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Amplicon Sequencing Data Analysis Method

1 Data Analysis
1.1 Raw Data Quality Control
NGS data pre-treatment: According to quality of single nucleotide, raw data was primarily filtered
by Trimmomatic[1] (version 0.33). Identification and removal of primer sequences was process by
Cutadapt[2] (version 1.9.1). PE reads obtained from previous steps were assembled by USEARCH
[4] (version 10) and followed by chimera removal using UCHIME[3] (version 8.1). The high-quality
reads generated from above steps were used in the following analysis. Detailed parameter
settings in mentioned analysis were shown below.
1) Trimmomatic: Trimmomatic is a trimming tool designed for Illumina sequencing reads. It is
applicable to PE reads using phred15 quality score. . For PE reads treatment, forward and reverse
fastq files need to be provided. Parameter setting: Window size was set as 36 bp. The reads will
be cut from the start of the window once average Q-score within the window is lower than 10.
2) Primer identification and removal: Cutadapt was applied to remove the primer sequences.
Parameter setting: Maximum mismatch accepted: 20%; Minimum coverage: 80%. 3) PE reads
assembly: PE reads were assembled by Usearch v10. Parameter setting:
3) Minimum length of overlap: 10 bp; Minimum similarity within overlapping region: 90%;
Maximum mismatch accepted: 5 bp (Default).
4) Schematic flow of UCHIME was shown in the following figure. Each query sequences is split
into non-overlapped chunks. These chunks were compared with reference database to identify
the best hit of each chunk in the database and further define two best parent sequences. The
query sequence was subsequently compared with the two parent sequences. If a fragment with
over 80% similarity to query sequence is found on both parents, this query sequence will be
defined as chimera sequence.

1.2 ASV Analysis
ASV Analysis: DADA2[6] method in QIIME2[5](versoin 2020.06) was applied to de-noise

sequences, generating ASVs. Conservative threshold for OTU filtration is 0.005%.

1.3 Species Annotation and Taxonomic Analysis
1.3.1 DatabaseSilva [7]（Release138, http://www.arb-silva.de）

1.3.2 Species Annotation
Methods:
1) Blast-based method: Classify-consensus-blast in QIIME2, as the name indicates, is a
blast-based annotation method. It identifies the annotation with the highest consensus in N
(default: 3) best hits. Parameter setting: Minimum similarity in sequence: 90%; Minimum
coverage: 90%; Minimum consensus: 51%.
2) Naive Bayes classifier-based method: Species annotation is processed with classify-sklearn in
QIIME. The classifier needs to be trained before use in order to “learn” which features can be
used for classification. Parameter setting: Confidence of classifier: 0.7.
3) Combined method: Feature sequences are firstly blast against reference database by
classify-consensus-blast. The ones that could not be matched in reference database are further

http://www.arb-silva.de）
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classified by classify-sklearn.

1.4 Diversity Analysis
1.4.1 Alpha Diversity Analysis
Alpha diversity reflects the species richness of individual sample and the species diversity, there
are series of measurement index: Chao1, Ace, Shannon, Simpson. Chao1 and Ace index measure
species richness, i.e. the number of species. Shannon and Simpson indexes are used to measure
species diversity, they are affected by species richness and community evenness in the sample
community. In the case of the same species richness, the higher the evenness of each species in
the community is, the higher the community diversity is. Larger Shannon index and smaller
Simpson index indicate that the species diversity of the sample is higher. Alpha diversity analysis
software: QIIME2（https://qiime2.org/).
1.4.1.1 Rarefaction Curve
Rarefaction Curve was used to verify the sequencing amount which enough to reflect the species
diversity in samples. As the sequences count increases within a certain range, the sharp increase
of the curve presents that a large number of species were found; when the curve tends to be flat,
it means that the species number won’ t increase significantly when the sequencing amount
increases. Rarefaction curve can be used to determine whether sequencing amount of each
sample is sufficient, the sharp increase of the curve means that the sequencing amount is
insufficient, more sequencing data is needed; otherwise, the sequencing amount is sufficient for
bioinformatics.
1.4.1.2 Shannon Curve
Shannon Curve reflects the index of microbial diversity in samples. The higher the Shannon index
is, the more the OTU species are and the richer the species are. It means that the majority of the
microbial species information is included in samples. When the curve tends to be flat, it means
the sequencing data is sufficient and the OTU species won’t grow with sequencing data growing;
if the curve does not tend to be flat, then it means insufficient and more OTUs will be found with
more sequencing amount.
1.4.1.3 Rank Abundance Curve Rank
Abundance Curve will rank the OTU abundance of each sample by size and it can represent the

relative abundance. The curve explains both the species richness and species evenness in sample.
The species richness is reflected by X-axis length of the curve. The wider the curve, the more
abundant the composition of species; The species evenness is reflected by the curve shape, the
flatter the shape, the more even the composition of species.

1.4.2 Beta Diversity Analysis (n ≥ 3)
Beta diversity analysis to compare the similarity of species diversity between different samples.
Beta diversity analysis mainly uses binary jaccard, bray curtis, weighted unifrac (bacteria only),
unweighted unifrac (bacteria only) these four algorithms to calculate distance between samples.
1.4.2.1 PCA Analysis
Principal Component Analysis (PCA) is a technique for analyzing and simplifying data sets. By
decomposing variances, differences of multiple groups of data are reflected on two-dimensional
coordinate graph, the coordinate axis present the two eigenvalues that can reflect the largest
variance.
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1.4.2.2 PcoA Analysis
Principal Coordinates Analysis(PCoA) is a dimension reduction sorting method similar to PCA, the
principle is to assume that there are data that can measure the difference or distance among N
samples, then a rectangular coordinate system can be constructed by the method. N samples are
replaced by N dots, square of the Euclidean distance between dots equals to the original
difference data, so quantitative conversion of data can be realized, the major elements and
structure can be extracted from multidimensional data.
1.4.2.3 NMDS Analysis
Non-MetricMulti-Dimensional Scaling (NMDS) is a sorting method suitable for ecological research,
it’s a data analysis method that can simplify the research objects (samples or variables) from
multi-dimensional space to low-dimensional space for positioning, analysis and classification,
while retaining the original relationship between objects. Similar to PCA or PCoA, the difference
between groups or within groups can be seen from the distribution of samples. The original
design of NMDS is to overcome the shortcoming (linear model) of the previous sorting methods
including PCA and PCoA. The model of NMDS is non-linear, which can better reflect the
non-linear structure of ecological data, so some studies believe that the effect of NMDS is better
than PCA/PCoA.
1.4.2.4 UPGMA Analysis

Unweighted Pair-group Method with Arithmetic Mean (UPGMA) is a commonly used clustering
analysis method for sample hierarchical clustering. The principle is to assume that number of
divergences occur in each lineage is the same, which means the replacement rate of nucleotides
or amino acids is equal and constant. The phylogenetic tree generated by UPGMA method can be
said to be a simple embodiment of the species tree. After each divergence, the length of
branches from the common ancestor node to the two OTUs is the
same.
1.4.2.5 Sample Heatmap Analysis
Heatmap can get the distance matrix between samples by using distance algorithms(binary, bray,
weighted, unweighted), heatmap of samples is drawn by using R language tool, the difference
between two samples can be visually seen according to the change of color gradient.
1.4.2.6 Anosim and Adonis Analysis
PERMANOVA (Adonis) is known as Displacement multivariate analysis of variance,
Anosim(analysis of similarities) is known as similarity analysis, they are statistical methods mainly
used to analyze the similarity between multi-dimensional data groups. In PCoA analysis and
NMDS analysis, there is no corresponding statistical test conclusion on whether the difference
between different groups of samples is significant. PERMANOVA or Anosim analysis can test
whether there is a significant difference in beta diversity between samples from different groups.
Use vegan pack in R language to do analysis and python to plot. R2 obtained by PERMANOVA
analysis represents the interpretation degree of sample difference between different groups --
the ratio of group variance to total variance. A larger R2 indicates that grouping has a higher
interpretation degree to the difference, the group difference is higher, and P value less than 0.05
indicates a high reliability of the test. The closer the R value(obtained from Anosim analysis) is to
1, the higher the difference between groups is than that within groups; the smaller the R value is,
the less significant difference is between them; P value less than 0.05 indicates high reliability of
the test.



APExBIO Technology LLC www.apexbio.cn

Achieve Perfection, Explore the Unknown

1.5 Significant Difference Analysis
1.5.1 LefSe Analysis
LefSe (LDA Effect Size) is An algorithm for High-Dimensional biomarker discovery and explanation
that identifies genomic features (genes, pathways, or taxa) characterizing the differences
between two or more biological conditions. It emphasizes both statistical significance and
biological relevance, allowing researchers to identify differentially abundant features that are also
consistent with biologically meaningful categories (subclasses). LEfSe first robustly identifies
features that are statistically different among biological classes. It then performs additional tests
to assess whether these differences are consistent with respect to expected biological behavior.
we first use the non-parametric factorial Kruskal-Wallis (KW) sum-rank test to detect features
with significant differential abundance with respect to the class of interest; biological significance
is subsequently investigated using a set of pairwise tests among subclasses using the (unpaired)
Wilcoxon rank-sum test. As a last step, LEfSe uses Linear Discriminant Analysis to estimate the
effect size of each differentially abundant feature and, if desired by the investigator, to perform
dimension reduction.

1.6 Functional Prediction
1.6.1 PICRUSt2 Function Prediction
PICRUSt software was used to predict functional genes composition in the samples by
comparing species composition information obtained from 16S sequencing data, then to
analyze functional differences between samples or groups.

Note: If a certain analysis is not signed in contract or the sample is not suitable for a
certain analysis, the final reports and result files will not provide corresponding results.
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