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REREN
16S rRNAE EH 12 7 R E AR [RIE
BEDITIE

o FEzshell&RinRERGBLNE

o Z&RmambaFllsankemake

o FIBFHEXMRHUZE
DRI

o A5|¥5HERAERF(Cutadapt)

o XRimfFFH1E(Flash)

o dada2REEREDM
Snakemake D iz B oL

o JEFEMTIEERNENEE S

o BLEVS Code

o J&fTsnakemake

o ZERXHi%AA
TSRS TS RN

o LRHEIMMANFEHESITINE

o alphaZtF4rI{L

o betaZ 4RI
EHIMWEE DT (Hmisc, igraph)
Mantel testPMEE F 5 YDFRBARAE X S D
CCA. RDAMMEREF St AR D

S\ qiime2

1. 1REFN
FEFNE D RS



Denoise /
Cluster

Taxonomy
Classification

Alignment

Diversity
Analyses

o F—XreadsTEBAIN S EZMAN, A—HHEZSHELESBOKGHRIER, mMA

TR,
o SHOMEREN, FRHRNDTHEATLRRERILZIMME,

Phylogeny

==
E R

BT RBEE5

o WTHMAREEIENKER—EE, BRTHERKENreadZRERER, BREXXreadsBEBH

overlapXIFF AT ABHERRR, BHEEFR.

O

Reads length (bp)

20 40 60 80 100

120

140


https://doi.org/10.1038/s41467-023-43143-z
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-024-01759-3

ES AR
o H—TERAESEM
o SEMIIIINUXFIRIES
o FEACHITI6ST IBF

2RI 42

o FIBFMNFEARFRIE

o TIBFHINMNEARREMEXM
o —LESEHMlinuxikI5. zshellss <
o {EAmambafEZ o HTIRER

o BEXRUSHVERZR

o EXREBIEMR

e snakemakeH#riRTE BEL

BHTE
P TThiR i S BB 4T A !

o IREERMMTIRRHN : B
o NIEMRIMEE, B&ETHECCalk


https://stumail-my.sharepoint.cn/:f:/g/personal/19jmxie_stu_edu_cn/ErGPjx7NCJBCq_xGS9ZxPsUB66KgVeg4mUW3p0fMUQtDyw?e=wVOH6l

2. 16S rRNAE A 18N E AR IE

[EEppt

1243 1435

[ 337F 2 785
V1| V2 vi B V4 | V5 | S v8 V9
< ¢ <= & 1492 |
V1-V3 ~510 bp for Roche 454
V3-vV4 ~428 bp for MiSeq PE
V3-V5 ~548 bp for Roche 454
V4 ~252 bp for HiSeq
~562 bp for Roche 454 V6-V9

V1-V9 (Full-length)
Pacific Biosciences

The suitable primer sets for various sequencing system


https://www.slideshare.net/DynahPerry/introduction-to-16s-r-rna-sequencing-cd-genomics

Multiplex PCR
Forward Primer — 5
T e e SR e DN A

Adapters &
with Barcode

~s— Multiplex PCR
Multiplex PCR Reverse Primer

Amplicons
I
Digestion
[ |
Digested Amplicons
s

Ligation

7

Library

VAHTS® AmpSeq Library Prep Kit V3

R1 ssgusnce primsar
———-

P5 adaptor ____lindex |
P5 adaptor' ___lindex |
e ———

dark cycle P5indsx

o ME5I1

3. WIFFRRE

index sequancs Erimer
lindex_|P7 adaptor ___|
lindex_|P7 adaptor ___|

—_—
R2 seguancs primer

ik EEL g
GTGCCAGCMGCCGCGGTAA
GGACTACHVGGGTWTCTAAT
AGAGTTTGATYMTGGCTCAG
bt 518R ATTACCGCGGCTGCTGG
b o— 341F ACTCCTACGGGAGGCAGCAG
806R GGACTACHVGGGTWTCTAAT
. 515F GTGCCAGCMGCCGCGG
907R CCGTCAATTCMTTTRAGT
Isi CIHTGGTUAT T TAGAGGAAGT AA
A e its2 GCTGCGTTCTTCATCGATGC
s its3 GCATCGATGAAGAACGCAGC
its4 TCCTCCGCTTATTGATATGC




yigXE  SMER S

va 515F GTGCCAGCMGCCGCGGTAA
806R GGACTACHVGGGTWTCTAAT
HHE Va-va 338F ACTCCTACGGGAGGCAGCAG
806R GGACTACHVGGGTWTCTAAT
27F AGRGTTYGATYMTGGCTCAG
B @ www.bgitechsolutions.com
[ Copyright©2023 RHIEARRRHERAT

2K b RGYTACCTTGTTACGACTT
Ts1 its1 CTTGGTCATTTAGAGGAAGTAA
H its2 GCTGCGTTCTTCATCGATGC
its3 GCATCGATGAAGAACGCAGC
ITs2 its4 TCCTCCGCTTATTGATATGC

[

e chimera(BR &%)

SE Gk


https://genome.cshlp.org/content/21/3/494.full

o i B i . )

Aborted extension

¥

N N —._

Mis-priming

¥

Extension

¥

Chimera

3. BEDITAIR
3.1 e E—" &7 iEAYzshellZim

o Zizshell
sudo apt install zsh
o ENAFHshelliEF
chsh -s /bin/zsh
o Z¥oh-my-zsh:

sh -c "$(wget
https://raw.githubusercontent.com/ohmyzsh/ohmyzsh/master/tools/install.sh -0 -)"

o BXEM


https://ohmyz.sh/

u B W N - [ ] B W N -

[ ]
0 N o0 U W N

W W W W WwWwWwNNNDNDNNDNDNDNDNDNIERRRRR B R B R
U & W N RFBP O VW W N6 U & WN KPP O W N0 U b WN B O W

# 1B & X4
vim ~/.zshrc
# EIEBMBIR
ZSH_THEME="ys"

0B e

# IE T EIFRIRERBohEIEMS B R

mv zsh-autosuggestions/ ~/.oh-my-zsh/custom/plugins/
# 1BeUEHEE

vim ~/.zshrc

plugins=(git last-working-dir zsh-autosuggestions)

SCHzshellds S

# HtEHwm

autoload -U zmv
zmv 'G([123]A).fg.gz' 'G-7D-$l.fqg.gz'
zmv 'G(*).(*).gz' 'G-$1.$2kk.gz’'

# BFER

## BB E B

print -1 *x/x(.)

## BRAMBRRRzERNXH
print -1 **/%,gz

## FH &L —RIESI ARSI 4
print -1 *(.m-1)

## FIHEE— BB IR A3
print -1 *(.aM+1)

## FILHRIER NNF 2k BOXHF
print -1 *(.Lk-2)

aa="1234"

## BE—T
echo $aa[l]
## BWEmE—
echo $aa[-1]
## EXREMD
echo $aa[2,3]

# FREBHER

% strl=abc
% str2=def

% str2+=$stril



36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

3.2

=

[} 0 N9 o U W

=W N -

3.3

% echo $str2
defabc

# FRBEHR
% str=abcabc

## RBRHRINE—
% echo ${str/bc/ef}
aefabc

# forfEIf
for i (*){
echo $i

}

# whilefEF
while {read i} {
echo $i

} < Flavo_accession.txt

Z&XKmambafllsankemake

MiniforgefSgithubitsiit: Miniforge

# THZRMZAEZA i

wget https://github.com/conda-forge/miniforge/releases/latest/download/Miniforge3-
Linux-x86_64.sh

# NINHRATINRR

chmod +x Miniforge3-Linux-x86_64.sh

# BITHIA

./Miniforge3-Linux-x86_64.sh

# SEF

source ~/.zshrc
snakemake

# BMEIE— IR
mamba create -n snakemake -c bioconda snakemake graphviz
# BUEMMR

mamba activate snakemake

I8 FRAXIRERE

WMEER

mkdir 16S_rRNA amplicon
cd 16S _rRNA amplicon


https://github.com/conda-forge/miniforge

o BIEMRIRIZ R env.yaml

1 channels:

2 - conda-forge

3 - bioconda

4  dependencies:

5 - bioconductor-shortread
6 - bioconductor-dada2

7 - bioconductor-phyloseq
8 - r-pheatmap

9 - r-ggplot2

10 - r-dplyr

11 - r-phangorn

12 - flash

13 - cutadapt

14 - mafft

15 - fasttree

16 - biopython

17 - pandas

BIEIMEFH H %ok LR IRH

1 mamba env create -n 16S rRNA amplicon --file env.yaml
# BIER

3 mamba activate 16S_rRNA_amplicon

N

e Z&nodejs

nodejsE W
1 # TE
2  wget https://nodejs.org/dist/v20.11.0/node-v20.11.0-1linux-x64.tar.xz
3 # BBE
4  tar -xf node-v20.11.0-linux-x64.tar.xz
5 # AMNERRESE
6 wvim ~/.zshrc
7 export PATH=$PATH:/home/xjm/software/node-v20.11.0-1inux-x64/bin
8
9 # EM
10 source ~/.zshrc

o Z&puppeteer
b

githu

# BIE—1THEZ
mkdir puppeteer

# WMiaft Iz

1
2
3 cd puppeteer
4
5 npm init


https://nodejs.org/en/download/
https://github.com/puppeteer/puppeteer

7 M € # xjm @ 1mit-X12DPi-N-T-6 in /userdata2/cc/TaiwanStrait-
16S/spring custom pipeline/puppeteer [16:43:45]

8 & cat package.json

9| {
10 "name": "puppeteer",
11 "version": "1.0.0",
12 "description": "",
13 "main": "app.js",
14 "scripts": {
15 "test": "echo \"Error: no test specified\" && exit 1"
16},
17 "author": "",
18 "license": "ISC"
19 | }
20
21 # BEfmoduletZz
22
23 vim package.json
24

25 M € # xjm @ 1mit-X12DPi-N-T-6 in /userdata2/cc/TaiwanStrait-
16S/spring custom pipeline/puppeteer [16:45:44]

26 ¢« cat package.json
27 | {

28 "name": "puppeteer",
29 "version": "1.0.0",
30 "description": ""

31 "type": "module",

32 "main": "app.js",

33 "scripts": {

34 "test": "echo \"Error: no test specified\" && exit 1"
35 By

36 "author": "",

37 "license": "ISC"
38}

39

40 # TR

41 npm i puppeteer

42 # JE

43  pnpm i puppeteer

pnpmhizizZEfilmambaZ Fconda

e Sl app.js

1 mv app.js puppeteer/

4. SRR R


https://pnpm.io/installation

4.1 E5|¥M5HBERRERFT

HEE T BIERE

° X

1

OW 00 J o U1 & W N B~

[ Y N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

o JNFXigAVI~V4X
F primer: ACTCCTACGGGAGGCAGCAG

R_primer: GGACTACHVGGGTWTCTAAT

tar -xzf example data.tar.gz

BREM: 3TMRKFRIRIFIER, 8

# example_data
— si-1
— s1-1_1.

L— s1-1 2.
S1-2

— s1-2_1.

L— s1-2 2.
s1-3

— s1-3 1.

L— s1-3 2.
s2-1

— s2-1_1.

L— s2-1 2.
52-2

— s2-2_1.

L— s2-2 2.
s2-3

F— s2-3_1.

L— s2-3 2.
S3-1

— s3-1_1.

L s3-1 2.
$3-2
— s3-2_1.
L— s3-2 2.
$3-3

— s3-3_1.

L— s3-3 2.

cutadapt
=950

.gz
.gz

NGZ
.gz

.gz
.gz

.gz
.gz

.gz
.gz

.gz
.gz

.gz
.gz

.gz
.gz

.gz
.gz

i

IE A3 F1T, raw data


https://cutadapt.readthedocs.io/en/stable/

1 # -g 5' adapter

2 # -G 5' adapter to be removed from R2

3 # -e RARAFNEINER (0 <= E < 1) FEHET (£ >= 1) , ARNMREENSIMNHTZE S B LN

4  # --discard-untrimmed EHIFILEZHINE|adapterFy XEFIFEEEIRFI NFEHEIRTE ZPCRY
IBEEIR

5 # -q HE3'IREREWE, REVRHSSHELEH FoverlapX B HER RS

6 # --cores IBEZIE

7 cutadapt -q 20 --discard-untrimmed -e 4 --cores 32 -g ACTCCTACGGGAGGCAGCAG -G
GGACTACHVGGGTWTCTAAT -o cutadapt output/S1-1/S1-1 1.fq.gz -p cutadapt output/S1-1/S1-
1 2.fq.gz example data/S1-1/S1-1 1.fqg.gz example data/S1-1/S1-1 2.fqg.gz

e Degenerate bases

IUPAC nucleotide code Base
R AorG
Y CorT
S GorC
w AorT
K GorT
M AorcC
B CorGorT
D AorGorT
H AorCorT
Vv AorCorG
N any base

4.2 Wim[F5H%

flash
ER

FAERRZTZH -MBAEEKE, IRESXATXITREMSIEEHE, EERTEHNRRIERNSBER
BREXTMEEZEMARETEEXKE, SBHHERRMEAFS, FEXH, (RESBNRAIAMAT [default:
65]


https://ccb.jhu.edu/software/FLASH/

=

# -m M readsZ BRI EEBMEBNR/NEEKE [default: 10]

# -M RAEEKE, NIRESEXATXMRKEHMFEEHE, B TEHNBRERNS BEZERBXMEEEMA
EEMEEXKE, SSEHHERMALEAIFS [(default: 65]

# -x MMIZERMNBEHENS EERKEZENEAAIFLER [default: 0.25]

-o HHEERAISR

# -d BIHBR

# -t 472, MRBRBMAXHNIRFRLEMIEEZEIRENL

-p REDEURTEE [Default: 33]

flash -m 15 -M 250 -x 0.1 -o S1-1 -d flash output/Sl-1 -t 16 cutadapt_output/Sl-1/S1-
1 1.fg.gz cutadapt output/S1-1/S1-1 2.fq.gz

N
B

[c<JNEN < NG, BT S V)
B

4.3 dada2 R [GEiiiEzD
4.3.1 RStudioR &g ¥<RE

1 .cran_packages <- c("dplyr", "phangorn")
2  .bioc_packages <- c("dada2", "phyloseq", "ShortRead")
3 if(!requireNamespace("BiocManager")){
4 install.packages("BiocManager")
5 1}
6
7 .inst <- .cran_packages %in% installed.packages()
8 if(any(!.inst)) {
9 install.packages(.cran_packages[!.inst])
10 | }
11 .inst <- .bioc_packages %in% installed.packages()

12 if(any(!.inst)) {

13 BiocManager::install(.bioc packages[!.inst])

4.3.2 EEBREMINTERS ARFS

e ASV (Amplicon Sequence Variants)

o WA
4.3.3 YAERE . AHRERSRERFS]
BE X EIREET

assignTaxonomy (...) E—Till&4fastaX ¥ (SEFENfastaX ) , HERETFIIKINASEEBWIRILEd
79, BAUMT EBEZTRINRERDERIE6R)

1  >Levell;Level2;Level3;Leveld;Level5;Level6;

2  ACCTAGAAAGTCGTAGATCGAAGTTGAAGCATCGCCCGATGATCGTCTGAAGCTGTAGCATGAGTCGATTTTCACATTCAGGGATA
CCATAGGATAC
>Levell;Level2;Level3;Leveld;Level5;
CGCTAGAAAGTCGTAGAAGGCTCGGAGGTTTGAAGCATCGCCCGATGGGATCTCGTTGCTGTAGCATGAGTACGGACATTCAGGGA
TCATAGGATAC



assignSpecies(...) #] addSpecies(...) HAEE)I|ZRE3E DA fasta XFRIFE VRIS (BRIEZERY fasta SXfF)

& id TRV T

>ID Genus species

H

-~

ACCTAGAAAGTCGTAGATCGAAGTTGAAGCATCGCCCGATGATCGTCTGAAGCTGTAGCATGAGTCGATTTTCACATTCAGGGATA

CCATAGGATAC

>ID Genus species

CGCTAGAAAGTCGTAGAAGGCTCGGAGGTTTGAAGCATCGCCCGATGGGATCTCGTTGCTGTAGCATGAGTACGGACATTCAGGGA

TCATAGGATAC

4.3.4 alphaZ it

1.

=W N =

F£EE: Richness
BE—TMESREAREBZVABYM

. YJ5E: Evenness

BEETARGF, TR ZEHENERE

Shannon

Simpson's Index

ACEFChao1

# FERSHUBREETE—ILRANEZED, BIHMEADNNME, ENRTE—DFaH=x
# Simpson's Index: D

# XBAJsimpson BHINIZESimpson's Index of Diversity: 1-D

# "Observed", "Chaol", "ACE"EREZE—HH, EANFEAREEHBEN1TE200ASVERIEH

4.3.5 {JASVR AR B

=

N =

mafft %I%ﬁﬂ Ebxd

mkdir mafft output
mafft --auto dada2_ single end output/ASV_segs _no chloro mito.fasta >

mafft output/ASV_segs_no chloro mito_align.fasta

FastTree E—j(ﬂ,{,mlfﬂL ’ﬂﬁ)-d

mkdir fasttree output
FastTree -gtr -nt mafft output/ASV_segs no_chloro mito_align.fasta >
fasttree output/ASV_seqs no chloro mito_ tree.nwk

4.3.6 betaZHititH

BetaZ M REMZHEMRFN—TEERR, BTEHETFHESRAIFAZ BNNMSIFEEREE., ©

.m.\%

WITEMMERNERERESE, FIUFEBBEA]T BRI Qe IME M ST,

Bl


https://www.statology.org/shannon-diversity-index/
http://www.countrysideinfo.co.uk/simpsons.htm
https://zhuanlan.zhihu.com/p/530245617

4.3.7 ASVHRATENBFEITE
e {TE: Prevalence

— MM EMERSHERT, XTYMRTERS.
e R¥[E: Total Abundance

— TR E LM RPONFEE S,

Taxonomy level: Phylum

Pt P s By adetovtroncia Colduichason Chiamydas
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Total Abundance of each ASV

5. Snakemake D TiRiE B Enft



5.1 B TFERTESHREEXH

o SHEMTIFER

1 # K&
2  tar -xzf custom pipeline.tar.gz

1 # BT IEEREN

2 custom _pipeline

3 I— configs

4 | L— 16S_rRNA amplicon config.yaml

5 |—— taxonomy_ databases

6 | I— silva_nr99 v138.1 train Mitochondria Chloroplast_set.fa
7 | I— silva nr99 v138.1 train set.fa.gz

8 | L silva_species_assignment v138.1.fa.gz

9 L — workflow

10 l— 16S_rRNA_amplicon_EZ.smk

11 I— 16S_rRNA amplicon Silva.smk
12 L scripts

13 I— python

14 | L ezbiocloud.py

15 L—r

16 — dada2

17 | |— assign_taxonomy.R

18 | I— dada2_single reads multi samples.R
19 | L downstream analysis.R

20 L reads_length frequency distribution.R

o {ZI% configs/16S_rRNA amplicon config.yaml

1 samples_dir: "samples XJM"

2 £ suffix: " _1.fqg.gz"

3 r suffix: " 2.fq.gz"

4  env_name: "16S_rRNA amplicon"

5 f primer: "GTGCCAGCMGCCGCGG"

6 r_primer: "CCGTCAATTCMTTTRAGT"

7 phred offset: 33 # RAERRHAZHIEZ64, UELHIEI3

8 minFoldParentOverAbundance: 1.5 # BEMRXEBARFEEEE

9 max_error_num: 4 # for cutadapt

10 error rate learning nbases: 500000000 # FHIRFEZIJNRMEHNE, SEMIFRERE, les AMRER

¥£70000reads X 4%¥H
11 is_raw data: false # E&Hraw data
12 taxon_mito_chloro:
"taxonomy databases/silva nr99 v138.1 train Mitochondria Chloroplast_set.fa"
13 db_taxon file: "taxonomy database/silva nr99 v138.1 train set.fa.gz"
14 db_spec_file: "taxonomy database/silva species_assignment v138.1.fa.gz"
15 puppeteer_js: "puppeteer/app.js"
16 | ez_account:
17 username: "xXxXXxXX@xxxx"

18 password: "xXxXXxxXx"



5.2 BEEVS Code
T E

e VS Code ERIA: Gz
EIRIniEIRS5 23

Welcome

3§ Welcome X

Visual Studio Code
Editing evolved

Start

[l:. New File...

Open...

2-9 Clone Git Repository...

X' Connect to...

nnect to remote development workspaces. (\X80)

Recent

snakemake-tutorial [SSH: 172.16.163.78]

Walkthroughs

VGet Started with VS Code

Discover the best customizations to make VS Code
yours.

& Get Started with Jupyter Notebooks (B

® Learn the Fundamentals

S Boost your Productivity

@ Get Started with Python Develop...

More...

Show welcome page on startup

0B mos

&AM

o SVGEER


https://code.visualstudio.com/

5B

EXTENSIONS: MARKETPLACE

svg

Extension: Svg Preview — snakemake-tutorial [SSH: 172.16.163.78]

Y O =

SVG 992K k 4.5
SVG Coding, Minify, Pretty, Preview All-In-One
jock

Extension: Svg Preview X

0B o8

Svg Preview 2.3.3
Simon Siefke | @ 535,276 | %k % ¥

Preview for Svg files

& =

ﬂ Svg Preview 535K % 5
Preview for Svg files
SVG Simon Siefke Install
DETAILS  FEATURE CONTRIBUTIONS ~ CHANGELOG
Q SVG Previewer D 132K * 4.5
svﬁ Show SVG preview to the side panel .
Vitalii Mazurenko =0 build failing Categories
. Other
SVG Editor 108K % 3.5 .
Visual and literal SVG editor for VSCode. SVg PreVIeW for
henoc
VSCode Extension
SVG Snippets D32K * 5 Resources
A basic SVG snippet generator.
sidthesloth =0 Marketplace
Repository
Features License
[mm SVG Gallery D 33K k5 ) )
. . . Simon Siefke
[ RlewiskClimaoeslinidalen) « Live editing of svg files and
[ Yongjian Huang m 9 9
svg's inside files
. . More Info
SVG Icons 18K % 5 « Panning and zooming of the
<®> Snippets for popular SVG icons, including Octicon... preview (up to 32767%) Published2019-4-11,
idleberg 00:37:24
Commands Last 2020-2-14,
svg-fold D1K k5 released 22:01:19
Fold SVG tag Identifier simonsiefke.svg-
i i Command Keybindin ’
misbah ansori =0 V! 9 preview
Svg Preview: Open
» SVG dev D 9K * 4.5 X . ctrl+a
<K SVG visual editor Preview to the Side
o kontrail [ Install |
> SSH: 172.16.163.78 ®O0A0 @O
s =88
o RIBEESH
&« © Search
EXTENSIONS: MARKETPLACE ()] >q Welcome 85 Extension: Excel Viewer X
tsv =Y .
Excel Viewer v4.2.58
BT (S ¢ 913 GrapeCity | @ 4337458 | *kkkk(118)
Automatically set the tabsize to alig...
chtenb Install Edit Excel spreadsheets and CSV files in Visual Studio Code and VS Code for the Web.
Rainbow CSV D5AM K 5 &
c sv Highlight CSV and TSV files, Run S...
mechatroner Install
DETAILS FEATURE CONTRIBUTIONS CHANGELOG
Markdown table from ... 8K % 4.5
Convert a CSV or TSV file to a Mark... Categories
e — Excel Viewer
TSV Paste JSON @912 k5 Other

X

®0A0

Convert the TSV text in the clipboar...

, this extension provides custom editors and previews for CSV files and Excel

Version 4.2.58 fixes many CSV editing issues that occurred in files containing multiline cells.

Version 4.2 now supports first-class custom editors that implement operations such as save, undo, redo,

and hot exit. For Excel files, this is the default, and clicking the name of an Excel file in explorer view
opens the custom editor directly. For CSV files, this is optional, and executing the Open With command
on the context menu prompts for the built-in or custom editor to be opened. The Open Preview

Version 4.2 also supports Visual Studio Code for the Web. To get started, visit in

. Powered by
cmiz Install NS B
spreadsheets in Visual Studio Code and
Excel Viewer ©43M * 35
Edit Excel spreadsheets and CSV fil...
& GrapeCity Install
Edit csv D12M * 5
extension to edit csv files with a tab...
janisdd Install
command is still supported for both file types.
ts-vue 316
Add Typescript Vue Snippets
Marco Mantovani Install
your browser.
CSV to Table 391K k5

Convert a CSV/TSV/PSV file to an A...
Andrew Armstrong

json2ts-vsc
convert json to ts type

cyly

SandDance for VSC...

Install

CSV Usage

D418 * 5

Install

the Open Preview command. The contents of the file will be displayed in a

This extension requires Visual Studio Code 1.63.0 or greater.

For files with a .csv, .tsy, or .tab extension, use the explorer context menu or editor title menu to invoke

control, which
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5.3 1z1Tsnakemake

o HIEMME
1 mamba activate snakemake

o RIEE

1 # silvaififg

2 snakemake -s workflow/16S rRNA amplicon Silva.smk --dag | dot -Tsvg >
workflow_Silva.svg

3 # EziniE

4 snakemake -s workflow/16S rRNA amplicon EZ.smk --dag | dot -Tsvg > workflow EZ.svg

1z17Silvaiiiiz

# IWEBTT

# -c ZREHE

# --use-conda {#Mfcondaifii

snakemake -s workflow/16S_rRNA amplicon Silva.smk -np -c all --use-conda
# HIB{T

snakemake -s workflow/16S_rRNA amplicon Silva.smk -p -c all --use-conda

A U1 B W N

1*5UEF BE, geERIESMIKTRIASY
28N D FIKTFHRIE R RNV R BT

# 1IB1T
snakemake -s workflow/16S_rRNA amplicon EZ.smk -np -c all --use-conda
# HiBfT

snakemake -s workflow/16S_rRNA amplicon EZ.smk -p -c all --use-conda

= w NN =

5.4 LR X {47 A

# benchmarks

L dada2_single _end reads benchmark.tsv # ITEZRERIER

# dada2_single_end output

I— seqgs

| — Asv_segs_nochim.fasta # EEHRAMKEHNASVET
I— ASV_segs_no _chloro mito.fasta # HIETER. HRAEFERAFHASVES
— ASvV_segs _with_chloro mito.fasta # MHERFLKI{ANIASVET
- filtered reads [73 entries exceeds filelimit, not opening dir]

I— ASV_taxon_no_chloro_mito.tsv # EFEHREM. HEEMENIRENASVITSE
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— AsSvV_taxon with chloro mito.tsv # MHRRFLK{KASVIIFIS %

I— ASV_prevalence_totalAbundance.tsv # ASVIi{TEMEFER

— seq table no_chloro mito.biom # FAFSAqiime2B4FER

I— seq_table no_chloro mito.tsv # EIEHREM. HERIAFIENARFHIEHER

— seq table prop no chloro mito.tsv # HKiFHAMR. HERAFEIAGEIBENEEIEER, &

BT E&MbetaZF MO

L seq table with chloro mito.tsv # MHREHERRFEIIMISTER

# summary_ output

F__

['__'T'__'WW__"T___'_'__'___r"____'____'_'__'____"____'____

beta_diversity # FERAENIEE & ENbetaZ ¥4

ord nmds_bray_stress.tsv

T

ord nmds_bray.tsv

ord nmds_unifrac_stress.tsv

ord nmds_unifrac.tsv

ord nmds wunifrac stress.tsv

ord nmds_wunifrac.tsv

ord pcoa bray explained variance ratio.tsv

ord _pcoa_bray.tsv

ord pcoa unifrac explained variance ratio.tsv

ord pcoa_unifrac.tsv

ord pcoa wunifrac_explained variance ratio.tsv

ord pcoa wunifrac.tsv

tadapter

Rl length frequency distribution_after cutting.tsv # Rl MBS MENRED %
Rl length frequency distribution before cutting.tsv # R1 FEIS|¥IRIRIKE D HIEM
— R2_length frequency distribution_after cutting.tsv # R2 #BI5|¥MEHKEDHEM
L— R2 length frequency distribution before cutting.tsv # R2 FHEIS|¥EIHIE D B
dada?2

— assign_taxonomy_stats.tsv # S—SLEMRAFIIHRER + REERHBIRNLHIRAIFTRIZ

TTQFTTTTTTTTT

L — denoising stats.tsv # S—SAEFRIFEIIHER
lpha diversity

alpha diversity.tsv # ZflalphaZFHIEER
stacked bar plot # A[EDEKFLEFHIHESIHIREREIE

Class.tsv

V]

-

Family.tsv
Genus.tsv
Kingdom.tsv
Order.tsv

Phylum.tsv

[TTTTTT

Species.tsv

# figure output

-

|
|
|
|
-
|
|

alpha diversity # ZflalphaZi¥4E
ACE.png

Chaol.png

InvSimpson.png

Observed.png

Shannon.png

[TTTTT

Simpson.png

cutadapter # S|¥EBEBIEKEDHAE
R1_length_frequency_dlstrlbution_after_cutting.png
Rl length frequency distribution before cutting.png

TTT

R2 length frequency distribution after cutting.png



61 | L R2_length frequency distribution before cutting.png
62 L— prevalence # FEDEKTFMASVIRTES BEENESE

63 I— Class.png
64 I— Family.png
65 I—— Genus.png
66 I— Kingdom.png
67 I— Order.png
68 L Phylum.png
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e PERMANOVA (Permutational Multivariate Analysis of Variance)

PERMANOVAZR—MAFILERZABERNS T HE, HPRRTBETENNNEENHERERE. &
PERMANOVAH, RYEMIZIM RBRETENEAZEFNBRERENS, BIEXRENESTMURIFIIHERST
SRER., INMEINEDRNEEERTEN THEAEMITZNEE., BEHEAT, RMEUS, HIPBRTEXY
FHAREEFNBEE DR,

e NMDS (Non-metric multidimensional scaling)

FEELHEREDH (NMDS) iy stress"B— ARG SMIFEEMAEZ BRI ERERIETR. ERTEIEE
PEAIREPRENER, BIRISBIERZBNEBERERESFE TRTFNMRE., StressBMIRIT0, RRMEYE
[ REREB ER R MBI AR R ZBREEE X R, BERR, StressfHFE0-0.2Z [EHINNZE—TEEBEFHIMN
BEE, ANMDSHHH, B RRMIEREREZEFRNMUE, U/ MstresslERNEIRIEANIRAELS
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6.4.1 & WG E R I ML IERT
(1) S (Number of nodes): RKZHAYT SMNE
(2) iB%% (Number of edges): M4EHFRA EIEHMAEMANDIIEE

(3) FRE (Node Degree) : TRINERESZTREEZEENANNE. EHENMHINES, TREER
RAEMDT. TREXTT —THEMSSOTEMUENERIXR, SEERNHEYAIEEMENRZT
EEEENIEA,

(4) FH9E (Average Degree) 2— 1T =E (Node Degree) MZtitiistn, BTFHAMENNERENT
= (BEARMEMYHM) FOERIZONEMT R, EEAKME, FHOERBIITEMETMET RNELN
(SEAMT SEEMLNHSE) HERFEESIN., XITERRET X THENHMMENBRERZENGEE.
FHENENRS, RAHEYYTZENEEXAEARSE; MEHENEBE, NWRRAHEMYFZENEEX

AEXN TR,

(5) MEEE (Network Density) @ WEBEEHETMEPLIRMFENIRES TREREFENRALHEZ
e, SBEMBZRTHMEMZENEEERBRANRE, REENENRRT MENZ BNEEERBRARH,

(6) FHIRMEIRZKE (Average Shortest Path Length) : X MEWEE T NEFEER DT 2 Z BT
REBREKE. RENTFHRERKEFSERINIEMEZNNEEEZERAIIZE,



(7) MLZEZ (Network diameter): REFERM NN RLZBREHEZRENEAE, BIMEPRITNHNEN
[B)E9EE B

8) RERM (Clustering coefficient): MFHAMAD T RUOREREAE N A2 ANETRE, EHEN
SIRGS, RARMEAREREENNH 2 AAMXANEE, DENSEHOTSHIRFRTE (%
)

(9) MEHICMEIESR (Centrality Measures) : S3EMEF0\E (Betweenness Centrality) . #EiLEAROE
(Closeness Centrality) F4FEREHVE (Eigenvector Centrality) 2, XEIEIRETFIRAIENEFEEEE
I D AVREDT, FIRETE(E R B HIMAEMRSE SN A ERIEXBIEM.

(10) #EX4# (Community Structure) : #HEKICNEERTRBENNE D EINARNEXER, ST
XESHEERTEXRONHNEN . HREMEBTIRAIHIME N FHERHMENRSZNINGERIR,

(11) MERLTR (Hubs) @ AOTNREENEFEBRS T /RENHENDM, ESMNEEEMEMIEZTR
BRBIESINREE.

(12) HMAEFXHE (Co-occurrence and Co-exclusion) : HIIXRIENEFHEMEERFAFEN LI
R, MERXARBHNEMEMERRFEASPRDENEIMAER, XX ATMIERHAEY Z BNEEERE
n, WIMEIES.

(13) #EREEXR (Inter-module Connectivity) : X MERAT TRARMX ZBMNEXATEE, GEITER
AR R R R AL,

(14) #BRE (modularity) @ EHENBLXEMN—1 18R, BREFEDTNEPTR/REMLIXNREE,
HETEBEEE 12126, SRRERITIN, REMEPFERESOEREN; MARREZEON, NSRS
MBI XERRBE.

6.4.2 HUMEZITHE

o LHRE Hmisc . igraph

B OE -

1 install.packages("Hmisc")

2 install.packages("igraph")

. HERES

# 2ZENEF1: https://mp.weixin.qq.com/s/Ew71UaPBQbuT84vYQOMLNA
# 2&ENhF2: https://mp.weixin.qq.com/s/AAfrCaVobIfgbRtrM7E5dg

library(Hmisc)

# ASVER: fTAMEFAR, FlRasv
ASV_table =

read.table("/Users/xjm/Documents/sampling/resampling data analysis/16S_test/dada2_si

1
2
3
4  library(igraph)
5
6
7

ngle end output/seq table no chloro mito.tsv", £ill = T, check.names = F, row.names
= 1, header=T, sep="\t")

8 # WMMOER

9 tax_table =
read.table("/Users/xjm/Documents/sampling/resampling data analysis/16S_test/dada2_si
ngle end output/ASV_taxon no chloro mito.tsv", fill = T, check.names = F, row.names

= 1, header=T, sep="\t")
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# ASVILIEF{ESE XA https://doi.org/10.1038/s41396-020-0621-7

# BURATELEBIR T 208898V
prev_prop df = apply(X = ASV_table,
MARGIN = 2,
FUN = function(x){sum(x > 0)/dim(ASV_table)[1]})

total relative abundance = colSums(ASV_table)/sum(colSums (ASV_table))

is.above.prev = prev_prop df > 0.2
table(is.above.prev)

# EX/E\*ERST$}§*:_FO .0 l%E"JASV
is.above.abundance = total relative abundance > 0.0001

table(is.above.abundance)

table(is.above.prev & is.above.abundance)

target ASV = colnames(ASV_table)[is.above.prev & is.above.abundance]

# FEIRAARN FE
ASV_table.prop = as.data.frame(t(apply(ASV_table, 1, function(ASV) ASV/sum(ASV))))

target ASV table.prop = ASV_table.prop[, target ASV]

print(rowSums (target ASV_table.prop))

# Calculate pairwise correlation (Spearman correlation)

correlation matrix <- rcorr(as.matrix(target_ ASV_table.prop), type="spearman")
# HEXMTERESZCH: https://doi.org/10.1186/s40168-023-01708-6

# Thresholding: Retain only significant correlations
correlation_threshold <- 0.7 # Adjust as needed
p_threshold <- 0.001 # Adjust as needed 0.05 ARAK

CorrDF <- function(cormat, pmat) {
ut <- upper.tri(cormat) # HTIEXMEMFEXNRN, B E=AEMEFITERIR
data.frame(
source = rownames (cormat)[col(cormat)[ut]],
target = rownames(cormat)[row(cormat)[ut]],
corr = (cormat)[ut],
weight = abs((cormat)[ut]), # HFERFEINEENNE
p = pmat[ut],
p.adjust = p.adjust(pmat[ut], method="BH"), #Multiple testing correction using
Benjamini-Hochberg standard false discovery rate correction ("FDR-BH"), to minimize

false-positive signals before network construction



cor_type = ifelse((cormat)[ut]> 0, "Positive", "Negative")

)

cor_df <- CorrDF(correlation matrix$r , correlation matrix$P) # EIFASVVZ[EHEIEXZR

significant_cor_ df <- cor_df[cor_dfsweight >= correlation_threshold &
cor df$p.adjust < p threshold,] # fREEspearmantBXMFEXI{E>0.7Hg-value < 0.001898

# AEINARTTE

g = graph from data frame(significant cor_df, directed=F)

# plot network(g, ps.prop above prev abund, type = 'taxa', color = "Phylum")

significant_tax = tax table[V(g)$name, ]

V(g)$Kingdom = significant tax$Kingdom #52
V(g)$Phylum = significant tax$Phylum #]
V(g)sClass = significant_ tax$Class #
V(g)$Order = significant tax$Order #B
V(g)$Family = significant tax$Family #5
V(g)$Genus = significant_ tax$Genus #B
V(g)S$Species = significant_tax$Species #7p

# BIETRIIER

node list = data.frame(node_ id

names(V(g)),significant_ tax)

# BlEDIIR
edge list = data.frame(edge _id = pasteO("edge ", c(l:length(E(g)))),

significant cor_ df)

table(edge list$cor_ type)

# Network analysis

nodes_num length(V(g)) #T

nodes_num

edges_num = length(E(g)) #10E
edges_num
positive.corr num = sum(E(g)$corr>0) #IEEXHEE

positive.corr num

positive.corr prop = positive.corr num/edges num #IFiB5<AILEf

positive.corr prop

negative.corr num = sum(E(g)S$corr<0) #AEXE =

negative.corr_num



negative.corr prop = negative.corr num/edges num #f11H<AIEEH]

negative.corr_prop

average degree = mean(degree(g)) #FE

average_degree

average shortest path length = mean distance(g, directed = FALSE) # I RIEEEK
i3

average_shortest path_ length

network diameter = diameter(g, directed = FALSE) #MEER

network diameter

network density = edge density(g) #MEZE
network_density

modularity = modularity(g, membership(cluster louvain(g)), directed = F) # RRE

modularity

# {E3M: Transitivity measures the probability that the adjacent vertices of a
vertex are connected. This is sometimes also called the clustering coefficient.
# RERH

clustering coefficient <- transitivity(g, type="global")

clustering coefficient

network_parameter = data.frame(nodes_num,
edges_num,
positive.corr num,
positive.corr prop,
negative.corr_num,
negative.corr_prop,
average degree,
average shortest_path length,
network_ diameter,
network_density,
clustering coefficient,

modularity

output dir =
"/Users/xjm/Documents/sampling/resampling data analysis/16S_test/summary_ output/netw
ork"

write.table(node list, file = file.path(output dir, "network.node list.tsv"), sep =

"\t", quote = F, row.names = F)

write.table(edge_list, file = file.path(output dir, "network.edge list.tsv"), sep
"\t", quote = F, row.names = F)

write.table(network parameter, file = file.path(output dir,

"network parameter.tsv"), sep = "\t", quote = F, row.names = F)

write graph(g, file.path(output dir, 'network.graphml'), format = 'graphml') #/5%L7E
GephiFIAF{Y,
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6.5 Mantel testiM 5 EF5 &2 HM B IED T


https://gephi.org/users/download/
https://www.bilibili.com/video/BV1xa411b7hG?p=2&vd_source=aff5ffc4e8789f2d639338dea83abae7

6.5.1 Mantel testit&

o ZIRE] 1inkET

1 install.packages("devtools")
2  devtools::install github("Hy4m/1linkET", force = TRUE)

o ITENE

1 library(linkET)

2

3 # ASVER: 1TAMAE, FlRasv

4  ASV_table =
read.table("/Users/xjm/Documents/sampling/resampling data analysis/16S_test/summary o
utput/mantel test/data/seq table no chloro mito.tsv", £ill = T, check.names = F,
row.names = 1, header=T, sep="\t")

5

6  # MIMoER

7 tax table =
read.table("/Users/xjm/Documents/sampling/resampling data analysis/16S_test/summary o
utput/mantel_ test/data/ASV_taxon no chloro _mito.tsv", fill = T, check.names = F,

row.names = 1, header=T, sep="\t")

9 # BHREFR

10 chem_table =
read.table("/Users/xjm/Documents/sampling/resampling data analysis/16S_test/summary o
utput/mantel test/data/varechem.tsv", £ill = T, check.names = F, row.names = 1,
header=T, sep="\t")

11

12 # FEHRRRAENFE

13 ASV_table.prop = as.data.frame(t(apply(ASV_table, 1, function(ASV) ASV/sum(ASV))))

14

15 # THEEARFEXM

16 correlation matrix = correlate(chem table, engine = "Hmisc", method = "pearson")

17

18 corr_p = correlation matrix$p

19

20 # pfEMIE Multiple testing correction using Benjamini-Hochberg standard false
discovery rate correction ("FDR-BH"), to minimize false-positive signals

21 correlation matrix = adjust pvalue(correlation matrix, method = "BH")

22
23 corr_r = correlation matrixs$r

24 corr_p_ adjust = correlation matrix$p

25

26  # BAMTEDEKE

27 tax_level = "Phylum"

28 target_tax name = c('"Actinobacteria", "Bacteroidetes", "Cyanobacteriota",

"Proteobacteria")
29



30 output dir =
"/Users/xjm/Documents/sampling/resampling data_analysis/16S_test/summary output/mante
1 test/res"

31

32 for(target_tax in target_ tax name) {

33 # TRYE BN KB R BIASVF R

34 target ASV = rownames(tax_table)[tax table[[tax level]] %in% target tax]

35 sub_ASV _table.prop = ASV_table.prop[, target ASV]

36

37 # itEBMantel test

38 mantel res <- mantel test(sub ASV table.prop, chem table, mantel fun = "mantel",
spec_dist = "bray", env_dist = "euclidean")

39 colnames (mantel res)[1] <- target_ tax

40

41 write.table(mantel res, file = file.path(output dir, pasteO(target tax, ".tsv")),
sep = "\t", quote = F, row.names = F)

42

43

44 | }

45

46 # ITEZHYMEIMantel test

47 mantel res <- mantel test(ASV_table.prop, chem table, mantel fun = "mantel",
spec_dist = "bray", env_dist = "euclidean")

48

49  colnames(mantel res)[1l] <- "All species"

50

51 write.table(mantel res, file = file.path(output dir, "All species.tsv"), sep = "\t",
quote = F, row.names = F)

52

53

54  # SHEXMERE
55  # {EME—FZFNrvalue, H{EchiplotiiFl

56 write.table(cbind(rValue=rownames(corr_r),corr r), file

file.path(output _dir,
"rvalue.tsv"), sep = "\t", quote = F, row.names = F)

57

58 # BN —FI&FRNpvalue, HfEchiplotiRal

59 write.table(cbind(pValue=rownames (corr p),corr _p), file

file.path(output dir,
"pValue.tsv"), sep = "\t", quote = F, row.names = F)

60 write.table(cbind(pValue=rownames(corr p adjust), corr_p adjust), file =
file.path(output dir, "pvValue adjust.tsv"), sep = "\t", quote = F, row.names = F)

61

62

Mantel testiE<$riVEMEENX

o FIDIEMNM MEMAEBREMNEXY, ERANEMIIEER/NEHNRXMS

o FMEMESHENMR, —TIMERENEMEMEBREFRANZENMERAREREAN, £MEBER
TR, MFAMRRAZRERIBA, HEVRBFERE—HNER. AMEERENE, BRRETITESLEN

o AT, —MITENRIEBMEZEBEANBRAS, BMERBEIRIT0. PrA—RIEX AL IE RN 1% 5]
%A, r<0.258|r| <0.25—#8y, ENHAVEERV), MantelBARZZER, MRER, UAZEE
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https://mp.weixin.qq.com/s/oE_JYWR9BBDxjpGGwfBU4g

i

* RDAFICCARMZEREFEARNETENER, NERAELHFLRERARNHMERF.

o BEAMRENARZMEEFHEERARLMERE, ENRKERR, JnMERFRRITA,

o BELS AR ARRIZIMER 75 LARMAEX M, KA, KREXEES.

o MAREIMERTFEHAMELERENEEEBRIMER FUEANTCINEE, ¥ARSEKERMIA, 1Z
MEREF X ARE AR,

o BARUTHEIXEAR, RRMERFSHERMIMOMOBMERR, HAITRIKNRAE, RRIFMERF
SHERYM O HIELREX,

BiRERE

B A#H1TRDAS CCAZ B SEi#1TDCAD#T(Detrended correspondence analysis), RiEZE R FfLengths of
gradientBVEERFHITHIRT, ATFR—FKARAIN:

FERAGBE AT Lengths of gradienthIEE, WREFRANEBEARTS, NMANIZECCA, WRHERWEENTS,
NEFERDA, WRBANEEE3-4 28, NFAFHOHHEEAIN,

H, XRZLNER, XS TERESR, BOIRNHTM DO, RELERBToTIERENFSHAINT
Hi, BAFAWT, ERAITRABNIRSHN, REEREFITHR.

6.6.2 CCA. RDAiITE

o LIHREl vegan
1 install.packages("vegan")
o HERE

#Canonical Correspondence Analysis (CCA)

library(vegan)

# ASVR: THAMZE, JIHAsv

ASV_table =
read.table("/Users/xjm/Documents/sampling/resampling data analysis/16S_test/summary o
utput/CCA/data/seq_table no chloro mito.tsv", fill = T, check.names = F, row.names =

1, header=T, sep="\t")

10 # BUARETFER

11  chem_table =
read.table("/Users/xjm/Documents/sampling/resampling data analysis/16S_test/summary o
utput/CCA/data/varechem.tsv", fill = T, check.names = F, row.names = 1, header=T,
sep="\t")

12

13 # FRENRIEXNEE

14 # FEMNSENLF: https://r.qcbs.ca/workshop09/book-en/transformations.html



15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

45

46
47

48
49
50
51

52
53
54

ASV_table.std.total = decostand(ASV_table, MARGIN = 1, method = "total")

# WENABEX FEEMNTE LR
#ASV_table.std.hellinger = decostand(ASV_table, MARGIN = 1, method = "hellinger")

#TH{TDCAD T
dca <- decorana(veg = ASV_table.std.total)

# DCADHT
GL = as.data.frame(apply(dca$rproj, 2, max))

colnames(GL) <- c("Gradient length")

#You do not give a reproducible case, but if you really have 31 sampling units
(observations) and 55 predictors, you are overfitting your data. You cannot have more
predictors than observations — or you can, but 31 random variables will completely
explain 31 observations. Probably the problem is the same with your "only 10 first
variables": these were enough to predict exactly your observations and the later ones
were dumped (we call that "aliasing"). As a summary: the number of predictor
variables cannot be higher than the number of observations. You need either more data

or you need to reduce the number of your predictors.

# BMREFHAEDTHAY, EFRZWMET (BAH-1) THERFEITE

# 1TERDA
# rda_result <- rda(ASV_table.std.total, chem table)

# 1TEcca
cca_result <- cca(ASV_table.std.total, chem table)

plot(cca_result)

cca_score <- scores(cca_result)

# AARHARRRLEA

cca_summary = summary(cca_result)

explained proportionl <- round(cca summary$contS$importance["Proportion Explained", 1]
* 100,2)

explained proportion2 <- round(cca_ summary$cont$importance["Proportion Explained", 2]
* 100,2)

output dir =

"/Users/xjm/Documents/sampling/resampling data analysis/16S_test/summary output/CCA/r

es

sites_table = cca_score$sites

write.table(cbind(sample=rownames(sites_table), sites_table), file =

file.path(output dir, "cca sample.tsv"), sep = "\t", quote = F, row.names = F)

envs_table = cca_score$biplot



write.table(cbind(env=rownames (envs_table), envs_table), file = file.path(output dir,

"cca _env.tsv"), sep = "\t", quote = F, row.names = F)

explained proportion table = data.frame(type=c("explained variance ratio (%)"),

CCAl=explained_proportionl, CCA2=explained proportion2)

write.table(explained proportion table, file = file.path(output dir,

"explained proportion.tsv"), sep = "\t", quote = F, row.names = F)

6.6.3 CCA. RDARI#1L
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7. £\ qiime2

o BIEER

mkdir -p giime2 output/gza
mkdir -p giime2 output/gqzv

o SAREKFY


https://mp.weixin.qq.com/s/oE_JYWR9BBDxjpGGwfBU4g

1 # 8A
2  giime tools import \
3 --input-path dada2 single end output/seqs/ASV_segs no chloro mito.fasta \
4 --output-path giime2 output/gza/rep-segs.qgza \
3 --type 'FeatureData[Sequence]'
6
7 # AL
8 giime feature-table tabulate-seqgs \
9 --i-data giime2 output/gza/rep-segs.gza \
10 --o-visualization giime2 output/qzv/rep-sedqs.qzv

o SAIIER

# SN
giime tools import \
--input-path dada2_single end output/tables/seq table no chloro mito.biom \
--type 'FeatureTable[Frequency]' \
--input-format BIOMV100Format \
--output-path giime2 output/gza/feature-table.gza
# AL
giime feature-table summarize \

--i-table giime2 output/qza/feature-table.gza \

O W 00 N o U1 B W N -

--o-visualization giime2 output/qzv/feature-table.qzv
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