[CGRYEZ

Acta Microbiologica Sinica

2021, 61(5): 1044-1063
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20200336

EF 16S rRNA EFE N F o thEEtE 2 #it

=4
HEE, BEE, 24, AR, UF

TR A BT AR S B e, BE 200093

WE: WAYIREE ZREERIBT SO T2 A MBI, SRR CE YIRS haE, MW RUE Yo S A 55 )
MG R A o BEE RN &SR3 LA S P EOR B PR & i, 16S rRNA Jik PRI e 7E A A
Yritig Z BRI ORI R E 2N o SCR RGN T 16S rRNA JEPRIN e 0 B it A P A9 DU 4 B2 2234
T, ALHEI PP 5 S HE DA e I Rl FA B L ke 2 PR Ak R e A R Bk A
THRVIFEXS AR WS 7 AT TR, LI A MIRE 7 Z AR A R S S

KR AWERY, 16SRNA, RUAEMIREEZAEE, MFER, ¥ T

A U LE Y BOR BT Y R UR , X
A fir Rk LA R AR S AT R R AR R E
X, HZRERIBETAT R T A B 5 IR B S8 042
iS5 R o AP 0 R AR YRR AR
WG ZARE R R 2N 3 A, ZERREER
AR B PG AR RS 2 O B2
AT S N T o AR GE R IA: M ie v 2 BT 5T T
LTSRS SR P E ST, R A AR IR
HRHER S A AR TR SR L MELLAEED Y B R
FENAB SRR S P R AR, FET 16S
rRNA (16S ribosomal RNA)JKE [ (1) 8 & U ¥ £
ARyElR T FIREME, ERCEYIREE ZREENESE
R

168 rRNA JE [H 338 1775 T 40 Aty A0 o
HAEZANMEIE, 2K 1500 bp A4, HE5HH
9 4~AJ A [X (variable region)fl 10 4~ff5F X
(conserved region) 3 Er 4 (K] 1), PR5FIX A FF
PIGGI T, AR AR T i E) A ik Ak 2=
o XEERFHEME 16S rRNA Kk J5AZ A 1 4
ENH . RGEIA LI R ZFEVE S P S0 5 i
M Thr&H . 16 2006 4, Sogin ZEPIE YK
IREEA R A IR VR B9 16S rRNA JE [HE1 T 2 8%
TR, 2 BRAL IR PG P B i 7 IAT R EAROE 11 B ol
ARV S A B Y Z AR E AR AT PR R 1-2
HomP, NEWAEWHTTR (human microbiome
project, HMP)TEFRE NRAS R HE AL Gl A= Py 7%

EEWB: HEARPEEEG1871897); Rl RHL AT 8hiT11(19391902000)

“BIEYEE . Tel/Fax: +86-21-65710368; E-mail: liug@usst.edu.cn

YrkS BHA: 2020-05-25; EEIHHR: 2020-07-30; M4 HAREHEA: 2020-09-01



BUEIRAE | UEER, 2021, 61(5)

1045

27F —»338F 515F
. ’—b C2000 | 400 F 600

968F 1 177F
800 ’Tooo . ’1?00 1400

338R +— 533RJ 806RJ 926RJ 1492RJ
B Variable regions Conserved regions
1. 16S rRNA ERLEH 55| REE
Figure 1. Schematic of 16S rRNA gene and primer targets. A schematic figure of 16S rRNA gene with nine

variable regions marked as VI-V9. Arrows show forward and reverse primers covering variable regions. The

number indicate primer position according to the E. coli gene numbering.
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) 16S rRNA JE K P AHOCAH 7 a3 LI 2. BFXF
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Table 1. Technical specifications of different sequencing platforms** >

Sequencing types Platforms Reads length/bp  Yields Run time/h Error types Error rate/%
First Generation ~ 3730x1 (ABI)* 1 000 0.08 M 10 Substitution 0.001
Next Generation  MiniSeq (Illumina) 2x150 75G 4-24 Substitution 0.1-1.0

Miseq Series 2x300 15G 65

NextSeq 550 Series 2x150 120G 12-30

NextSeq 2000 2x150 300G 24-48

NovaSeq 6000 2x250 6 000 G 13-38

GS FLX+ (Roche 454)° 1 000 700 M 23 Indels 1

GS Junior 700 35M 10

SOLID 5500 (ABI) 35-75 90 G 168 A-T bias 4

SOLiD 5500x1 35-75 300 G 168

Ion PGM (Ion Torrent)® 200—-400 2G 7 Indels 1

Ion Proton 200 10G 4

Ion S5 200-600 50G 19
Third Generation  HeliScope (Helicos)® 55 - - Indels 2-7

RS II (PacBio) Mean 14 k 1G 6 Indels 0.1-16.0

Sequel Mean 10 k 10G 20

MinION (ONT) >3 M 30G 72 Indelsé& - 12

Substitution

GridION >2 M 150 G 72

PromethION >2 M 148 G 64

Flongle >2 M 1.8G 24

% In 2008, Life Technologies was created by the combination of Invitrogen Corporation and Applied Biosystems Inc, and Life

Technologies was acquired by Thermo Fisher Scientific in 2014. °: In 2007, 454 Life Sciences was acquired by Roche Diagnostics.
Roche shut down 454 in 2013, and stop supporting the platform by 2016. °: Ion Torrent was acquired by Life Technologies in 2010.

4: Helicos Bioscience went bankrupt in 2012.
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Figure 2. Statistics of the number of published papers

about 16S rRNA sequencing based on different
platforms. The data collected from ScienceDirect
database with the keywords: “16S rRNA 454
pyrosequencing”, “16S rRNA Illumina sequencing”,
“16S rRNA Ion Torrent sequencing”, “16S rRNA
PacBio rRNA  Nanopore
sequencing”.
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i H. V2., V3 1 V6 BRI 340 RELE R UK B
LAY o X7 A B2 5 T e 91 AR AR
A I 25 S AR AT AR XA ) Fl X 4368 71 11
B, M HWAE ST EOTRRE . H AT,
WRHEANZE U130 OB IT & 9 RDP classifier™ 24
oy KR ) 2, HRENTRET I
Ty A TSR] A] AR X W) R T REERf 5 . Wang
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RIS, TERICT A X PR, Vilo S5Ak%
B2 A 1 SEPREBE , (EXF I 41 R BT
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JEAKF BRI R . AR T o HE R 1Y A B i
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% 2. 16S rRNA EE R A% XY LU R
Table 2. Comparative studies between variable regions of 16S rRNA gene
) Best single variable region Best multiple variable regions
Evaluation methods Dataset - - References
Region Accuracy” Regions  Accuracy
Phylogenetic 113 sequences from 110 bacterial species V2, V3 NA NA NA [32]
analysis
Taxonomic Bergey with 5014 sequences, NCBI with V2, V4 About 80%  NA NA [33]
assignment 23095 sequences
Taxonomic SILVA (SSURef 102) with 274196 V2,V4 60% V1-V3, 80% [34]
assignment sequences V3-V5
Taxonomic SILVA (SSURef 100) with 27013 NA NA V3-v4  78% [35]
assignment sequences
Taxonomic Greengenes (v13.8.99) NA NA V1-V3 NA [36]
resolution HOMD (v13)
Diversity estimate  RDP (Release 10) with 15825 sequences NA NA Vi-V4 NA [37]
Geodesic distance  SILVA (SSURef 115) with 79096 sequences V4 NA V4-V6 NA [38]
Coverage, spectrum, SILVA (SSURef 123), Greengenes (v13.8), V4 NA V1-V2, NA [40]
POAOs RDP (Release 11.5) VI1-V3

. Taxonomic assignment accuracy at the genus level with best single/multiple variable region(s), NA indicate the research data not

show.
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F= BE VA e = B AT s AN [R5 1) RO 1 1 A [+
AARIX, HAFhERE LS Rl 22 7Y, BiAR
5 1) B RE AT o A P T R R A,
BRI A R R A Z [ i 22 5, T 5 K
JEWIE AT, SR SEPR R —5 | W AN ARSI
I [ RS e it S X A Y A i 5 R, (B
WA BEIA T AT A BT .2 3 S8R T8 FIY 16

% 3. 16SrRNA EFEAFEAEXTESIMREBEXR
Table 3. Primer pairs targeting the 16S rRNA gene hypervariable regions and their domain specific coverage rates
. . . a Domain Coverage®/%

Targeting regions  Primers Sequences Bacteria Archaca  Eukaryota References

V4 515F GTGCCAGCMGCCGCGGTAA 93.7 92.7 0.5 [52]
806R GGACTACHVGGGTWTCTAAT

V4 515F¢ GTGYCAGCMGCCGCGGTAA 94.6 92.8 2.0 [53-54]
806R° GGACTACNVGGGTWTCTAAT

V3-V4 341F CCTACGGGNGGCWGCAG 92.5 69.5 0.1 [55]
805R GACTACHVGGGTATCTAATCC

V3-V4 338F ACTCCTACGGGAGGCAGCAG 89.2 0.0 0.1 [48]
806R GGACTACHVGGGTWTCTAAT

V4-V5 515F GTGNCAGCMGCCGCGGTAA 93.4 91.0 91.4 [56]
926R CCGYCAATTYMTTTRAGTTT

V5-Vé6 U789F TAGATACCCSSGTAGTCC 88.6 89.0 0.1 [57]
U1068R CTGACGRCRGCCATGC

V1-V3 27F AGAGTTTGATYMTGGCTCAG 90.3 0.0 0.2 [58]
515R TTACCGCGGCKGCTGGCAC

V1-V3 27F GAGTTTGATCMTGGCTCAG 89.9 0.0 0.2 [59]
518R WTTACCGCGGCTGCTGG

V3-V5 357F CCTACGGGAGGCAGCAG 91.9 1.4 0.2 [60]
926R CCGYCAATTYMTTTRAGTTT

V4-V6 518F CCAGCAGCYGCGGTAAN 94.5 325 0.1 [61]
1064R CGACRRCCATGCANCACCT

V1-V9 27F AGAGTTTGATCMTGGCTCAG 83.3 0.3 0.1 [62]
1492R TACCTTGTTACGACTT

% The number indicate primer position according to the E. coli gene numbering; *: The coverage was estimated using the SILVA
TestPrime tool with the SSU r138 database RefNR sequence collection and allowing non and one mismatch during primer annealing;

¢: The new constructs added degeneracy (changes are shown in bold) compare to the original.
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TestProbe . ProbeBase'*” | PrimerProspector!
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%, MIREWERRITEEZ 58519 .

25 FRTIR, XFF 16S rRNA FE R 47 186 X 1)
VPR, BEEE75 O R] AT AR DX ) 3 v 3 S
iR W w3, DAV B 2R PR PEAG 7 ok
AR ZE . ARFFEAETER AR 5 [ el 22 X
FHIF 28 B REAS ZE 9 3 X B B oR mg B &y 22
S, XA EOR R AR XE L . 51 S
A AR XAE A EOCHR A E B R 2R, Rl
T2 TEE A, (HE AT 1S XA S A
RIXW—B A BBEFRAE S 7k SR 4
W FAETEAR R, BN HEsIaG, ek
G HERAE PR AR bR iR I R MER R A,

50]
N

= 4.
Table 4.

R S R R AN T SR, RS XY
FRAEVE AT B A T a1 R GG . 16S rRNA
R DR ) 22 (N e R gk R R A2 X PR 8 22 A, ]
M KRR A S B AT RE X 70 A [F] 490 oty 2
BB T5 1]

3 THHEFAE

e 2 W R AR e A G AR W B T 2 R
BEA KRB, A I AE T & R B Ak 315 4
Bk (£ 4). 16S rRNA P 58 7 A H— g £
EA Il N 2N S R Ty e X NN (B S
K DRATRELTE . w1 T I i R A
PAFTE—EMFE IR, N HLEE B Yo B L BRI
AR IEE T4, Mg SCRERT Ak | ARZE L
Lo B e ) S s S R, LSS i 5dhe 1
1Mo WU e A BE 280 A R IR T DR . i
G PCR § 3 A RSP 4, sk APISR
B 2 SRR R Y e 9 2 8o T IO B4 0 K H:
BRI, S SEWRZ DAL = o F R EER R
GREAEA Chimera Slayer®™! . UCHIME!®, Jit
W — b T HLHAR G5 SR A T RE AR G AR

16S rRNA E[F 5@ 2 FLHIREAE 5 SR
Softwares for processing and analysis of 16S rRNA gene amplicon NGS data

Major functions Local softwares and web service

Quality control

mothur'®®, QIIME[67], Trimmomatic®®], AmpliconNoise[Gg], FASTQC[7°], VSEARCH!

Merging of paired-end reads  mothyrl®, QIIME!®”, FLASH!"?, PANDAseq!™!

Chimera detection mothur®®,  QIIME!®”, USEARCH!#, VSEARCH"Y, Chimera Slayer!®™, UCHIME®,
DECIPHER®!, CATCh®!
OTU clustering mothur®®, QIIME®”, USEARCH"¥, VSEARCH"Y, CD-HIT"", UCLUST!® DADA2™

UNOISE2"*"), Deblur®"!
Taxonomic assignment

mothur'®®, QIIME®”!, RTAX'®?, RDP Classifier®”

Reference database

Diversity analysis

Greengenes[83], RDP[84], SILVAD!

mothur’®®, QIIME”, STAMPE, LefSel®”), PICRUSt2(*¥), Tax4FUNE), FAPROTAXPY, Galaxy™'),
MG-RASTPY, VAMPS®?!, Calypso®, MicrobiomeAnalyst!®”!
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RO DRI 97% L Ay RN KXo 1o R 2K
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16S rRNA 2K JFFIR] 98.65%47 FI T & BT
Fp2 T Edgar AR 4K 5 41 B R 2K B
2574 99%, XtTF V4 X2 100%" ), A [ R IAH
JERRMEAS [F] Y 43 PR MBS IR A 25 57, (HH:
RELRARRTE2EM TIHA LK
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FEHE, BURKFIIES OTU BIRGERFSI . T
Uparse ™S H06 7 940 4 B HEY . B e 1
FFAMEN OTU WIAERFA , Dt PRt i 2 B 7 51
AR REZIEW A, JF HAERISHY [F] i 52 i
Ak bR, UCLUSTU'SR I n4E 5k, HR
JER, BT 4% BE O A1 B2t R D4 B 4 = B i
B OTU R FR 41, QUMEWE g He 54 i i i e
BRI S0 &, AMUKRE T T RER
TH., #4n cp-HIT"?, UCLUST"™ ., BLAST!""!
S, Rt 3 PREER, 251N de novo
closed-reference. open-reference, de novo RN
T EZSH IR, FA F A X FE AR B R )
5y OTU. iz L Hms Br A P S #BE /T L2 OTU
L BTSRRI R, RIS R

closed-reference SN FP 41 5 278 FF 91| FE H XS
FEA PR R, 52 M RUE R T3 e
A PSP RIS AL OTU, M7 ELXS A B3 41 %
T WOREE SRR IR, BRI AN, 1
T BR MBS ;B A5 AR a] 428 X A4 3
TR AR ok, FREE R, XEOK
TR P A0 w7 X B AT AR X, AN [A] A] A2 X el X
STREJIARIE], BHE AT LU EA TR o 2R s Bk S e T
YWRE BRIRTZH P, AFT KA OF, H
ZEA[HESEAIFY) . open-reference BRLES T
closed-reference il de novo BRI Ik, oy 2k
17 closed-reference R, AKXt F P 4T
de novo K24, ¥ 24~ OTU £EIF. KIS
B9 2y s 18] S R F & B H W) Fl . subsampled
open-reference! &7 open-reference FEA A4k
BRI WS, closed-reference A XA A
JE ) e S BEALII S #6147 de novo RIS, Horpul
G ko R B 2 R R W AT
closed-reference 2, XA ERYFIIHAT de
novo KA, FJaE OTU 74 BIE AT I8 .
MR 2 IR closed-reference RIS, AR5
AR, & T REEESE . £ OTU 1URFFH
Wt b, QUME SCHFFREHL. fell . FRERm 5T
o I FAEARFE YRR 16S rRNA JF I AR R
T 99%, [A—4Fhia) 16S rRNA FBIE/NT 95%
ARRER TG OO ST AR R AT — 5 1 R BR
PRV U LA TF K AR SR 10 41 A8 S 1
OTU HRAKH L, 10 DADA2Y | Deblur®®’, ik fif
RO E R ) RS, R S
5T H5cdE BT ) 0

Yk R R M 557 9 B OTU AR ¥
G 555000 e h 22 e A il e SR A T LU,
FoX 48 R AR HE P 91 0 A B RIS iZ 7 81 8 OTU
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MRS B, W A T HA mothur® | QIIME™” |
RDP Classifier™!, FERBSEFMERM R T 5 T HE
B RIS T B A BdE 1 , )R8 GenBank
BRI R & KR 16S tRNA R, % 37
B G [, — R L T X 16S rRNA H % s
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Exploration of microbial diversity based on 16S rRNA gene
sequence analysis

Zhigiang Huang, Jingxuan Qiu, Jie Li, Dongpo Xu, Qing Liu

School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093,
China

Abstract: Surveying diversity of microbial communities has great significance for exploiting microbial resource,
exploring functions of microbial communities, elucidating relations between microbial communities and their
habitat. With the proposal of the concept of “metagenomics” and the development of sequencing technology, 16S
rRNA gene profiling has been widely applied in the survey of microbial diversity. This review introduces four
important stages of 16S rRNA gene sequencing analysis, including selection of sequencing platforms and
hypervariable regions, sequencing data preprocess and methods of diversity analysis. Furthermore, the current
challenges and future prospects to 16S rRNA gene profiling are discussed. This review aims to provide a reference

for microbial diversity researches.
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