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DNA self-assembly and information storage

ZHANG Chen-hao, WANG Jun-ke, CHAO Jie~

(School of Materials Science and Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210003, China)

Abstract: Deoxyribonucleic acid (DNA) has great potential as a storage container for future data. In
recent years, DNA self-assembly technology has developed rapidly, including DNA origami and DNA
tile techniques which have achieved on atomic-level precision for assembly. DNA self-assembled
nanostructures provide a development platform for DNA-based information storage due to their spatial
addressability and editing. This paper reviews two assembly models based on DNA self-assembly tech-
nology and the development status of DNA information storage, summarizes the current information
storage based on single-stranded DNA, DNA origami, and DNA tile techniques. At last, the paper
outlines the current challenges in the field of DNA-based information storage and the prospects of DNA
self-assembly technology in the field of information storage.
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e P R EAYNAGIIY P T E R b S T
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AR BERRER B 22 A & DNA BlEE R P31 N 75, B =
PEHE B FAF R o LB . A TR SR B
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Fig.3  Tubular nucleic acid encoding carbon nanotubes
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Fig.4 Information storage based on DNA nanostructures and solid-state nanopores
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— 0, HL 3 (Watson-Crick ) GBI 0F 1Y) 72 15 1 S RE 24 K A4

Bhb|

HEE

s} - %
(a) #ijil “DNA jigsaw” BiHEREE

B BEBE Y 13 7). Rajendran %500 J /R T — B
() E AL EOR ABN TR 2 E AT 40451, DURF IR B
FEARAE 425 [ P HORYTAR SN . 2K P07 18] B 451
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Fig.5 Information storage based on DNA origami
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Origami Cryptography, DOC) , 1% A ) F Wik 14 14995 75 32
BB ARG SO 2 AT G Al £, Wl LA K
JINERSE 700 {7 28 Bl ZEHE TR 0 B A £ DNA
Prok 2 ) 37 65 A8 1B B2, T DU PR A% B L1 2 2
. DOC 9 2 Dy RE M 14 1R B0 7 i 45 A Bl ik X L, f
R EAFREG (B 5b) . Ry T i & T i —
Tl FR A B B AR, mT LG LAt 2 F R A
W Z RIS E AR BRI, IR A 3D F#AE
Ji s SEEUR A G (Y 0 S R R B
SHTEOAR I8 R, DNA 4K E 2T DUk ABE 21915 B
RIS R 15 AR A R

[V, B T LAFEA#7E DNA AR R ) — 4454
AT AT S AR 500 , MRS AR B DNA 19 5L
rtr it . A GOK GRS B () DNA origami £ 4 T
AR 24 120 7 W46, T DL 5 #5400 DNA origami & 2%
(BT NHEAT T SR M. Fan 25 4 T — ok
TR DNA 7482 K385 F 51 ( DNA origami domi-
no array, DODA ) (¥ 8 S BAE R 45, DA R 28
AR A A N 20 T4l T A DODA Y m] G F- 5
21" fil 2" DNA %, {ff DNA origami #4451 & A: b
[ A2 . ok iy R 2% 1 — 4 i DNA B 2 1] A B
SR, 7= AR I AT I8, I 15 DNA 5 5 30 20 05 [
IO, AT SE I 55N < BB R RS A3 B A il i A
VB EBRBEAE WP Sc Frs. BV 5, o E 441 DODA
WA AF BT, LRI & R T (i g i L T
[FI4F, Fan 1 38 78 RGP 5| A— 415 4] DNA 4
it , AT E A A9 DODA R G5 ALAT LA R 23 F 15 B 49,
HReE— S H TG R L2 RE. 555, 228K
& BAERE RS /T #8 f DODA vt b7 in s , 4%
& U In—241f#% DNA $5)5, 5] & DODA fy R s HE,
WG " MG, TR 56 BN A7 B R, 45 S n] 5
AFM 14t 52 . 9, fbfi14E DODA w1 o 5 B4k 7
0 ~9 LI I ZERIE 2 2 i sc RS 505 B, 2 1 fE
. BUA, 0 T EE 15 B 0 B 2R AT T AR 4
DNA HE R %8, I i 1« S-J-T-U” B i A e 26 (1A
Sd). X FAR LI RS (5 B AE 253 B R S0 e
T REJE A BRI, TR 115 B 2 g B A i i
e KL, DNA origami AMUAURIE T A6 TR, H
SER IR O] - REE A RT G R R T DUOA(E B 4
TR RS 2 .
2.3 ETF DNA tle B BB S7F6%

¢ DNA tile [ 155 A s, DNA tile 7 1] 45 72 A
285 [ AN {238 3 Watson-Crick F b 5 5 HEF1], 76
— 4 YR A g L S e A S G S ARG

A FERLAE X DNA tile . =% X DNA tile FIZi5E DNA tile
(SST) """ DNA tile it B 4L HEATE B ME— T4 45
Fa), oA A~ DNA tile S5H92 R0 2 K5 1 b 1115 78 [ 2 o7
B A — 4L E HIAP I DNA tile 4104, X SLLERIR T
A JE A — SR RSN, AN RS54 BT R 4 A HES
AT LIRS B B (e ST UE i A 415 AR B A
SEILIR A AR B KRR 2 T DA F A 45 3k
P15 BT , T 2B AT 342 2 B s R 28 4, HLAR
Ji_E2RIF 2L 41 DNA AL R2 7 (19 4 5. (03] H fi ok
1k, DNA tile SEAR/INTIT HLAR MEZ 5 I T4 8 I 415 51,
T ELRE L A ALSE ) DNA tile 28R R 2150 A, I
w1 SST SR fc i 4% , 1 Ff DNA tile Z5H 87K 4 DNA
i A Tikhomirov 25! (i I T — 41 F5 A DNA
B FFSE MR AR RN T RN 0.5 um® (Y
THERES, FFAEOK ) DNA tile 454 T TR
2D FZ, S . B, 3 F K% 5 DNA JF 51 M 5.
FEI R T B AN X S R T B SE s A Y
N BRT AR 3 il 20 2 R B # K 5 A A9 DNA
PR 1, DT S BA7 4 75 12 5K 1 DNA tile 4544,
H1F DNA tile 7E 35 1140 )32 45 P 58 Fn B 3T LAk
JrEAEAE AR, PR, T L3 13 DNA tile 25 #4351 152 8L
LB B ], R A R A a8 B . 5N
MR T 2B Winfree P20 B 7R T —> DNA tile £
Wit , 1% DNA tile F4 75 355 4> SST, ] DL B g e 58
B 6 (k. A fi T4l % DNA tile 4E 7 T 21
ANHLEE 1P RGBT A G 10 25 AR A /K L B AR T
GZERLEA (n - D) AT BATTE — AR —A
Bl A (n+ 1) TR B AR R . %A
Gl it SR AL B E AT B Kk ) [ e —
AR SR T R AT R A R DB SRy
B, 33k e — AN T g ik K LT R A AR D T DAL 2
AL 51 ] SE L 3 P A R R A0 A S R
R R &%, Tandon %[53] R T —Fh 3T DNA tile
AT ES (F 6) , % T a8 n] LAE 2 S B0 IE A6 (A
Fgn L) B BT I L 8. A G HARSE
IG5 AEDGH 6T B0 485 A A R T T JEL B L RE AR
BT R R TV S AT T 30 UE I 548 A 40k
TR BB NS RS A ) DNA tle &4
I AFM EUGHEAT T R, XA T DNA 35345 T fig
XA 2 TR AN A S (AR E ) RA S B #
55 T DNA HLEEAE 40 T33P g 07 .k Befff e g 1
B, DNA 4»F TR fl DNA 2 FRl 2= IE AR AR,
DNA [ 43 nl g B W R SN ] S kAL, 0 15
BB T A SR A R IR B
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3 DNA 12 B &6t 3k &

BT DNA 115 SAEGE0A DRAE T S A0 285 B2
AR, T AT, AR F DNA 45 B AEAEH S
RS BRI A Ty a4 SR, 20X — H AR,
R AR TG F 2 B R PR 08, SR M6
FARLL, 7E DNA 4t I R R (5 B S AR R =
FESH Z I AN 55 AR, I, DNA 5 B A7t 2K
KT BE S I [ 2 v s AR S U ) 5 4
FIPRAR. UK, DL DNA VE R B A7 i B0 o P18 Bk
o, MR A T P A 2878 SO AR A A P B AN
B 5, SIEGRRAT 66 R S8, WA 77 A B Bk A
EE, DNA S8 £k 72 AR M A3 PRt 422 o 1 o 55 500 , i
2 DNA 5 BAFRE TG I — B RPR A, HET9 fiZ[n)
BRFF R b T BB B B
3.1 BRRAHIBEE

FET DNA (1915 BAF0E RS0 32 226k 5 R e 1T R
J¥ 5 15 AR T Re i AR . A B DNA (5 A/ G
1) 09 B A = 007 (32 BV ) 9 B AR, Goldman
SV AR 739 kb B SRR Y S E B AR S T 12
660 370, Hrh 98% FF A& 1L, A 2% ATy, T
DNA 1% 5% ( Fountain) 752 , Exlich 25" 46 %% 7 000 25 7¢
Jfis 2. 14 MB $dg. Rt , DNA 155 58 4 MB BUE B A
BAZ) A3 500 SETT, 54k 1000 3570 F e BUs . B
T, Yazdi 2559 1584 2 540 2550, 500 10 894 745 K
JEAE AR 3 633 5447, 88 5 FHC Bl 16 880 bp [f) DNA
Frgmhth. QA A A 5 AL G bl 8 1 A 21T L
B, 1] DNA 5 A S04 1 BAS K 3 25 55 B, 4% R DNA
Fountain J5 % B3 1TB 6 45 1 8030 77 6% 46 DNA o,

BAKEE R 4T x 107 £, Bk DNA PR & 1 A
WS IR SRR, A REX AR 1T 7 A5, H H
i RE MB 548 1) 77 6t R0 2 OB AS AR &, I Tk AR o &
TR A T

3.2 KEAGFEMARIPEE

N T SEEE DNA A e J LAt e 38 2 L TR R e
TRAE, T BEORY DNA G2 18 68 S R L 2 55 52 ), i
W e DNA 582 % 3703 — AL X e A 5
JF T2 RS R 7 3R A T s 1 BRI
FOff .

DNA i [ B2 2 5% Mo 5 A7 A [ Py e 22 PR 2R
BARELA 1) DNA 55 1] LA/ T SO bk R 51 1 5
Sl A, IS IR GE i (5 B L. SR BE A DNA HE K
FERYHE N, DNA ()17 fitt 2% B2 25 B WA, TR0k, 5 1
DNA 558 BRI B D58 3% B 80 19 DNA S50 5%
ZHREAE . i, 15 53 B2 (nucleartide, nt) K ¥ )
DNA HEAHH, 113 nt DNA 4 [ F i B 75 830 W/m” [
R T IR T 2 N EUR . 515 BAAEE—F, TPAG
VRl 22 40— N EE 2% JE R 202 DNA BRI K.
F9E A3, /N DNA 55 5 TR, A, DNA 6
TEVR VR AR S R 25 T8 LUK, 3 — b 7 A 1
FEDNA BRI AR R ERM N T %
RH) DNA FCAEY R DNA B 28 5 Wi 4. Lo =
TR, it IV ALY DNA FE L, 38 5 23 & A 4
KRR B0, 1 R VRALS , 2w b ) DNA R T2
10% , fii 20 YR s fill 5 DNA BEEZ 75% .

B T FEVRRIEE S 11 AR v 23 & 2 DNA B 11 e A A
O WA HATE 20 DNA FEAf A2, X 2650 7 45
JBERERS (DN DNA S48 | B B NEERsy l S R i 5 ) il 4
RN TE 2R 2T, DNA $E 5 4E 204 6% 2 KA



%11

IR R4 DNA [ 415 515 BAeGE 9

Ry B A A S, T S I R 256 3 174 P v Tk
. T Sl B 2 S B0 AR A R K T
SIS R T 8 5 3 DNA i 22 6] % A A 186, DA T 00 4
T DNA B KAk L K DNA 4 s i oo L)
L BRTESS W, A IS A8 AR B E AR I
B, AR T K WIE A L PR T I R 2 Dk

4 Jé\ é:llj:

P () RO A7 B E XUEE DNA 2 7o, X E A
SERLI/NGEHR 1 5, DNA {5 EA7 B8 A 1 B 38 B s A
FEff iR R 25 U, TRl DNA {5 BEE65 10 R T ot
AH T DNA PRI REAR M BRI 4. B, 2T
DNA {8l fr T IR T B — R IR BRI, A fiE A 1

SE

HCECRWET1. FA DNA 5 577 6w 9 1 22 kA0 &
JROR A DNA S 55 85 A A {7 B 58 A R 4 i
AR A5 DNA EB AFIBEIRE B0 A 2 5 25
TR AN, B DNA B 4R ES A EA T 3 FH 5 AT
FRB AT RL QR TA AR DNA A48T,
TESRGAE BAF A 1 5e i e b, 2T DNA B 413%
15 TR AL T 2 % HIRTESBE DNA A 41358454
HEAT AR AR e DNA GOREAR SR E 27T
TERHT LR T YR AR A ™ RS , 71 P 48 s 5
DAL AR 7 DNA 4R 4544,

MfEREH DNA FURHARGK REEHrHR
K, 5 A A M DNA A7 5 B A6 7 sUA 1L, DNA
AR A EAF A £ A R PR A0 A g B A
ERARF, FRIRA % DNA 5 ORI Py AR B 2

(1]

Bhat W A. Bridging data-capacity gap in big data storage[ J|. Future Generation Computer Systems, 2018, 87 538-548.

Bioconjugate Chemistry,

Nanoscale, 2015, 7(6): 2210-

[2] Yazdi SM HT, Kiah HM, Garcia-Ruiz E, et al. DNA-based storage: Trends and methods[ J]. IEEE Transactions on Mo-
lecular, Biological and Multi-Scale Communications, 2015, 1(3) : 230-248.

[3] Williams E D, Ayres R U, Heller M. The 1.7 kilogram microchip: Energy and material use in the production of semicon-
ductor devices[ J]. Environmental Science & Technology, 2002, 36(24) . 5504-5510.

[4] Ceze L, Nivala J, Strauss K. Molecular digital data storage using DNA[ J]. Nature Reviews Genetics, 2019, 20(8) : 456-
466.

[5] Zhirov V, Zadegan R M, Sandhu G S, et al. Nucleic acid memory[ J]. Nature Materials, 2016, 15(4) ; 366-370.

[6] Ramezani H, Dietz H. Building machines with DNA molecules[ J]. Nature Reviews Genetics, 2020, 21(1) : 5-26.

[7] Pinheiro A V, Han D, Shih W M, et al. Challenges and opportunities for structural DNA nanotechnology[ J]. Nature Nano-
technology, 2011, 6(12) . 763-772.

[8] Wei X, Nangreave J, Liu Y. Uncovering the self-assembly of DNA nanostructures by thermodynamics and kinetics[ J]. Ac-
counts of Chemical Research, 2014, 47(6) . 1861-1870.

[9] Yang YR, Liu Y, Yan H. DNA nanostructures as programmable biomolecular scaffolds [ J ].
2015, 26(8) : 1381-1395.

[10] Cho H, Mitta S B, Song Y, et al. 3-input/l-output logic implementation demonstrated by DNA algorithmic self-assembly
[J]. ACS Nano, 2018, 12(5) : 4369-4377.

[11] Knudsen J B, Liu L, Bank Kodal A L, et al. Routing of individual polymers in designed patterns[ J]. Nature Nanotechnolo-
gy, 2015, 10(10) ; 892-898.

[12] Girdhar A, Kumar V. A RGB image encryption technique using Lorenz and Rossler chaotic system on DNA sequences[ J].
Multimedia Tools and Applications, 2018, 77(20) ; 27017-27039.

[13] Seeman N C, Kallenbach N R. Design of immobile nucleic acid junctions[ J]. Biophysical Journal, 1983, 44(2): 201-
209.

[14] Samanta A, Banerjee S, Liu Y. DNA nanotechnology for nanophotonic applications[ J].
2220.

[15] Lanier L. A, Bermudez H. DNA nanostructures; A shift from assembly to applications[ J]. Current Opinion in Chemical En-
gineering, 2015, 7. 93-100.

[16] Ke Y, Ong L. L., Shih W M, et al. Three-dimensional structures self-assembled from DNA bricks[ J]. Science, 2012, 338
(6111); 1177-1183.

[17] Woo S, Rothemund P W. Programmable molecular recognition based on the geometry of DNA nanostructures[ J]. Nature
Chemistry, 2011, 3(8): 620-627.

[18] Gerling T, Wagenbauer K F, Neuner A M, et al. Dynamic DNA devices and assemblies formed by shape-complementary,



10

JUINR AR CH AR AR 520 &

[19]

[20]

(21]

(22]

(23]

[24]
(25]

[26]

(27]

(28]

(29]

(30]

[31]

(32]

(33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

(42]

[43]

[44]

non-base pairing 3D components[ J]. Science, 2015, 347(6229) ; 1446-1452.

Li W, Yang Y, Jiang S, et al. Controlled nucleation and growth of DNA tile arrays within prescribed DNA origami frames
and their dynamics[J]. Journal of the American Chemical Society, 2014, 136(10) ; 3724-3727.

He Y, Ye T, Su M, et al. Hierarchical self-assembly of DNA into symmetric supramolecular polyhedra[ J]. Nature, 2008,
452(7184) . 198-201.

Amoako G, Zhou M, Ye R, et al. 3D DNA origami designed with caDNAno[ J]. Chinese Science Bulletin, 2013, 58
(24) : 3019-3022.

Jun H, Wang X, Bricker W P, et al. Automated sequence design of 2D wireframe DNA origami with honeycomb edges[ J].
Nature Communications, 2019, 10(1) : 5419.

Wu T C, Rahman M, Norton M L. From nonfinite to finite 1D arrays of origami tiles[ J]. Accounts of Chemical Research,
2014, 47(6) . 1750-1758.

Rothemund P W K. Folding DNA to create nanoscale shapes and patterns[ J]. Nature, 2006, 440(7082) ; 297-302.
Dietz H, Douglas S M, Shih W M. Folding DNA into twisted and curved nanoscale shapes[J]. Science, 2009, 325
(5941) : 725-730.

Han D, Pal S, Nangreave J, et al. DNA origami with complex curvatures in three-dimensional space[ J]. Science, 2011,
332(6027) . 342-346.

Zhou K, Zhou Y, Pan V, et al. Programming dynamic assembly of viral proteins with DNA origami[ J]. Journal of the A-
merican Chemical Society, 2020, 142(13) : 5929-5932.

Sun X, Hyeon Ko S, Zhang C, et al. Surface-mediated DNA self-assembly[ J]. Journal of the American Chemical Society,
2009, 131(37) . 13248-13249.

Tikhomirov G, Petersen P, Qian L. Triangular DNA origami tilings[ J]. Journal of the American Chemical Society, 2018,
140(50) ; 17361-17364.

Hung A M, Micheel C M, Bozano L D, et al. Large-area spatially ordered arrays of gold nanoparticles directed by litho-
graphically confined DNA origami[ J]. Nature Nanotechnology, 2010, 5(2): 121-126.

Fern J, Lu J, Schulman R. The energy landscape for the self-assembly of a two-dimensional DNA origami complex[ J].
ACS Nano, 2016, 10(2) : 1836-1844.

Matthies M, Agarwal N P, Poppleton E, et al. Triangulated wireframe structures assembled using single-stranded DNA tiles
[J]. ACS Nano, 2019, 13(2): 1839-1848.

Wang P, Wu S, Tian C, et al. Retrosynthetic analysis-guided breaking tile symmetry for the assembly of complex DNA
nanostructures| J]. Journal of the American Chemical Society, 2016, 138(41) : 13579-13585.

Manuguerra I, Grossi G, Thomsen R P, et al. Construction of a polyhedral DNA 12-arm junction for self-assembly of wire-
frame DNA lattices[ J]. ACS Nano, 2017, 11(9); 9041-9047.

Li X, Zhang C, Hao C, et al. DNA polyhedra with T-linkage[ J]. ACS Nano, 2012, 6(6) ; 5138-5142.

Simmons C R, Macculloch T, Zhang F, et al. A self-assembled rhombohedral DNA crystal scaffold with tunable cavity sizes
and high-resolution structural detail[ J]. Angewandte Chemie International Edition, 2020, 59(42) . 18619-18626.

Church G M, Gao Y, Kosuri S. Next-generation digital information storage in DNA[J]. Science, 2012, 337 (6102) :
1628.

Organick L., Ang S D, Chen Y J, et al. Erratum; Random access in large-scale DNA data storage[ J |. Nature Biotechnolo-
gy, 2018, 36(7) : 660.

Nguyen H H, Park J, Hwang S, et al. On-chip fluorescence switching system for constructing a rewritable random access
data storage device[ J]. Scientific Reports, 2018, 8(1) : 337.

Song Y, Kim S, Heller M J, et al. DNA multi-bit non-volatile memory and bit-shifting operations using addressable elec-
trode arrays and electric field-induced hybridization[ J]. Nature Communications, 2018, 9(1) : 281.

Shipman S L., Nivala J, Macklis J D, et al. CRISPR-Cas encoding of a digital movie into the genomes of a population of liv-
ing bacteria[ J]. Nature, 2017, 547(7663) : 345-349.

Tabatabaei S K, Wang B, Athreya N B M, et al. DNA punch cards for storing data on native DNA sequences via enzymatic
nicking[ J]. Nature Communications, 2020, 11(1): 1742.

Lin K N, Volkel K, Tuck J M, et al. Dynamic and scalable DNA-based information storage[ J]. Nature Communications,
2020, 11(1) . 2981.

Zhang Y, Li F, Li M, et al. Encoding carbon nanotubes with tubular nucleic acids for information storage[ J]. Journal of



%11 KR RAE DNA Q414 515 BAF ik i

[45]

[46]

[47]

[48]

[49]

[50]
[51]

(52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

the American Chemical Society, 2019, 141(44) . 17861-17866.

Chen K, Kong J, Zhu J, et al. Digital data storage using DNA nanostructures and solid-state nanopores[ J]. Nano Letters,
2019, 19(2) : 1210-1215.

Rajendran A, Endo M, Katsuda Y, et al. Programmed two-dimensional self-assembly of multiple DNA origami jigsaw pieces
[J]. ACS Nano, 2011, 5(1): 665-671.

Zhang Y, Wang F, Chao J, et al. DNA origami cryptography for secure communication[ J]. Nature Communications,
2019, 10(1) : 5469.

Fan S, Cheng J, Liu Y, et al. Proximity-induced pattern operations in reconfigurable DNA origami domino array[ J]. Jour-
nal of the American Chemical Society, 2020, 142(34) . 14566-14573.

Fan S, Wang D, Cheng J, et al. Information coding in a reconfigurable DNA origami domino array[ J]. Angewandte Chemie
International Edition, 2020, 59(31) . 12991-12997.

Fu T J, Seeman N C. DNA double-crossover molecules[ J]. Biochemistry, 1993, 32(13); 3211-3220.

Tikhomirov G, Petersen P, Qian L. Fractal assembly of micrometre-scale DNA origami arrays with arbitrary patterns[ J].
Nature, 2017, 552(7683) : 67-71.

Woods D, Doty D, Myhrvold C, et al. Diverse and robust molecular algorithms using reprogrammable DNA self-assembly
[J]. Nature, 2019, 567(7748) . 366-372.

Tandon A, Song Y, Mitta S B, et al. Demonstration of arithmetic calculations by DNA tile-based algorithmic self-assembly
[J]. ACS Nano, 2020, 14(5) : 5260-5267.

Goldman N, Bertone P, Chen S, et al. Towards practical, high-capacity, low-maintenance information storage in synthe-
sized DNA[J]. Nature, 2013, 494(7435) . 77-80.

Erlich Y, Zielinski D. DNA fountain enables a robust and efficient storage architecture[ J]. Science, 2017, 355(6328) :
950-953.

Yazdi S M H T, Gabrys R, Milenkovic O. Portable and error-free DNA-based data storage[ J]. Scientific Reports, 2017, 7
(1).5011.

Grass R N, Heckel R, Puddu M, et al. Robust chemical preservation of digital information on DNA in silica with error-cor-
recting codes| J ]. Angewandte Chemie International Edition, 2015, 54(8) : 2552-2555.

Willerslev E, Hansen A J, Rgnn R, et al. Long-term persistence of bacterial DNA[ J]. Current Biology, 2004, 14(1); 9-
10.

Smith S, Morin P A. Optimal storage conditions for highly dilute DNA samples: A role for trehalose as a preserving agent
[J]. Journal of Forensic Sciences, 2006, 51(2) : 426.

Baoutina A, Bhat S, Partis L, et al. Storage stability of solutions of DNA standards[ J]. Analytical Chemistry, 2019, 91
(19): 12268-12274.

Bauer T, Weller P, Hammes W P, et al. The effect of processing parameters on DNA degradation in food[J]. European
Food Research and Technology, 2003, 217(4) . 338-343.

Howlett S E, Castillo H S, Gioeni L J, et al. Evaluation of DNAstable™ for DNA storage at ambient temperature[ J]. Fo-
rensic Science International; Genetics, 2014, 8(1) . 170-178.

Lengsfeld C S, Anchordoquy T J. Shear-induced degradation of plasmid DNA[J]. Journal of Pharmaceutical Sciences,
2002, 91(7) : 1581-1589.

Chung W-J, Cui Y, Chen C-S, et al. Freezing shortens the lifetime of DNA molecules under tension[ J ]. Journal of Biologi-
cal Physics, 2017, 43(4) . 511-524.

Trapmann S, Catalani P, Hoorfar J, et al. Development of a novel approach for the production of dried genomic DNA for use
as standards for qualitative PCR testing of food-borne pathogens[ J]. Accreditation and Quality Assurance, 2004, 9(11)
695-699.

Ivanova N V, Kuzmina M L. Protocols for dry DNA storage and shipment at room temperature[ J]. Molecular Ecology Re-
sources, 2013, 13(5) ; 890-898.

Madisen L., Hoar D I, Holroyd C D, et al. The effects of storage of blood and isolated DNA on the integrity of DNA[J].
American Journal of Medical Genetics, 1987, 27(2) : 379-390.

[ RERE: FE%E]





