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Text S1 Detailed Protocol for MiFish Metabarcoding Analysis

1. Library Preparation and Sequencing Method

For all cruises, library preparation and sequencing were performed following standardized procedures, with slight variations in platforms and configurations:

1.1 DNA Purification

DNA was extracted using a DNeasy Blood & Tissue Kit (Qiagen), followed by purification using AMPure XP magnetic beads (Beckman Coulter Inc., Brea, CA, USA) to remove potential PCR inhibitors. For PCR product cleanup after amplification, AMPure XP beads were applied at a 1:1 or 0.7× ratio, in accordance with cruise-specific protocols.

1.2 Quantitative Measurement of DNA Solution

The concentration of DNA solutions was determined using Synergy LX or Synergy H1 systems (BioTek, Winooski, VT, USA) in combination with the QuantiFluor dsDNA System (Promega, Madison, WI, USA).

1.3 Library Preparation

Libraries were prepared using a two-step tailed PCR protocol with cMiFish primers. The first PCR was conducted with 2 µL of template DNA and Ex Taq Hot Start Version (TaKaRa), optimized for low DNA concentrations (≤2.0 ng/µL). Thermocycling conditions were: initial denaturation at 94°C for 2 min; 35 cycles of 94°C for 20 sec, 65°C for 15 sec, and 72°C for 20 sec; and a final extension at 72°C for 5 min. Each sample was amplified in eight technical replicates, which were pooled to reduce amplification bias and enhance detection sensitivity.

First PCR products were then purified using AMPure XP beads, applied at either a 0.7× or 1:1 ratio depending on the cruise. The second PCR was performed using 2 µL of the purified product as template, along with indexing primers. Here, the thermocycling conditions were: 94°C for 2 min; 12–15 cycles of 94°C for 30 sec, 60°C for 30 sec, and 72°C for 30 sec; followed by a final extension at 72°C for 5 min.

Primers were designed according to the MiFish protocol and included Illumina adapter sequences, followed by 1–6 random nucleotides (Ns), and the MiFish-specific primer sequence.These random bases between the adapter and the MiFish primer were incorporated to improve sequencing performance on Illumina platforms.

In cases of failed amplification, additional purification steps using GeneReleaser or AMPure XP beads were applied before reattempting PCR.

1.4 Library Quantification and Quality Check

Quantification of the libraries was performed using Synergy systems (LX or H1). Quality assessment was carried out using Fragment Analyzer and dsDNA 915 Reagent Kit (Agilent Technologies or Advanced Analytical Technologies, Ankeny, IA, USA).

1.5 Sequencing Analysis

All sequencing was conducted by Bioengineering Lab. Co., Ltd. (Kanagawa, Japan) using cruise-specific Illumina platforms: HiSeq X (2×150 bp), MiSeq (2×300 bp), and HiSeq System (2×151 bp). The platform assignments were as follows:

· HiSeq X for KS-21-3, KS-21-8, KS-21-11, KS-21-12, KS-21-24, KS-22-15, and KH-23-3
· MiSeq for KS-18-5 (OTU-based method; Edgar, 2010)
· HiSeq System for KS-22-11

Despite differences in sequencing platforms, a unified bioinformatics workflow was applied across cruises to minimize platform-derived biases. The average quality-filtered sequencing depth ranged from approximately 78,000 reads (KS-18-5) to 591,000 reads (KS-21-24) across cruises

2. Data Analysis Method

2.1 Read Quality Filtering

Initial read processing was performed using the FASTX-Toolkit to extract sequences beginning with the MiFish primer region. Primer removal was conducted using the Cutadapt plugin for KH-23-3 and the DADA2 plugin for all other cruises within the QIIME2 environment. 

Following primer trimming, a fixed 120 bp segment from the 3′ end of the ~170 bp amplicon generated by the MiFish primers was retained to minimize sequencing errors and standardize read length across platforms. Subsequent steps included the removal of very short reads (<40 bp), ambiguous sequences, and chimeric or noisy reads using DADA2 (or Cutadapt for KH-23-3) in QIIME2. These preprocessing measures ensured high-quality input for downstream ASV or OTU generation and taxonomic assignment.

2.2 ASV/OTU Generation and Taxonomic Identification

· For ASV-based cruises (All cruises except KS-18-5):

DADA2 (Cutadapt for KH-23-3) in Qiime2 (versions ranging from 2021.11 to 2022.8) was used to generate ASV tables (Bolyen et al. 2019). Representative sequences were identified by comparison with the MitoFish database (ver. 3.65–3.72) (Sato et al. 2018) and MiFish reference sequences (Miya et al.) using BLASTN (versions 2.11.0–2.13.0) (Altschul et al. 1990). ASV tables were exported using the tools export plugin in Qiime2 and processed into a readable format using custom scripts.

· For OTU-based cruise (KS-18-5):

OTUs were created using USEARCH at 97% sequence similarity (Edgar, 2010) and identified using BLASTN (ver. 2.12.0) against the MitoFish database (Sato et al., 2018). The OTU-based procedure has been detailed previously in Yu et al. (2022).



3. Custom Data Processing

The QIIME2 output files were exported into tabular formats using the qiime tools export command. Subsequently, Bioengineering Lab. Co., Ltd. (Kanagawa, Japan)—the sequencing facility—used their in-house developed script to convert the exported ASV or OTU tables into user-friendly spreadsheet formats. These tables included read counts per species per sample, taxonomic annotations, and associated metadata.
These scripts are proprietary to the sequencing provider and were not developed by the authors. Therefore, they are not publicly available.
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