


Extended DataFig.11|See next page for caption.
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Extended DataFig.11|The existence ofimbalanced allelic expression
pattern. a, Theallelic expression analysis flowchart of spatial transcriptome
from multiple chips.b-d, Theimbalanced allelicexpressions of 104 phased
genesintissues of CS20 E2 (b), CS14-15E1(c) and CS14-15E3 (d) embryos. The
knownimprinted genes were highlighted in purple at the bottom of the chart.
The pooled proportions of multiple sections are presented, with the size of
each piechartindicating the expressed binrate within the corresponding
tissue. e, The spatial allelic expression pattern (top) and common expression
pattern (bottom) of MEST and MEG3.f, The spatial expression pattern of
imprinted gene/GF2in CS14-15E3S4 and CS20 E2S2.g, The spatialimbalanced
allelicexpression pattern of RN7SKP255in CS14-15E1S4,accompanied by the

validationin CS20 E2S2. h, Brain-specificimbalanced allelic expression of
SCIRT and GFPT2in CS20 E2S2. Representative sections (top) and pooled
proportions for multiple sections; A1, blue; A2, red; color bar represents UMI
count (f-h).i, The allelicexpression of PEG3, RN7SKP255, SCRIPT (in brain),
DUSP22and LINCO01535in the spatial transcriptome data from 4 sections of
CS20E2. X-axisrepresents the proportion of the A2 allele. Red indicatesa
higher proportion of the A2 allele, while blueindicates a higher proportion of
the Alallele. Each dot corresponds to a chip. Statistical analysis was based on
the comparations of the allele proportion differences (Alvs.A2) for each gene.
Two-tailed p values by paired Student’s t-test. j, Sanger sequencing of genomic
DNA and cDNA of allelicimbalanced expression gene from CS20 E2.
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Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a | Confirmed

DXl The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
[X] Astatement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

8 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

& Afull 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)

E For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values s exoct values whenever suitable.

D For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
[j For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

[X) 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.
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Software and code

Policy information about availability of computer code

EE =" e e,
Data collection (—smsie-nudeus sequencing librarles were prepared with DNBelab c4 kits (MGI, china) and sequenced on DNBSEQ-Tx sequencer (MG, china).
The gene count matrices were generated from FASTQ files by an In-house pipeline (scRNA-seq_C4_analysis_pipeline, BGl-Research, China). |

| The Stereo-seq libraries were sequenced on a DNBSEQ-Tx sequencer (MG, China). Raw data was aligned to the reference genome

| (GRCh38.p12) by STAR V2.7.10a.

| The third-generation sequencing was performed with PromethlON by BGI and Pacblo Hifi platform. Raw data was base-identified by guppy5

| and aligned to GRCh38.p12 with minimap2 (2.24-r1122). ]‘

| The WGS was performed on the DNBseq T1&T5 sequencing platform. Raw data was aligned to human genome GRCh38.p12 though SOAPnuke

| (Default: “-n 0.1-q 0.5+ 12 -Q2 -G 2 -M 2”) and BWA (Bullt-In software of FPGA heterogeneous computing and multl-stream system !
| (MiegaBOLT, v 5.0)).

( Unsupervised spatially constrained clustering was conducted using Scanpy(v1.8.2) and Squidpy (V1.2.0). Gene regulatory networks were
| inferred from Stereo-seq bin matrices according to the pySCENIC (V0.11.2) protocol, Spatlally dependent regulon modules were Identified by |
Hotspot (V1.1.1). The nuclel ssONA Images were used to calculate the cell boundarles with the cell segmentation algorithm spateo (V1.0.2),
Other packages Involved In are Seurat (v4.3.0), 5CTransform, Monocle3 (V1.3.1), clusterProfiler (V4.4.1, V4.6.0), Complexteatmap (V2.12.0,
v2.20.0), WGSEA (v3.2.5), simplifyEnrichment (V1.14.0), CeliChat (v2.1.2), ggplot2 (V3.4.0), TOME, spateo (v1.1.0), Stereopy (V1.5.1), Piotly
| (v5.13.1), Seaborn (v0.11.2, ¥0.13.2), SciPy (V1.8.1), pandas (v1.5.2), matplotiib (V3.5.2, V3.6.2), BBKNN (V1.6.0), Scanorama (V1.7.4), sevi-
! tools (v1.2.2), Tangram (¥1.0.4), cell2location (v0.3.3), pySCENIC (v0.12.1), Celloracle (V0.18.0), samtools (V1.15.1), GATK (V4.1.8.1), Clalr3
|(v0.1-r12), annovar (v2020-06-07), DeepTools, Image) (V2.9.0). Databases involved In are blomaRt(v2.52.0), homologene (v1.4.68.19.3.27),
| DOG2P database (V3 .0), Genelmprint. ‘ - » = )
for manyseripts utihzing custom algornithing or software that are cents ol Lo the fesearch but not yet described in published Wterature, software must be made avallable to editors and
revewers Ve suongly encourage CoG€ GHULILON In 3 Community repostary (€ 8, Gitliub). See the Nature Porfolio guldelines tor subouittiog coda & softwarg for further Information,
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability
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The dataset resource for an interactive survey Is accessible to the public (https://db genomics.cn/hesta). The data that support the findings of this study have been
deposited into OMIX and Genome Sequence Archive In National Genomics Data Center (GSA-Human). All processed data generated by Stereo-seq have been
deposited to OMIX (https://ngdc.cneb ac.cn/omix, accession code: OMIX003254). All processed data generated by snRNA-seq have been deposited to OMIX
(https://ngdc.cncb.ac.cn/omix, accession code: OMIX003254). All raw data generated by WGS have been deposited to GSA-Human (https://ngdc.cncb.ac.cn/gsa-
human, accession code: HRAOO4300). All raw data generated by Nanopore and PacBio have been deposited to GSA-Human (https://ngdc.cncb.ac.cn/gsa-human, |
accession code: HRAO04299). The published datasets analysed for this study were retrieved from the GEO repository (GSE155121, GSE157329), UCSC Cell Browser
(https://cells.ucse.edu/?ds=hoc), https://www.gutcellatlas.org/ and https://db.cngb.org/stomlcs/mostay.
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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.

F -
Reporting on sex and gender | The embryo samples were all derived from women who have voluntarily terminated their pregnancies, and the genders of
[ the embryo samples include both male and female.

Reporting on race, ethnicity, or [The embryo samples were all derived from Chinese Han population,
other socially relevant |

groupings i

The V;mbryo samples were all derm-d fr&rﬁ Chlne;erln;pumiio;. aged !r;)vﬁ 21 to 35. No prior history of systemic
diseases, and all subjects were women who underwent elective termination of pregnancy.

J

Population characteristics

Human embryos and decidua tissues were collected from women who voluntarily terminated the pregnancy at the Affiliated )
Obstetrics and Gynecology Hospital of Fudan University. No Individuals under the age of 18 were included. No individuals had
serious diseases or medical history. The collection and use of human embryos were compliant with the current International

| Society for Stem Cell Research (ISSCR) Guidelines, guidelines for Stem Cell Research and Clinical Translation (2016, 2021), and
| the Helsinki declaration (2013). None of the samples used in this study were used in any other experiments. All procedures

'; followed the ‘Interim Measures for the Administration of Human Genetic Resources” administered by the Chinese Ministry of i
| Health. Before the abortion procedure, each participant provided written informed consent for collection for research \
| purposes. Embryo collection was performed only after voluntary informed consent was obtained from each patient

| undergoing legal pregnancy termination. After the termination of pregnancy, participants were given an additional 1
opportunity to verbally reconfirm their willingness to donate the tissue samples. Discarded embryos were collected and |
transported Immediately to the laboratory for processing. Embryo collection does not Involve any invasive procedure or gene \
editing. There Is no risk to the patients. The patients were not compensated for participating in this study. |

Recruitment

| The sample Is restricted to women seeking elective abortions at a single hospital, which may not represent broader
populations (e.g., varying socioeconomic backgrounds, geographic regions, or reasons for pregnancy termination). This limits |

generalizabllity to other contexts.

This bias could compromise external validity (by limiting applicability beyond the study population). For example, associations

observed in this sample might not hold for women with different demographic profiles or in reglons with distinct healthcare

| Practices.

Ethics oversight (Ethical approval of human embryo research was provided by the Ethics Committee of Obstetrics and Gynecology Hospital, )
Fudan University (2021-121), and the Institutional Review Board of BGI-Shenzhen (BGI-IRB 22058). Human embryos and
decidua tissues were collected from women who voluntarily terminated the pregnancy at the Affillated Obstetrics and
Gynecology Hospital of Fudan University, The collection and use of human embryos were compliant with the current
International Society for Stem Cell Research (ISSCR) Guidelines, guidelines for Stem Cell Research and Clinical Translation
(2016, 2021), and the Helsinki declaration (2013). None of the samples used in this study were used In any other
experiments, All procedures followed the ‘Interim Measures for the Administration of Human Genetic Resources’
administered by the Chinese Ministry of Health.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design
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Sample size

Data exclusions

Replication | For the spatial atlas, all attempts at replication were successful, Specifically, we performed biob(ia' replicates at Cs14-15 a0 2 biological

Randomization ‘(‘Samoh allocation Into experimental groups was not randomized. ir;t_ud. samples (human embryos) wc;! ob‘;e&lnw categorized into ;mu.; ]

Blinding

Reporting for specific materials, systems and methods

Sample sizes were not predetermined, but our sample sizes are larger than those reported in previous publications (Cell 2024,
’ PMID: 38657603; Nat Cell Biol, 2025, PMID: 39794460)
|Atomd77 sagittal sections from 13 euploid human embryos (7 males and 6 females) dating from €512 to C523 were sequenced to obtain a
| spatial-temporal transcriptome atlas of organogenesis. One to three embryos were collected at each stage during C512-23.
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A total of 90 sagittal sections from 16 euploid human embryos (9 males, 7 females) were sequenced to obtain spatial-temporal transcriptome
;nmdwyulmmwmmowm 13 low-quality sections from the total 90 sections, leaving 77 sections |
from 13 euploid human embryos (7 males and 6 females) for the final analysis. We also performed data QC by removing the gene clusters of
cavities which represent the tissue-hollow/blank areas of the sections.

| For snRNA-seq, cells with less than 1k genes, less than 2k counts, more than 10% mitochondrial genes, or more than 90 quantiles of total
iMNMWMMmmmMMwW.mﬁM_m.GommnmmtmdmhummJcmwmﬁnmdom
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replicates at C512-13, €519, C$20, and €523, Only for C517 and CS518 did we use a single embryo due to the rarity of early-stage human
embryos and considerations of data quality. All integrative analyses and key findings were verified using at least two biological replicates or
| multiple technical replicates (different sections from the same embryos).
lwnbooolmedmnMﬂdmw’mmcmmtcﬂ,cnGu)mrunloaﬁomwhenmStereo-uqdmhmb«n
| obtained to generate our sNRNA-seq data.
MMMMMpvblksclmmdauondourmﬁNA«qdantovﬂWeﬁanMhthMllhﬂwﬂpﬂmdm.

For ISH assay and animal studies, the number of replicates for each experiment is mentioned in the figure legend. All attempts at replication
were successful.

| based on their developmental stage, as determined by Carnegie staging (CS)—a standardized, morphology-based classification system for
embryonic development. Groups corresponded to distinct developmental periods (e.g., C512, C514, C519), reflecting natural progression
rather than experimental intervention.

| Not appﬂaih since no specific grouping.

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

Materials & experimental systems Methods
n/a | Involved in the study n/a | Involved in the study
[O|X Antibodies X ([] chip-seq
IR | eukaryotic cell lines 5| ] Flow cytometry
[ |[[] palaeontology and archaeology (X)|[J Mri-based neuroimaging
[J|BQ Animals and other organisms
B2 |[] Clinical data
(2 |[] pual use research of concern
|0 ames
Antibodies 2
Antibodies used | Primary antibody
anti-islet-1 (Isl1) (GeneTex, GTX128201, 1:500 dilution); anti-GFP-Tag (7G9) mouse mAb (Abmart, M200045, 1:1000 dilution).
| secondary antibodies ‘
Anti-rabbit Alexa 594 (Abcam, ab150084, 1:500 dilution); anti-mouse Alexa 488 (Abcam, ab150113, 1:500 dilution). )
vebdatien Al commercial ancbodies have been tested for speciciy by thei respective suppliers. Anubody validations and validation criteria |

are available on the following websites:

Antl-slet-1 (Isl1) ~hitps://vwww.genetex.cn/Product/Detall/lsl1-antibody/GTX128201

ANU-GFP -Tag(7G9) Mouse mAb{Abmart, M200045)-https://www.ab-mart.com cn/page.aspxPnode=%2059%20&id=%20971
Antl-rabbit Alexa Mm:/Iww.obam.WMwwmwmuWwwobumHhuM.su.um
80150084 htm!




(Anti-mouse Alexa lMtD!tllwmomm.cﬂdemoﬂﬁéWf.j;M-ih&ﬁhmMII?.W B

Animals and other research organisms

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

n l:.'» dpf embryos wn-h cewiabclod wdaomyot;n
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Laboratory animals | Te(my(7 H28-EGFP) ransgeni 1ebrafsh fsh was used to Ineross to obta

Wwild animals | This !t_udwidn't Involve wild anim;

Reporting on sex lT_P:Wonht ltbnﬁhombmumﬂumuntm‘ A 7 .

Field-collected samples The study didn'tInvolve any samples from the field. 5 el

Ethics oversight (AN procedures on ive animals were approved by the the Ethics Committee of the Shanghal Medical College, Fudan University.
Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks ot applicable

Novel plant genotypes 'not ;p;i;:obh

|

Authentication not applicable






