








Extended DataFig.1|See next page for caption.
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Extended DataFig.1|Additional plots. (A) Long-read RNA-seq coverage (C) Expression of putative transcription factorsin OSN types defined by the
profileinbulkand combined single-nucleus data. One representative expressed Or locus. These genes were identified by searching for protein
biological replicate out of twois shown. (B) CUT&RUN for H3K36me3in domains often presentin transcription factors, and they mayinclude genes

Orlocus 3, alongside the ATAC-seq and CUT&RUN tracks shown in Fig. 4a. thatare not bonafidetranscription factors.
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Extended DataFig.2|Subclustering of OSNs expressinglocus 5 Or genes.
The plotsshow expression level of individual Or genesinthelocus (HsOr273is
themost 5’ gene). (A) Subclustering where Or genes were permitted to remain
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inthelist of highly variable genes. Nuclei are separated by the Or genes they
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express. (B) Subclustering where Or genes were removed from the list of highly
variable genes. Nuclei expressing different Or genes are intermixed, showing
thatnon-Or genes (including any TFs) do not separate OSNs expressing
different Or genes from the same array.
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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX [0 OO0 0 XOS

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Cell Ranger ARCv2.0.1
Cell Ranger v7.0.0
scanpy v1.10.3
scvi-tools v1.1.6
scipy v1.14.1
statsmodels v0.14.3
SMRT Link v7.0.1
SMRT Link v13.0.0
bedtools v2.29.2
minimap2 v2.22
samtools v1.14
MEME v5.5.7
subset-bam v1.1.0
bwa-mem?2 v2.1
Jalview v2.11.4.1
deeptools v3.5.0

Data analysis Cell Ranger ARCv2.0.1
Cell Ranger v7.0.0
scanpy v1.10.3
scvi-tools v1.1.6
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scipy v1.14.1
statsmodels v0.14.3
SMRT Link v7.0.1
SMRT Link v13.0.0
bedtools v2.29.2
minimap2 v2.22
samtools v1.14
MEME v5.5.7
subset-bam v1.1.0
bwa-mem?2 v2.1
Jalview v2.11.4.1
deeptools v3.5.0

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Sequencing data generated in this study have been deposited at GEO (accessions GSE280477 and GSE280492) and SRA (accessions PRINA1178663, PRINA1178688,
and PRINA1261453).

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender No human data were used or collected.

Reporting on race, ethnicity, or  No human data were used or collected.
other socially relevant

groupings

Population characteristics No human data were used or collected.
Recruitment No human data were used or collected.
Ethics oversight No human data were used or collected.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|X| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size For the multiome experiment, we targeted the number of recovered nuclei similar to what was recovered in our previously published snRNA-
seq experiment (Sieriebriennikov, Sieber et al. 2024).

Data exclusions  No data were excluded from the analysis.

Replication Iso-Seq was performed in duplicates - we visually assessed transcript structure in Or loci using IGV and concluded that the two replicates are
highly consistent with each other and therefore sufficient. MAS-Seq was performed in duplicates - we visually assessed transcript structure in
Or loci using IGV and concluded that the two replicates are highly consistent with each other and therefore sufficient. CUT&RUN was
performed either in triplicates (IgG control and H3K4me3) or duplicates (H3K27ac and H3K27me3) - we visually assessed coverage in Or loci
using IGV and concluded that all replicates are highly consistent with each other and therefore duplicates are sufficient. CUT&RUN against
H3K36me3 had a single replicate because this experiment was done as a quick test of an unlikely model. The result was negative, so it is
mentioned in the manuscript text, but none of the major conclusions are based on this experiment. Sequencing of 5'-capped and 5'-
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monophosphorylated RNA was performed in duplicates - we visually assessed coverage in Or loci using IGV and concluded that the two
replicates are highly consistent with each other and therefore sufficient.

Randomization  We did not perform any group comparisons.

Blinding We did not perform any group comparisons.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChiIP-seq
|:| Eukaryotic cell lines g |:| Flow cytometry
|:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
|:| Clinical data

|:| Dual use research of concern

|:| Plants

XXXOXX[] s

Antibodies

Antibodies used Tri-Methyl-Histone H3 (Lys4) (C42D8) Rabbit mAb - Cell Signaling Technology Cat#9751
Tri-Methyl-Histone H3 (Lys27) (C36B11) Rabbit mAb - Cell Signaling Technology Cat#9733
Acetyl-Histone H3 (Lys27) (D5E4) XP Rabbit mAb - Cell Signaling Technology Cat#8173
Anti-Histone H3 (tri methyl K36) antibody - ChIP Grade - abcam Cat#ab9050
Rabbit (DA1E) mAb IgG XP Isotype Control (CUT&RUN) - Cell Signaling Technology Cat#66362

Validation Validation statements copied from the manufacturer's websites:

#9751

"This antibody has been validated using SimpleChIP® Enzymatic Chromatin IP Kits."

"Tri-Methyl-Histone H3 (Lys4) Antibody detects endogenous levels of histone H3 when tri-methylated on Lys4. This antibody shows
some cross-reactivity with histone H3 that is di-methylated on Lys4, but does not cross-react with non-methylated or mono-
methylated histone H3 Lys4. In addition, the antibody does not cross-react with methylated histone H3 Lys9, Lys27, Lys36 or
methylated histone H4 Lys20.

Species Reactivity:
Human, Mouse, Rat, Monkey, D. melanogaster, S. cerevisiae"

#9733

"This antibody has been validated using SimpleChIP® Enzymatic Chromatin IP Kits."

"Tri-Methyl-Histone H3 (Lys27) (C36B11) Rabbit mAb detects endogenous levels of histone H3 only when tri-methylated on Lys27.
The antibody does not cross-react with non-methylated, mono-methylated or di-methylated Lys27. In addition, the antibody does
not cross-react with mono-methylated, di-methylated or tri-methylated histone H3 at Lys4, Lys9, Lys36 or Histone H4 at Lys20.

Species Reactivity:
Human, Mouse, Rat, Monkey"

#8173

"This antibody has been validated using SimpleChIP® Enzymatic Chromatin IP Kits."

"Acetyl-Histone H3 (Lys27) (D5E4) XP® Rabbit mAb recognizes endogenous levels of histone H3 protein only when acetylated at
Lys27. This antibody does not cross react with histone H3 acetylated at Lys9, 14, 18, 23, or 56. This antibody shows some cross-
reactivity with acetyl-histone H2B lysine 5.

Species Reactivity:
Human, Mouse, Rat, Monkey"

#ab9050

"Abcam's high quality validation processes ensure Anti-Histone H3 (tri methyl K36) antibody - ChIP Grade (ab9050) has high
sensitivity and specificity."

"Anti-Histone H3 (tri methyl K36) antibody - ChIP Grade (ab9050) specifically detects Histone H3 Tri Methyl-K36 (UniProt ID: P68431;
Molecular weight: 15kDa)."




Species Reactivity (ChIP):

Tested - human

Expected - cow

Predicted - Mouse, Rat, Saccharomyces cerevisiae, Xenopus laevis, Arabidopsis thaliana, Caenorhabditis elegans, Drosophila
melanogaster, Plants, Schizosaccharomyces pombe, Zebrafish, Silk worm, Rice, Xenopus tropicalis, Trypanosoma brucei

#66362

"Rabbit (DA1E) mAb IgG XP® Isotype Control (CUT&RUN) is not directed against any known antigen. It functions as an isotype control
for rabbit 1gG monoclonal antibodies in the CUT&RUN assay."

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

>
Q
Y
(e
)
1®)
o
=
o
S
_
(D
1®)
o
=
5
(@}
wm
[
=
3
Q
<

Laboratory animals Harpegnathos saltator worker females of random age
Wild animals No wild animals were used.
Reporting on sex The methods section contains a statement that only females were used in the study (ant males are rare and short-lived). The

manuscript makes no mention of any sex differences or the effect of sex.
Field-collected samples  No samples were collected from the field.

Ethics oversight No ethics approval was necessary.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks No plants were used in the study.

Novel plant genotypes  No plants were used in the study.

Authentication No plants were used in the study.






