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Figure 1.

Schematic diagram of the rRNA gene operon and conserved and variable regions of the 16S rRNA gene.
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Table 1. Comparison of representative DNA sequencing platforms
S i Y t
equencing cars to Features Limitation
technology market
Sanger 1977 1. Long reads (1000 nt) 1. Low throughput (6 Mb/d)

(1*" generation)
homopolymers well

Roche/454 2005 1. Short reads (~500 nt)

(2™ generation) 2. High throughput (750 Mb/d)
3. Low cost

[llumina 2006 1. Short reads (~500 nt)

(2™ generation) 2. High throughput (5000 Mb/d)
3. Low cost

PacBio SMRT 2009 1. Long reads (1-10 kb)

(3" generation)
sequencing

Oxford Nanopore 2010
(3™ generation)

1. Long reads

sequencing

2. High accuracy, reading repeated regions and

2. No need for PCR amplification, single molecule direct

2. No need for PCR amplification, single molecule direct

2. High cost for sample preparation

1. Error-prone in reading single-base
continuous regions

2. Higher error rate than Sanger
sequencing

1. GC biased

2. Higher error rate than Sanger
sequencing

1. Lower throughput than the 2™
generation technologies (10 M/run)
2. Higher cost than 2™ gen

3. High original error rate and
error-prone in reading homopolymers
but can be corrected by CCS

1. Low throughput (1 M/run)

2. High error rate but in continuous
optimization

3. Direct sequencing of RNA molecules
4. Easy operation and portable equipment
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Technical strategies in analyzing 16S rRNA sequences.
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sequence, CCS)3 W& X [7]— 43 1F 20 I J7 Fl 22
FEXT. PacBio SMRT il P H AR B 2848 i FH T3 A
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BRI 4 AT 8 AT AT P RS e

4 PacBio M FF-F- 5 FH T rRNA LA 2473
AR A G, R CCS RIS BRI I
A5 R AR E] 0.2%0°) {04755 F llumina MiSeq
(0.1%)° -5, Hik, K& PacBio FAHilizk ek
16S rRNA J¥51 b Sanger Ml ¥ 58 2 AU A% 25, (H H

http://journals.im.ac.cn/actamicrocn



1758

Yuhang Liu et al. | Acta Microbiologica Sinica, 2020, 60(9)

RIAR S T AR EPY, Beah, RAEGAE—Let )
AR T L RAR A S R A B S R B o1
LI THF 408t PacBio MIJF AT i CCS J7 41 i — {4

LA TEFF %

ONT #fi: s (45 X 73 £ MinlON™ 3@ i
i 8% (Flowccell) ) 2 34 85 445 il 4% R 43 -1 1ok
UAAL, ARSI A A AL R I A el AR e S B
SIEEHL . ZAER HAREUN L AR A K K
(1-10 kb)) 16S tRNA KL 542 it
TR, SR T DNA 3 RNA 4
(14 S A AL 7 50 A (4 T R L A 1 AR Rz FH R A1
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Advances in ribosomal RNA sequencing technologies for
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Abstract: The total number of marine microorganisms is estimated to be 10°°. They are the key components driving
marine energy and material recycling and maintaining ecological balance. Research advances in marine microbial
diversity contribute to our understanding of the operative mechanisms of marine ecosystems. These knowledges can
guide our respondence to ecological crisis of global oceans and our exploration of marine microbial resources. As the
number of culturable marine microorganisms is currently low, our knowledges to the abundance, physiological
characteristics and ecological functions of marine microbial communities are greatly limited. Ribosomal RNA
sequencing technologies can rapidly and accurately identify or classify microorganisms based on nucleic acid sequences
at low-cost. These technologies have been used in studying community structure and evolutionary and ecological
relationships between microorganisms. In recent years, with the benefit of rapid development in sequencing
technologies, marine microbial studies based ribosomal RNA sequencing analyses have achieved remarkable progresses
in discovering novel marine microbial lineages, revealing ecological mechanisms and evolutionary relationships between
marine microorganisms, discovering novel metabolites and applying in marine bioremediation. In this review, we
introduce the technical principles of ribosomal RNA sequencing, the application of three generations of sequencing
technologies in studying marine microbial diversity, and variable combinations of library construction and sequencing
technologies. Finally, we address prospectives in utilizing these sequencing strategies in studies with different purposes.
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