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Abstract: With the rapid progress in biotechnology, especially array-based DNA synthesis and Next Generation
Sequencing (NGS), DNA demonstrated its great advantage in data storage capacity, storage stability and repeatable
reading. However, there is still vast challenge regarding current biochemical methods used in manipulation of the large-
scale oligonucleotide (oligo) pool carrying digital information. For example, DNA integrity and stability are affected by
preservation conditions, such as temperature and humidity. The dropout and mutation (substitute, insertion, or deletion)
of DNA oligo have been enlarged in biased manipulations including chemical synthesis, amplification (PCR) and NGS.
Large unevenness of the oligo copy number lead to require more sequencing resource to recover all necessary strands
in the pool. In addition, missing sequences and base error increase the cost of decoding process. Therefore, DNA data

storage is still confined in the laboratory. From the perspective of the biochemical methods for manipulating large-scale
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oligo pool, we have summarized the causes of biochemical problems such as heterogeneity of oligo copy number,
mutation, and DNA decay in the process of microarray DNA synthesis, storage and amplification. And we have
summed up a series of biochemical methods developed to address these problems, from oligo synthesis to
amplification. These methods include improved synthesis process, adjusted chemical process parameters, modified
oligo pool normalization method, optimized PCR condition, variant PCR (emulsion PCR) and novel isothermal
amplification (strand displacement amplification). In addition, some measures should be taken in the encoding strategy
to mitigate the oligo copy unevenness and aid the error correction. Moreover, we have proved the feasibility and
efficiency of these biochemical methods in reducing the abovementioned problems in DNA data storage. Finally, we
have discussed and analyzed the challenges in the existing DNA data storage. With the development of biotechnology
and strategies of encoding and decoding, we believe that these bottle-neck issues will be solved and DNA data storage

will be applied in real-world application in the near future.
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MUBR L (1) SC e LA DNA T4 B8 51 & 1) i P k47
RAE o[RS F 37K o iy A7 BEAL N SRAR I 51 0% &
BT PEEATY 1Y o 45 SRR B 51 Wi 3750 1) 6 A%
P8 17 1 LA K 51 AL 55 R Ui ) 4 N R T 51 22 5 T
I 5 R RLEE o I B S PR 4 G IR B T 3
Ui FURIIIRE 51 R BT 2 & GC . 7565 536 5%
FoIH, A KR DNA K& 1§ (Qiagen TopTaq »
QTT-A) Xt F# 41l “GGGGGCGG” B A it i ¥ %L
F, SR B K%K DNA R 4B (Qiagen HotStar
HighFidelity, QHH-B)XJiZ 7 ¥l (4 48 3 R AL HEAE
4180 %, VLHA A I QTT-A X iZ 5 5l LA i
M9 34 R0 . AhATTHE W 5% 2 1Y) DNA 5 & Bl i 47 1%
VAR TR L, %R SRR
WIS RN B . A4, REBEHIREE W
PRI E GREA R R, AR, JUHX
FEKABDNA (10kb LA D) [y 38, nfLLHEff
F B A R B 1) DNA A B AR50 19 316 38
BNy 3G, BEERWO=Y: AR5 I PCR N 4
gy, FHRYHE, bR 2 K. X AEAE PCR R Mk
2 H T DLRAIE 78 A2 1 BB 4 43 F s R i s, DAR%
RBIANTRAR I3

X LR 5T LS AT 45 5 ¥ 1T PCR 514 7 51 il
W AR B EZERIT S B4 PCR = 3
S IVYSGAP Aoyl Pt L e

3.2 it PCRRMNERF

F.AE 1991 £, Don % ™ J & T Touchdown
PCR DU4& my He i 389 HO e e 10k, B8 4 1 9l € B
R KT BE T ORE AT I S B g% 1 AR AL T AR .
Touchdown PCR s 5 5 g — M AR JCiR FE PR AR
1 °CH 0.5 °C, H % [% & Touchdown i ‘K i F¥ ,
FFLLIGR SR FE AT 10 M2 A T EH . FLJE B2
Boa iR KR E IR m o A S AR, fRIEPCR
P YR IR, RS AR DNA PO E R )G
FREMEBRKEREE PRI HUE. H
Touchdown PCR # 32 B 1 — /Ml s A2 47 38 20k 5
& . B J5, Hecker 2™ % # T Touchdown
PCR, JF /& T Stepdown PCR, HJ iR K i & i/
W 52 P B RV BE U 1) R B2 R, X ) S T
DL fET A TG PRI g B[R] B 3 2 1 FE B R AR
R TR R VR FR R o 7E 2008 4, Frey
25 19 Y 7F Touchdown PCR [ 3£ itk - & T Slow
down PCR, RV iof F IR PCR A% 14 B i 1 5 JF
FEBEAN T A0 BN JEAT 3 AN HA R4 = 91 P iR
KILHM Tag DNA FE G HIENR 2%, LLsLdlm
GCEHERFHMY . J5k, Aird% 7 UEBAHLL
B IR H A AE 6 °C/s T 1K 13%~58% GC & &
(RRE i, 3 I I PCR AR 7 B K A5 v 10 Pk i T
R (22°C/s) AU HAFHEMGCEEE
(13%~84%) . il H. o] LLd e %5 1 2 mol/L Y #if 3
B B R K AR ] SE I R GC B (23%~
90%) IR I 1, SR IX A 2 3 BURHIK GC
BEROEMBAT Y, i FeE k.

3.3 ePCR

FEH M PCR B, ZFhor TAE— D —H]
AR AN A BEAER . 78 B 5] A B 40 E DNA
R S B8 B R R AR R AT AT R R 0 B R
G RAR B G o> SR T DA B B AR R
o HH A 3 T A AR AT PEAS . X AT AR 3 BT
AdERE BB MY . FLW PCR
(emulsion PCR, ePCR) " ] i@ i i A /K 7 3,
WK WA R RES TR R B E (4
10"/mL), b B g bR DNA B EEA 70 1 # 4



%2% www.synbioj.com 393

PR 7E — ANl 1) S B2 R, JEBE PCR B ) 3
AT AL S, BB RS A FL B A B
Can B 6 2 FToR) o 1% RN J7 33k G T % WL PCR (1)
SRFE A PE I . 51 R AR R A RS, TR B
7 BT AR DNA J7 71 47 38 20 2% A R 1 5 54
77 B A ¥ i 1, 31X {6 43 K & DNA JF 41 S2 3L
T4 397 AS 22 36 BAT AT 1) A 4 1 . 2018 4F
Organick %5 P} ePCR i R i ] £ DNA 15 5 47 i
dr, SZELT AE 73 DNA F 81 (f7#% 200 MB )
ARG E) MIFENY 3G, JHTLAE P SR
S RS SE R ARY, X H AT 2RI B STHER
Hh S 5E 6 AR A BT T 1R AR D R B UR . IX I B
3 71 T ePCR 57 AR AJ S Sk B o T A [A] (1 47 3 &%
M 1 B DNA JP 5 A 35—, 1 HogE e 7
JiR 4 B AR /D T A T3 95 A s LR i
DNA ¥ ¥ % %%

BN ePCRAARZ NS, (HEt PCRY HHLHI—
FEPIN R R AR T S, X — ML 2 3
JF 508 R r= AN W 1, A RS B
Y BT . 45 PCR M & AR Bl 4 iR
(B ffe. FHENFIMIBRD, B4 ZEE %2 PCRY 1Y
B C 0 ONEEYSIVALY S L DU S TIERESS
T3 B R Bk, oK TR 2R AR K I B,
117 HL B AT ] 28 4 PCR # G A e 1) 1) . JF HL
H A& A R4 75 T H PCR SEIL AR B (. H
SRy G, B, AT I K HT 1 DNA 41
377 Aok B A H AT PCRECAR

3.4 (ERyB

TR WAL L ER R RER L E,
T2 N T ER . AR R R A R

o Aqueous
e phase
e¢PCR

QOil phase

2GR . 2020 4F, Gao % U R T —FiER
'] DNA £ U (isothermal DNA reading, iDR)
77, CEAEER R SEI T AR g B &2 ) DNA
Sl (B 6 TR . BN SRR S
W AR B S SR N R I R A ) 4 A Bk
IS BE B 0 SR S I A ) T R
B, ZARGHFRZ NiDR. fi ] iDR J B A& K N
EERAUT AR . OFY HILHZ— Mg
Foag ooty g R R R IR B B AT =, A
SR P E R . R, e A R R
) DNA 5 Z AN 25— %, Ty H. 58 55 i 38 I 17 il i
ORIy #, ST A TR . @RSk
W—kEH )G, LR SRS BiEw
PRV B, SEPURRAR ) 2 IR E . SLEe g IR
WE B % & 40 mT DL B & /0 10 (R AR e W) B
. @AGAEERH =R NETRMM, XA
DL R BB A 1520 7 R @i RG]
P10 07 = AR B BOE SR ), B
ABEREL ], 5 SR SR G s gl AR S I
ket TR . X RGLEEFE TR EY
— AL OPN J7 %, BIAE XS T4 fl ot & 0 22 I B % 1
BRSO R, A1 AT S B SR A% B R S A e 2 1 AR
& HAE Gy 1. EEY M ECREAL, mwH T
EAEH T KRBy 1.

DNA 15 B fA i # v, SEA% 8 R SC e B AIK Aw
T VR S8 0 - H i 1Y 57 56 AR A AT B 5T 1 AR R R
2o H AT ARG T, U SRONAR F
Ptk e BiFE T« A8 F ePCR LA S 1H il 3 38 e B 35
AE FEARY 38 Il i PE . SR, ZESCILEE M E R
PR E, W% RE DL PCR AIH G B 3G A 45 & 1
77 7

7 L

Bl6 K SE % 1 L SCPE DNA K9 1677 1%
Fig. 6 Two different amplification methods of large-scale oligo pool are shown: ePCR (emulsion PCR) and iDR (isothermal DNA reading)



394 BRENE $2E

b A B AR KR, Rl emE S A
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H, SHAEBNEZTRIRE. S
BB T AR LR, AR BE A S L ek,
S A% R SC R B KR B R, i HL SR A
R SCFE (1935 — 1 AT DL o 35 — 4k 77 72 SNOP
B OPNHAM— Do, HE, HHHEEERE
1) 5% A% 5 R 1) K AR IR AE 6 R BIME B e e 1
FURE APE,  J8 IR S A% R OR AT 7 B 1 £h P RE 8
B A A6 DNA B4R, AT DLZEH i ) DNA
BE T LI R ARA, BA K EHkE
H 35 DNA WHZ R PR Y 0O TR) A (AR B TH B A
R AEE ), (HELEHERS (Hrk
R E R KT 30%, RS HO H 5 EAE.
WE, BAEM SRS AEFTEDNAMES, BT
PCR B R LU R . F I ROR Ky« AR 7E 2 P AR
& PCR H. 7T AR FH 51 Wi 2 BEALAS R, 2 L3
8 BN B R 2 A . (A PCRE,
RAWA — L E5h S, W PAERBAR . 3 e 4 1
Ry B, & AR H bR . H AR E
(1) iDR A B T H A B HLHI A Ze ey 1, W LA 2%
B 1E SC P R AN 38 — VR B IR B T o FETROR s
FIAR S PE A 2= 9 E I BT b TR RS BRI R
Ak, FFER S R A A, EE AR T
SR AR PR HZ B E b ©
PIGRCRE 2 QW T REB = 354 ) Eg G
P, BT A= RUR AR ARG K @)% VAR
BRI Bk VR [ R ORI 7 B, Y
it 1) X AR 2 FH L 38 I (I 15 B0 BEAS g
HILZAR AL s 1, BT DAT BLASE F Ak 1 g R b
KRARP); OAEHK R BRI 8. Hik
ALK PCR ANIDR R &5 &, 5 F A PCR & &
PP B, AL (<10%) PCRAFRLA
BRI S A% R SO 4, IR BE AT DA TE 98/ T G
SC AT B I LT 15 B K R S A R SR

W DLE i ok A RN . RE, RN
(7= ) B e fE G BR -, 78 = 38 T S DNA 751 #2
S ATE SR

BEAR KB 9T £ W DNA 15 B AR T8 R AEAE
it B8 77+ CRAT IR I) I 2 e m] 2 4R (W i L L 4T
BT ERMEER S, 2 H AT DNA G B A7
TG E K Hk . O KR HAE L,
LB B A ORI A R A v R Tl A
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A A KR PR TE . @ B S A% R S PE
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B T AR AR A R A 1) JE il 1 s B 5 9 1) $
it . @XF T KB DNA 5 BAEET S, AEUR W
e —ANFELEMI R (BRI E L
Pl DNA (% e (R A7 2 R OBk, 1 B an ] sl
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REIFF R T —AJ . ©DNA F 4 [ E 2
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