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A simple pipeline to analyze 16S rRNA amplicon sequencing data in the Windows
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ZHANG Guoqing, LI Yudong”
(School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018, China)

Abstract ; Biologists are required to grasp the operation of Linux systems for microbiome analysis. To overcome this
barrier, we developed an easy pipeline for microbiome analysis operating in the Windows Subsystem for Linux
(WSL). The pipeline combines several open-access tools (VSEARCH and QIIME) for processing 16S rRNA data,
including data quality filtering, OTU clustering, taxonomic analysis, and results visualization. We reported an
application of this pipeline in salivary microbiome analysis, which brings the user from raw sequencing reads to
diversity-related conclusions. Practical teaching revealed that the pipeline is helpful for beginners to learn the basic
concepts and methods of microbiome. It is expected to promote the development of microbiome research by utilizing
the latest WSL features of the Windows, which facilitates rapid access to the bioinformatic tools for Windows users.

The package and sequencing reads are freely available on the website (http://www.ligene.cn/winl6s/).

Keywords : 16S rRNA ; Microbiome ; Linux ; QIIME ; VSEARCH

HUER b AR RS, G0 398 W s i
S5 AR T E TR RAE ) LB A L A
FEANE HSE . AEY4H ( Microbiome ) 8 3 — 45 & 4
AIABE AR ) B s AR R e Bt A
KA MARS S B A IR £ 8 N2,
It biE B s A28k, e A2 A g

Yr#s H HA:2018-04-24 ;& E HH1:2018-06-12.
E£WH . HEARFFAELTH (No:31671836).

SEFH T A7 B 2L 600 B, 1 B2 ) B RRE 2
i 2T R | 1 RAE D R R ) B i
I PR R A PR K i, 25 R A7 VA AT L R GEAT
FERRIIREE P WU REVE I 2R S 2R AR
RAEEWFFERY AW AR5 NP, anpl
VRIS JEAE T AL R AR UIASC , R

YEZ®IIr Ot , 2 ARRHE  WT5E07 0] A I~ . E-mail : 15967149972@ 163.com.
= BIEMEE RSN, 5, BIAEE, W07 1)  UE YRR % . E-mail :1yd@ zjsu.edu.cn.



240 4 #H

& % %16 A&

EL A AT TR 5 0 2 — , B AT 250 = PR A
YER B 5 100 H OE £ 1 &, I A 2R 4l 3 3l
(HMP) ShERGLA DT (EMP ) F1 E 4 A4 2040
PR
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Fig.1 Flowchart of 16S rRNA gene amplicon data analysis pipeline
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Table 1 Basic information of the samples
A P 4151 AEHY B A i 4R A BURE i
SAF i@ TR 22 19.23 Natural outflow method
SAG 7 HEE 20 17.85 Natural outflow method
SAJ 5 HE 21 19.49 Natural outflow method
SAK 5 Eecy 21 19.14 Natural outflow method
SAN % EEecy 22 21.97 Natural outflow method
SAQ e ENcy 22 22.06 Natural outflow method
SAS 5 EScy 20 23.26 Natural outflow method
SCB % i 26 18.59 Natural outflow method
SAA 7 Ecy 22 31.62 Natural outflow method
SAB ks Egcy 20 18.97 Natural outflow method

2.2 HURRESTALE

IARIERHE o7 i L AR A 1R 25 2R, 16s rDNA 4"
1D A e o A e WA B TR Y
30T, PSR T FastQC H % I e B4l 547 ot
VA, BT ) B WU e i 4 S 2 B DA i
B R 22 S H WP AR AR SER D R, AR
Ja , MR A NGS 4% T B (1 Trimmomatic' "))
AT PR Ak 8 AR TT & reads (Q<20) , VIBR read
AR i 15 2 6 5 A SR B N R U R 4 Sk
(Adapters) | 23 BRI B R BT 914

ASZEEPE N Tlumina HiSeq2500 5 Paired-
end I ¥ (PE250) , 3 2 2 BR 5195 Barcodes J5 1
SR AR, B A FE A PN IE B 1) 05 reads 4
(B S B E AR, W SAA R fastq 5
SAA_R2.fastq) . 1F 9] Reads (R1) F1 2 [7] Reads
(R2) PIBUFHNA T o & Al A P4, — Bk
H fastq-join J5 P i3 751 PR UMK BT & reads
SUIERA R L, T 16S rRNA HJ V3~ V4
XK FEN 465 bp , AL U8 B /N T 380 bp ()7
SR B RGN E RIS AR FEARTRT Y
15 0005 5K reads( W3 2) T )5 2504, 11 T
ST DS B MERR 1 o R R
2.3 OTU B

OTU ( Operational Taxonomic Units) J&7E RF K&
As g O TR AT 0, ARG — AR
BIT(R AR, T8 ) R I AR, BT
il —E I P R P B A TR SR E AE R
T BN ) AT I B A ( Clustering ) , i1 R
4 5 4 BRAR e R AR AL 97% LA L IH 2 —4~ OTU .,
— VORI ZE 75 (Open reference ) 77,
B2 PICRUSt i F5 22 LA BRI Greengene $UHE 41
122 ( Closed reference ) WIS MM 453

ARSI it R0t AT TR P | 9 B e
ZERIR BT B SRR 97% 4T OTU %
2K, HNERY 165 rRNA 432 — B 1] 97% AL,
M A% A W) 1) 18S TRNA 4335 — B i i 96%
JE A FHAS ] A 5005 BOAR DL 1 1B 1T BEAS 2 56 A2 A
[{fy OTU %47, 5% OTU J&, K JH RDP ik
Greengenes tDNA F0H5 & LU XT, i B4 OTU #4028
Bt KRZ¥ OTU J¥ 9 Re i R 2 E K-, — &84
OTU AJ LLMEE BIFKF-

ARG R] T 212 4> OTU, 75T F1 & K
F EXSRIZERY OTU #4770 2R 485E , HE T 12 4N,
94N E (W3 2), Eid OTU R M5 KE 15 5]
PIZEIR AT LIAE N 5 22 M REGE T i A
24 HAEMHNFEE

ANTR) AR 1 10 G A W TR A AE A — o Y 22
S, T8 3 73BT T LA B ] 73 2 KT 10 200 B R 2
R A= B AT LA R b A5 3 A 6] A A 75 ] — 43
FOKFRY2E 5 TR AR HEAT W AL B AR JS | 7
taxa_summary I{EF% ':F‘ éE ﬁE%Kﬁ:% taxa_summary
_plots, FTHF H A B S bar_charts. html | B[V A X2 5]
B ATTACE(L2) 2E K (L6) 702 K 40
B LG, T 2 SR AT RUE AKX B RE 9 25 Sk 10 25
o BARERE S F AR BT LIE ZHEES
HH SR (“taxa_summary/”) , & FH FEA R 3K T
AT FPRERY 5 B, iRm0 R TR i
AAEA P A A 5 T /0 B ol ) 2 AR AR
FFE

A X AN [ A 73 A A R A B A, AR5
RIS R S 12 ATTCRE 2(a)), Hop
Firmicutes . Proteobacteria . Bacteroidetes .Actinobacteria
AR W FVEE S M Fusobacteria A77E i 35 1M 41 7]
225 (wilcox.test, P < 0.05) , ASSZEG LA H AL H
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Table 2 Basic sequencing information of bacteria in saliva

ENEE eSS EE S {E Ve
B2 R BB reads $ H /4 OTU % H/4

I =]
SAA 14 356 421 8 82
SAB 16 772 456 12 90
SAF 14 441 463 11 81
SAG 14 377 403 9 62
SAJ 11 631 406 8 90
SAK 14 181 450 11 79
SAN 16 368 379 10 74
SAQ 18 430 418 12 81
SAS 14 832 389 11 67
SCB 18 749 450 11 87

. Actinobacteria

W Bacteroidetes

. Cyanobacteria

. Firmicutes

. Fusobacteria
GNO02
Proteobacteria

e SR1

mm Spirochaetes

mm Synergistetes

- TM7

= Tenericutes

mm Verrucomicrobia

= Streptococcus
I Prevotella
B Neisseria

W Granulicatella
B Rothia
W Actinomyces
= Haemophilus
B [Prevotella)
W Peptostreptococcus
Porphyromonas
B Fusobacterium
m eillonella
Leptotrichia
B Oribacterium
= Atopobium
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Fig.2 Taxonomy and relative abundance of the bacterial populations across samples
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I B3 biom 3 (otus_table_tax.biom ) AJ
TR S0, 8% T DL P 2R Z e 4
M Alpha ZHEMEFE 0 ( a-diversity ) 55 Beta ZFEPETE
B (B-diversity ) , o ZAEMEFEEUE A RAEE N ERIY
Yikh ZHE1E , B FEIETE EUE A ZAEIK R Y Fh 2
FEPE, FBRAES 20O, Z R S LR ST TR K
PUOMFREVERR AT RE S5 , X HLLL QUIME i e 19
core_diversity_analyses.py BI04, I8 1 f5e /Ml
HFEAR A reads ( Counts ) BUE N —e 4 ( Rarefaction
EEEL) o core_diversity_analyses.py 411817 — &R
BIFRUERY alpha 5 beta Z T, AT LIA B 43k
H SO (core_diversity/) T B SCHFEE F AH G 45
HJi, AT LK OTU 1Y biom %2 SO S SC

7, B G Hr R 9 430, W STAMP 5
R 441 phyloseq, vena 55,
2.5.1 FEARTHAE Alpha ZHME5HT

ARG THEAR o ZFREVE BT BN R 24
PR, F3(a) ZRRGELEE ZHMERE(PD), M
I ZREEAE T AL, E AR 254 (PD ) X481
B ARERAES, WRARESRITZER (P >
0.05) . 740, HEEHME BT Simpson ZHEVEFE K5
M4 (0.94£0.04) 5 (0.95+0.02) , Shannon ZFEPEFE
B R (5.54+0.63) 5 (5.78+0.30) , 1] WL W4k
A E ML Z R 5L
2.5.2 FEARBBE Beta ZREMESHT

ARSI FFH QUME [ JIA X153 2 5 OTU £ Al

SR E M [S?E’ Ja F E A R by ( Principal
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coordinates analysis, PCoA ) Y #5554 [ o] #L 1k,
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Fig.3 Bacterial population difference between sample groups

A D BRI A AN [R] A 25 53 1
IR A MU 25 A7 AR A R B DA B R 25 4 R
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AL 7 IGETT 3 BT T S AN [ 2E 50 64 TR R 2 2 S
E— PP R 22 S SRR Z AF TR B G 2, 2 L
AP FE R E A H R,

3 45 &

T A TFIRE A VSEARCH 5 QUIME %53 Hr
W, AR T1E Windows 248 T 430471 16S rRNA
JRE DRI 3 I AR ) 18T 2 R . AR AN
T 16S rRNA %48 53 #r, i 7T LA T 18S tRNA 5
ITS Z5ARiC FE N B9 20 . LUJG BE & IR IS TR A, 3R
TP EE L Z T b i 3 AT BAS  AS W7 BB B0 0 A
TRE I RIRTAE AT b 253 2 S T A W A 4y
L [WIR-

WSL 24 AE Windows 10 H 4 1 B Linux T
R RE, R YF Linux ELF64 — ik il SCfF iz 17 78
Windows R4t I, Bl WP WSL (B, o ik
Z A5 B S H e WSL a2 47, i 5 )
KA S BAE Windows RGP TEWMH
BB, SR WSL WA —E /R, e B
TR 64 (IR, — BB E 1) 32 (iR K ASBESE WSL
Tia4T, W QIUIME 2RIARY uclust FEFFARELE WSL T
Y, GFAE H TR 2800 32 R T # A A Y

64 (i ACHR R, 2 uclust , USEARCH™ W] D) F 42 %
) 64 i #%F VSEARCH &, Ji4h, 76 WSL T, 2
P XoF B 5 0 5 55 8RR H BRI, R 32 1T B RER A
FWIEJEA Linux 24 FaiT i EE, {2 WSL
AR RGBT AT 2 I8 S 0F 58 A 5L 2
T Linux Ay 2 484E , 7T IR 12 2 54 Linux
TR LA T SEBRI H B 0 o i o TAE
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