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Possible technical elements for the ultimate nucleotide sequencers
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Abstract: The DNA sequencing technology invented in 1970’s has been a leading tool for genomics and its sequel —
precision medicine. The needs for advancement of the DNA sequencing technology comes from increasing resolutions
in cellular and molecular studies, not only DNA or cDNA sequences but also their covalent modifications, such as various

kinds of DNA or RNA methylations. Sequencing single RNA molecules directly without conversion into cDNAs appears
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to be the last generation of nucleotide sequencers. Some cutting-edge technological elements are clearly expected for the

ultimate design of nucleotide sequencers, which must include, but not limited to, nanopores, nanofabrication, surface- or

tip-enhanced Raman spectrometry, single-molecule photonics and plasmonics, artificial-intelligence based data analysis

tools. The complexity of biological systems is also calling for new syntheses, frameworks, paradigms and more concerted

efforts and projects internationally. Here we discuss possible roles and capacities of such technical elements for the

fourth-generation nucleotide sequencers in details.

Keywords: DNA sequencing; RNA direct sequencing; single cell; single molecule; nanopores

( )
( )
( ) (
( ) (discovery-driven)
DNA
20 40 DNA(
70
(John Bardeen, 1908~ DNA
1991) (Fredrick Sanger, 1918~ 80 PCR
2013) (
DNA ) DNA
( RNA
(https://www.nobelprize.org) )
( 20 50 70 ) “
(the Macrobiosphere) (the
Microbiosphere)
[L.2]
(landscape) DNA

RNA

)

(data- driven)

DNA

[3~6]

DNA



1 931
( )
CPK (Corey-Pauling-Koltun
20 70 )
21
(
)
)
«C )
—DNA
71
DNA  RNA
(chassis)
() ( )
()
)

60

300

40

(cell-free) 8]

(lineage-specific)

()

[9,10]



932 i 1 Hereditas (Beijing) 2018 40

F1 HFEZNBMBAIER S " ( RNA
Table 1 Covalent bonding and weak interactions u ” https://www.
(PN) humancellatlas.org) * "
-  (Cc-0) 1600 ) RNA (
- (C-Si) 370 RNA )
(—C-S-S-C—) 100
ATP 80
B 2
(Biotin-SA) 160
(Ab-Ag) 100
(Receptor-ligand) 50
DNA 20 70 “ " (
80 ) 80 “ 96- " ( )
(kinesin) 5 90 “ " ( ) 00
“ ( )"
e ()Y
“ RNA

23

SRR T

1600 1400 1200 1000 800
P

10~

s
& Self-assembly of & DNA four-way junction b DNA seaffold s a templaste for protein crystallization)

= y | =
R 96-FLARAT A ;g%: " A 1 Jﬁ,} -
WREA AR 5 i« WS R 5
:Tdemnﬁﬁh]]NAn-nmdnjhw f § sn
mjﬂ v-l::d m d A DNA nanomochanical device

£ &

Bl ZERMRASIERAFELXRTEE
Fig. 1 The evolution of experimental platforms for nucleic acids research

DNA )



11

933

( )
" (niche market)
96-
PCR PCR PCR
PCR “ " DNA
RNA
DNA
RNA
DNA/RNA
(in vivo) (in vitro) (ex
vivo) (in silico)

(atomic force microscope, AFM)
(scanning tunneling microscope, STM)
(scanning probe microscope, SPM)
(optical tweezers) (magnetic tweezers)
(nanopores)
(surface-enhanced Raman scattering, SERS)
(tip-enhanced Raman scattering, TERS)

(super-resolution imaging)

DNA

( 2

(next-generation
sequencing NGS)

3
(Pacific BioSciences,
PacBio) (Oxford
Nanopores Technologies, ONT)
(Direct Genomics
Stephen Quake ) ONT
(flowcell)
ONT
( )
PacBio ZMW(zero-mode
waveguide)
3 DNA 1] ” 1] ”
DNA

x2 BEREBEERUFFEOONEERAER

Table 2 Major technical elements of sequencing
platforms
O N
V y \/ \
V y V
PCR v v
\/
y V \
\ V \
y \
V \
V \
y y
\/
\/
\/




934 i 1 Hereditas (Beijing) 2018 40
( )
RNA
( ) RNA
mMRNA RNA
DNA RNA
RNA
RNA DNA RNA
cDNA( DNA) cDNA EST
RNA RNA
RNA DNA —_—
DNA RNA
DNA ( DNA
RNA
) RNA
RNA RNA 10 RNA
RNA RNA RNA [11]
( ) DNA 3 RNA [12]
DNA RNA
( RNA 20~10 000 nt) (1)
RNA cDNA (average read length) (turner-
RNA ound time) (total
RNA  cDNA output) (2)
DNA
RNA 3)
(
RNA )
RNA ( 3
R®3 BRAKRM DNA MFEMNRFIARSHELE
Table 3 Representative sequencers of different generations and their technical parameters
« )
ABI3730XL Thermo-Fischer ( ) + + ++ +++ +
HiSeq4000 Illumina ( ) +H+ +++ & ++ FH+
GenoCare + ++ & + ++
( )
MinION Oxford Nanopores ( ) + -+ +++ + +
Technologies
PacBio RS Pacific BioSciences ( ) + + +++ + +
Yet-to-come ( ) +++ + +++ +++ +++

+ ++ +++



11 : “ " 935

DNA  RNA
“ ” (Work- PCR
horse) Illumina  HiSeq “ ”
PCR
(150~200 bp) ( ) (
)
PacBio ONT
3
7 PCR
(killer application) (10 ) “ ”
4 1] ” 113
" 10
Ilumina PacBio
“ ONT
( )
RNA
3
" DNA
DNA (in-vitro
diagnostics 1VD) DNA RNA
(product landscape) RNA

( RNA



936 i 1 Hereditas (Beijing) 2018 40
(in vitro)
[12]
RNA DNA RNA
RNA

tRNA RNA

[13]

(plasmonics)
) (
) )
( ) (
) )
[14]
[15]
5 DNA
RNA
RNA
( tRNA
RNA RNA
()
()
( )
(

RNA



937

( PCR)

£ & ik (References):

(1]

(2]

(3]

(5]

(6]

Yu J, Wong GK. Genome biology: the second modern
synthesis. Genom Proteom Bioinform, 2005, 3(1): 3-4.
[DOI]

Yu J. Life on two tracks. Genom Proteom Bioinform, 2012,
10(3): 123-126. [DOI]

Shendure J, Balasubramanian S, Church GM, Gilbert W,
Rogers J, Schloss JA, Waterston RH. DNA sequencing at
40: past, present and future. Nature, 2017, 550(7676):
345-353. [DOI]

Zhou XG, Ren LF, Meng QS, Li YT, Yu YD, Yu J. The
next-generation sequencing technology and application.
Protein Cell, 2010, 1(6): 520-536. [DOI]

Zhou XG, Ren LF, Li YT, Zhang M, Yu YD, Yu J. The
next-generation sequencing technology: A technology
review and future perspective. Sci China Life Sci,
2010, 53(1): 44-57. [DOI]

Feng YX, Zhang YC, Ying CF, Wang DQ, Du CL.
Nanopore-based fourth-generation DNA sequencing tech-
nology. Genom Proteom Bioinform, 2015, 13(1): 4-16.
[Dol]

Pretorius IS, Boeke JD. Yeast 2.0-connecting the dots in
the construction of the world's first functional synthetic
eukaryotic genome. FEMS Yeast Res, 2018, 18(4). doi:
10.1093/femsyr/foy032. [DOI]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Damiati S, Mhanna R, Kodzius R, Ehmoser EK. Cell-free
approaches in synthetic biology utilizing microfluidics.
Genes, 2018, 9(3). doi: 10.3390/genes9030144. [DOI]
Zhang TB, Zhang CL, Dong ZL, Guan YF. Determination
of base binding strength and base stacking interaction of
DNA duplex using atomic force microscope. Sci Rep,
2015, 5: 9143. [DOI]

Kilchherr F, Wachauf C, Pelz B, Rief M, Zacharias M,
Dietz H. Single-molecule dissection of stacking forces in
DNA. Science, 2016, 353(6304): aaf5508. doi: https://doi.
org/10.1126/science.aaf5508. [DOI]

Garalde DR, Snell EA, Jachimowicz D, Sipos B, Lloyd JH,
Bruce M, Pantic N, Admassu T, James P, Warland A,
Jordan M, Ciccone J, Serra S, Keenan J, Martin S,
McNeill L, Wallace EJ, Jayasinghe L, Wright C, Blasco J,
Young S, Brocklebank D, Juul S, Clarke J, Heron AJ,
Turner DJ. Highly parallel direct RNA sequencing on an
array of nanopores. Nat Methods, 2018, 15(3): 201-206.
[DoI]
Wanunu M. Nanopores: A journey towards DNA
sequencing. Phys Life Rev, 2012, 9(2): 125-158. [DOI]
Guo J, Lu JT, Feng YX, Chen J, Peng JB, Lin ZR, Meng
XZ, Wang ZC, Li XZ, Wang EG, Jiang Y. Nuclear quantum
effects of hydrogen bonds probed by tip-enhanced inelastic
electron tunneling. Science, 2016, 352(6283): 321-325.
[DoI]

2017. ISBN: 9787313181831. [DOI]

McGinn S, Bauer D, Brefort T, Dong L, El-Sagheer A,
Elsharawy A, Evans G, Falk-Serqvist E, Forster M,
Fredriksson S, Freeman P, Freitag C, Fritzsche J, Gibson S,
Gullberg M, Gut M, Heath S, Heath-Brun I, Heron AJ,
Hohlbein J, Ke R, Lancaster O, Le Reste L, Maglia G,
Marie R, Mauger F, Mertes F, Mignardi M, Moens L,
Oostmeijer J, Out R, Pedersen JN, Persson F, Picaud V,
Rotem D, Schracke N, Sengenes J, St?hler PF, Stade B,
Stoddart D, Teng X, Veal CD, Zahra N, Bayley H, Beier M,
Brown T, Dekker C, Ekstr?m B, Flyvbjerg H, Franke A,
Guenther S, Kapanidis AN, Kaye J, Kristensen A, Lehrach
H, Mangion J, Sauer S, Schyns E, Tost J, van Helvoort JM,
van der Zaag PJ, Tegenfeldt JO, Brookes AJ, Mir K,
Nilsson M, Willcocks JP, Gut IG. New technologies for
DNA analysis — a review of the READNA project. N
Biotechnol, 2016, 33(3): 311-330. [DOI]

(TEHE @ HAT)


http://europepmc.org/abstract/MED/16144517�
http://europepmc.org/abstract/MED/22917184�
https://doi.org/10.1038/nature24286�
http://europepmc.org/abstract/MED/21204006�
http://europepmc.org/abstract/MED/20596955�
http://europepmc.org/abstract/MED/25743089�
http://europepmc.org/abstract/MED/29648592�
http://europepmc.org/abstract/MED/29509709�
http://europepmc.org/abstract/MED/25772017�
http://europepmc.org/abstract/MED/27609897�
http://europepmc.org/abstract/MED/29334379�
http://europepmc.org/abstract/MED/22658507�
http://europepmc.org/abstract/MED/27081066�
http://europepmc.org/abstract/MED/26514324�

	实现“终极版”核苷酸测序仪的技术要素
	于军1,2
	关键词: 核苷酸测序技术；单分子；单细胞；纳米技术；纳米孔
	Jun Yu1,2
	Keywords: DNA sequencing; RNA direct sequencing; single cell; single molecule; nanopores
	1  生命科学研究的大转折：从宏观生物圈到微观生物圈
	2  细胞与分子生化实验平台的时代演进：单细胞单分子时代
	3  DNA测序技术从“初级版”到“终极版”
	4  核苷酸测序技术“终极版”的“硬科技”挑战
	5  结语与展望
	参考文献(References)：







