNBIP1’, *CTSB’, 'CTSC’, 'CTSD’, *CTSK’, *CTSL’, *CTSZ’, "CUEDC2’,
'CUTA’, "CXADR’, "CXCL12’, "CXCR4’, 'CXXC5’, "CYB5A’, "CYBA’, "CYCL’, ’CYCS’, "CYFIP1’, "CYYR1’, 'DAAM]1’, 'DAB2’, "DADY’,
'DAZAP2’, 'DBI’, 'DBNL’, 'DCAF12’, 'DCN’, 'DDAH2’, DDIT3’, "DDOST’, 'DDX5’, 'DECRI’, 'DEK’, 'DES’, 'DKK3’, 'DLC1’, 'DMD’,
'DMKN’, 'DNAJA1’, 'DNAJCI’, 'DNPH1’, 'DPM2’, 'DPP7’, 'DPYSL3’, 'DRAM?2’, *"DSP’, 'DST’, 'DSTN’, "DUSP1’, 'DUSP6’, 'DUT’,
'DYNLL!’, "ECE1’, "ECI1’, "EDF1’, "EDIL3’, "EDN1’, '/EDNRA’, 'EDNRB’, 'EEF1A1’, '"EEF1B2’, 'EEF1D’, 'EEF2’, "EFEMP2’, "EFNAT’,
'EFNAS’, "EGFL7’, "EGRY’, 'EID1’, *EIF1’, *EIF1B’, 'EIF3A’, *EIF3E’, 'EIF3F’, 'EIF3H’, "EIF3K’, 'EIF3M’, 'EIF4A2’, 'EIF4EBP1’,
'EIF4G2’, "EIF5, 'EIF5A’, "ELK3’, "ELN’, "ELOFI’, 'EMC10’, ’EMC3’, 'EMCN’, "EMILIND’, 'EMP1’, "EMP2’, 'EMP3’, "ENATD,
'ENCY1’, 'ENG’, "ENOY’, 'ENO3’, "ENPP1’, 'ENY?2’, 'EPASI’, '"EPB41L2’, '"EPHA7’, 'ERP29’, 'ESAM’, "ETFB’, 'ETV’, 'EVA1B’, 'EVL’,
'EZR’, 'F13A1°, 'F2R’, "FABP3’, 'FABP5’, 'FAM104A’, "FAM110B’, "FAM126A’, "TFAM162A°, "'FAM200B’, 'FAM210B’, "FAM43A’, "FAU’,
'FBLN1’, 'FBLN2’, "FBLN5’, 'FBN1’, 'FBN2’, 'FBX032’, "FBXO7’, 'FCGRT’, 'FDPS’, 'FECH’, 'FERMT?’, 'FGF12’, "FGFR10P2’, 'FIT’,
'FHLY’, "FHL2’, 'FHL3’, 'FILIP1’, 'FISI’, "FITM1’, 'FJX1’, 'FKBP1A’, 'FKBPS’, 'FLI1’, 'FLNA’, 'FLNB’, 'FLNC’, 'FLRT2’, 'FMOD",
'FN1’, 'FOS’, 'FOSB’, 'FOXC1’, 'FOXP1’, 'FREM1’, 'FSCN1’, 'FSTL1’, 'FTHI’, 'FUS’, 'FXYD5’, 'FXYD6’, 'FZD1’, '"GABARAPL’,
"GADDA45A’, 'GADD45B’, '"GADD45GIP1’, 'GAMT’, '"GAPDH’, 'GAS1’, *GAS6E’, "GATAG’, "GATA6-ASI’, "GATM’, *GBP4’, *GDI1’,
'GHITM’, 'GJAL’, 'GJA4’, *GJA5’, *GLIPR2’, '"GLRX’, 'GLRX5’, 'GLUL’, ‘GMDS’, '"GMPR’, 'GNAI2’, ‘GNAS’, 'GNG11’, '"GNG5’,
'"GOT1’, 'GPC3’, *GPC6’, "GPT’, '"GPM6B’, 'GPSM3’, *GPX1’, 'GPX4’, 'GPX8’, '"GRB2’, 'GRN’, 'GSN’, "GSPT1’, 'GSTM3’, 'GSTO1’,
'"GSTP1’, 'GTF3A’, '"GUCY1A2’, "GUKY’, "GYG1’, "THACDI’, "HAGH’, "HAND?2’, "HAPLN1’, '"HCFC1R1’, "HDAC2’, '"HEBP2’, '"HER-
PUDY’, "HES4’, '"HIGD1A’, "HIGD2A’, "HINT1’, "HK1’, "HLA-A’, "HLA-B’, "HLA-C’, "HLA-E’, "HMBS’, "THMGA1’, "HMGB1’, '"HMGB?2’,
'HMGB3’, '"HMGN1’, "THMGN?2’, '"HMGN3’, "HNMT’, "HNRNPA(Q’, "HNRNPA1’, '"HNRNPA2B1’, "HNRNPA3’, '"HNRNPC’, 'HNRNPD’,
'HNRNPDL’, "HNRNPK’, "HNRNPR’, "HSBP1’, "HSP90AA1’, "HSPY0AB1’, "HSPO0B1’, "HSPA5’, 'HSPAS’, "HSPB1’, "HSPB2’, "HSPB3’,
'HSPB7’, '"HSPDI’, 'HSPE1’, "HSPG2’, 'HTRAL’, 'HYAL2’, 'ICAM2’, ’ID1’, ’ID2’, ’ID3’, 'ID4’, 'IDH2’, IER2’, 'IER3’, 'IFITM2’,
IFITM3’, 'IFNGRY’, 'IGF2’, 'IGFBP2’, 'IGFBP3’, "IGFBP4’, "IGFBP5’, 'IGFBP7, ’IL11RA’, ’IL33’, "INHBA’, 'INPP1’, 'IPO11’,
'ISCAT’, "ISCU’, "ISLR’, "ISYNAL’, 'ITGAL’, 'ITGAS, 'ITTGAS’, 'ITGBL’, 'ITLND’, "TTM2B’, 'ITM2C’, *JAGL’, 'JAM2’, *JTB’, *JUN’,
"JUNB’, *JUP’, "KCNJ§’, "KCTD12’, 'KDELR2’, 'KDR’, 'KHDRBS1’, 'KIF21A’, 'KLF6’, 'KPNA2, '"KRT18’, "KRT19’, 'KRTS’, 'KTN1’,
'LAMA4’, 'LAMA5’, 'LAMBI’, 'LAMB2’, 'LAMC1’, 'LAMTOR!’, 'LAMTOR2’, 'LAMTOR4’, 'LAMTOR5’, 'LAP3’, 'LAPTMA4A’,
'LAPTM4B’, 'LAPTM5, 'LBH’, 'LDB%’, "LDHA’, 'LDHB’, 'LEPR’, 'LEPROT’, 'LEPROTL!’, 'LGALS1’, 'LGALS3’, 'LGALS3BP’,
'LGMN’, 'LIMAT’, 'LIMCHY’, "LIMS1’, "LINC00881’, 'LIPA’, 'LITAF’, "LMCD1’, 'LMNA’, ’'LM02’, 'LMO4’, 'LMO7’, 'TLMOD2’, "LOXL1’,
'LOXL2’, 'LRP1’, "LRRC10’, 'LRRC17’, 'LRRC49’, 'LSM4’, "LSM7’, 'LTBP1’, "LTBP4’, 'LUC7L3’, 'LUM’, 'LUZP1’, 'LY6E’, "LYL1’,
LYN’, "MAF’, "MAF1’, '"MAGED2’, "MANF’, "MAP1B’, '"MAP1LC3A’, "MAP1LC3B’, "MARCKS’, "MARCKSL1’, '"MASP1’, '"MATN2’,
'MB’, 'MCAM’, "MCL1’, "MDFI’, "MDH!’, 'MDH2’, 'MDK’, 'MEF2C’, "MEG3’, "MEIS2’, "MEOX1’, "MEST’, "METRN’, "MFAP2’,
'MFAP4’, 'MFGES’, "MFSD1’, "MGATAC’, 'MGP’, 'MGST1’, 'MGST3’, "MIF’, "MIR4435-2HG’, "MIR503HG’, "MITF’, "MKKS’, '"MKNK1’,
'MKRNT’, "MLF1’, "MLLT11’, 'MMP11’, 'MMP2’, "MND1’, 'MORF4L1’, '"MPC1’, '"MPC2’, "MRFAP1’, 'MRPL12’, '"MRPL41’, '"MRPLA7’,
'MRPS6’, 'MSN’, "MSRB2’, 'MT1E’, "MT2A’, "MT3’, 'MTUSl’, 'MTUS2’, 'MXRA5’, 'MXRAS’, "MYBPC3’, "MYDGF’, "MYH10’,
MYH6’, "MYH?, "MYH7B’, 'MYH9’, "MYL12A’, "MYL12B’, "MYL2’, '"MYL3’, "MYL4’, "MYL6’, '"MYL7’, 'MYL9, "MYOM1’, '"MYOZ2’,
'MYRF’, '"MZT1’, '"MZT2B’, 'NAA20’, 'NAA38’, 'NACA’, 'NAPIL1’, 'NARF’, 'NASP’, 'NAV1’, 'NAXE’, 'NCAM1’, 'NCOA4’, 'NDFIP1’,
'NDN’, '"NDUFA1’, "NDUFA11’, 'NDUFA12’, "NDUFA13’, 'NDUFA2’, '"NDUFA4’, 'NDUFA4L2’, 'NDUFA5’, '"NDUFA6’, '"NDUFAB1’,
'NDUFB!’, 'NDUFB10’, '"NDUFB11’, 'NDUFB2’, '"NDUFB3’, '"NDUFB5’, '"NDUFB7’, '"NDUFBY’, '"NDUFC1’, '"NDUFC2’, '"NDUFS5’,
'NDUFS6’, 'NDUFV1’, '"NEAT1’, 'NEBL’, 'NECTIN?’, 'NES’, 'NEXN’, *NFIA’, *NFIB’, "NFIC’, 'NFKBIA’, '"NGFR’, 'NID1’, *NINJ1’,
'NKX2-5’, 'NMEL’, '"NME4’, 'NNAT’, 'NOP10’, 'NOTCH3’, '"NPC2’, 'NPDC1’, 'NPM1’, 'NPPA’, '"NPPB’, 'NPPC’, 'NPR3’, '"NR2F1’,
'NR2F2’, 'NREP’, 'NRK’, "NRP1’, 'NRP2’, 'NSG1’, 'NUCKS1’, '"NUDT4’, 'NUSAP1’, *OAZ1’, 'OAZ2’, ’'ODC1’, 'OGFRL1’, 'OGN’,
"'OLA1’, ’OLFML2B’, 'OLFML3’, *OPTN’, 'OSR1’, 'OST4’, *OSTC’, 'P4HB’, 'PA2G4’, "PABPCI’, 'PAFAH1B3’, 'PAIP2’, "PALLD’,
'PAM’, 'PARK?’, 'PBX1’, 'PCBD1’, 'PCBP2’, 'PCBP4’, "PCDH17’, "PCDH18’, "PCDH?7’, 'PCGF5’, 'PCOLCE’, "PDCD10’, 'PDGFRA’,
'PDGFRB’, 'PDHAT’, 'PDIAY’, 'PDIA6’, 'PDLIMI’, 'PDLIM?2’, "PDLIM3’, "PDLIM5’, 'PDLIM7’, 'PDPN’, 'PEBP’, 'PEG10’, 'PEG3’,
'PELO’, "PENK’, 'PERP’, 'PFDN5’, '"PFKP’, 'PFN1’, '"PFN2’, 'PGAM1’, 'PGAM?2’, 'PGK1’, 'PGRMCI’, 'PHACTR2’, "PHLDAL’,
'PHPTY’, "PIM1’, 'PITHDI’, 'PKM’, "PKP2, 'PLA2G5’, 'PLACY’, 'PLAGL1’, 'PLAT’, 'PLD3’, 'PLEKHA1’, 'PLEKHA5’, "PLIN2’,
'PLK1’, 'PLK2’, "PLLP’, "PLN’, "PLODY’, 'PLPP1’, 'PLPP3’, "PLSCR1’, 'PLTP’, 'PLVAP’, "PLXDC1’, 'PLXNDI’, "PNISR’, "PNRCY’,
"PODXL’, "POLD2’, 'POLE4’, 'POLR1D’, "POLR2J3’, 'POLR2L’, "'POMP’, "PON2’, "POPDC2’, 'POPDCS’, 'POSTN’, 'PPA1’, 'PPDPF’,
'PPFIBPY’, 'PPIA’, 'PPIB’, 'PPIC’, 'PPIF’, 'PPMI1F’, 'PPP1CC’, 'PPP1R12B’, 'PPP1R14A’, 'PPP1R15A’, 'PPP1R18’, 'PPP1R1A’,
'PRCP’, 'PRDX1’, 'PRDX2’, "PRDX3’, 'PRDX4’, 'PRDX5’, 'PRDX6’, 'PRKAG2’, 'PROCR’, 'PRR13’, 'PRRX1’, 'PRSS23’, "PRSS35’,
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'PSAP’, 'PSIP1’, "PSMAT, 'PSMB5’, 'PSMB6’, 'PSMB7’, 'PSMC4’, 'PSMDS’, 'PSMF1’, 'PTGES3’, 'PTMA’, 'PTMS’, "PTN’, 'PTPRB’,
'PTPRF’, "PTTG1’, "PUF60’, 'PXDN’, 'PYCARD’, "QDPR’, "QKI’, 'QPRT’, *QSOX1’, 'R3HDM4’, 'RAB11A’, 'RAB11FIP1’, 'RAB13’,
'RAB31’, 'RAB34’, 'RAB5C’, '/RACL’, 'RACK1’, '/RAD23A’, 'RALBP1’, '/RAMP1’, '/RAMP2’, 'RAN’, 'RANBP1’, 'RAP1A’, 'RARRES?2’,
'RASIP1’, "RASL11B’, 'RASSF4’, 'RB1’, 'RBM20’, '/RBM24’, 'RBM3’, 'RBMS3’, 'RBMX’, '"RBP1’, '/RBP.J’, 'RBX1’, 'RCAN1’, "RCN1’,
'RCN2’, "RCSD1’, 'RDH10’, 'RDX’, 'RECS’, 'REX02’, 'RGS19’, 'RGS2’, 'RGS3’, 'RGSH’, 'RHEB’, 'RHOA’, 'RHOB’, 'RHOBTB3’,
'RHOC’, 'RHOG’, 'RHOQ’, 'RNASE1’, 'RNASET?’, 'RND3’, "RNF10’, 'RNF130’, 'RNF207’, 'ROBO1’, 'RPA3’, 'RPL10’, 'RPL10A’,
'RPL11’, 'RPL12’, 'RPL13’, '/RPL13A’, 'RPL14’, 'RPL15’, '/RPL18’, "RPL18A’, 'RPL19’, 'RPL21’, 'RPL22’, 'RPL22L1’, "RPL23’, 'RPL23A",
'RPL24’, 'RPL26’, 'RPL27’, "RPL27A’, "RPL28’, 'RPL29’, 'RPL3’, 'RPL30’, 'RPL31’, 'RPL32’, 'RPL34’, 'RPL35’, 'RPL35A’, "RPL36’,
'RPL36A’, '/RPL36AL’, 'RPL37’, 'RPL37A’, '"RPL38’, 'RPL39’, 'RPL4’, 'RPL41’, 'RPL5’, 'RPL6’, 'RPL7’, 'RPL7A’, 'RPL8’, 'RPLY’,
'RPLPO’, '/RPLP1’, 'RPLP2’, 'RPS10’, 'RPS11’, "RPS12’, 'RPS13’, 'RPS14’, 'RPS15’, 'RPS15A’, 'RPS16’, "RPS17’, 'RPS18’, 'RPS19’,
'RPS2’, "RPS20°, 'RPS21’, 'RPS23’, "RPS24’, 'RPS25’, "RPS26°, 'RPS27’, 'RPS27A’, "RPS27L’, 'RPS28’, "RPS29’, 'RPS3’, 'RPS3A’,
'RPS4X’, 'RPS5’, 'RPS6’, 'RPS7’, "RPS8’, 'RPSY’, 'RPSA’, '/RRAD’, 'RRBP1’, 'RSRP1’, 'RSUT’, 'RTN3’, 'RTN4’, 'RUNX1T1’, 'RYR2’,
'S100A10°, *S100A11°, *S100A13’, *SI00A16’, *S100A4’, 'S1I00A6’, ’SAP18’, 'SARAF’, *SAT1’, *SBSPON’, "SCAMP2’, 'SCAND1’, *SC-
CPDI, ’SCP2’, ’SDC2’, *SDCBP’, *SDHA’, *'SEC61B’, *SEC61G’, *SEC62’, *SELENBP1’, 'SEMA3D’, "SEMASA’, 'SERBP1’, 'SERF2’,
'SERP1’, 'SERPINE?2’, 'SERPINF1’, "SERPING1’, 'SERPINHI’, 'SET’, 'SFPQ’, 'SFRP1’, 'SGK1’, "SH3BGR’, 'SH3BGRL’, 'SH3BGRL3’,
'SH3RF2’, 'SHD’, SIAH2’, 'SKP1’, 'SLC16A1’, ’SLC25A3’, *SLC25A39’, "SLC25A4°, *SLC25A5, 'SLC25A6’, *SLC27A3’, "SLC2A1’,
'SLC2A3’, "SLC38A1’, 'SLC39AS’, *SLC3A2’, *SLC40AT1’, *'SLCSAT’, *'SLC9A3R1’, *SLCIA3RY’, *SLIT2’, *SLIT3’, 'SMARCB1’, *SMC4’,
'SMDT1’, *SMIM1’, *SMOC2’, *SMPX’, *SMS’, *SMTNL2’, 'SMYD1’, ’SNAI2’, ’SNCA’, 'SNHGS’, 'SNRNP25’, 'SNRPB’, 'SNRPB2’,
'SNRPD1’, *SNRPE’, 'SNRPN’, *SNTA1’, 'SNU13’, 'SNX2’, 'SNX3’, *SNX6’, *SOCS3’, *SOD1’, 'SON’, 'SORBS2’, 'SOX4’, *SOXT7’,
'SOX9’, "SPARC’, 'SPINT?’, *SPON2’, 'SPP1’, *SPRY1’, 'SPTBNT’, ’SQSTM1’, *SRGN’, "SRI’, 'SRP14’, 'SRPY’, 'SRPX’, 'SRSF2’,
'SRSF3’, 'SRSF5’, "'SRSF7’, *SSB’, 'SSR2’, *SSR3’, ’SSR4’, 'ST13’, 'STAB1’, 'STK17A’, 'STMNT’, 'STOM’, 'STRADB’, 'STRAP’, 'SUB1’,
'SULF1’, 'SULF2’, "SULT1E1’, 'SUMO2’, 'SUPT4H1’, 'SVIL’, 'SYNE2’, 'SYNPO2’, 'SYNPO2L’, "TAGLN’, "TAGLN2’, "TALDO1’,
"TAX1BP1’, "TAX1BP3’, "'TBCB’, 'TBX18’, 'TBX2’, 'TBX3’, 'TBX5’, 'TCAP’, 'TCEA3’, "TCEALT’, "TCEALY’, "TCF12’, "TCF21’,
'TCF4’, "TECRL’, 'TEK’, "TERF2IP’, "TESC’, "'TFPI’, "TGFBI1I1’, "TGFBI’, "TGM2’, "THY1’, *'TIE1’, "TIMM13’, *'TIMP1’, *TIMP3’,
'TINAGLL’, "TK1’, "TKT’, "TLN1’, *TM4SF1’, "TMA7’, "TMBIM4’, "'TMBIM¢&’, 'TMEDY’, "TMEM100’, "TMEM141’, "TMEM14B’,
'TMEM14C’, "TMEM176B’, "TMEM258’, "TMEM47’, "TMEM59’, "TMEMS8’, "TMEM98’, "TMOD1’, "TMSB10’, "TMSB15A’, "TMSB4X",
'TNC’, *TNFRSF12A’, "TNNC1’, *TNNIL’, "TNNI3’, "TNNTT’, "TNNT2’, *'TOMMT?’, "TOP1’, *'TOP2A’, "TP53111’, "TPBG’, "TPII’,
'TPM1’, "TPM2’, "TPM3’, "TPM4’, "TPP1’, "TPT1’, "TRAPPC2L’, "TRDN’, "TRIMS55’, *"TSC22D1’, "TSPAN13’, "TSPAN18’, "TSPAN5’,
"TSPANT’, "TSPQ’, "TSTD1’, "TTC3’, "TTN’, "TUBA1A’, "TUBA1B’, "TUBA1C’, "TUBB’, "TUBB2A’, "TUBB2B’, "TUBB4B’, "TUBB6’,
'TWF2, "TXN’, "TXNDC17, "TXNIP’, "TYMS’, "UACA’, 'UBA52’, "UBACY’, "UBB’, 'UBC’, 'UBE2B’, 'UBE2C", 'UBE2D3’, "UBE2E3’,
"UBE2T’, "UBL5’, "UCHLI’, "UCP2’, "UGP2’, "UNC45B’, "UQCC2’, "UQCR10’, 'UQCR11’, 'UQCRB’, "UQCRC1’, "UQCRC2’, "UQCRFST’,
'UQCRH’, 'UQCRQ’, "UROD’, "UTRN’, "UXT’, "VAMP2’, "'VAMP5’, *VASN’, "VASP’, "VBP1’, "VCAN’, "VDACL’, "VDAC2’, "VDAC3’,
"VGLLA, "VIM, "VPS28’, 'VWE’, "WASF2’, "WBP11’, "'WDRS830S’, "'WNK1’, "WSB1’, 'WWTRL’, "XIRP1’, "YBX1’, 'YWHAB’,"YWHAE’,
YWHAH’, "'YWHAQ’, 'YWHAZ’, "ZEB2’, *ZFP36’, 'ZFP36L1’, "ZFP36L2’, "ZMAT?’, "ZNF428’, *ZNF503’, "ZYX’]
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Supplementary Section 5: Mouse brain analysis

Cell population

In Supplementary Table 9 is the number of each cell type after preprocessing.

Cell type # Cell type # Cell type # Cell type # Cell type # Cell type #

Astro 976 DG 2469 L2/3 IT PPP 1395 L5 PPP 47 Lamp5 4755 SMC-Peri 198
CA1-ProS 1701 Endo 213 L3 IT ENT 577 L5 PT CTX 1974 Meis2 172 SUB-ProS 467
CA2 21 L2 IT ENTI 179 L3 RSP-ACA 200 L6 CT CTX 6210 Micro-PVM 176  Sncg 1491
CA3 315 L2 IT RHP 375 L4/5 IT CTX 11522 L6 IT CTX 5015 NP PPP 150  Sst 5258
CR 32 L2/3 IT CTX-1 5959 L5IT CTX 2934 L6 IT ENTI 83 NP SUB 257  Sst Chodl 268
CT SUB 173 L2/3IT CTX-2 106 L5IT TPE-ENT 338 L6b CTX 2213  Oligo 236  VLMC 159
Car3 1980 L2/3 IT ENTI 253 L5 NP CTX 2363 L6b/CT ENT 693 Pvalb 4365 Vip 6436

Supplementary Table 9: Cell types after preprocessing from the Allen’s Mouse Brain Atlas (https://portal.brain
-map.org/atlases-and-data/rnaseq/mouse-whole-cortex-and-hippocampus-smart-seq)

Predicted cell type proportions

Based on the trained model (one for all samples, based on the Allen’s Mouse Brain Atlas) for Application 2, these are the predicted
proportions for each cell type, shown for each tissue sample, more red and means higher proportions (zoom in to see more details).

18


https://portal.brain-map.org/atlases-and-data/rnaseq/mouse-whole-cortex-and-hippocampus-smart-seq
https://portal.brain-map.org/atlases-and-data/rnaseq/mouse-whole-cortex-and-hippocampus-smart-seq

>
2
El

Gar3

L23IT.CTX.2

¢ H & B
2 : 2 g
F 2 g 9
% : F F

o

AZ

o

G

Endo

L2.3IT.ENT L2.3.IT.PPP

z 5 5
B . z
c 9 bl
g s
x 3

g

L5ITTPEENT

LBITENTI

o
s

1% z
3 s
0
@ 3
s

Supplementary Figure 22:

[
Nej

CA3

L2ITENTI

2 s 5 3
o I O o
¢ ) G

g g 3
g g g
> x

L3.RSPACA

- -
o &
2 @
3 o
° z
1

L6b.CT.ENT

Sst.Chodl

-
L5PT.CTX
-
Lamps
-
Pvalb
-
vimC
-

Mouse brain - Sample #1

<




°
=
hd
3
&
o

A2

>
2
El

o

a3

o

a3

L23ITENTI

L5IT.TPEENT

L6ITENT

o
e

2 = & o &
] B 3 a @
g
El 2 B 9 a
) H] b < ]
B
5

g z
H il
& E
3

-
Endo
-
L2.3.TPPP
-
LENP.CTX
-
L8b.CTX
-
NPSUB
-

Supplementary Figure 23:

DO
e}

CA3

L2JTENTI

- -
o b
4 =
3 i
v z
3

L8b.CT.ENT

< B - -
£ b B &
= g 3 o
5] E 2 3
@ o

o]

3

Sst.Chodl

cTsuB

L23ITCTXA

g 5 5 z
o @ O o
£ g o

2 g g
g g g
> x

L3ASPACA

<

ip

Mouse brain - Sample #2



o
2
3
3
17}
o

A2

>
2
El

o

a3

o

a3

L23ITENTI

L5IT.TPEENT

L6ITENT

o
e

2 = 5 5 5
] B 3 a @
5
3 2 Bl 3 o
173 = x X g
3
S

g z
3 o
8 E
3

-
Endo
-
L23.TPPP
-
LENP.CTX
-
L8b.CTX
-
NPSUB
-

Supplementary Figure 24:

[\]
it

CA3

L2JTENTI

- -
o b
2 i
3 i
© z
1

L8b.CT.ENT

< b I -
= 2 & o
z 5 3 T
3 5 - 3
@ 5]

9

<

Sst.Chodl

cTsuB

L23ITCTXA

2 : 2 5
o o o] o
: e :
¢ g g

> x

L3ASPACA

<

ip

Mouse brain - Sample #3



o
=
hd
5
@
o

A2

>
2
El

o

a3

o
a3

L23ITENTI

L5IT.TPEENT

L6ITENT

o
e

2 = & o &
] B 3 a @
g
El 2 B 9 a
) H] b < ]
B
5

g z
H il
& E
3

-
Endo
-
L23.TPPP
-
LENP.CTX
-
L8b.CTX
-
NPSUB
-

Supplementary Figure 25:

[\
[\

CA3

L2JTENTI

L3ASPACA

- -
o b
4 =
3 i
v z
3

L8b.CT.ENT

H 5 I 5 9
2 q @ @ o

b 3 5
g El ] ®

3 g 3

»
=
o
3
&
K

Sst.Chodl

Vi

ip

< o - -
£ b B &
= g 3 o
5] E 2 3
@ o

o]

3

Mouse brain - Sample #4



o
=
hd
5
@
o

A2

>
2
El

o

a3

o
a3

L23ITENTI

L5IT.TPEENT

L6ITENT

o
e

2 H 5 & 5
] B 3 a @
E
El 2 B 9 a
% s 2 2 g
3
3

g z
H il
& E
3

-
Endo
-
L23.TPPP
-
LENP.CTX
-
L8b.CTX
-
NPSUB
-

Supplementary Figure 26:

[\
w

CA3

L2JTENTI

L3ASPACA

- -
o b
4 =
3 i
v z
3

L8b.CT.ENT

H 5 I 5 9
2 q @ @ o

b 3 5
g El ] ®

3 g 3

»
=
o
3
&
K

Sst.Chodl

Vi

ip

< o - -
£ b B &
= g 3 o
5] E 2 3
@ o

o]

X

Mouse brain - Sample #5



Marker genes
Below are the marker genes used (in python format, N=3557).

marker_genes = '1110008P14Rik’, ’1110032F04Rik’, "1190002N15Rik’, ’1500009L16Rik’, ’1500011B03Rik’, ’1500011K16Rik’, 1700001 L19Rik’,
’1700007K13Rik’, ’1700019D03Rik’, ’1700037H04Rik’, ’1700047M11Rik’, ’1810037I17Rik’, ’1810041L15Rik’, ’1810043G02Rik’, '2010107E04Rik’,
’2010111101Rik’, ’2010300C02Rik’, ’2610001J05Rik’, ’2810032G03Rik’, '2810459M11Rik’, ’2900011008Rik’, 2900026 A02Rik’, '2900055J20Rik’,
’2900079G21Rik’, ’3110002H16Rik’, °3110035E14Rik’, ’3300002P13Rik’, ’4930402H24Rik’, ’4930452B06Rik’, ’4930523C07Rik’, ’4931406P16Rik’,
’5031439G07Rik’, '5330416C01Rik’, ’5330434G04Rik’, ’5730522E02Rik’, '’6330403K07Rik’, ’6330420H09Rik’, '6430548MO8Rik’, '6430573F11Rik’,
’6530403H02Rik’, ’9330158 HO4Rik’, '9330182L06Rik’, '9530059014Rik’, ’9630002D21Rik’, ’A230006 K0O3Rik’, ’A330008L17Rik’, ’A330009N23Rik’,
’A330033J07Rik’, ’A330102I10Rik’, ’A630023P12Rik’, ’A730017C20Rik’, ’A830009L08Rik’, ’A830010M20Rik’, ’A830018L16Rik’, ’A930029G22Rik’,
’AF529169’, 'Al413582°, *AI593442’, *AU021092’, 'Aacs’, 'Abat’, ’Abcal’, ’Abca8b’, ’Abca9’, ’Abcbla’, ’Abcc4’, ’Abcg2’, ’Abhd12’,
’Abhd17b’, ’Abhd17¢’, ’Abhd3’, ’Abhd6’, ’Abil’, ’Abi3bp’, ’Abl2’, ’Ablim1’, ’Ablim2’, ’Abracl’, ’Acat2’, ’Acer2’, ’Ache’, ’Ackr3’, "Acot13’,
’AcotT’, Acrbp’, *Acsbgl’, *Acsll’, *Acsl3’, "Acslb’, *Acsl6’, "Acssl’, *Actal’, *Actb’, *Actgl’, ’Actnl’, ’Actr3’, ’Actr3b’, ’Acvrlc’, Acvrll’,
’Acypl’, ’Adam11’, ’Adam12’, ’Adam18’, ’Adam23’, ’Adamts13’, ’Adamts17’, ’Adamts2’, ’Adamts3’, ’Adamtsl2’, ’Adapl’, ’Adap2’,
’Adarb?2’; ’Adcyl’, >Adcy?2’, ’Adcy8’, ’Adcy9’, 'Adcyapl’, ’Adcyaplrl’, ’Add2’, ’Add3’, ’Adk’, ’Adoral’, ’Adrala’, ’Adralb’, ’Adra2a’,
’Adra2c’, ’Adssll’, ’Aebpl’, "Aes’, ’Afapl’, ’Afaplll’, ’Agapl’, ’Agap3’, ’Agbld’, "Agfg2’, ’Agpat4’, ’Ahcyl2’, ’Ahil’, ’Ahnak’, *Aifl’, ’Aifm3’,
’Aimp2’, ’Ajapl’, 'Ak1’, ’Ak4’, 'Ak5’, *Akapl2’, ’Akapl3’, ’Akap2’, *Akap5’, ’Akap7’, ’Akirin2’, ’Akr1b3’, ’Alcam’, ’Aldhlal’, ’Aldhla2’,
’Aldh1b1’, ’Aldh2’, ’Aldoa’, ’Aldoc’, *Alg2’, ’Aloxbap’, ’Amigo2’, ’Amn’, ’Amz1’, ’Ang’, ’Angptl’, ’Ankl’, ’Ank2’, ’Ank3’, ’Ankrd12’,
’Ankrd28’; ’Ankrd29’, ’Ankrd33b’, ’Ankrd34b’, ’Ankrd35’, ’Ankrd55’, ’Ankrd6’, ’Ankslb’, ’Anol0’, ’Ano3’, ’Ano4’, ’Anp32a’, ’Anxal’,
’Anxa2’, ’Anxa3’, ’Anxab’, 'Anxa6’, ’Aox3’, ’Apls2’, ’Ap2a2’, ’Ap2m1’, ’Ap2s1’, ’Ap3m2’, 'Apafl’, ’Apbal’, ’Apba2’, ’Apbb2’, ’Apc’,
’Apex1’, ’Aplpl’, ’Aplp2’, ’Apod’, ’Apoe’, ’App’, ’Appl2’, ’Aprt’, ’Aqp4’, ’Araf’, Arap2’, ’Arc’, 'Arf3’, ’Arg2’, ’Arhgapl0’, ’Arhgapl2’,
’Arhgapl5’, ’Arhgap20’, ’Arhgap24’, ’Arhgap25’, 'Arhgap26’, ’Arhgap29’, ’Arhgap31’, ’Arhgap32’, ’Arhgap33’, ’Arhgap39’, ’Arhgap42’,
’Arhgap44’, ’Arhgap5’, ’Arhgap6’, ’Arhgdib’, ’Arhgdig’, ’Arhgefl10’, ’Arhgef25’, ’Arhgef26’, *Arhgef28’, ’Arhgef4’, ’Arhgef6’, ’Arhgef9’,
’Aridba’, ’Arid5b’, 'Arll5’, *Arl3’, ’Arlda’, 'Arldc’, *Arl6ipl’, ’Arnt2’, ’Arpcla’, ’Arpclb’, ’Arpc2’, 'Arpc3’, ’Arpch’, ’Arppl9’, ’Arpp21’,
’Arsb’, ’Arsj’, Arx’, ’As3mt’, ’Asapl’, ’Asap2’, ’Ascll’, ’Asicl’, ’Asic2’, 'Asic4’, ’Asns’, ’Aspa’, ’Asph’, ’Aspn’, ’Asrgll’, *Assl’, ’Astn2’,
"Atatl’) CAtf4’, PAtf6b’, *Atox1’, ’Atpl0Oa’, ’Atpllc’, 'Atpl3ad’, ’Atplal’, ’Atpla2’, ’Atpla3’, ’Atplbl’, ’Atplb2’, ’Atplb3’, 'Atp2a2’,
’Atp2b1’, 'Atp2b2’, 'Atp2b4’, ’Atpbal’, 'Atp5b’, ’Atp5cl’, ’Atpbe’, 'Atp5f1’, 'Atp5gl’, ’Atpbg3’, ’Atpbh’, 'Atp5j’, ’Atp5j2’, 'Atpsk’,
"Atp5l’, ’Atp6apll’, ’Atpbap2’, ’Atp6vOb’, ’Atp6v0c’, *Atp6v0e’, ’Atpbv1c2’, ’Atp6vld’, ’Atpbvlel’, ’Atp6v1f’, ’Atp6v1g2’, ’Atp9b’, *Atpifl’,
"Atxnl’, "Auts2’, *Avpil’, ’AxD’, ’B230209E15Rik’, ’B2m’, 'B3galt1’, 'B3galt2’, 'B3gatl’, 'B3gat2’, 'B3glct’, 'B4galt6’, 'B630019K06Rik’,
"BC028528’, ’"BC030499’, 'BC030500°, 'Baalc’, 'Bace2’, ’Bagl’, 'Baiap2’, 'Baiap2l2’, 'Baspl’, 'Bcl’, 'Bcam’, 'Bcan’, ’Bcap29’, 'Bcasl’,
’Beatl’, ’Bellla’, 'Belllb’, 'Bel211’, "Bel6’, ’Bdnf’, "Begain’, ’Bend4’, 'Bend5’, ’Bend6’, 'Bex1’, 'Bex2’, 'Bex4’, 'Bgn’, 'Bhlhe22’, 'Bhlhe40’,
’Biccl’, ’Blcap’, 'Blnk’, 'Bloclsl’, 'Bmpl’, 'Bmp3’, 'Bmp6’, 'Bmp7’, ’Bmper’, 'Bmprlb’, 'Boc’, ’'Bok’, 'Bphl’, ’Brd9’, 'Brinp1’, 'Brinp2’,
’Brinp3’, 'Brk1’, 'Brms1’, ’Bscl2’, 'Bsg’, 'Bsn’, ’'Btbd10’, 'Btbd11’, 'Btbd17’, 'Btbd3’, 'Btbd9’, 'Btf3’, ’Btgl’, 'Btg2’, 'Btg3’, 'Bzw2’,
’C130026L21Rik’, *C130074G19Rik’, ’Clqga’, ’Clgb’, ’Clqc’, 'Clql2’, ’C1ql3’, ’Clqtnf2’, 'Clqtnfd’, ’C2cd2l’, ’C3arl’, *C530008 M 17Rik’,
’CT730002L08RIik’, "Cabpl’, ’Cabp7’, Cachdl’, ’Cacnale’, ’Cacnalg’, ’Cacnalh’, ’Cacna2dl’, ’Cacna2d?2’, ’Cacna2d3’, ’Cacnbl’, ’Cacnb?2’,
’Cacnb3’, 'Cacnb4’, ’Cacng2’, ’Cacng3’, 'Cacngd’, 'Cadml’, 'Cadm?2’, ’Cadm4’, ’Cadps’, ’Cadps2’, 'Calbl’, ’Calb2’, ’Calca’, 'Caldl’,
’Calml’, ’Calm?2’, ’Calnl’, ’Caly’, ’Camkl’, ’Camkld’, ’Camklg’, ’Camk2a’, 'Camk2b’, 'Camk2d’, 'Camk2nl’, ’Camk2n2’, ’Camk4’,
’Camkk1’, ’Camkk?2’, ’Camkyv’, ’Camtal’, "Camta2’, ’Canx’, ’Capl’, ’Cap2’, ’Capsl’, ’Capza2’, ’Carl0’, ’Carll’, ’Car12’, ’Carl4’, 'Car2’,
’Card’, ’Car4’, ’Car7’, ’Carhspl’, ’Cartpt’, ’Caspl’, ’Cast’, ’Caszl’, ’Cat’, ’Cav2’, ’Cbln1’, ’Cbln2’, ’Cbln4’, ’Cbr3’, ’Cbs’, "Cbwd1l’, ’Ccbel’,
’Ccdcl107’, ’Ccdcl?2’, ’Cedcl36’, ’Cedcl41’, ’Cedcl48’, ’Cedclb5’, 'Cedce25’, 'Cedced’, 'Cedc60’, ’Cedc65’, 'Cedc80’, ’Cedc85a’, ’Cedc85b’,
’Cck’, "Cckbr’, ’Ccl27a’, ’Ccnbl’, ’Cendl’, ’Ccend?2’, ’Ccnel’; ’Cengl’, ’Cenh’, "Cenjl’, 'Cepgl’, *Ceserl’, 'Cd14’, ’Cd164’, *°Cd200’, *Cd274’,
’Cd302’, ’Cd34’, 'Cd37’, 'Cd44’, ’Cd47’, ’Cd53’, ’Cdh9a’, *’Cd63’, ’Cd6s’, ’Cd7’, ’Cd81’, ’Cd82’, *Cd83’, 'Cd84’, ’Cd86’, ’Cd9’, "’Cdcl4a’,
’Cdc40’, ’Cdc42’, 'Cdcd2epl’, ’Cdcd2ep3’, ’Cdcd2eps’, 'Cdcebl’, ’Cdh10’, ’Cdh11’, ’Cdh12’, ’Cdh13’, ’Cdh18’, ’Cdh2’, ’Cdh20’, ’Cdh22’,
’Cdh4’, ’Cdh5’, "Cdh6’, ’"Cdh7’, ’Cdh8’, ’Cdh9’, ’Cdk14’, ’Cdk17’, ’Cdk18’, ’Cdk19’, ’Cdk2apl’, *Cdkl4’, ’Cdkl5’, ’Cdknla’, ’Cdol’, ’Cds1’,
’Cdyl2’, ’Ceacam10’, ’Cebpb’, 'Cebpd’, ’Celf2’, ’Celfd’, 'Celf5’, ’Celf6’, ’Celsr2’, ’Cemip’, ’Cendl’, ’Cenpa’, ’Cenpp’, ’Cepl12’, ’Cer-
cam’, 'Cerk’, 'Cers2’, 'Cers5’, ’Cers6’, ’Cfapb52’, ’Cfh’, ’Cfl1’, 'Cfl2’, ’Cflar’, 'Cgnll’, 'Cgrefl’, ’Chacl’, ’Chchd10’, ’Chchd?2’, ’Chchd3’,
’Chd3’, ’Chd3os’, ’Chd5’, ’"Chd7’, ’Chd9’, ’Chga’, ’Chgb’, ’Chl1’, ’Chmpla’, ’Chn1’, ’Chn2’, ’Chodl’, ’Chrd’, ’Chrm1’, ’Chrm2’, ’Chrm3’,
’Chrna4’, ’Chrna7’, ’Chst1’, ’Chst11’, ’Chst12’, *Chst2’, ’Chst7’, ’Chst8’, ’Chst9’, ’Ciapinl’, 'Ciart’, ’Cib2’, 'Cidea’, ’Cinp’, 'Cisd1’, *Cit’,
’Cited?2’, ’Cited4’, *Ckb’, ’Ckmt1’, ’Clcn2’, ’Cldn10’, 'Cldn11’, ’Cldn22’, 'Cldn5’, ’Cldnd1’, 'Clec2l’, ’Clicl’, ’Clic4’, ’Clich’, ’Clip4’, ’Clk1’,
’Clmn’, ’Clmp’, ’Clpp’, ’Clstnl’, ’Clstn2’, ’Clstn3’, ’Clta’, 'Clu’, ’Clvs2’, 'Clybl’, ’Cmas’, ’Cmbl’, ’Cmc2’, ’Cmip’, ’Cmtm5’, ’Cmtm?7’,
’Cnbp’, ’Cnih2’, ’Cnih3’, ’Cnksr2’, ’Cnn2’, ’Cnn3’, ’Cnp’, ’Cnrl’, ’Cntfr’, ’Cntnl’, ’Cntn3’, ’Cntn4’, ’Cntn5’, ’Cntn6’, ’Cntnap2’, ’Cnt-
nap3’, ’Cntnap4’, ’Cntnapba’, ’Cntnap5b’, ’Cntnapbc’, ’Coab’, ’Cobl’, ’Cobll1’, ’Coch’, ’Cog5’, ’Colllal’, ’Col12al’, ’Col19al’, ’Collal’,
’Colla2’, ’Col23al’, ’Col25al’, ’Col4al’, 'Colda3bp’, ’Colbal’, ’Col6al’, ’Colecl2’, ’'Comtd1’, ’Copg2’, ’Coprs’, ’Copz2’, ’Corola’, ’Corob’,
’Cort’, Cotll’, ’Cox17’, ’Cox4il’, ’Cox4i2’, ’Cox5a’, ’Cox5b’, ’Coxbal’, ’Cox6a2’, ’Cox6bl’, *Coxbc’, 'Cox7a2’, ’Cox7b’, ’Cox7c’, ’"Cox8a’,
’Cp’, Cpe’, ’Cpebl’, ’Cpedl’, 'Cplx1’, ’Cplx2’, 'Cplx3’, ’Cpm’, ’Cpne2’, 'Cpned’, ’Cpned’, 'Cpne6’, ’Cpne7’, 'Cpne8’, ’Cpne9’, 'Cpq’,
’Cregl’, ’Creg2’, ’Crh’, ’Crhbp’, ’Crhrl’, ’Crim1’, 'Crip1’, ’Crip2’, ’Crispld1’, ’Crlf1’, ’Crls1’, ’"Crmpl’, ’Crtacl’, ’Crtcl’, ’Cryab’, ’Crybb1’,
Cryll’, "Crym’, ’Csdc2’, "Csflr’, ’Csgalnactl’, ’Csmd1’, ’Csmd2’, ’"Csmd3’, ’Cspg4’, ’Cspg5’, 'Csrpl’, ’Csrp2’, ’Cst3’, 'Cst6’, 'Ctbp2’, 'Ctd-
spl’, 'Ctgf’, 'Cthrcl’, 'Ctla2a’, ’Ctnna?2’, ’Ctnnd2’, ’Ctsa’, 'Ctsb’, ’Ctsc’, ’Ctsd’, ’Ctsh’, *Ctsl’, 'Ctss’, Ctsz’, 'Cttn’, ’Cttnbp2’, ’Ctxnl’,
’Ctxn2’, 'Cux1’, ’Cux?2’, ’Cwh43’, ’Cx3crl’, ’Cxcll2’, ’Cxcl14’, 'Cxcrd’, ’Cxxcd’, ’Cxxcb’, ’"Cyb561’, 'Cybba’, ’Cybbsrl’, 'Cyba’, 'Cycs’,
’Cyfipl’, ’Cygb’, 'Cyplbl’, ’Cyp26bl’, ’Cyp46al’, ’Cyp4fls’, *Cyp7bl’, ’Cyth2’, ’Cyth4’, 'Cyyrl’, 'D16Ertd472¢’, 'D430041D05Rik’,
’D630023F18Rik’, ’D630045J12Rik’, 'Daaml’, 'Daam?2’, ’'Dabl’, 'Dab2’, ’Dachl’, ’Dach2’, ’Dact2’, 'Dact3’, 'Dadl’, ’Dap3’, 'Dapkl’,
’Dapk?2’, ’Dbi’, ’Dbn1’, 'Dbndd1’, 'Dbnl’, 'Dbp’, "Dbpht2’, 'Dbx2’, 'Dcafl211’, ’Dcbld1’, 'Dcc’, 'Dedc2a’, *Delkl’, 'Dcelk3’, "Den’, 'Detppl’,
'Dcx’, 'Ddahl’, 'Ddah2’, 'Ddhd1’, ’Ddit3’, ’Ddit4l’, "Ddn’, ’Ddr1’, 'Ddr2’, 'Ddx5’, "Degsl’, "Degs2’, 'Dennd2a’, 'Depdc7’, 'Deptor’, 'Dexi’,
’Dgat2’, 'Dgcr6’, 'Dgkb’, 'Dgkg’, 'Dgkh’, ’Dgki’, 'Dgkz’, 'Dhcr24’, 'Dhrs4’, 'Diablo’, ’Dio2’, ’Dip2a’, ’Dirasl’, 'Diras2’, ’Disp2’, 'Dkk3’,
’Dkkl11’, 'Dlat’, 'Dlcl’, 'Dleu?’, 'Dlgl’, 'Dlg2’, 'Dlg5’, 'Dlgapl’, 'Dlgap3’, 'Dlgap4’, 'Dix1’, 'Dlxlas’, 'D1x2’, ’'DIx5’, ’DIx6’, 'Dlx60s1’, 'Dmd’,
’Dmtn’, 'Dmwd’, ’Dnah9’, 'Dnaja4’, ’Dnajb12’, ’Dnajb5’, 'Dnajcl2’, 'Dnajcl5’, ’'Dnajc21’, ’Dnal4’, ’Dner’, 'Dnm1’, ’Dnm3’, ’Doc2a’,
"Doc2b’, ’Dockl’, "Dock10’, 'Dock?2’, 'Dock4’;, ’Dock6’, 'Dock8’, 'Dock9’, "Dok5’, 'Dpf3’, 'Dppl0’, 'Dpp4’, 'Dpp6’, 'Dpy1911’, 'Dpyd’,
’Dpysl3’, 'Dpysl4’, 'Dpysl5’, ’Drcl’, 'Drdl’, 'Dscam’, ’Dscamll’, 'Dstn’, ’Dtl’, ’Dtna’, 'Dtnb’, 'Dtnbpl’, 'Duspl’, ’'Duspl0’, 'Duspl4’,
'Duspl5’, 'Duspl8’, 'Dusp26’, 'Duspb’, 'Dusp6’, 'Dynclil’, ’'Dynlll’, 'Dynll2’; 'Dynlrbl’, 'Dzank1’, "Ebf1’, "Ebf3’, Ebpl’, ’Ece2’, ’Ech1’,
’Edil3’, 'Edn3’, ’Eeflal’, 'Eeflel’, 'Eef2’, ’Eepdl’, ’Efcabl’, ’Efempl’, ’Efemp?2’, ’Efhd2’, ’Efna3’, 'Efna5’, 'Efnb3’, 'Efr3a’, 'Egfem1’,
'Egfl7, "Egfr’, 'Egln3’, 'Egrl’, 'Egrd’, 'Egrd’, 'Ehbplll’, 'Ehd4’, 'Eifl’, 'Eiflb’, 'Eifdal’, 'Eif4g3’, 'Elavl?’, ’Elavl4’, *Elfn1’, "Elmol’,
’Elmo?2’; 'Elmod1’, 'Eln’, ’Elovll’, "Elovl2’, 'Elovl5’, "Emb’, "Emc10’, ’Emc3’, ’TEmcn’, ’Eml2’, ’"Emp3’, 'Emx1’, ’Emx2’, ’Encl’, ’"Endod1’,
’Eng’, ’Enho’, ’Enol’, ’Eno2’, ’Enox1’, ’Enpp2’, ’Enpp5’, ’Ensa’, ’Entpdl’, ’Entpd6’, "Eogt’, ’Epasl’, ’Ephal0’, "Epha3’, ’Epha4’, "Ephab’,
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’Epha6’, ’Epha7’, ’Ephbl’, ’Ephb2’, ’Ephb6’, ’Ephx1’, 'Ephx2’, ’Ephx4’, "Epn2’, 'Epor’, ’Eps8’, ’Eps812’, 'Erbb4’, 'Erc2’, ’Ermn’, ’Esam’,
‘Esrrg’, 'Etl4’, 'Ets1’, 'Ets2’, 'Etv1’, 'Etv5’, 'Etv6’, 'Evalc’, 'Evc2’, 'Evi2a’, '"Ev]’, ’"Exph5’, ’Ext1’, "Extl1’, 'Extl3’, ’Ezr’, 'F11r’, 'F3’, ’Fa2h’,
’Faah’, "Fabpb’, 'Fabp7’, 'Faim2’, 'Fam105a’, ’Fam107a’, 'Fam124a’, 'Fam126a’, 'Fam131a’, 'Fam131b’, 'Fam131c¢’, 'Fam135b’, "Fam155a’,
"Fam159b’, ’Fam160al’, 'Fam163b’, 'Fam171a2’, 'Fam180a’, 'Fam183b’, ’Fam184a’, 'Fam189al’, 'Fam19al’, 'TFam19a2’, 'Fam19a5’, "TFam20a’,
’Fam20c’, '"Fam210b’, 'Fam212a’, 'Fam212b’, ’Fam213b’, 'Fam3c’, 'Fam46a’, 'Fam49b’, 'Fam69a’, 'Fam81a’, ’Fam84a’, 'Fam84b’, "Fam89b’,
’Fancd2’, 'Fap’, ’Far2’, ’Farpl’, 'Fat3’, 'Fau’, 'Fbln5’, ’'Fbx116’, 'Fbxo2’, 'Fbxo021’, 'Fbxo34’, ’Fbxo44’, 'Fbxo6’, 'FbxwT7’, 'Fcerlg’, 'Fcgrl’,
'Fegr2b’, 'Fegrd’, 'Fegrd’, ’Fegrt’, 'Fchol’, 'Fchsd2’, "Fcor’, 'Ferls’, ’Fdftl’, ’Fdps’, 'Fermt2’, 'Fermt3’, 'Fezl’, 'Fez2’, 'Fezf2’, 'Fgfl’,
Fgfl0’, "Fgfll’, 'Fgfl2’, 'Fgfl3’, 'Fgfld’, 'Fgl9’, 'Fgirl’, 'Fgfr2’, ’Fgfr3d’, ’Fhll’, 'Fhl2’, 'Fhod3’, ’Fibcdl’, ’Fign’, 'Filipl’, ’Filip1l’,
’Fkbpla’, 'Fkbplb’, 'Fkbp2’, "Fkbp3’, "Fkbp7’, ’Flil’, 'Flna’, 'Flot1’, "Flrt1’, 'Flrt3’, 'Flt1’, ’Fl1t3’, 'Flywch1’, "Flywch2’, ’Fmnl’, 'Fmnll’,
’Fmol’, ’Fmod’, ’Fnl’, "Fnbpl’, ’Fnbp1l’, ’Fndcl’, "Fndc3b’, ’Fndcd’, 'Fndch’, ’Fosl2’, ’Foxcl’, ’Foxgl’, "Foxn3’, 'Foxol’, ’Foxo6’, "Foxp1’,
"Foxp2’, 'Foxp4’, 'Foxql’, 'Foxs1’, 'FralOacl’, 'Frasl’, ’Frat2’, "Frem1’, '"Frmd4a’, 'Frmd4b’, "Frmd5’, ’Frmd6’, ’Frmd8’, ’Frmpd1’, "Frmpd4’,
Fry’, "Fscnl’, *Fstld’, ’Fstl5’, "Fthl’, 'Ftl1’, "Fucal’, 'Fuom’, ’Fut9’, 'Fxydl’, ’Fxyd5’, ’Fxyd6’, 'Fxyd7’, 'Fyb’, ’Fycol’, ’Fzd2’, *G0s2’,
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