	
	
	



METHODS

Study Population
Between May 2015 and June 2016, we actively recruited patients presenting clinical symptoms of arbovirus-like infection in Bahia, Brazil (Campo Formoso = 230; Salvador = 948).

Nucleic acid isolation and RT-qPCR
Whole blood, saliva, and urine samples from 1 to 9 days after the onset of symptoms were sent to Instituto Gonçalo Moniz, FIOCRUZ-BA, Bahia, Brazil, for molecular diagnostics. The viral RNA extraction from plasma, urine and/or saliva (oral swab was incubated in 200μL of nuclease-free H2O) samples from Campo Formoso was performed with QIAmp Viral RNA Mini Kit (Qiagen, Germany) following the manufacturer’s recommendations and tested by quantitative RT-PCR (RT-qPCR) using ZDC Molecular Kit (IBMP, Brazil) or Trioplex Real-time RT-PCR Assay (CDC, USA). The viral RNA extraction from sera samples from Salvador was extracted using Maxwell 16 Viral Total Nucleic Acid Purification Kit (Promega, USA), tested by conventional RT-PCR according to Balm et. al (2012) [1] and confirmed the results using Trioplex Real-time RT-PCR Assay (CDC, USA). Samples were selected for sequencing based on Ct value < 30 and availability of epidemiological metadata, such as date of sample collection and municipality of residence. A total of 14 samples from Salvador and seven samples from Campo Formoso, Bahia were included.

Complete genome MinION nanopore sequencing
A protocol developed by Quick and collaborators [2] were used. The cDNA synthesis was generated using the ProtoScript II First Strand cDNA Synthesis Kit (New England Biolabs, United Kingdom) and random hexamer priming. The cDNA generated was subjected to multiplex PCR using Q5 High-Fidelity DNA polymerase (New England Biolabs, United Kingdom) and a set of specific primers (ZikaAsian V2) designed by the ZiBRA project (https://github.com/zibraproject/zika-pipeline).Amplicons were purified using 1x AMPure XP beads (Beckman Coulter, United Kingdom) and quantified on a Qubit 3.0 fluorimeter (Life Technologies, United States) using Qubit dsDNA BR assay. The library preparation was performed using the Ligation Sequencing Kit SQK-LSK108 (Oxford Nanopore Technologies, United Kingdom) and Native Barcoding Kit EXP-NBD103 (Oxford Nanopore Technologies, United Kingdom). Sequencing libraries were loaded into an R9.4/R9.4.1 flow cell (Oxford Nanopore Technologies, United Kingdom), and sequencing data were collected for up to 48hr on a MinION platform (Oxford Nanopore Technologies, United Kingdom).

Generation of consensus sequences from nanopore
The fast5 files generated during sequencing were submitted to the pipeline defined by Black and colleagues [3] with minor modifications. In brief, the sequencing data were basecalled on the high-accuracy model performed by Guppy v.3.4.4 (Oxford Nanopore Technologies, United Kingdom). The basecalled fastq files with a minimum Q score of 7 were selected for subsequent demultiplex process using Guppy v.3.4.4 (Oxford Nanopore Technologies, United Kingdom). A re-demultiplex process, trimming adapters and chimaeras were performed by Porechop v.0.2.4 (https://github.com/rrwick/Porechop). Furthermore, the assembly was performed by Burrows-Wheeler Aligner (BWA) v.0.7.17-r1188 [4] using NCBI Genbank accession number KJ776791.1 as genome reference. The primer sequences were trimmed with align_trim.py. The assembly was then polished, and the variant calling were performed by nanopolish v.0.11.3 (https://github.com/jts/nanopolish). The consensus sequences were then masked with “N” at regions with coverage depth <20, and the variant candidates were incorporated into the consensus genome by using VCFtools v.0.1.16 [5]. The assembly statistics were calculated with SAMtools v.1.10 (using HTSlib 1.10.2) [6] and Seqtk v.1.3-r106 (https://github.com/lh3/seqtk).

Collation of sequence dataset
A dataset of ZIKV full or near full-length genomes annotated with the date of sample collection and location was compiled. All ZIKV sequence data were retrieved from GenBank on January 28, 2020, and gbmunge (https://github.com/sdwfrost/gbmunge) was used for extracting FASTA format sequences and associated metadata. Genotyping was conducted using the Genome Detective Virus Tool [7]. Full-length and near full-length (>7,000 pb) ZIKV genomes of Asian genotype were retained for further analyses. Sequences identified as duplicates were excluded, and only South American isolates were kept for the final dataset. The alignment of the sequence dataset was performed using MAFFT v7.455 [8,9] and manually edited using AliView v.1.26 [10].

Maximum likelihood analysis and temporal signal estimation
Maximum Likelihood (ML) phylogenetic analyses were performed using IQ-TREE v.1.6.12 [11] under GTR+F+I+G4 with 1,000-replicate ultrafast bootstrap [12]. The best fitting model was inferred in ModelFinder [13] implemented in the IQ-TREE. The ML trees were visualised and edited using FigTree v.1.4.4 (http://tree.bio.ed.ac.uk/software/figtree). To investigate the evolutionary temporal signal, we apply a regression of root-to-tip genetic distances against the date of sample collection using TempEst v1.5.3 [14], which revealed sufficient temporal signal (R2 = 0.3958) to justify a molecular clock approach.  The NCBI GenBank accession numbers for the sequences are as follows: KR872956, KU312312, KU321639, KU365777-KU365780, KU497555, KU501215, KU509998, KU527068, KU647676, KU707826, KU729217, KU729218, KU740184, KU744693, KU758877, KU761564, KU820897, KU820898, KU922923, KU922960, KU926309, KU926310, KU937936, KU940224, KU940227, KU940228, KU955590, KU991811, KX051563, KX056898, KX101060-KX101067, KX156774-KX156776, KX197205, KX198135, KX247646, KX280026, KX447510, KX447518, KX520666, KX548902, KX702400, KX766028, KX811222, KX879603, KX879604, KX893855, KY003153, KY003154, KY014296, KY014297, KY014301, KY014303, KY014307-KY014309, KY014313, KY014317, KY014320, KY075932-KY075934, KY120352, KY241788, KY272991, KY317936-KY317940, KY348640, KY379148, KY441401-KY441403, KY558989-KY558993, KY558995-KY559028, KY559030-KY559032, KY631492, KY693678, KY693679, KY693680, KY785409, KY785410, KY785417, KY785426, KY785427, KY785429, KY785433, KY785436, KY785437, KY785439, KY785446, KY785450, KY785451, KY785455, KY785456, KY785460, KY785462, KY785464, KY785466, KY785469, KY785477, KY785479-KY785481, KY785483, KY817930, KY989971, MF073357-MF073359, MF098767, MF167360, MF352141, MF574552, MF783073, MF794971, MG770183, MG770184-MG770186, MH179341, MH513598, MH513599, MH544701, MH675619-MH675628, MH882542, MH882549, MK028858, MK028859, MK028861, MK049245-MK049252, MK216687, MK216688, MK216690-MK216693, MK216695-MK216699, MK216703, MK216709-MK216723, MK216726-MK216730, MK216732, MK216733, MK216738, MK216741-MK216745, MK216747, MK216748, MK241415-MK241417, MK269360, MK269361, MK829152-MK829154, MN171421, MN185324, MN473453, MN473454, MN577543, MN577544; and the ENA accession nos.: SRR5309450-SRR5309457.

Molecular clock phylogenetic analysis
To explore the evolutionary temporal signal using a molecular clock approach, a discrete phylogeographic analysis was performed using a Bayesian Markov Chain Monte Carlo (MCMC) method as implemented in the BEAST package v1.10.5pre [15,16] with BEAGLE v4.0.0 to improve the computational performance [17]. The substitution process was modelled with a codon-partitioned HKY+G4 model for the coding region of the genome [18–20]. An asymmetric discrete trait model integrated with Bayesian Stochastic Search Variable Selection (BSSVS) [21] was specified to reconstruct the spread history and the number of transitions between locations was estimated with a Markov Jumps approach [17,22,23]. The substitution rate was estimated with an Uncorrelated Lognormal Distribution (UCLD) relaxed-clock model [24]. We employed sampled tip dates to address inexact dates [25]. The  Skyride model served as a flexible tree prior [26,27]. We used Tracer v1.7.1 [28] to diagnose mixing and convergence properties. Post burn-in trees were summarised as a Maximum Clade Credibility (MCC) tree using TreeAnnotator v.1.10.5 pre-implemented in BEAST. Trees were visualised and edited using FigTree v.1.4.4.

Data availability statement
The new sequences have been deposited in NCBI GenBank under accession numbers OQ727565-OQ727578; and the XML files and datasets analysed in this study are available in the GitHub repository (https://github.com/khourious/Early-ZIKV-genomes-NE-BR-to-the-Americas).
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