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Abstract: With the rapid growth of digital data production, there is a strong motivation for developing new data storage
media. DNA, as a medium for data storage, has attracted the attention of many research institutions and enterprises. DNA
based storage technology is expeditiously evolving and has great market potential. It is predicted that, by 2024, about 30%
of digital businesses will begin to try to use DNA for data storage. To meet the huge market demand, a matching patent

scheme has become extraordinarily important for winning the initiative in the competition. This article analyzes the
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development trend of DNA synthesis and storage technology from the perspective of patent analysis. We have searched and
obtained 1833 patents related to DNA synthesis and storage on a global scale (excluding gene sequencing patents required
for DNA storage technology, also excluding DNA synthesis patents dedicated to diagnosis, treatment and other
applications) by comprehensively using keywords, international patent classification, patentee, inventor search and other
methods. Based on individual reading and comparison, we have utilized patent value analysis, citation analysis, cluster
analysis, technical efficacy analysis and other methods to select representative patents that are expected to provide
references for further investigations, patent layout and operation decisions in this field. To achieve the goal of using DNA
to store digital information, the synthesis of oligonucleotides or polynucleotides is the basis of "writing". So far, the global
oligonucleotide or polynucleotide synthesis technology has experienced three generations of development. The first and
second generations use phosphoramidite chemical synthesis method, while the third generation is based on the principle of
enzymatic synthesis. Global patent analysis has revealed that the number of patents published each year greatly increases
while the synthesis technology of oligonucleotides or polynucleotides evolves to phosphoramidite chemical with
combination of microarray-based chip technology. Many established companies have joined the development of the second
generation of synthetic technology. The emergence of the third generation synthesis technology, which is based on the use
of polymerases such as terminal deoxyribonucleoside transferase, is also reflected by the number of patents. Meanwhile,
techniques required for DNA based storage, such as nucleic acid assembly, sequence design, and information storage, are
also rapidly developing. The patentees corresponding to these technologies have shown obvious cross-industry integration
features, since companies such as Microsoft, Intel, and Huawei have successively joined the competition and cooperation
of DNA storage patents. It is foreseeable that in the future DNA based storage technology will inevitably involve the
convergence of technologies in multiple fields such as Chemistry, Materials, Biology, Informatics, Mechanics, and
Electronics. The further integration of these technologies would promote a regularly upgrading development path similar to
"Moore's Law" in the field of DNA storage. Based on high-throughput, high-efficiency, high-fidelity and low-cost DNA

"non

synthesis, using comprehensive information encoding and decoding, integrating "edit"-"write"-"read"-"dissolve" functions,

DNA storage system in the future will become a truly "usable" solution.
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Tab.1 Representative patents of oligonucleotide or polynucleotide synthesis
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PCT/EP2020/060535 2020  {EZAN S ol A 858 2 A FUE IR B e B3 FEBR KR
OFFIE A AL — LR 5RE.
# 4 DNAFAEHAEM L F
Tab. 4 Representative patents of DNA storage
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CN201880026589.9 2018 {5 B A4 N sk A Wi 2% Twist 42 4)
/N
US16/017714 2018  HHn A7l BTSRRI DNA 452 [ A WK
PCT/US2018/056900 2018 Hffi & 1% 1 FR J3° 4] , % 58 J7° 41 v A% 4 T 2 I M1 % 460 58 9, TS A 40 IO 46 T S (M B R sl 9, IR R 2%
LA A 36 5 50 A B G P A1
EP2018779622 2018  Fhd A5 BRI TV MR AL R 1) 20 A5 RR AL AR BN 2% 2 41, K n % 45 S5 4 5 B 5 Ji DNA TRERAIEHS
T AR
PCT/GB2019/053669 2019 %A% H B HE RS Bl i 40K Js B2 25 I, ) L gEAT i v 2 1 AR AL
BHEAH
PCT/US2019/058414 2019 ¥4 /7 i/ oL (048 — 4 QD) S S5 R R i , BB s R , N L&) il 5 S DNA - Tk
oy T BT b R g5 8 RN A RO i AR B8 R I R R R DUR S
DNA %52 B fif s IR B, 1545 v] -0k i i A {5
1L277102 2020 Z5E BT INEZ 4 DNA B ) e
L8 T
PCT/US2020/032384 2020 FHRALIEHE 45 AT RE , 45 ZRANSEH DNA A7 i 1) B Catalog A7

OFH A AE — L H 5 A%
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£ DNA {5 B AL fE v, 3047 B 2 BoR A
R ZGIE, Fl, FRylh SRR (G A
e (C) LG ZARFFAE S B IX () R, Bl

RESRBRAMPFELENS . Wi,
A B RO GC A &R BB K B v R ON B
(RS,

RS HARKARNEL

Tab.5 Other representative patents

PRSI i HAWE RO A
(Hi%5)
PCT/US2016/031674 2016 FERZERY 14 ™ M A Rk 25 AR REAZ IR 7 41 () 4 51 W e 51D Twist AR A 7]
US15/156134 2016 JoAH HE Y A2 IR v Twist EWIFHE A H
US15/259420 2016 7EDNA G i, 0f 8 5 e 51 k47 Kl SAP A ]
US16/098471 2016 A7 GC & 5 A1 DNA T 41 ke 1 52 2 i) S 40 LA ], £ DNA P 41 Hh GC A RE R

RN A5%~60%, HAE I 2 A4~ 4 1 B B A7 4E
US15/607364 2017 BEFEAS H SR T T o0 A I e 80 ,  mT RO RE TE 2 A IR EE s e E (e
CN201810986270.2 2018 TENGHUF AT I 4 il 2 o 9 I, 78 R B Bl ok 1) A7 2 2 S B B8 I TR 1 451 AR R PR A ]
GC & =ML, B e 7 1 3

US16/759282 2018 T T G AN % 2 A2 H IR B AT PR B TR B B GC S B S HON 2% Twist AEWEL A F]

R V5

OF A AL AR — L A5 A

2.2 MREE

TEA RV R b et |, ARG
¥ T DNA & S A E AR & RISCk, Zeil T A8
FHAR B EN IR EE (K 2). 7EDNA & K5 i+
REFIFARGE R, Wi TE BAZRF
F A, TEUREA PR A AR, B S AREER
A AR BT DNA G L. HF, BB
ARG A AR A R S I Ak A R, T AR
A BT 102 5 R B R BT 7E A Sk B TR A
o MRS FE T AR 2], DNA
B REEARTEAWHER R R E, 10 SRR — 2 )& S
o RpR B, H AT R AR E & Y
s A R T A B EAT, XN ESE
AT — RANBAR, XELFH{AEE
M A

[, X AR GBS ARA S, HWRK B
DNA (& BAFIREAR . B TR S A Gt
AR ARA S (i, RS R T REE 72,
A DL S 3 R A i I BR AL A, R X Rk 51 20
Al K B DNA A B AN W7 T e384 7 30 g
FESLHEAL b, FESHR 57 FEE. RA,
“GRTOMEREE, DLREEAMN e Rtk
SRR, 57 5 7 CGEE R S

TR WS, M T ARK DNA 7l R G
R XMARR N )R, BEE SR I Z A
Wrttt, ARV AT LAOYIf DNA f7if B 2 3L 38
UL “EEIRGER” IR TR AR

3 REiHRER

BE N Rt 2N E R A, (5 S A7 ik
MIEEME O 2 A F e . £ B KKK,
DNA fE L35t — b Bl L +4k, FRH
RIGROLIMRELS TR, EIRSFZTR
IR BRI . AR A L fE R, 4
BRI Al KEERIHE SR — R B LR
A L R 5 i Rt R A Rl A .

3.1 MNENHBEDNASHSHFREREANERR

XTI 20 55K ) DNA 5 -5 77 il FAR R R &
HMBEAT 0B, FTRURELG OB R R T ML
Jrk B AL A R AR R, R AESD S RCRE 1 SR T
2171, LADNA NS BT, HRRIMERDL T 1L G KA
il 12 A AE 75 iy PR 1) A0 AR Ko dim 8 B P T R JR PR
(DNA el f7 i 0 OR A7 F G, HA SR, 1k
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Fig. 2 Knowledge map of DNA synthesis and storage
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(1) DNA 7] LAAF fig g i 504D 2, K77 DNA & s
RFLCEMAG “5F 7 FEEG R, MmE
“ELT 7 TH BRI R AR B WA A TR, I
FEBEE B AT T 1%, {15 DNA 17 6f 5l 2 30
AL T A R R B R R R A B

ME AR A EE, DNA & AL & T
Y. MEL RS AW, R SRR
AR, IR AR R R A2 SRR AR T HOR
AW, ik — Bk G BB E . AR
A RRE BT, LA AR I BRI . TEARK,
T 5 T B B A B S AR S it — B A
VAR R o JR A A 5 T R B A
PRI, SCHl DNA & %4 T T+ 2% .

MEFR ST RE, REHET DNA KIS BA7 4
54T 511, AR SR AT DL L 3 R R L K A v
(1 R ) ek B0 45 B S R L B R U G AR
. TR AE A A . B i R A7 i e e MR S5 D T
Bilhn, FEAFfERRE T, KRR E 1 AF i T 2
Hepr A am ot . SR (h2EiE AR T R 2
H AT Z Th R 75 18 O — 8 I R A =
AR K K LA HEAF N ) 5, Bl
MW RER LT =SS X, fEmETT
T, 722 [F 25 RS A . G O RE . I
RAEER, AT LA R C & 8RR RE
T B 3 4 (1) BB L EE AT, [ I SR A e
WS mE g S (GCRE). N TIREELM
iy, WA WK A BAEE IR gk =k
1LV Sl i e < I N T B I T < S G 7
CN201910909594.0) >k sz BLHEAB 5 R Th 3. B
FiE B — SRR, RARSTFHITHRRES
AR ) VR G B R e A AT AT

PDliEid . SR, SfRE. [RRAT DNA
BN, ZREE B R SRR
okdk, % ¢ ‘- ‘5 - W - MR 7 T
') DNA {7 i 2G84 oA HOE “HAf 7 BIfR sk
T E. BHAFEEY (Gartner) 7E 2020 £E ) T
WrpN Ay, BEE AR R M EIG K, 32024 4
WA 29 30% Il 55 I 46 241 DNA #1715 B
it e WILAE BRI AR E, & BB
il 1) 0T S FHVREBA 14 RSB JEE 119) 1 35 B BT R B

A BB R = KRR R . WK
Ji R AR R A BT B ISR AR BRI A
DNA & FCRAF it 5 AR I 75 KR A v e 0 a8 A2
B, A Re AR A, R 0.1% 22 A7 T
X IR R R EAR, A REILE BEIRA . fEm
A EEMRS NaRKERE, K BEM
DNA £ i B8 55 A1 X B B R 23 B ORA
KRG, B I IR A AL R T B B A A M AR
Tho VLOCAL RIS THIX L 5 R Th RN T 17, VA 1R
KL R Js 28] . BEE DNA f{5 S A7 & FR
R 2 0 K B gm b . ER S, FE
ARy, BRI L SR AL
P T — R ) DNA 17-fif ¥ 5% 5UA7- ik R G IT A
RRRBRER N S (5 B R A b I 4R R AR
FEZ AT TR -

3.2 NEH#BEEDNASHSEFHRENNARS

==

P25 — AR S R S, 56 [ 1) ABIL
Biolytic. Digilab. BioAutomation Al Synthomics %
o], fEE ) K&A Laborgeraete 11 PolyGen, DL
B W B AT E ) AL R T AH DR B
Bk EE, 58 AREREOHE, HXE SR
AT BRI R AR AR C A IR H D .

TEER A BRI K igied, & ol ]
M AR L AT 2 S . F R B ETT
RIAR R, 2 IRET B A AR S o B R
ITF R, MBS GRS & B TRk sk
BEA ARG HIX —FARBEN TR L. 56z
B RUEARE, BAEN SRR & BUER S
FN TR AR RE A, TR B R R O 1) R B
WK i ke S BB LR 3P, 4 T R k5 i e Y o 3 [
CustomArray A 7 (Jii Combimatrix A & ) 7E 1k
NSRS & BEIF R, #HEHE S
JIMELEE I R, ISR AE R E RS R R R
s PR AEFRAC. AREEER A, RIE
BEIFREAZ . WEETTED A | DNA & R
FWITE, BRI L R A R DL FEAS A F )RR
B AR, AT 4 3L UL Twist AR 24\ 1
LR R AR Sk B, Twist EYEFE A
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G AR, 10T IR AL A o

A SCEE T I R A SR P R s B R
9B E AN A A ) R A SR iR AL T S %
Sk EE, 5REFEIAMAAAEL, HEE
FIFNAE DNA & Rl A7 2 ) (1) A Je A A2 AH 4
W, B R BCE AR DN o AU ) KR
AT 4 TR A i A S R BRI B, R
SR BB A SRAEAE , G H R AR SR R BE R A Ak
FERWE . LSS T — K1) DNA £ R 4811
TR, S5EERMBSER AR, Kk K
FORHHE . ORI “HEFIAE”, HAEH KM
PR T H] o XTI BE I, T B AR G A L
VAR SR L s B T R O | A o A =
AR o
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