T&: DNA BiREFHEARSHA

%13 % B3 £ % Hi /N Vol. 13 No. 3
2024 E 5 A JOURNAL OF INTEGRATION TECHNOLOGY May 2024
SIZH&R

FRGEA, T EF 0, ke, S5, JERIRIIIEEL N 204 2 DNA B A P LE 5k 0], SRR, 2024, 13(3): 39-53.
The opportunities and challenges of expanding DNA data storage with non-natural base gene code [J]. Journal of
Integration Technology, 2024, 13(3): 39-53.

FERAREEEZRLY & DNA #IEFM#EN
g S5Hkax
et TkETAU ke mMkE AR
(IR R T4 # % 453007)

B ' HAET, RS EEOR T ZG R R E A B, (B A BREUA AORE B A ok 2 H 2
WK A EAR A TR B BRI AR AR, A7 EEOR BT I IR B Bk 7E HARSE, DNA 7> 7fiff7
EEEMBAEER . MEEEDEIME ST, 4 DNA 73 7190 BT Bl 5 B A7 A 917 ik
BRI GEF St —SBLE, AR KRR H IR T LAy 788 % 7B, 1N DNA fFifs&E, HIE
HBr N 75, HATIEA R 2 R A R . 1Z3CER1E T DNA FEEHORIIBT FLit e, 4 41T DNA £7
EBLR S Fpfif R (B 5 R AT 55 3EAT 1 0 A JFELRaEAt b, 4R 1 AR RIRIREE XS (UBPs) 1
NG A1 — N7 L DNA S EAF A U S AE 55 B AR P ik

X %217 DNA 7 7126l AW JERINMEERZ TR
FESEE Q 523; TP333  MEAFRERE A doi: 10.12146/.issn.2095-3135.20231031001

The Opportunities and Challenges of Expanding DNA Data Storage with
Non-natural Base Gene Code

YIN Xiaohe” ZHANG Shuying’ ZHANG Ruifeng SHANG Linchun LI Lingjun’

( School of Chemistry and Chemical Engineering of Henan Normal University, Xinxiang 453007, China)
"Corresponding Author: lingjunlee@htu.edu.cn

*Equal Contribution

Abstract At present, traditional storage technologies mainly use silicon-based materials as storage media,
but the existing silicon resources in the world cannot meet the growing data storage needs of data. With the
development of the data era, innovation in storage technology has faced challenges. DNA molecules store

rich genetic information, and from the perspective of chemical biology, DNA molecules can be used as a
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medium for data information storage. This provides a new opportunity for storage technology. Unnatural base

nucleotides can expand the genetic alphabet and increase the storage capacity, but there are still many issues

to be resolved in their practical applications. This article reviews the progress of DNA storage technology,

analysing the current state of DNA storage, unresolved technical challenges, and development prospects.

Furthermore, it introduces unnatural base pairs (UBPs) as a new direction in synthetic biology, highlighting

their potential advantages and technical challenges in the field of DNA information storage.
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Fig. 4 Transcoding methods and characteristics of DNA storage
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Fig. 5 DNA storage flowchart
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Table 1 Unnatural bases are used to compare information encryption algorithms with existing ones

[50]

W FE/INA PR B (FLTTIR) B UL RMIB AT RG] GC F&
Church et al. (2012) 0.8300 i o
Jimenez-Sanchez (2013) 2.000 0 5 5
Goldman et al. (2013) 03300 3 5
Grass et al. (2015) 1.440 0 5 5
Yazdi et al. (2015) 1.580 0 = &
Bornholt et al. (2016) 0.880 0 = (fE—ERE L) =
Blawat et al. (2016) 0.920 0 2 i
Erlich and Zielinski (2017) 1.570 0 2 i
Yazdi et al. (2017) 1.720 0 2 7
Suyehira et al. (2017) 1.3300 2 i
Song et al. (2018) 1.900 0 2 i
Immink and Cai (2018) 1.999 7 2 2

fork=5m=6

Immink and Cai (2018) - -
Organick (2018) 0.810 0 F E‘
Wang (2019) 1.9170 2 i
Lopez (2019) 1.570 0 F “é
Choi (2019) 1.780 0 i i
Anavy (2019) 1.940 0 o ﬁ
Ceze et al. (2019) and Lee(2019) 1.570 0 = 7r|K
Biswas (2019, 2020) 3.000 0 o ﬁ
Nguyen et al. (2020) 1.995 7 = &
ESES >2.99 = &
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Pyridine and a nitro propynyl pyrrole) Al Im-Na (an
Imidazo pyrimidine and a naphthyridine) 3£ K24
B ], P 7V I AN R A AL AE Watson-
Crick BRI B 1 RARIHHE Sanger /T 77
VRSB A o Ds-Px BT 77 2 I FAE R AR
% Sanger M/ FILFEF = T Ds 3 Px A XL
M E TR OGE S, R KA Sanger Gap M
¥, R P EE i Gap £ B R % Ds 8L Px.
XML B o IX 4 Ds M Px, HAVRE
AT FH R LA BRI 7 v (7R A2 W e i R i ok
AINXUBL 4 dDSTP A dPxTP) P 2012 4,
Yamashige 25" FIH] Ds-Px BetM i iFik & e 75
FART I Sanger W 7 J7 1L AR “iF TR
Ap 7 Y. HAR R AE PCR 48 i A
IINBAHFREIGMAER AW EIR, @
A PRAC Y G AT UG B LE R 46 Ds-Px A7 570 il R A2
A-T 1 T-A ] PCR /=4y, @t %t Sanger
M o33l E AL Ds il Px FINEE . X P75 %
7 Sanger Gap MJFAREX 7 Ds Ml Px, BAK
S0P e AN ) g, I R N ol e A
(aptamer) HFEALAE R IRBEE )M P o (H AT
H 1 0 i 4 10 075 A2 A5 5 AR P A i) AT 75
PRk

x 2 AT H A EAT AR R R SR B R
BN 053 Forbr, AR SCHIF 58 I A Je B BT 0t

TPT3-NaM A THEE() “Hrg2midt” 777w
DARE S PEHKS DNA H 2 A TPT3-NaM B2 53731
oM C-G BRIEAN A-T B, JFHJER TS
(5 dE s, AT LABEIE 4 096 25 BEHLA 5 )
4 096 2575 (BLIEHR N 100%) « XLEERE AR B
TPT3-NaM {5 DNA f#fit 7~ B fit 1 5 2l
PRI (H2, —dERMAEE, 1 Im-Na
%, BRRSREZ AT LLR B LAE BENLT 1 4 B
ORE
52 FRAWENRSEERMEREIERAEE
BMRYKEMNSKRE

FEFE T RARTEFE () DNA B 77 S 2
S, KREMERIIEFEBRIR GC HELAR
MR K ELRBAFH S mm. #ig b, &
SRAE R IRFREE (K I N BT LA 280Wi B DNA 7 %1 H
1 GC & &, FRFBWDWRYEKENRS . (H
&, FERIRIRIE H B 1P EE Ak M T RN 3 R AR
£ 5 DNA R&EEMRRR R 77 43 JE R AR
F1E DNA 750 9 1 5K B 5 Joie K & B4 5
R B K EWARAE . £ 3 7T HiTA
AREMEMHERSRIELE PCR ¥ 34 AN 5 = v
HR RS I B ) T S HE A AR ) R R KK .
Ab, AERIRIRIESE —BE DNA 7410 H f e i & &
e NEORE RS, ASE N TR A
B R ) 2, 0 P-Z Bk, Im-Na Gl fE

&2 EABS DNA SRl NMIERABERHENFTE

Table 2 An unnatural base with high DNA replication capacity and its sequencing method

AR R IR HE AR5 757 & IV i =S RrS T VG DU 77 12 &G
RYSIIVASNIOL Ry R
Ds-Px Sanger Gap*! 'LE/iEj”ilJ:ﬁ':Efﬁ 7St ﬂ:f\%(éfﬂdg?;u%{”
el
CU RN 5 56
Im-Na Sanger Gap®!! UEARA R L
Eioll]
Pz ey PRIRUE UEES S SER T gppgUs FMEDAMLR
il EoAlis
[EYL A=Yl Z AT SRR B AT R
TPT3-NaM Sanger terminal®®  {EAR B ELEE i IARENAE R ARSI/ ALY B IE AR B s

el

P B SEAAG ) el
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AT A-T M G-C Bt 28 I3 7, Ds-
Px Al TPT3-NaM Bifl % WU SR FH 22 -5 J L g 4R
KR JT 2 5 RIRBEE ] Watson-Crick &
SERBIEANR, AR RIRBHEE ) 51N 6 SR A b
e DNA SURHEA ™, I HEIAHIAER A5
FEUCEAZE, X DNA FriE UK e 45 #4) ) 520 4
JiIZ1 Hiriao 1A L)1 T £ DNA J7 41 ih ffr
AR HIBETIPXS Ds-Px R IRBIEE ) 55 /) 7]
Wk 5 AN RARBEE™ . FRG, T S R
Z, MTRZEHCAERBWIEM S, £ -BHEEK
) DNA FPilh, GC e d ARk
AR R AR J P B vt 5 R R i R 8 R ) 508t £ A
JBHTR T AR R IR G Y DNA a7 15 2
SEZ AN NE . Dy T AR BRI T T ) AL, ARRATS
IR BT KE M SR TER T -
®3 FRAWELEHRESHIIRARE

Table 3 Maximum continuous arrangement of unnatural

base nucleotides

R IR HE RS BRI
Ds-Px AREMIAR BN RIBGA 5 A KARFHHEE
Im-Na PR
P-Z 354
TPT3(5SICS)-NaM 3len
53 JEXRSRWER T DNA 5 S FMERI R A o) 5

S5 GG BORAHEL, DNA Hds 17t (19
T ot PHASHEEASCERN BB, BARIER
SRTRAEAZ A AT LA R SR B A% R FH AR LA 2
LA [ AH & RO IR IM 5T E] DNA Fral s, {2
FEIK B AR R ARTRIEAZ H (1) 45 BRURA IR — A
TR M . 5 R IR AL TR ) AR L A=)
REETTIEE AR, H ATHGE 1A RE s 3L
S| ) AR R IR A A 1) 7 20 5 %2 00 BBk
ORI %, HAS R AR I TR AR .
Bl dn: 7 b A R R I N Bl i SE A% B A% T (DNA
A TR R0 IS RIS 2008 5 Jt/g,
AR R ARG AZ F IR, 40 NaM (5 fld S8R A%

TR, RS Zh 5000 /g, Kk, fitk
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3. DNA & B HEAR TR I — A A 5 . itk
4b, DNA 15 B A6 1) 55 Ah— AN oA [l @ik 5 T
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SR A R SR A AR P B A A 5 A AT DA SIS BN
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A R ARFIE — AR A0 = AR 5 7 v B
NEGFSLH

6 RFERKREE

SRR S KL el Tl
AR A B, R aE D) 7R 2 — FloR 1) 47 i 5K
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TP # RS . B, R DNA BB Kt
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MIREY & T i gmid A dr st L5 B 7Rk, 3k
TR AR DR 25 R PR URE 2 A TE T E AT RE S IE RS
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A&, Y ML FER . ¥k DNA £
FEERIRIS, 3R R . PR B REFEE
HEn s R M RE . B2, W BRI, HATH
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AR I AW b, X AE— R BRI T
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ZHCAE R AR AE — B DNA 41 H i) e e ]
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BRAE Bk T A E . Ak, FRRAE R AR
FERE R A I IR A, R R B B AR R S8
BRI 7 A 2 3 1) 75 R e fr) e e R

B —HEMIE, Bl SRR IR I I R %5 i
FURIRN s TR 2 (1 BEAR 1 1 3E R ARBRIE 43
THEOIH], HECE R A BT R AR 2 3%
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Hitase s, X AW H &R 5 3E R IAE
FER AR M B, ASCA A E 2
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AT DNA 5 7660 GC &= FI%%E
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