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Abstract: DNA information storage is a new technology that uses DNA molecules as data carriers. It encodes
information for synthesizing DNA with a specific sequence and reads out data through sequencing technology.
Compared with traditional magnetic, optical, and electronic storage media, DNA storage has significant advantages in
data density, retention duration, energy efficiency, and security, since it is not easily affected by electromagnetic

interference. With the rapid increase in the total amount of global data, DNA storage has gradually become a research
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hotspot with its efficient storage capacity, low maintenance cost, and unique chemical property for synthesizing easily.
However, DNA storage technology is still in its early stages of development and there are still many technical
bottlenecks to be addressed. For example, an important advantage of DNA storage is its ultra-high storage density and
long-term stability. However, achieving these goals require overcoming many technical challenges, such as reducing
the error rate for synthesis and improving the encoding efficiency. Understanding existing key technologies, such as
DNA encoding, error correction, random access, and DNA information encryption, can help identify and address those
shortcomings, thereby promoting further technological innovation and development in DNA storage. Encoding strategy
is one of the core aspects of DNA storage technology, directly determining data storage efficiency, reading accuracy,
and error correction capability. To achieve efficient and stable DNA information storage, it is essential to develop more
advanced encoding algorithms to enhance storage density, reduce synthesis and sequencing error rates, and ensure data
accuracy and integrity. Moreover, the information security of DNA storage is becoming increasingly important,
particularly in terms of data and privacy protection. As a potential data carrier, DNA storage needs to address
challenges related to data encryption, information security, and tamper-proof to ensure data confidentiality and
integrity. Therefore, integrating modern cryptographic techniques with DNA storage to establish a secure and reliable
information storage system has become a key research focus in this field. This article first introduces the basic process
of DNA storage, and then reviews the key technologies involved in DNA information storage, especially the research
progress of encoding strategies, error correction technology, random access and DNA information encryption. In
addition, the current development status and main challenges of DNA storage technology are also discussed. For
example, the scale of DNA data storage in the laboratory is small, and the operation time for synthesis is long.
Moreover, most DNA storage steps rely on experimenters, making it difficult to automate the information storage and
reading process. With the advancement of synthetic biology and encoding and decoding methods, we believe that these
bottlenecks will be solved in the near future, and promote the transformation of technology from laboratory research to

practical applications.
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Table 1 Comparison of error correction technologies with DNA storage
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YEZE KL, PCR 1% 23 52 M R AL ERL 41 i )
A N T RRYOX AN R, A AR A = AR
R PR G A UML,  JF08 0 2 30 520 kA7 4 4
X =Tk A G i AR UMI £ A i 2 IE 7
Bk, 1T 7T RIHERRE . BR 7Y A B
ZEZAN, AR R b i) 3 R A P DL
KA, BEERFKHERE, "hea St
LF SR M Z 2, B, 94% ) DNA 342
i CEPIUASRZE D 2R K 8% B, XEIRFFIH
KA RETE W By s AR 3 AR T
FIME R, RGBS P A1 () 5 2RI 26 7 4 vp 5N
i 0 o 52 A A 1 R AR P . B AR AT DLIE o B
%7 HE BB T AR R 2 X AN 8] fE, (H 2 e
SR KBRS BB, P LLIXFE A= AN /TR,
MHBCRACT B Fk, %X DNA S B A7 ik 72
RS % n) R, AT DL — S R g A SR A e
T AR B A A 5] N 5T 42 m] BAROK B
IRER R A . (HaZ, EF0E UMM BR &S R T AR 2
— AT ITUR KK E IR EE ™ REFIA
B RS T OR DL SR /N R T AR FE SR I B 5 . A R
A DLSEIL I RS B R AR B R R B,
EAFRARNEEA . Goldman 25 ™ i 7 —
AT A B Y, KA E RS AN G
21 DNA P41 F, 9B R JES5 54 T 144,
WP LA IEFF 41, A2, ERANRNTFREH T,

MREFZ PRSP HERKREIUAR. 20164, Bornholt
% " 7E Goldman ZH 48 77 E A a3 HH 7 XOR i
B, %07 B P % DNA BE A 208 A A R
BT HE, ik FEENSERC, XL
AL By C =4 BE T B 4 Rk 58 = 458,
M HBMEZERANCFER 15K, FiE%ET e
T Goldman # Hi ) 75 & . BLAR X Fh 7 0] LI &
K4 A G RO Ak 0 T SR, (EUREAAR R A RE T MR
YHEBAWR. X THEERMYEER, L% E
RS 2 #8565, & & —F R 2 002 5 A BR 35
PR 2 BLIED R A8 347 S R A0 A2 R £ 202 B0
. 7E Meiser 55 ' [ 4mid 77, PS5 A1 ARG 3
K RS 245509, FH K2 IE DNA & sfn i i 72 o
A BE IR A A R . Antkowiak 25 Y R HY T — il it
T RSHGIDNA FHIRLIE 732, ¥ S5 s H0a i kil 4>
10977 K JE N 14x6 AL T T 51, 15 P b g il 2%
BIRFH RS UM 44T R, 3l 7 — R ok
] A K A DNA 170 R 58, 1% ARG RIMEE =
B AR R 1 0 F W RE S B0 T SR M B AR .
DNA 171t £ 4t ¥ ECC [¥3% 5 75 B AE 4 #5 R J1 A1 7L
RPEZ AT AT . N T R POX AN R, 2024 4R,
Ding 25 P 2 HH T —Fh R W RS 7 (derrick) ,
F= B F R 2 TN R A ke gk 2D R A 2 I e
o RS 5 LY EEPEBE AR Ry — % o X PR R A P 30D
TRAE AR AN AN SPL S 56 o 38 B R H R ) A A

fEJ]e
H AT 8 2 g (1 2 45 59 4o mwt SR 59 7. Bose-
Chaudhuri-Hocquenghem % (BCH) ™’ | Reed-

Solomon i #4772 b Fl T DNA {5 B 17 il o 27
Bribz 4h, Lufd B9 4@ W7 —Floi T 00 g vk 2
fxt Bk EE (LLR) AbFET5 %€, 7T LAy /> DNA
7 i 1838 H LDPC fif A% I BT 85 Fei 5 U R X
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DNA 7 fift il & o () — 3 ] LDPC A4 th | —Fh 3K
turbo fift B9 B VE, FR O AN IS B A B E & AL 5
(EBP) fifph 5k, 1AM 48 vl LLA IE 9K AL 7
SRR M iR AT, SIS AR B IE (S B
RAFHN 7 FH

7 DNA f7-fif b, & Ay 35 20 3R 5] N 09 5
R AR R HER T B T B R Bk . A s R
FE A A B R, T R ) SN B
Wo NBULXLE R, RN RIFR T Z MY
AR, flhn, 8 LDPC R ik & M as gk, JF
W 2 R R R T T PCR Y4 A R 1 A
B . R WEIUAR R8I T 51 K e /i
HACRARTN o BRIk, ILAR 2 45 74 41 Reed-Solomon
(RS) A SR AL 7E A7 it RG A3 2 2 N,
Horp #CA) e BE1S AN LDPC et 59 @ B T B
HRETT

LR KE, DNATEEM Y H AR IEIZ D& R
MR 1 SEE % B 2 A ~F 1, DURR fR 2K
P 1 e RO E R IR . R Rk, DNA A7 fiff 1) 4 i
R R #AE 456 N H 2 R 5 %M 77 I K&
LR 7] B e Jo1 A7 il 25 B . 2] B e i Fah Bk .
S AFEM R WIS, ik DNA 48 771 &=
G 1) B AR R

2.3 HKENISGIE

SR DNA {5 2 A7 fif 19 K B AR B v A8 e5c it 2
%, BEBFEHEAGK I —ADEETH
e R RS U R TR . B
HLY7 170 A2 48 Ui 1) Kb A7 i b 104 = 0 B I Bl 42 2%
B TR A S, 5 R 7 AR, AR U 1)
L U5 AR E B T AR IR 8] HCR T O AR A B
R E . £ DNAA T, BENLYT R fo i B

F2 U7 v 474 75 DNA H (105 52 £0a B Y, AT ZAK
B B EUREAS P B, T ek 2> T H i A A
IR o T BENLAE I IR KAR RS B T i
BAWEE N (PCR) ™, N 755 M 7115 B
A LUK DNA AZ A 7E KV e B AT E S BE AL
V5 ) 7754 PCR 5| %) 5 bk A1 PCR-free #§ f . PCR
S04 R 50 H w575, BT RLSE B 4 e EHE 19 Ui
i) 2, PCR-free B AL 42 N R I B #2 7 51 A 12 FH R
SR B OR SRR AR S, BEG T Bkl AR
HUF B4 S AR PR ) PV X PRI S A R
FEARF RN A s KR EEER, LR
T DNA f7-fits B HLAT BCR B [ 31E Je

5T PCR ) DNA 17fitg BE ML U5 7] 35 BAK 5 1l
BT AR E 510K AR ) H bR P %1 . 48 PCR B4R
7 PCR 4T DNA £ fif BE HL U 7] () AF 70558 b 4n 36 2
fias, EARAT DL Ik 36 n 51 YK RS KA &
{HIX A DNA M B A7 % 5 2252 B2 o

N 1 £ DNA f£ i th S BLBE L VT 7], 2015 4F,
Hossein Tabatabaei Yazdi 28 “ & H 7 —Fh BEREBE L
D7 1] BHE B SRE IS A BN AR RO S B AE
AR, ZEM TR T RAe sk . MG
B G R e HE b ki P 2 (9 BT SR AT PR, T
o 7 AESEBRGRAG B R B R, X R E T b
BEFN PCR 4™ 488 45 A 5t AT DA ff 5 1oL AR 28 H A
Bornholt %5 " Xf PUAN G SCAFEAT T gt , Kb
M5 KB £ 84 KB A%, Kilk B 7E DNA 17fif = {
BE ML UG 9 Th BE B AT AT P . 2018 4, Organick 2%
N T SEBLR KA DNA A7t rR I BENL UG 1, ik It
e 7 — AN KBS FE, BT K A7 i £E 1300 J5
AN DNA ZE 4% 1% T 10 200 22 JK 7 35 10 50808 1 o 4
i FF S 7 BE LG R, T L AT DL BRSO B R
TR EFR, SR 2 RN R H
Jt% 17 DNA 9K 850 . RFESI B RS F B, A

2 i H] PCR AL 7 PCR 4T DNA 7l EAL YT ] AT ST EL

Table 2 Comparison of studies using PCR or variant PCR for the random access of stored DNA

1 Hedle KA WFFHA LEES igIN Z25 3R
Organick % 200.2MB Illumina/Nanopore 5X/36X ePCR [20]
Bogels % 25MB Illumina 30X Thermoconfined PCR [21]
Hossein Tabatabaei Yazdi %5 3KB Nanopore 200X PCR [26]
Erlich % 2.15MB Illumina 250X PCR [37]
Bornholt 2 150KB Tllumina 40X PCR [64]
Lau % — Nanopore 30X PCR [65]
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i I X L BOR T B8 Bk — 2D 4 e kb 23 8] . El-
Shaikh 45 "7 38 Wt R 0 B4 R AT AT, K it
(K & 22 AL I DNA RSN 51 o & Bt Fs: 471
FAR, WTLLTE A DNA b R 51 805 31508 A
A R . BLAh, I AE R UK RS A Rk
RS DNA Fr 51 2 (8] (R AR AU, 38 3 [R] I 5
ZAREE LB Z AW R FFAT VI o Lau 56
S 12 Tk Ve DNA [ B8 BLAT BUAT il 4% 17 1l 36
W, ZSREER ARG RS TT % . 5445
f R SO B R T R ST T A AR A,
R IU A T4k SE K KA 1 BT =q (1 51 0 5L

B, AR REHLAZ BUR N AT RE . 8K 5 Ak
DNA 5 VEB R REER 45 &, AERS SC DL 2 3 U EL

P, [EOR B IR 4G DNAFEAS,  FFAf CR E 8 52 )
Jo &

PCR 51 -4k F 28 519 44 H A5 DNA {5
BB, G A AE R IR R M T sk
ILBEALAE R UL, Wit R R B 2 S HE
B, BEEAAMMEAEE I, XTS5 e Rtk
ZWhn. fEW IR, BB [ N R
B AEE . Limbachiya 2 "7 SR FH i) th 575 04 22 36
& GC & EMRMATRMI SN VI PE, % E 5 Ms
WA Z) R ) DNA I, JF HAESE FRILH B3
Tt Jak, —LeRfFi R 7 — Mk TR R
EIKEN B Pt 5 Y, R o R R EE
A A 240 o R ) gt v o 52 1 5] 0 P 9 1 hn 5 | P 4
&, Wi mREALY M 6E S, Blin, Yin%E UV OR
FH A 2 1 428 1) 2 O BE LG 3L 5% > SR, 73 2
IR HT I T AT LA RORE S BN R B s AL, AN
mde s S| EER T 5. [FIE, K DMVO 51k 51X
HIEE . GCR&E. BERWARME S, WY
B, ARAE S A R G RIS, 8 4 T PCR I 2 Hp
S AERE R ER AL . Cao s T R T — M
FhUNAHBLAWR, FFZITEN T DNA /24
H, K mZ oo EHE S (BMVO) HikfE
Z U FHMAEE (MVO) FyEEAE L, AT
A1 B 12 3 1Y L AH AT Nelder-Mead 5775, H T itHE
LI DNA fEfif gt ge . 5 UARTH TAEM L, %%
T EEAE AR E 380 T 4%~50%, FF 5 A 5 4 1 #
J15 e . B DNA i E e s, S5 M
THERf 1 A DNA 1706 R G 1) &M 1G98 . 2021 4F

Rasool 25 " 2 41 7 MFOL BLi%, @ 35 T % 57 2%
>] T SR 3 5 — 4 R S ) AR, IR
SIVPEM IR . B, ZEIBA A TR TFMHE
W9 26 (1) T BB U IR S AR AR S L R T K
RS\ W PE, I RE 6% FH 58 060 (0 5] Pk 2 HL B 2 1)
G R . R B, Cao%s 7 il ¥ W ph &
W28 5 L RmAS IR 454, e T —F 2T GNN
(") DNA 2 BE AL N BI v 5E, 17K R
W T EI R, R m TSI EE . B
Jei > Wu % U 5 T 38 b oK i 4 ROk B v T B I
FaEME,  IF 51 NBEMLIT 5 FX E AL H 5 AR
BB R R T 9%~37%. XL 7T ik
FE S I B 51 I e, A BE LU ) B S
At TEZ TR,

AR, WP NIRRT £ FidE PCR 58,
ok v Ik 51 A H IR S R T R A ) .
Shipman %% U % Zh F| F| CRISPR-Cas & 40415 B A7
it 7 DNA 1, IR 450 2% 8 2 R 31035 20 B A 1 1 2k
DA ZH 1 . CRISPR MY H A 4 o b5 A 5 1) 9%
77, 1 H7EDNA S BEA7 it RS h e T 5510
RRERINEE Y. A, WEFEN A AR E I R R
SADNA EGWSLHL 7 RENLUT IR, JERIH A B IRAT
PRI A 2 PR AL R T, @ I DNA 5 A
A A= Wy E Rk 4 A ke S BB I ot v i B K. 2021
e, Fan%s " HEH T B4 DNAE EA47E, FIHA
F 145 1% Pfu DNA & 8§, B 7 1A /£ I-DNA
T 5 « BREN—ANBREER, JEThith
MAF A 126 SR BUORD AR RS . SEELBE ML UG i B 7 S8
MR A AL, T4 K, Newman % ™ $2H T —Fh
i B IO 45 R A R DNA S8 (10 753k . &7
T8 SR B K 1Y) DNA A7t 75 7% 42 2807 om 4% 16
R BESIR B — AT EEd, SiE R — AU,
T R b RN (%) E AT BB 1 S TR R 4 R
— KB R sh B HARGL B, SR J5 DNA TE /K3
WIS, TR IEAT R SR L. %R
GAMT mRERTHMREEAR, AEMNEAD)
TR K AR DNA S8 22 . 22 73t i 4 B3 3 A7 At Lk
T AE B R — DNA K b o B R R
SR, PR Oy B S BRARAF R 2 B2, RO 43 X
o ) 723 T Bl VR A DK B W T BT 7 I S TR B K
weah, Py Xy ik BB/ A E, R



%£6% www.synbioj.com 169

PEANE A KAk o

FERZ T BENLYT [ HoAR o, 5 PCR A BEAL
U ] SR AT R A e I B AT BE AL U7 R e AT R S
TR o T AE 519 B it (2 PCR B BEHL VT
515 G 5 7 DNA H A7 fifs KB SR B0 A 3
o DNA Eife 17 i 48 52 s N2 F A 475 28 T i — 22 B
A, LG R IR I 5 R B A R TR 22
DLR 3™ 38 130 AR A8 B 0% A0 OR L 22 18] 1) 1 1 ]
R A, DNA G HOR 7 2H & SR R
PEA ZFEE, DA A AN R 7 SRR, Bl
MAS N B A7 B B H A o iR R o R
BRI EE R e, 3T BEHLVG 1 RE /1 1) DNA {5 2
T TS AR R e, AROR BB FU A B 0E i it o)
Tt SN B R AR Pl AR G EOT R A
SERRAC TR R BT T BEAIL U 19 1 3 B2 AN HE A 1k

3 DNAfE B A

WA, B 2 4 1) 2L A A 2 T IR Y o< B
o), VR 2 ARG 0E B A R LS M, 1
KA O T N AR LD ) S50 2 m i #e
FUZ AR5 B AT %, TR T 47115
BRGEAE I 2 At ™, ARk, BEE R AE 1M
PUEEETE, B0 Uy VAR AT e 2 78 2 R 1 2B
T NI, DNA 20 & B 1 2 ks (1) 44 2 A
YIERLRE M, B n] g AR A A AS O . o R IX
SRRV 5L 45 GOk, DNAE B %4
Pk 4 kR s . DNAE B n%s = 2] BL4y
NFET B ) 08 AL T S5 R B g ik .

FEHET P oI e, {5 5 UL DNA 751 %
A7 ETE DNA 73 T H, 5 80025 2 38 1o o5 74 e
P S A ROR S . A F DNA % H R P
FIE S B gm i (1 2k, K B S R O BE AL 51 9
T DNA P51, P P2 v 560 UKy 5 Bt DNA T
TIEATIEH L% L. Hil, KZHDNARSE R
TEHAE B F BIAE RS, A8 R Ik TR
HZ LR, REgEFAANGEEMERED,
1999 4, Clelland %5 " ¥ % J5 145 B 5 N KW
DNA MR A, HAHH IR B AR LI s, A
MR T —FMNERSE A, TR KEM
FERER . X TAEMEE LK, DNARTLLA

KB AL B (5 B . AR, AAE— AN A,
L5 IE BRI . RS JE IS B AT AR
AT NEEE . JE 2R 7 N L4 T & Bl & A 1 2k
BERE I, R R DNA Ba 5 H0R I 22 4 MR RS et 3
o 20204, Cui%F™ Bt 17— N HER
DNABREARTTE, 455 S DNA 5 &4 R
PERGAL S B AL DNA FEIR A, M 7 — 24
SRE LR tEAE, AR PCR A3 51 N B BE AL
PESCEL T B B D ae AR U A DU AL AL, RBLTE
FE R . BESI VIR AR, X PR T E AR
SARAMEBARVE . JEK, Gehani%s ™ LADNA N
& B #fk, it BOR S 1% DNA 73 11—
R—HME . Lufs " 2t 7 2T DNA B0 R/
B X FRAL B F2 AR, AT DK A0 B 4% v AL 1 e o
BE J5, KRB 2 SN ROT KT B RE  n
ERARMBESE AR, 202145, Fan™ il d7E DNA {5
BHEMARSTIINGEBRZER, TR T FHES
Ko FEIEZERES, FHRRER G x
HE, EId B4 PCRIIFE MR HArf5 E . Grass
HERRH T —MEHNEERERT R, FHE
fE 50 R R B P IR R%EH, R A AES-256 %
77 ZAR3 DNA PR B 715 B . %07 R I
B BN G B DNA P, SR )5 NGS HoR B
4 DNA A& B DNA Ut RZ HM S EE . HT
STRE B [ i e 1, X P A2 ) % BH 0 3% 00 il %5
AHREAHTT . 20234F, Yao % PV B fE %
ARG BAL BN, SR T — R
DNA 17 fif (1) G I 2% B3, JE AR AR d T 2L 4]
RAHATBR R G, WIHR R Y HON 5 R R AR Sk
P B, % 5 & 5% SC DNA BHE I A7
DNA 1 R4 . 27 A se 0 WL Bk, 9F
XT DNA 17 fifh 1838 H 1 5 51) 2 2k R0k 5 46 B 1R 32
AL HH AR B8R ) B

FEHE T 85 I J7 1, 181t 97 S DNA 8%
B 2% I = 4EQK Z5 4, K5 B RN B IX Le 25 1)
o AR RS, PuBfERe IR, HASE
HEER. 5FIEEMEARMZ, SHhfr
fift ()45 B o] LAk 5 7 77 B Bt (atomic force
microscope, AFM) BRI P 9K FL B HE L, @
o5l N RLEE B, DNA S5 4 & AE oA, M
TR AR, BROETE 45 A5 B AT DARR 35 ok
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DNA 42 —FAY o FaHREE AR =, it
TEHE &M “5T P BEMBBI TS — %K
IR BESRA RS T DNA KSR . gk gk
A 31k O VE RS 2 1 R0 9 K A A R A 4L 43 B 24
R 7, EAER, DNAJT4UHA &gk
5% DNA {5 B 9224 . 2014 4F, Yang 2% 1 42
7 —F | DNA B 425451 1 DNA {5 2 7
%, IR DNA [ 41255 48 050 A BE B k4T %
ML aE 5, Dh— M B AR 1 7 S S B
Ina Fg s . DNA P 4Cm =[5 77 5K FH DNA B
AR R FENDNA UK E % . 3415 B by
FI3& ¥ DNA 388, SR 5 B 40380 i T B
ERLUmEE . g 7 —A i 700 621
BRI m], il 75 A [F 1) DNA #7482 A 2
SRR, %7 ] DU AR WA B T8 M I s
P2 AT 4] U, kb, DNA T4 HA
B AIE B A5 B s AL a7 ik, T DASE I
G R G ML, 5k, FanE "™ ERT —
Ffo] F AL I DNA FT40ME B AR, 5 B8 A1
“ZHTT MRS, TEIMNRE SRS, BRI
RRERE, MEGEE 57 MR P ik,
BEfS, N TIEMAFME R 22, M1k
Ji& T TSR S T B B B A R O
W&o FEMRIDIE AR, AU 0 PR A AR B R Tk
FmEELRE. BEERAR T —ME T DNA %44
KGR B AE B Tk U, 3 s i 2% 25 4H
B, WTDAE £k B oE B R JeL i, If
R s I AR B o A oK AL IS 5 Bl A Rk
gk P e A B0 g 2 % A AR AR . [FIRE,
DNA 7 Sk DL R R % 40, 0 $dis ik 47
g, JIFF FH DNA #EATf7 0, 1X M DNA I 7 12
TEEEEE, A" 20224, Zhu
S DO R T — R aT B 1) DNA BE B 40 ik
AT AR YOI rp o R A A RN S
FE AR 4 DNA S (1) % B A8 A0 R SR I B0 . [F 4,
Teng 55 U $& 7 — Bl R BE 22 S B Bk, A
FH I B 2 ST 5 R A i DNA B35 () 25 40 0 A Bl %
3C, AR R A AL E A R AT A 7E DNA R, 380
T ARG e, Wb TEAT YRR,
EAE GRS B B> T R SR E R A,
7 GCH=, WINT RAMBEEET

gr BERTR, TR SR N J7 v R 8 S LI
o AT 25 B, IR P 7 IR AR T LA 1Y DNA & B
APWFHEA, BT H XL R A,
ZAER, MHZ TSLAYy R, HE R EE R
SN i, R SR A E DNA FE A 3k 47
Fo BUAE Gy WO, T SRASAF i £E 7 21 v 145
Bo FET S50 n s )5 22 18 i DNA 1) = 44514
(LI DNA AR, GKEEMSE) IR AT AN EE
R XFTIEAMA T DNA PR S, 2 F
F DNA 70 F W37 S . 238 S5 W BE 45 M e R n %5
B . o T{5 B L@ DNA 1) = 4 25 #) Bt i1
T X 2843 B 7 2 1A EL A 1 5 ) BT AT S
2, BIfEE3RIE] DNAFEAR AR 5 g . ttoh,
53T AR E A, 5T 250 1 n 2 xfE DL s
IR DNA M P B BEH i, FELTIR
AT R, SN 7 BAE R e A T B T4
MR N EE 7RS4t 7O A5 B AE RS, JUHIE
F T R e e YR N 3 5. (B
H R ER 5 DNA W S A L f2, HoARSk
it M BE R, I HB R R B AR AT AR Ak T TR B
WA TE A . Ak, HTE ORI I A A A5
GRSy, TGk B T 50 B0 IR RE B AT i
FHIE, XMEREEESH T2t T8E %
BR3¢, DNA HTAUHR PR R 735 (1) 7] 2 7%
I RE % 38 Ik T TR A S5 A B RERE . BAR
o S =S e o (PN V€ R e A e Ryl [ I
W FCAE T T e 4 s e S A R AN HE R, DR
RENSKHNAE BIRE Tk, sk, BEE S sE
Yy IR R R, T R 2 T R 2 AT
DNA J1 % S50

4 HigSRE

KRR BEH A BOR g 7% FE V8 F0AF it N2 0
AW fiE, DNA 70 28O0 R K oA i 1115
BB Z — . ALE N4 T DNA(F B A7
MIFEAFIRE, HuiZRid T DNAE BAEk i 3
FIRBEFIAR, JCHRRMIBEAR . MEHA . B
Vi 17 A1 DNA {5 BN SR R st g o A2t 1
AT, AMEES TSR DNA it 75 ik, I HE
R T3 ) BT R A SR, XS XA
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ARAE R v 5 2 R AN O T i R B K
1871, 0 DNA T7Aif 1) SE B S S 6t 1 8 #6) 8L i
FEAEEER Sy, IRANRTT T 0 i Jo 2 ) DNA 20 8
PR, WX ARBAT T RGBS 28, 5
7 E AR L bR N R AL SR R R, iR
T BADRE AS [F] F 21 4 SR S g S T A A . B
SE I B v ) AR PR M HE R I o AN SCSRTE T BT
BEMLUS ) 7735, A0 A CRISPR & 4 #4784 1l & iz
FFEHL,  BLA DNA 40K 45 84 4 B 0 A7 ICEOR o 31X
L6 75 V5 A B S L DNA A7 il iR PR L i BE AL
], SOk ARG E AT A IR . RSB A H
i EEF R, ARADHT T DNA L 15
BnE N EOR R, IR ORE T HETY PUE T
B g BN ik, B S RME T DNA FFAI A
MBI AN T7 % A0 Hr T IX LI R
8 B A% i A0 A7 Ak 22 a7 T I 0, R SR I T
AR AP A ) S R A S A N BOR AR 45 5 1 BT
B, IXOVIRTH DNA 7l 1) 2 s PEFR 1 1 3T 3%
%o BT DNA & RUSCA & 5, g 55 05 S ik
X DNA 5 B A7k R Gt UV 2, fE i it
Gty S, NZHE RSN E BTy [ R B
FE, BRI IR T LAk LU S B
AW ZHRMPME B BT, wH s R
IR HUE K SRR TR INAAME R 2 R BUE R E
FER AT RS, g7 S8 1 BT A B B K
N PR E R RO AR o 2 S K i B T A B
BANAT sk (9 h e 22—, [K 8 DNA [ 45 B A il
WA T A, X SERRE TR R R R DK
BEPN RSN SRR Hem e A . BRIEELAE,
B ED AN GC & B = T 2O e AT 5 8 B
fik. 7E T DNA S BA-ME RGN, ROzl 2 LY
W AR . B Ah,  BEHLYS ] BE 77 A& T A A7
fii 1 B — S B G RE IR A, AR i Al AR T
i, BEAL YT ) B 0% DU e A7 B I H AR S A5 2
PN CNRE G & SR SRR U E U R S L
H1 T e T e B R A B A A% B O AR P A
SLOEE B9 KUK KR HE T, DNA{E B2 BAR
WAFCNE B, N BOR AR BL LRI H s 1AL
W, 3w DL e S i O BodlE 0 e Bk,
A A AT B SR e AL T 21

DNA {5 2 77 il D8] FL AR g 0 77 il 35 BE (il K&

(R IE N 530 $5 B LA 3R ek 1) D7 VE R S5
R H AT DNA 5 BAZE IS T B X1k, Hig
TR TSR AR RS, TEREKX
PRl FEARLES N BEMLUG A AR A 7 T -
56, HAiDNA 5 BA-E TR A i — AN i
G RURA R, A RETEK P DNA & R A
H AT 2 88N 0.10~0.30 K70, XERE L1
Eb 45 /B8 3 1) %5 1 A7 6% 1 GB [ DNA ¥ 38 %5 18 2%
844 ~20123% 0, X —ARBE SRZ ", R
Goldman %5 1 H A A B 52 ', DNA & BRI A
TEARRIVFE N Ze TR, (HH B WA G R E
Kk . BRMAHEMEIEN KNS REEm, #H
H HI 1 DNA {5 & A7 fif 19 1d % 45 7 200 MB £ 45,
LR OB AT RS2 24 0 Y. N T 9Bl TB 2 5
A7, ANTIETE R I RS T R 5l
FAFAEFE 7 . DNA (G B A7k A 5 s A7 it 2%
B, AR RAE LA RAR SRR rp, I E R R
AR E BT R, KA - DNA A7 il [ 52 1 i
SEREME . JLIR, DNAFfEHE AR AN RVETEYnhY o ik
ITHEECES MY, S R PR B AL AT K
& DNA 17 5 7] 52 by B 2 200 58 AR I Bk ik 2 —
1 B8 AL AT ECR [R] 5 At A7 il BOR AR EEATY SR 3%
A, BENAEDOE RN, 4T — IR PCRAL
BRI 1 he A B ATLAT U B2 18 2 DNA S8 17
ik RAM EEIRI 2 —, HAjid oy bl LA B
I TE) A L /IN B 48 4 21 L B EE 22 LR . FEAE
FH, MR AR Z AR EE Z MR
AT A, A XL T, fAh, fEPCR
ARG, BTG5 R AR L, DNA 5
WA RS LY B R 2= s, SR PCR 1Y
M BOR AR AR (B de. ARIELR), s
SERAAY MEERMNER, Fik, 75 DNA 7k
bR s T RS A BEAL VT A R o T
B, DNAWF IEAERGE K E, {5 H T I DNA N
AR T EREWE > TS, XN &
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