. DNA HIEHFHEEASN A

%13 % B3 £ % Hi /N Vol. 13 No. 3
2024 4E 5 A JOURNAL OF INTEGRATION TECHNOLOGY May 2024
SIZH&R

T4, VHEMR, MBI, . DNA 15 BAFMEIZ O HEOR KUK JE [T]. SRR, 2024, 13(3): 102-115.
Wang Y, Xu JX, Lin MX, et al. Core technology and development of DNA information storage [J]. Journal of Integration
Technology, 2024, 13(3): 102-115.

DNA [E2F M DA H A &
E OB OWRHEC OREE R RREY £ R 84T

V(R E R BRI R AR T it EPE UG R 518055)
P(rp E R BRI BB AR TS IR A E O b ) AR A S A 2 s =
RYNTH & R R 5 i seie = Yl 518055)
RN B BE IR 5 fes BRE 2 22 B} WP A SC T TRYI 518020)
(P EREERARYI S AT A R 518055)
S (ot AL 252 5t R AR M DR AL 9 i (U8 R BRAR AR B2 SRR R sE b = a1 holy) - TRYI 518120)

 E AL ERJUHER, HEREORI R R A s ARBEN T 85 B, HIR I E RN
NRAFE R EZL R o BEERCTERF T 2R, AR 208 - AR R I 5 =2
ARARD R IR L8 AT R BEAT (AT S8 A7 A 0 2T X 4 i A o A X 00 7 T W Y o i AL, S AAERL
A BIAE Gk 7 SR B A, X 2 BT A AR DUEEAT IR AT 7, 2041 7 DNA VR AR R K H G A7k
JREGIES, LAR DNA AE# % O BORANEE RN AT 54k, Z3GHE Y DNA 5 BAF A% 03
ARHEEATEIFTAIT i, B2 T ORK DNA 5 BAFE R RIGESBM LA, LIYIXT DNA 5 B A7 K b
1 L

FEIR 5 RN DNA {76k 6N R
FEIDHES TP 333; Q 819  XEAFRERS A doi: 10.12146/j.issn.2095-3135.20231120001

i BHEA: 2023-11-20 f&EIBHI: 2024-04-08

ESWBH: WX E A RIFYEH (2021YFF1201700) : B XA RRBEGH (2022-X-006) ;|7 AR H & B HE B4 5% 6 {9256 5 051 H
(2023B1212060054) 5 IRIIA HIE R 21 24 5 55 9256 = 0 H (ZDSYS201802061806209) 5 I BHEHEI H (RCYX20221008092950122)

TEE /v T4, Wi, Wi7eir MmN DNA 58766 WEmK, @b, B mos r MEsAR SR WIRE, -t B makEs
DNA {5 B A4 R, LRI, BF707 oy LR SRk, Wi, MRS, Sy mha sk RH % 56 s EmERER: £
HEGRIER), BRI, LS, BERT RN THERREAE 5 AT 403, E-mail: yang.wangl@siat.ac.cns H/NT GHIIER), =R LI
Jit, AR, BFSCUT19h DNA BUREAEES A RAEYEREF R, E-mail: huangxl@siat.ac.cn.



3 1A T £k, %: DNAGEFMEZOLHEAR KK J# 103

Core Technology and Development of DNA Information Storage

WANG Yu'” XU Jiaxin® LIN Mingxiang' CUI Junting” DAI Junbiao™

WANG Yang"" HUANG Xiaoluo™

'( Research Center for Cloud Computing, Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences,
Shenzhen 518055, China)

*( Shenzhen Key Laboratory of Synthetic Genomics, Guangdong Provincial Key Laboratory of Synthetic Genomics, Shenzhen Institute of
Synthetic Biology, Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China )
*(Institute of Respiratory Diseases, Department of Pulmonary and Critical Care Medicine, Shenzhen People’s Hospital, Shenzhen 518020, China )
*( Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China )

*( Shenzhen Branch, Guangdong Laboratory for Lingnan Modern Agriculture, Agricultural Genomics Institute at Shenzhen,
Chinese Academy of Agricultural Sciences, Shenzhen 518120, China)

"Corresponding Authors: yang.wang|@siat.ac.cn; huangxl@siat.ac.cn

Abstract Over the past few decades, the rapid development and widespread adoption of internet technology
have propelled humanity into the digital information age, the internet has evolved into a crucial component
of human life. With the emergence of the digital lifestyle, individuals are continuously generating massive
amounts of digital information. Effective and convenient storage of this information is regarded as a significant
challenge that needs to be overcome. Starting with introducing the existing storage methods and media, this
article analyzes the current state of the storage field, followed by delving into the advantages, core technologies,
and the potential applications of DNA as a big data storage medium in the coming days. Furthermore, this
report proposes the future development trends and gives insights into DNA-based information storage, with

aiming to offer new thoughts for the advancement of DNA-based data storage technology.
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Table 1 Comparison of traditional media and DNA parameters

[7-10]

it R FEIA TEREHE (bits/cm®) & GB HUE{EAhE (W)
DNA >1000 4 ~10" <0.1
Tt <10 4 ~10" 0.04
DapE ~10 4 ~10' 0.01~0.04
DRAM ~64 ms ~10" 0.04
HiE CcD ~100 4F ~10" <0.1
i ~30 4 ~10" <0.1
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Fig. 2 The development history of DNA-based information storage
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Table 2 The comparison of research work and technology in DNA information storage

liEa Ay & B RITE WFF-& WFRE  ZHEERE (bitsnt) AIHAH it 7
Church %! 2012 650 kB RIATHTTC25R Tllumina 3000% 0.60 % RS
Goldman %% 2013 630 kB RIATTT ZSPR Illumina 51% 0.19 2 RS
Grass ) 2015 80 kB RIATHTTC25R Illumina 372X 0.86 2 RS
Bornholt 2 2016 150 kB RIATTT ZSPR Illumina 40X 0.57 % RS
Blawat 4527 2016 22 MB RIAT 7868 Tllumina 160X 0.89 P RS
Erlich %% 2017 2 MB RIATT 7868 Tllumina 10.5% 1.18 P RS
Chauhan 25 2021 3.6 kB DIR7 T S Nanopore 294X 1.72 £ RN
Organick %™ 2018 200 MB DR AU /R Ilumina & Nanopre 5% 0.81 P RSN
Nguyen 2 2018 10.5 kB RIRTLicee Tlumina 22X 132 7 AN
Lee 213 2019 18 bytes Pt v Nanopre 175X 1.57 [ RS
Press 01 2020 TR s Tlumina 50X 1.20 P e eI AN
Song 2% 2022 6.8 MB T B Tlumina 28X 130 P A

I U By, Sl R AN A R BB 2> AH
SO, 8 A R R R . IS RO R
FOAE O b B e b OR 4 22 [ il e B B 42 it
FHRF BN R BRI ORI B 4], il A R 4k

o JCZIE I PR i) PR 25 3 B FE G AT S A ER
% P EE I LR AR R R . A ORI 2
FERFARLE S FERCKERREA A, E
AL R R P WO B BSOS o A 8 e o A 4 1)
ARG, WL RS4RI A A IEEAE,
KRFEE T &=,

K, DNA & B ARAAET7 i E IS
THED, fEA R RRCE E AR R
A DNA & Bk T [ AH 0 ot e & i, B
KGR, Rl ER. A s . BEAR R
T B0 7 ) AL 2= A R R B IR AT
17 10° NE RN, AR = T A s A
B, KKK T SRR RA . Palluk 25137
BT & AT SEBE 10~20 s — NIl 1 & Bl
B, RS BIER LAy, ARt B
RN EE%. 1T DNA § BFEMEEH &7
KT HENR 2B, Frbh, HETH
H ORFEA R HE L BRI At R, A

DNA & A RER &6 AE, G E
B+ Gibson HFEFRMY IEEE, G HT) DNA K
AL 28R, 8 & R A Res 2 (1 AN [ 1T
ZFEECK .

42.4 15 BB

EMAE SN DNA iz ok, i 2 8h
DNA M FH AR . 1977 4E, Sanger 2 F XUt
ABEZIEVESER T DNA B8 RN SE5 . 1%
AEH DNA REMG S BREE, 76N AR R
T BN EUZ R = W5 R (ANTP) A1 4 Fhitr
P ARIC BB A% B IR IR (dANTP) ,  RUL A

MHRBEIR — &2y e -, ma&ibmk
SN . B ANTP Al dANTP I, wl i

SR Z A A BT RS B, R
B K TR B =0 &, e,

I HOR E s B TS 2 AR ) DNA P AIE
B. #—1CH Sanger W7 B A m HERT =R,
NREEH A H R 2 H 1 Sanger W7, EHE|
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B I AE 20 tHED 80—90 AR, — LA
FLABNTF T KA AT BRI J7325, 1K Ll 7
RER RS m 77 i & (A 100 kB 2| GB
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TB %50) . FF Heet SLilia & iy, ixee
W7 I7 iR ik — AP . HAARR MR —AR
MFF &4 Roche 454 FLX V& . Illumina *F* &
A SOLID 71 4 45, BAR — AR 78 it &
A ORISR, AR TR A IR A 1%
Tk R —EE, AR TSR R A 50~
300 bp. N T #REEMTFHRKKE, =80T
MFF AR IS A . AR FE 7 NPk, —
)& Pacific Biosciences A A A ] SMRT 7
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1T, FECRUEM 78 & 1 [, 3 s 705
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B, R TIAESCEMRS], %777 Bl
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