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Supplementary Methods 
Phytoplankton composition and biomass analysis
To perform the phytoplankton composition analysis, water samples were obtained from the Amundsen Sea using a Niskin rosette sampler. Each water sample (300 mL) was preserved with glutaraldehyde (1 % final concentration) and stored at 4 °C before staining [proflavin (0.33 %) and 40-6-diamidino-2-phenylindole (DAPI; 50 μg mL-1 final concentration)] and filtration (0.8 and 8 μm Nuclepore filters) to determine the abundance of autotrophic picoflagellates (APF), nanoflagellates (ANF) and dinoflagellates (ADF). Autotrophic organisms were distinguished from heterotrophs by the presence of chlorophyll, which was visualized as red fluorescence under blue light illumination. Most of P. antarctica cells were present in solitary form in the water column. Solitary flagellated cells were distinguished from other autotrophic flagellates based on cell size (about 3–6 μm). For diatoms, seawater samples were preserved with acid Lugol’s iodine solution and then stored in the dark. To estimate the carbon biomass of phytoplankton, the cell volume was calculated by measuring cell dimensions with an ocular micrometer in the microscope [1]. The conversion factors and equations were used to transform cell volumes into carbon biomass as follows: 220 fg C μm-3 for APF [2]; carbon (pg) = 0.216 × (volume, um3)0.939 for ANF and ADF [3]; carbon (pg) = 0.288 × (volume, μm3)0.811 for diatom [3]; and 3.33 pg C μm-3 for P. antarctica [4]. 

Supplementary Results 
Distribution of dominant OTUs
[bookmark: OLE_LINK118][bookmark: OLE_LINK119]The major OTU assigned to Polaribacter, which was closely related to uncultured Polaribacter sp. Vis St3 (Supplementary Fig. S2a), and the major OTU assigned to unclassified Oceanospillaceae, which was related to uncultivated Ant4D3 (Supplementary Fig. S2b), were abundant in each clade during all three phases of the bloom. 
The Ant4D3 16S rRNA gene was from the fosmid clones from Antarctic coastal water belonging to Gammaproteobacteria [5], an abundant bacteria in both polar oceans [6]. The SAR92 clade was quite abundant during the peak bloom. In the southern North Sea, this clade was highly abundant and active in the phytoplankton bloom [7]. During bloom decline, unclassified Flavobacteriales and unclassified Flavobacteriaceae increased. Flavobacteria was particularly abundant during high primary production [8]. Additionally, Flavobacteria is associated with the decline phase of phytoplankton blooms because it is specialized for attachment and growth on detrital particles according to a metaproteomic study [9]. 

Phylogenetic analysis of the 12 reconstructed genomes
BC1 and BC5 were specifically affiliated with the genus Polaribacter (Appendix I) with an ANI of 91.8% and were designated BC1_Pol and BC5_Pol, respectively. GM1, GM2, GM3, GM4, GM5, and GM6 belonged to Gammaproteobacteria (Appendix I). GM1 and GM2 were assigned to the ‘Ant4D3’ clade following a fosmid clone of an unclassified Oceanospirillaceae [5] (designated GM1_Ant and GM2_Ant, respectively). The phylogenetic tree showed that GM1_Ant and GM2_Ant were closely related, with an ANI of 78.2%. Synteny of the genes of GM1_Ant and the fosmid clone Ant4D3 was highly conserved, with a high average nucleotide similarity (average 99.1%, Supplementary Fig. S9). AL1 contained a partial 16S rRNA gene (542 bp), which exhibited a similarity of 98% with that of Pelagibacter ubique HTCC1062 belonging to the SAR11 clade of Alphaproteobacteria (designated AL1_Pel). AL1_Pel included several unresolved bins of the SAR11 clade, which might be inseparable, as shown in Supplementary Fig. S4d and supported by the large total scaffold size (11.3 Mb) and contamination (98.9%, see Table 2).

Utilization of glycine betaine (GB) and others
 Metabolic pathways for GB utilization were widely observed in the abundant Gammaproteobacteria, i.e., GM1_Ant, GM2_Ant, GM3, GM4_SAR92, and GM6_SUP05. Although putative genes for betaine-homocysteine methyltransferase were absent from all of the genomes, putative genes for GB:corrinoid methyltransferases (MtgB), recently identified as a GB methyltransferase [10], were present in all of the reconstructed genomes. The MtgB gene was colocalized with dimethylglycine dehydrogenase (Appendix II). Co-localization of putative genes encoding carnitine dehydrogenase and/or choline dehydrogenase with GB utilization indicates the potential use of various quaternary ammonium compounds for GM1_Ant and GM2_Ant. Transcripts from genes in this pathway, such as mtgB and dmgdh, were overrepresented in the GM1_Ant, GM2_Ant, and GM4_SAR92 bins in PK, DC, and SI, respectively (Supplementary Fig. S5b and c). 
The potential utilization of taurine, glycerol, and mannitol by GM1_Ant, GM2_Ant, and AL1_Pel was suggested by the presence and expression of key genes involved in the uptake and degradation of these solutes (see above) in DC and SI. Our results suggest that compatible solutes are important substrates of GM1_Ant, GM2_Ant, and GM4_SAR92 in the polynya, especially in the decline phase of the bloom.

Cobalamin synthesis
Both GM1_Ant and GM2_Ant contained nearly complete sets of genes for vitamin B12 biosynthesis enzymes (Supplementary Table 12) [11]. Vitamin B12 is a limiting factor for the growth of Phaeocystis in the Antarctic Ocean [12, 13] and is required for key metabolic pathways, such as GB:corrinoid methyltransferases. Other studies have reported that Oceanospirillaceae plays an important role in cobalamin production in polynya [14, 15]. These results indicate that GM1_Ant and GM2_Ant are potential sources of vitamin B12 for the development and decay of phytoplankton blooms in the ASP.
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Appendix I. Neighbor-joining trees based on partial amino acid sequences of rpoB gene obtained from genome bins and their nearest neighbors. Proteins of bins of a) Bacteroidetes and b) Gammaproteobacteria were shown.
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Appendix II. Metabolism of glycine betaine (GB), gene expression levels, and gene clusters across the reconstructed genomes. a) Organization of the clusters of genes involved in GB utilization. b) Pathway for the utilization of GB and the c) relative abundance of related genes for transcript reads from each bin. 
1, Glycine betaine:corrinoid methyltransferase (mtgB); 2, Corrinoid protein; 3, Methionine synthase I, cobalamin-binding domain (metH); 4, Dimethylglycine dehydrogenase (dmgdh); 5, Sarcosine oxidase subunits (sox); 6, Choline dehydrogenase; 7, ABC transporter; 8, Carnitine dehydrogenase; 9,5,10-methylenetetrahydrofolate reductase (metF); 10, Formyltetrahydrofolate synthetase; 11, glycine betaine:H+ symporter (proP).
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