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Abstract: Molecular data storage has great potential as durable and high-density data-storage media, which will
deal with the growing gap between produced information and the data storage ability. With storing data in
molecular form, DNA can provide alternative substrates for storage to overcome the physical limits for existing

medias. This review provides an overview of the history, process and the current status of the DNA data
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storage, and presents the problems of current data storage technology.
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M AT R . IETHEUSK, MEDNAY
F 1 BT B U BB — AR P R R i 3 20 g %
PADNA 7 F N A7 A R B B FLAH R B R 15 3
TEEAR G SRR 2 [ GEP . i, DNA
(A7 fitg 25 & ] BAEis 10" Byte/mm?*', 2Lk H A1
PR AEAF BN B 6 N FE P12 1, Ah, 52407
THHAAE RS, T DNALE RS R REIR
AR L1007 5. HHEERZ, HTDNANTF
IXAEAE A B R 2 B H 28T iz, 845
DNAfE Bl e e —HiE P 5w, I
TRIFEDN A s A7 it g PR g 1ol

S Bk EL, DNAGSEIL T HoAb g #06,
B4, DNAENGE BT, BERS T HE
T ORAF IS TR o EIZE B2k 1B AE B IR FE )
T, DNAW MR L E 2JLTF4ELT, [F,
T e T 4E 70 4k A R DN A 7 2145
o TR MR AL AR AE N BB R B RAF L
g gk A, DNAERE 5T 56| s
F, MEHPCRECAR, AT LEFRATLE KN [R] AR B A
MU HI KR, R gy R 3 r s 25 7
M, BRI T EXRBIHR, flan, EEESEADE
TE MK AH 2 R = AE B IR 78 28— A
F, IF Hpgr iR sh ds K Ren) e A BRECE AT L
AW o IXFENRBR T T R HR B AEE, [FI
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DNATFfEFE AR, B R m . AR, 847
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PEHDNAT A (atd), &L RDNASFF 51,
HLUXLEDNA T A e 2 KA, &R
A A 5 1] (BEAL YT H ) DNA I, 3 EL 1
(MFF), e R B (D) . A SCERIADNA K
17 Jm b RN AR RS () AR TR, FFE s/ A BENL TS
i) R AR A7 S5 7 T I HLER o BbAh, 318 TDNAZYL
PEAF AT APk Ak e 3 21
2 DNAREHFtELRRISE

1 FH DN A #F47 £ 48 A7 fifs 1 B2 & 0T LLIE 3 31
20t ZZ60FEAHF I, HHB Norbert Wiener fl
Mikhail Neimanis & 1 3 EICIZ RS2, SR
ASETDNA D 7 A& e RATGE R BB B, BRI T
DNAffEIRIE . HE204% )G, DavisPUHEH
“Microvenus” SE4, FfseiGPEHER T DNA%L
WA I . TEIZSEEG T, Joe DavisF FHDNA
TEfEHeAR, 0 HE 2553 “female Earth” gwb
B @35 bitfI % . 19994, XA R BIE

) ARATR — B (5 B 5 ADNABRi . 5 itk
FEF, 52 %8| Davis TAEM G K&, HARHE 7T 42450
WAHAETFE T — 2ot T DNAS T G AE i TAE.

HE21H L 10FEMRE M, Church®: ABPUF
GoldmanZ§ A\ P25 5 55 M2 T DN A B A7 11
M, FFAEDNALEAESUIRAS T B R fhAl]
FIHIDNA > 7SI A kbit O EIEA74%,  [H15DNA
HHE A7 g 76 1T T00 D0 (49 B RD S R PN BRI T RE . DNA
AR WS IR, E6H
I IA K3 73N EE S . 25, DNAGRK
SUR AR T KR, T U#BEDNAS
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AE0E 2 BE I FRAR, 344 N DN A HE A7 it o 2 DL
REREIEAT . (B4, AL 40 R D7 s FI3R
BMME B TH, HAMRRMRSE . XM RG]
PAHE 8 UM FhRc g s, e e 40 i i Bl A
s B BT HEF I 5 7 F4F, R AR AE BAE
EEDNAZS T,
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W E TR DN A S A7 fig AR AL G 15 B 5 N
GEARAE (5 R RGBSy, BARWR:

5 BB\ (Writing): i%¥4 L EAFEDNAG
FLAIDNA A Py . DNAZw A A2 8 i i+ 5L
BN L B B DN AT, BDE A, G, C,
TIPS, DNAFFIKERERN, (HiEAR
(1, BRI B PO HR OB S UM B, AR5 &
WS RUR AR . EE AR, HEEGA
Hf, & — AR G| TUEE EA [F] (DN A7 41 A7 fif
HEMHEY, Heckeld NPYNELI 1 FERIAR T % 5
JiE PR, JRIE TR RS Mm%
AN, RIEREEE, A SR EEZE,
S5 DN A G5 7 5133k — 25 i T N DNAME &
i, Rkt 2. DNAGR, KSR S
ANB|—RFIDNAGF 1, [F A AN P 51 17
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P 1 DNASYR A7 it i fAHE SR ]

ZYHEEIAR, BERAERR, FESUKEN
DNAFH . fEiZJ7TH, 3T FEF A R R
(s HATLAIEAT. RIS R E AR 551,

18 B1E4# (Store): & G MDNA T EAi547,
FE R — MM R SGe . OrganickZ NP2, —A
F DN AFEA B AT LLAZ %102 ByteM£ds. [H
i, 3T IXLEDNAFEAE, o] DU H — AN K
B RE,

f5 BB (Read): 15 EiEAIEDNAG B
Z I P AIDN A B RS ENE8 5 . 4B 3 %
PEEEUE SR, AN DN AREA 75 B Y FE G
RHCRFE . BATHREMBIBENL VI, Fefe WK E M)
B rh s URR S BRI, B ARIX — R AR AL
FALEAR PR 5 R, BREAFE— 2 i %
W [k Z PIE S, oy AR Sz TAE 3 A
Pohk . DNAKE /76 b 0 BE HLAT BCRT DL ik
PREM SRR, BIURIEIRE R, K& EH
PR BCHE T R PR, B TR At ik R rh 8 S5 40
PE AN S0 51 E AT PCRIEPST, ik —ANDNAFE
AKfg, Tt e#tirig, =4 —4DNAF
FIME R St Al ffRe, XL HME BRIk
HLSE I EE -
3.2 DNA¥EmILSHE

T BAREEAEDNA Y, A2 S i B
A H O DNAF . fE DN A SR 5 5
VI, A IUMRAEIR R, e, D A RO
FIDNA. R A DN A (K pl A< 25 75 R H {5 B
HEKEFEDNAK A AR & 5. DNAME EA
B ZEFMZER2 bitP, #HlA = 00, C =
01, G = 10fIT =11, {H2, hIERHFEENZILA
REMRH . &5, AFAT: G-CHLEKDNARF
B & AR A R IR B (Tmfl), 72— 4F Tt
ITPCRERE, HAERSZRRAM., I, DNA

FEAINE T A AR A4 S, BRI AR
PRI RE . FONXSRE, ML ERIF
JEES AT AR B AR RN B, AN BRG] T A7 =Y
g EYF, DNAfF#A] LB EREDNARE(EIE b
fEHfE S, @I EEAT IR . MRSk EEIE B
bR, BT S MR, ZEIER A
7. Shannon! & H {5 B0 E L T M 518
MR EMS, JRRAL T — MR R AT T A
o MEERE N EAARE DR 7%
P EFR. fEZSI(E B3ieH, MRS RS A
5 ps BEIS AR, DNAKHE A 18R
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GENELGES TR EL G, #'FHDNALE
WA S Shanmon (5 E A B RKLIN, FAZEERL5T bit.
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HEJTM: (1)0HE B 7 2 T AT (2)5K
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AL E, AR WFERED 2 HIRLA1% 8 5
PRFPTH . YazdiPTHIBornholtP9%E A\ 8 H K 2 Hisk
wAMTMFETI . S, s gkl
7, HiRZEZLIRN10%. BEJE, HeckelZ NMd T
ST RIRIRE FLAE R, PR g AT TR
fE, RIVERFERE A BANT: DNAEE.
PCRANF i v] it & S EDNARRIE I E K, WS
LGy A1 AE AN AN L B AR A . W RAEAE
fift N A, TR P T T ) PR o A
. Ht, mEEPREGE R, EIERGFE
R RS . HEBE, BRI AR R
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ZIN%HIERE . WS Z, AN PSR An &
BARAEARAI R A BT A . RGBS
BigmAES, @I RIS TR, AT RMEIRIRATE
B R B MG IR bk AT R 5 M A% 4L
o HONEERE, DNALEGIEIE L AT B8 H DU
FAm ANAMER B 1%, XA Y B A PRkt . itk
Gb, HEHATDNABIEAF MR, 5 — P EHEETTMH
2, HTREERIEEKENDNARE, FtAn]
el S A B — K. M, AR
SMEANBN B, AN B DN A
P —& . SbFERy, FET9migit, e
WIATE T BT, JF v g oA £k -

FET I, DN ASCHE 5 b AR AL 6 20075 18 24 &
(ETioRan wIEAET a8 TTCTIOR a7 W Il NP
3.2.1 $ERERYIZIT

RS AR SR IR G S, XA T4
fa e IR R L R B AR O S R R B R 4R 1S
MIEMAR . TURBZ, 25 RAF I B A e (Bl
RVIE B EHB K. TURAT LA PR IR AR LA,
VLR KR E T4 EDNAT A I 2 AN ELE| A .
BRI K H TEDNA T 51 A 2 i 2O I N\ i
MG R . RS A MDNA, HAS™4HKE
FHEIDNA R B PE DL, BRI B U R A BT
BRI, FRVFES ORI R b H I — Se R R
AEHARUMRIESREZE, Flh, REFRKRE
FEWIPIEE LA, {H & Church® NPUEH [ 2
PIZHEITUAR, WAL ELRRRR. G LMEZHE
TURWE %, A TKAE N7 /44 .

ZA o B HF K T DNASR A7 it dmts, DA
JSE TS 5 i i P i A B[R] HE RS I DIN A R A= B i 55
i R 20754363812 LY Rl B BRDN AT B, &
Megid— Ry RS BT R
H AT B S A B 52— DN A7 41 B B8 25 40 11 EL AR £k
HOR, B HERe B 2 BOE /NP 51 . KZHDNA
B LA, #a R m BB
Frb,  DURA & A AR SO R A A7 B, a1
Fis. IXEEFFn] geaid — M@ el lE, RIH
C &R 7 7= A 1 O BE AL BOR 1 IR DN A B 2 A [
1, SR JE T4 (W Reed SolomonZwhid) kI N TT
&, U IEH R, WwEl. 25, ARYmIEE T
DAASE A [ (R R UL L AR e D PR 1) o S DL R P 4
T 2 1 A EE AR (SR W), JRAE PRI A N 51 4
LA D=

SRR IR FE RS H ILAE 20t 204041 B
B A 2 25 EAE M IE E A7 5L H 1) B 26 4L
FEHINTCA . BT AT DU FH X Se 840 ) TUR 285

K EZR W ELEE 8, WRA—F, Wny
e B AL B UG HHE . B IN 0 TU AR EE = T DA B
TE PRI PR AR S R AR AR S T e R 1) S EE N R
[T

EE 2R T FMLE A B A48 772 2 18 Reed-
Solomonfi%!*?l, Reed SolomonZi v LLIE i 320t
Z60FAR, TATEE H TDNAYIRAE M, H
T HAD S AN A, e (/MR B
PARANE e AL ) 2D P ARAHS (G P i B (QR))
AR AR A& i (W0 WiMax) . Reed SolomonfH )
R AR SR AR R e i i — 24, R gmit 2L
PHEARR T, MG, WRIERTS i 2 v ) et
VRt Y R RES AU N E Y R E e A T
LAY IEPRAN ] . R R AR A 5 (PR 9 #8 B ) Rl 4%
IR 755 (FR B IR) o S Y IE A R AR R,
T IMA R E R TUR A E TR R

X T DNABE A7 i, oAt =23 gt 1Ak
FIE R A IE RS . Goldman®s ANPART i H —
FhEE B AR, HAGIEAR —MERAIEN, HE
Al DA — B AR AR A R FIDN A JF 51 A1 LAAS [A] 7
mEEES. flu, —BREETREINAE LD
DNAFHIMHTL /4885, 73— DR 241 /435
9 B AFIIRIEIAN /4885 B B A HI1 /48
Iye 1ZKRG, BN HARELEA R TS H LAANFE
7 e AL I, LAkt 50 i T4 BORHE ) i m)
Re KA S54E E AR AL BEAH R R G iR, 45
& FFHIRREEEAIR ES ER AR

Bornholt% A\ BOFEH T — M4k B U 75 & -
AEZAN B ESMFEINGE, s 5 i
B2 AME BILECA—ADNEEA NG E . XFLE]
AT R AN, HATARA W T Reed
solomon IS H %, GrassZE N7 H 3L T Reed
Solomonfthd, i FH AR FAMBARY . Bl )5,
Erlich%§ NP2 IR %, F TDNAYGE A7t . 5
TSR g, kB UG ER Bl 3 AR ik B
REEM RS . R TI, TR
BT R B A B R R IR G MR . ERAR IR
TR A F R PR I e A 77, (B EATT 7R A4 it
KA A AN IE A A 1R . BT IX AR R X R B
KIER), HRENTRERERREL T, SaEn
DN A S8 A7 s G B 7 72 o

B, A P IUIT T8 A f g s 4
A T B 2 45 T TR A IR 8 AN AT S . Al
w, BRTERAFSA, T, C, GA, ZI7iEIE ] PE
H50% Asfi50% TstENMINATS . XEWE, £
FFHIR AL E, AT DR B A TR A2 50% .
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KL T EIUR, FONHG TS N
BRAE T A4 B, X Ty VR R 8 R R
B AN R L4 . X R RAT T S T L TR
e BONIISEEARANIYIEEIA, #A AT Geffh 2
e B B SR L . fE—N50: 50 AR
TIRAAEN— AR5 w7, B S
f B NS FR TU AR 2, X AN A0 5 AE s
—NEIARF AR S —ANREIAHTER 4HA
B IE S i 50% ), ML E KR KER IR EE AN
log,(10) B /b
3.2.2 BIEKRZER: KEHIAE

K DN A B A7 ity 75 B2 — Pk 8 1 5 HOEU s
R BB T, IRAETHE AR IR FR D BE ATLAT
o T PR RS R R A 1 SRR, b 1 BT B
DN A AT HE 7 Rk 2= e 7 1 2098 T2 A 1) <5 b
Mo FIBMZE, EFEERNDNAR BIES T2
FTAERARE W, oL TRV H Hl R
AT HIPI RN T R PCRY Y FIRE R TR L

FHPCRIFATDNAK G B/ TAEW . 18
B fEd, RGONA R EEE A B BoME— 15
Yixt, FEAEA RDNAFEFIE NN IX 2 5] 15 B
MR BN, RASWBIMEMNE G,
PG T R R DNAF S, 6 45 B i RE
AFATHT « WIRIFTR, P IUMASLBE FU 5 H 7
N T IXFE—ANIEETPCRIAS: K B 50 we st
ZIDNAJF IR, WA bR IR FF B 20514, %
TR — AN EEBR RS BT A 58 80 1 514,
FEAE Z2 A H0E 10 R 4 SR s JB F 2 EPCR.

Baum "8I3 H 7 I FH R BR A EUR) B AR &R0
SRR, HEEERH S0 PR B3 1)

WMRIRFFARICEE I, Stewart 25 A & 18 i 8256 1F
B 7 —F HZEDNAE B P 47 G AU 1 R
B9k . %7 X DN A 15 5 4 BT
mESAT RS, AR5 RS A B AR U R
(o, 2545 001 BE e B A N\ MG AR AL ) i A I
B). ZE—AF, WEHEDNAH, B 7R
HHESRIEAEAN, n] DA 2 (1S .

RIS R FH BEALAZE 1 78, AN TT REH BT A 4
PEABUIEE R — DNAMF . EEHERESYEE
IRK Y U E], SRR T K. Organick
FENAG T, AEETPCRMFENLY 2 AL DNA R
PR AT IS tb A, XA UBAE 2K, (HA R BASE
WAy FEARAFAENSR . A T X AN R, TRERE
AR R, Xt R R TR AR
o 3X 5 2 DL —FhA 4 0K 22 5% B 7 R S8
%77 1) 72 H AT ECRGE BRI T4
3.2.3 DNAZUEFME TIERILLER

fER1IF, WAV 7124 AN IEFEDNAZE /7
it 7 THE A B R S Prgm i TAEMI L. X5 —
A TAE, ARSCHNZ T gmiGDNA 18 2
A BRI P 7 F T 00 7 a5 Y L (P 2 T
FTUAR A H T MEMS) . HTEHEAM A E. TIEPfH
HMDNAGERI KB BARBEEE . AN
1B R UL S 15 0] CARE ML ] .

DN A H SR B 1T DLk B 1 i K38 12 4R %
JE 2 bit, BONTE— M E LT RE4 MR R 2
ATLARE2 bit. SR, K2 HUOHRRE USRI 2 BT 45
W, WELELVLLA . XEHTEIIBENL R ShEe (R
A FE 7 BN 12 4825 B AR ) U I B 51 0 5 51 BT i 1
FHES, DL G i R b R 05 (B R A TR s R T s

R 1 KRINDNABUIBEMELLE SR

Sk HREE ARONE W7 i%;gj A wﬁgb ﬁfgi (§§§§> éﬁj&
XHR[31] 650 kB TEEBEE (UIRR) G R e 3000x Kol FHERE 115 0.60 0.83 i
SCHR[32] 630 kB WBEEENE (VIRR) A 51x k=35 b CE A 117 0.19 0.29 i
SCHR[17] 80 kB MEEEERZ(FALY)  ARNF 372x Kol PHiER 158 0.86 1.16 i

WA BKB WRIEGUR)  AOKILWE  200x  mslEslel LTl 174 =
SCHR[38] 2MB BB (TUR) & 10.5x FhF P54 152 1.18 1.55 [
SCHR[46] 22 MB TEBEEERL (DURY) e llag 160x Ry HlgEsE 230 0.89 1.08 e
CHR[36] 150 kB WEBEMERZ (AL S EINF 40x REIFHER: 117 0.57 0.85 &
CHR[12] 200 MB  EBEBERGIIRY) A RILE 5x OFFIESE  150~200  0.81 1.10 2
SCHR[43] 8.5 MB  WEEBHIZ (VIRR) & 164 x R PHER: 194 1.94 2.64 [
WHR[44] 854 kB EEBEAE (HET) & R 250 % R FHE 85 1.78 3.37 &
SCR[12] 33 kB WEEEHRG(DURR)  gkeLIE 36 R PHER: 150 0.81 1.10 P
SCHR[4T7) 18 B il (H: ) kLI 175% To (BAA) 150~200 1.57 1.57 &
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(1) T A (BLFE 75 B AN 12 55 %5 P A N R AT 2 4
FEET). AENTEXMITTRRAREE A
DNA T4 2Pk 2 508 B 75 10 . v S 55040 Wk &2 R
T I ER TUAR ) 2 3 4 2% Dt TR 4l e
TR (W] DL I 22 YR EXIR P 35 R B AR) AT A6 1
BETUREMN (R HE DR GHERAE B BNE
R)VREMN . BACKIEL LA S E8CE K7 E KT
ATREYE, TR O v B R U AR R S B R MR 1)
WE . [ERERNE, ZH%EIFAREE AT
B EEE R, X A w5 1
TIERRE T B S B4, IR AT BE S 8O
VIR FERRAG . SR, SE BT R EME T
A CE Z S FIDNA 5, R A e S B0E & 1)
A FE AR 5 S Ak &
3.3 DNAG B THIEEFE

FIHRCNIE, K256 T DNAZIE 77t #0 2
TEWEIRIE SEAZ AT IR & 7 v LR 5 ADNAM, £1
Bon, BT BT TAE R T A7 il 1 B K 3Ud i
AUE B T IR AR AR o %7V e IS R n AT
P BEL IR 4] B4 7 18R AT LE AN 0 B ) 250 BB W ) T %
— KM LT R B . 2% W BH 28 L A W] )RR T TR
OGN, (5 B B R e . BB LA PR
HOB R BRI AN BIBAE R A, @i E
RIsREE S, AR 2 RV, R E—
IS AR B ZE SR A, SRS R — AN S A
W EE R A R FE . w I B B R VR T RS BRI
JE U IN) AAR AR  BHLZESE, (40 N FOIHBR BCA A K
e DL AR IR

DN A A ] DA o 32 i A1 1) 5K 326 38 0 W6 e sk
FLUSIN BB o X A AT [ A A I AN R A7
AR T F AT RE, 8 BRI T RS
A FLHRE 3R I SRS (R )
pHE AR B YA FR) s L P 41 Gl i 3k B 4 o
fE 3 B, RS A [ FR B 2 i A AR )
F)s FETUUR R BE 51 (GE it 3 P (0 OB e o o 1)
B E) o

SEHLE S DN A Al A i B 4O T 48 i JF 47
Mo XA LS — Fhal B Rl 7V AL Aok s . 1
I A K DN A e [i] 4 356 5 1) T A DA 1 50 o 38
B A A, B XA AR N, AT I
BEIRSY, BRI — Nk, X AR
TR BBk e LR, BE LTI A A
FH R HE BTSN R BE s LT 15 % 0 IR i
HR AR ER BN T, TR L TR TE BN X
o IR Ty AR AT AR] — Foh R 2 AN AT ik th 3 O
LR, SEEANDNAFYIKE LE D, XX T

HEEE AR R SR UL AR, BN AR AR R
KEMDNA, 1 HEERIRK, (HEX TDNAKL
WA R U2 v L2 1), [RNDNA B A7 i
HE AR IERD fo i SEAR B L AR AR S R R R

S e Ar s A R fa B AL 2 A S, BEA R
HMG ST T KA, FRA., EXFEN T, DNA
REW, WK A% B R LR (TdTs), 7%
AR E DR LT i i 7 s Akt . Zorik
DAL i 9 it A R PR . BRIV . A RO
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