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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.

n/a Confirmed

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

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 
Give 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

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 Data collection involved microscopy, sequencing, and physiological measurements using standard instruments and manufacturer-provided 
software. Differential interference contrast microscopy images were acquired using an Olympus IX71 inverted microscope equipped with an 
FX630 CCD camera and the Flovel Image Filing System. Confocal images were collected using a Zeiss LSM700 system with ZEN software. RNA-
seq and DNA-seq data were generated by Macrogen Co. using Illumina HiSeq X and NovaSeq 6000 platforms with standard Illumina data 
acquisition pipelines. Oxygen evolution was measured using a Hansatech OXYT-1 oxygen electrode system. Luminescence signals were 
recorded using a Promega 20/20n Luminometer and an Olympus LV200 luminescence imaging system. No custom software was used for data 
collection.

Data analysis Sequence data processing and analysis were performed using open-source bioinformatic software. RNA-seq reads were trimmed using 
cutadapt (v2.8), assembled de novo with Trinity (v2.11.0), and open reading frames were predicted using TransDecoder (v5.5.0). Read 
mapping was performed with Bowtie2 (v2.4.2), and read counting was conducted using SAMtools (v1.11) and BEDtools (v2.29.2). Differential 
expression analysis was carried out in R (v4.0.3) using the TCC package (v1.30.0). Genome assemblies were generated using SPAdes (v3.13.0, 
v3.15.4) and MaSuRCA (v4.0.7). Phylogenetic analyses were conducted using MAFFT (v7.520), trimAl (v1.2rev57), and IQ-TREE (v1.6.12). 
Immunoblot densitometry and image processing were performed using ImageJ. No proprietary or unpublished custom code was used.

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.
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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 

 

All next-generation sequencing data generated in this study are available in the Supplementary Data deposited in Figshare. This includes the time-series 
transcriptome data (FASTA files containing 69,444 cDNA and predicted peptide sequences, and differential expression analysis in Excel format), the draft genome 
assembly of Rapaza viridis (FASTA file of 269,570 contigs), and sequences of amplified cDNA and gDNA loci. All raw RNA-seq data for R. viridis NIES-4477, DNA-seq 
data for Tetraselmis sp. NIES-4478, and DNA-seq data for R. viridis generated in this study, along with their assembled contig sequences, have been deposited in the 
DDBJ Sequence Read Archive under BioProject accession codes PRJDB9674, PRJDB35574, and PRJDB35577, respectively. Molecular phylogenetic trees 
corresponding to Extended Data Tables 1–5 are also available in Figshare. Source Data are provided with this paper.

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 n/a

Reporting on race, ethnicity, or 
other socially relevant 
groupings

n/a

Population characteristics n/a

Recruitment n/a

Ethics oversight n/a

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

Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description Biochemical and cell biological/molecular biological investigations on kleptoplasty by Euglenozoan flagellate Rapaza viridis on 
Chlorodendrophycean green alga Tetraselmis sp., aiming understanding of the phenomenon in evolutionary contexts

Research sample Rapaza viridis NIES-4477, Tetraselmis sp. NIES-4478; both maintained in the Microbial Culture Collection at the National Institute for 
Environmental Studies (NIES Collection, Tsukuba, JAPAN)

Sampling strategy n/a

Data collection n/a

Timing and spatial scale n/a

Data exclusions n/a

Reproducibility For data expressed numerically, three biological replicates were obtained, and the results are presented as means with standard 
errors; the raw data are provided in the Supporting Materials. None of these experiments failed to be reproduced.

Randomization n/a

Blinding n/a
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Did the study involve field work? Yes No

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. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used Rabbit polyclonal anti-RvRbcS-like (epitope: HSLAKAHRREGGET, aa 491–505; Eurofins Genomics KK, Tokyo, Japan) 

Rabbit polyclonal anti-RvRca-like (epitope: AIASDDNVERFGKK, aa 181–189; Eurofins Genomics KK) 
Rabbit polyclonal anti-TsRbvS (epitope: RISTALPIEKRSVA, aa 131-144; Eurofins Genomics KK) 
Rabbit polyclonal anti-RbcL (#AS03-037; Agrisera, Vännäs, Sweden) 
Mouse monoclonal anti-HA (clone 16B12, #901513; BioLegend, San Diego, CA, USA) 
Mouse monoclonal anti-α-tubulin antibody (clone B-5-1-2, #T5168; Sigma-Aldrich)

Validation Anti-RvRbcS-like/Anti-RvRca-like: Synthetic peptides unique to proteins expressed in Rapaza viridis NIES-4477 strain. 
Anti-TsRbcS: Synthetic peptides unique to proteins expressed in Tetraselmis sp. pNIES-4478 strain. 
Anti-RbcL:  KLH-conjugated synthetic peptide conserved across all known plant, algal and (cyano)bacterial RbcL protein sequences 
(form I L8S8 and form II L2), including Arabidopsis thaliana AtCg00490, Hordeum vulgare P05698, Oryza sativa P0C510, 
Chlamydomonas reinhardtii P00877, Synechococcus PCC 7920 A5CKC5 
Anti-HA: Raised against the twelve amino acid peptide CYPYDVPDYASL 
Anti-α-tubulin: Derived from the B-5-1-2 hybridoma produced by the fusion of mouse myeloma cells and splenocytes from an 
immunized mouse.

Novel plant genotypes n/a

Seed stocks n/a

Authentication n/a

Plants


