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cancer research. Live cell DNA-based molecular recorders, a synthetic system that induces heritable DNA variations,
offers an innovative approach for reconstructing cell lineage histories. As a representative for the new generation of cell
lineage tracing method, this system can be integrated with high-throughput single-cell sequencing and multi-omics
analysis, enabling the reconstruction of developmental differentiation pathways of cells and the phylogenetic trees of
tumorigenesis as well. Live cell DNA-based molecular recorders serve as an effective platform for exploring these core
biological processes. This review systematically analyzes the technological evolution of Cas9-based molecular
recorders in lineage tracing since 2016 and its applications, while also analyzing the research trends of some novel
molecular recorders and evaluating their advantages and limitations. Since 2016, molecular recorders based on the
CRISPR-Cas9 system have made significant progress and gradually become the mainstream technology in this field.
However, Cas9-based molecular recorders still suffer from several inherent limitations, such as the low lineage
resolution due to insufficient editing efficiencies, the loss of recorded information caused by DNA double-strand
breaks, and potential lineage merging due to barcode homoplasy. These limitations pose challenges for researchers to
explore and develop new types of molecular recorders as more efficient and precise tools for cell lineage tracing. Novel
molecular recorders based on new principles, such as prime editors, DNA-binding protein-fused base editors, and T7
RNA polymerase-fused base editors, can avoid DNA double-strand breaks and record information through base
substitutions rather than deletions. Compared to the Cas9 system, they exhibit unique advantages but also come with
potential risks and challenges. Prime editors can record information in a temporal sequential manner, but off-target
effects remain a concern. DNA-binding protein-fused base editors offer high editing efficiencies and specificities, but
their effectiveness across different cell types requires further exploration. T7 RNA polymerase-fused base editors have
achieved success in in vivo directed evolution systems, but their application in mammalian systems is still limited. In
the future, the research of DNA-based molecular recorders should focus on optimizing editing efficiency, reducing
information loss, improving lineage recovery efficiency, and exploring their application potentials in complicated

biological systems.
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Table 1 Summary of the characteristics of Cas9-based molecular recorders
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(D Tracing time: maximal experimental time in the cited studies.

(2) Stable integration: integrated the molecular recorders into the cell genomes.
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recorders and errors in reconstructing phylogeny trees
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R IR N NS M52 = o NG B i B uR R b
JFP 4 AR IRAF B S I . o> T Sk A g e 0k 1 4%
JE14 DNA /741 . DNA FEAL S5 508, 2T
DNA J7 %1l /1 42 BUAL B X Cas9 #2510 H A5 BE 51 /5 41
ABLEL, AR BT AN R ) g B A (R 9 85 Ar
D . BEFEN G H B OR T 20 (maximum
parsimony) A4 & i R 1. R KR 405 & —Fh
BT B AE AT MU R D7, BT AN R
o LR AR B R B AR AR 2, 4 S A [R] 9 4
ORISR K EMBIE . N, BB mES
A dge 2 BB AE Dy e AR AR, 3K T bt 9 4 45 4 e A T
FE AR R UL %% 1) 1) 45 A7 5 DRI ASE = 1) 2% T/ R A T Ak
P 5o AR BT B E el R g R A e )
73 % (clades) , HE W% i Wi M X 70 K 2 %5 oe B&
A
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EEWR I W, — S E TARRN 78 A%
e . R A A (8] A CH A B
2R 1) 4 B K 5 22 i DR 30T B 2% L RO AR
AR 5, E o, SIS BRI i R
TR L AT R IG5 2 1 RE RURENE SR L B ORI
RAZM A, TSR BE R 2 11 R B
AT B S HTEN], R A ERES
0 73 2 A B /N RSO O, U O £ 4 O 4 iR )
AP REWRRAZEL ™. Rk, EHHRE
RO AT DA DR AE 40 1 23 2O R T R R W IR AR
FR, MASE AR IR AR FHRERER
Ao FESREEA B, D B R A R AR R R
B[] J5 A1 A 52 )t e A 1 AR 10 S BOR ) L Ty
e A, AR AR, TR
BRI E R . REAMBERZ, HKMIC
KA ABENSME, DSCRFERRIE AN E
w B fE T, AN G I L E T
FEAH LKL 09 65 000 (UFE LR, IR R RS
RARZ . AU HEE IR R R

FERI0 L AW, AT LU 408 54> 40 e 475
Y 1) S5 7 22 DAY 2 5 1 L o B A, ORI R R
2 1 RNA U > £8P 21 Hx 2 fR) e g v, AT A
AR, LR SRR R,
T 32 )3 4 36 52 A e R R R A i T ALY
TEACR AL O RE, X R 45 0 RE 6 B
o e s A 22 18] PR B R R R o O T B R AR A TE 1
P, WETEN B33 AT LASE & e [ P N o [ T £ Jif 2
FERIRIL . et il K A% AT DNA FHREAL T T AR
ARERE, LA o o P 4 A R UL 5 BE LA e B
SR BRI, HE— D HEWT AR IR 2 T O R R R
7 0 BE AR o AL i R R i is e e A 3k
RPAE B0,

BT DNA )70 790 3% 4% 5 H At 41 27 I 7 45
B, FUVFBITFE A [R] I R HCAR JE F) 2ELA5 J2 AN i

RIS XA AU KR AR T AR S AR
W5 R R R B IR BT 5, H453 B2 K Re g
PR 5 S0 6 i 32 i T R S B I 221 A R
X AR A BT B ) RE AN A AR R B R T, R
159 72 Ji 6 A BER AS AR BE AL R R B BR AR .
A, IX RO AR K B 5 oy T RO R SR TR
A, HEroef — it S A ARt N 2 E
Ho B A RO A B

3 AE CasO## i E L 7y v-id sk /e 4
it ZRaBER A R

FTF Cas9 43 110 T 8% IO 40 i 7% 208 B 4 ARAIE
BT 3R AT e E B 1 40 L A I s R [E] Y T e
PE, [ERE, R % R A 2 1) i s L AR A
KoK B T B s A B0 5 2 i ) R AR B B R
ok, N EIRIZ RGN 2. AL R R
EHFIE. SR, H 2016 LK, REFTFZHIA
X 5T Cas9 17 T sk a8 AT 7 & PR AL, 223k
T R [ A B b, (HRTEWAEIE S Nk
“DARLIN” /INERHT, 34 2 7E Ji 8 BF 70 1) ik &
B, TIAREE A R CRAR . KR R A
TE A 5] J53 1 F )

HEAT M I DNA 23 T8 3% 10 R 1 R A 2
CRISPR-Cas & 4 i i 1. H 2020 5 /2 4 IH 46,
BN R RG R 2, B & M E
T AN RS T DNA 4 Fid 88, AR
FA R 40 i 0 KRB BRI a5, IR A E ik
FTF Cas 4 Fid F o) — e i, Az,
BAVEAN B =MW 109 2T AT CRISPR-
Cas JREL BT AL oy Fid sk 48 (EI3), FEH B IR
W FHEHRET Cas9 14 T id % 2% 3k 17 X
tk (&2).

N

2 B FILFEE Cas9 4 Fid a0,

Table 2 Comparative analysis of novel molecular recorders and the Cas9-based molecular recorder

PR S Fase LINASEPN RESME GEEE RN ELEETI e BR KR 2SR
Cas9 VERN s i i 4 7 — = [41-42,45-51]
P 5 4R ] 2 Sy M4 5 KT Cas9 i [61,65-66]
DNA 45 &5 H ] 4 G B T Cas9 LY [62,67-68]
Muta-T7 ) i b IR EN 1% [63-64,69-71]
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pegRNA3

& poxin 5

\

) C/G—AT )\_
-h- ‘ I Barcode

JBET i

. ATTGACTAG s :
ATTGGCTAGC— @
.

ATTGGTTAGC
ACTGGC IA(1(
\- AC m(,c TAAC
g

g
ACl\GCMGC“““" D
ACTAGCTAGT > @]

NH,

%N
H,0
NMJ

i SR
Hit S

Heaedim
L4

T7 B&TiH5 . T

T

R AR A AE (A i AARARALALRARAL.

}

RNA H ek o .
i SRR Y ol e £ b A n'” HHTH HH
TTRNA E 5 zé)\NH sphil B 25 41 ) HHHHHHH
’ Hot S AL l ~
[ o 5 3 YTTTTIIIII""IIIPII’: 114
e B >
B3 R Aoy T SR A ) A i e
(pegRNA—E 45 5] 5 RNA; TRE—1E DOX A7 7E I 0] 4 rtTA G 1B 317 5
HsAID—HH i 4% ; iScel—DNA &5 EH; tTA—H S R %)
Fig. 3 Working principles for three novel molecular recorders'*"
(pegRNA—prime editing guide RNA; TRE—a promoter that can be activated by rtTA in the presence of DOX;
HsAID—base-editor;iScel—DNA binding protein; rtTA—inducible system)
31 SiRiESR PO S), IERIESS A, AT SEI

e FYmiH (prime editing) & — ol 4 L N 40
iEFIAR, BT E e H AR DNA R E A, sE
DIAGAEM B S . A AR E B FIH A& T R
W) nCas9 (nicking Cas9, {EHELT 5] F bk
DNA V] ) Cas9 AR E ), 455 R i€ I 6 5 %

4 5] 5 RNA (prime editing guide RNA, pegRNA),
EfR MBS TR . pegRNA AU AT

FEAER DNA &4, fl ANFMIBR, TG/ 51 N XUEE B
FLE LR DNABEAR o IX FloAL I OR 1 v 280 1 22k A
Hde, vl 1A% G0 5 DK g b DL 55 0 S
2 T O I AR5 N A ) A, [ R KRR M9 D TS
DAE BRI P

Jay Shendure PR 445 e T 9 48 T 4> Fid %
A TF R AE ROB BRI T . A AR — AN S
4 CRISPR-Cas9 #8751 2H B 1) £ BX R 51, 3 i 4
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FP B4 N it 81 SR VR i 4 () pegRNA B3, [ IS
Kol SmEMERATEs. X RAEREREL
K20 M SR A FE AR C R Y (BI3). 177
A %6 T g 48 40 i ) 52 id 5% (prime editing cell
history recording by ordered insertion, peCHYRON)
PO I I A 0\ A SRS 25 T2 A Y pegRNA,  1E
R 5 2 R LA TN 20 bp B 81, HE 3 bp
(1) I AR AR Ry 2 TG AN 17 bp HIAE E P51 BRI
HRAE S A &5 5 F B R0, AT ST S8 4 5t P
Wk . ik — PR EACSKAE /), GO
S R 4 2 H A 355 R 40 (enhancer-derived
genomic recording of transcriptional activity in
multiplex, ENGRAM) J5¥%¥4 2 A5 5 ARy 7 4
F I A5 3 pegRNA 7, WT BEWS [R] IS 4 4K 22 4>
B[R] 1) e ad 1 s

HIFIRH) Cas9 RGMHEL, F T 56 3% 48 1 H
MoyyidxaRAA —ERRS. |k keHE
RE 0 S TILRS 1HE 0 32 (X 9 B, 920> 55 0L 5 4 A R AR
B RN . 5 S CRISPREEARM L, 2 5 4 H
i 75 H AR AL s A2 BRI 2, A S0 S T U T
Z R AR E I, (1540 I T R RS S ]
Fo HWR, B AER ERAA T K5
HER AP THEE S . 7E Shendure £ % {1,
S G gs (prime editor) AJ PLF4 B [a) 7 4 N 2%
TEAT, A s B4l i) PP 1) RARAE B A 78, AT
P IS () 73 R, JRAE e R b e R R R
S I P R A i) OGS T AR R B

B, AN TR, BT FRER
I3 ¥ 10 AL A0 1 2R 8 B b S AT SR A8 B
P, WRERA BN, Hk, KSHE
(0 2 4B RCRAE AN R 40 2B B v AT e A Y —,
20 PR SRR, X AT RE T B RIB ER S R
ATTEEVE, JUHRAE T BRI 2 g . J
R, BT ARG Z A pegRNA & 56 5 4 48 5 i)
—ANEEPE . B pegRNA 7 E4H X 7 € FEAL
Beit, TSR M R AR ME R EOR R, W RES
R RA—F, LB ARL. BT AK
H Cas9 & AME NiZ 0 Jeft, Cas9 R Gt A7 1)1 1E
F I X G 3 2 PR A1) 2 - 4 4 BOR N P B
%).E\i [75-77] .

BBk, e B R ER XU, 02 ) J L Bir A 4y

WCFEMM— D EEPR . BRI 2R EH
JiL PN A7 E 4 B DNA,  {E % 5 [R] () 3R 0K BE I 18] R i
BRI, XA Fid 28 75 40 P 1K 1
IS FH S SR T RO T o R T BR 3 00 36 A 1R 4
UM 5%, W DNA B B4k 7 H R [
W VRGN, R RN UTER T RE R e T
LK MFEAE, FEOCEME BRI R,
PRI T K TR BRI RE o XA XU 2 4 K3
DNA 4> Fid sk as #R vl RE S I Pk ik, 5128 DNA
o Fic 3 2% 0 AU o AR S RS I TR BN
BABRFT TR Cas9 2 %5. HA, CSAEMAE
B, 565 98 2R G0/ R L 3h W A0 i B R 4R B i
PESZ e O IR RE ), 0 L B SR R A6 A5 T R
SRR HhRZ A 2 5 4 4B R0R

3.2 DNAZSEHMARHERIERE

FIH DNA 454 5 E Rl 5l 5 g 4 48 24T H Ax
DNA J7 419, [RIBF455 17 DNA 456 & B0 H
B AR S AR Y R A RS HETE . DNA GG
A A R A E I DNA B8 3R 454, I g hr
Gui s B H AR S R X 8. TR 48 (W ABE
B(CBE) #DNAZ&EAG TR B A, S&
DNA B 2 55 1 A 51 N XUEEWT 22 o 3K Fh 77 725 e VP A
AR & 4 . e N ST o

H AT, =T Jpdt R ML RIEEE R SR
(substitution mutation-aided lineage-tracing system,
SMALT) 1EA Ml MMl KRB RS, (£
2021 4% A1 2024 4F 1) Wt 58 o 45 3] 7R A5 IE .
SMALT % 4t 4 Bl £= 4 45 %% F1 iScel DNA 45 & 4 H
FHRRA, XA LR 2 BT O IE B AT LA 4R B
IO, 3 s B R gl AR

TERBEWEIE, 20214, HREEL
SMALT £ A B Py 78 S e o 455 H — > 3000 bp G R
S FH], ok T 20N R, BERAT
SR Z MM A MM R EER T, HRIH
TS BT AN YR R A P A
2024 4, SMALTH AW N H T 0, Wi =
T 2B 0 M A RS R, AR BN
T A= fig 20 o 32 EEUE B EE AR R AL, JRaE a2 ik
MR = AN R SRR AR A0, R 7R T AR B 40 i
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PR TR Ao 1 B B 43 B ARRAIE

B T LR IR K E U o e A, E —
¢ A A K SMALT 44 5 I -F i (1 3% KB 5. ik
IR F SMALT 4 A 38 5 /15 R 1) 45 B 1%y i 989 1%
F, TESLUHMIKP BARTT T R e A ) A R A T
A (B3 8 4 S TS i) SR AR AR
RN RR, TFRN RER T K Z R
(66.7%) BA ZwbEiRIE, RUTERIERSM M
TE R R AR T, 2 AN 4IRS R KR AT BBk
UL T RN AL T A R ) 46 A
MpsE (N, KIBEMBEEIN LN, 1
% o [ R I N TE 2 B 33 AREE, R R R R
ARl BE 2 AT M AH A0 M R B . T g iE SR
(193 M IR SRR Z 4538 T RN B T/ R
i 2 A BRI RA RS R, KIATE B RHE
P 2 kR, R 1 2 AR A R R
BBAh, B FEN B3R AL T B R N 22 5 B T RS ) R
AR AR, R IR T B R AR R T 2 I R AL R
Ar, FRTREARER T MR Bt R MR B Y RS
T Ik T R R AR Ak T L B B IR, A RN B
Wr 7 BN R K, AR L
J7 400 ) A R R, DA U N 28 R e g
SR (FAP) 8 IR iR &2 4 wT i L0 28 )L
LR AR 1, IX e R IO 45 e 1 0 A
AT TS AL TR, T8 HTE 2 0w B AR B
ANIEENL 2, 7T Re G IR R 45 R

ge Ak, A 5 — BUHE 5 A Cas9 U H
(nCas9) HIHH & 4 45 25 Al A 34T 1S R BB ™, X
Foft 75 3t R AR AR 42 5] AR OUBE BT 24, 17 A2 5] A PR
W R RO B 2L 5 6 . H 2 T nCas9 I DD EIAT BN
58, R R REE B4 (9 L P9 5| AL Tk O 4

55T Cas9 i) 4r Fid sk A AL, XA
HAMEA . Bk, DNAGAEA LA &ERE
S, SIS RE ) B T BCR: g 4R 9% 75 5 € DNA
(DASNIRTIR S R i) E R Y TR A D)
Rrmtk. ok, XWEARWEA REEMATH R
Yo WEFUN AR LA 2 Fh DNA 25 & 8 1 - T 4
FE AR R A A, DUIE R [ 40 A 2 Y SO S R
ok, ETEEZANMEIER ™ 7Y, HilCSs
FE T Cas9 )l 2 45 45 B 0% (7] IR SHe 28 2 b il 5
W&, Nk, % DNASAE A LS 2 i g e

HEAMG, IFRZHEKNS TSI, BN
R AN, R AT A T B A R AR X T
PORLETE FOB R HIME ©7 0 4k, RTHAR A
A Cas9 73 110 3¢ A 19 K Vi Bl 0 2 8 0 1
DNA %5 & H A4 &0 AKIE B+ A, 7E7E
FEL P ) 0 R G R A ) R 2 T A T R e g e,
WHRBKE AR, R R EY K D,
FETHE RIBERH AT SEME .

RIEARAE AT Z B AT st E N, A
AR KK . DNA 2545 8 #4088k
IR B R . EA MR, A
FIFDNAZS G HEAMNS SRR FAEER, FERE
o E A A F AR RS TEA — 2, /R AT A
SRRAL T A, R TR TR RIS S
A, ARy A B B 53 R B G R 1)
BACRJE T BT, WREHR EiE— DR
k. BSE, AMEYE DNA 254 B ORI g 3R
FTRESIR S B IO, i ELAE A i YT
PRk, 5 25 2 1) S 06 UE 8 ok ST 4 A I ] AR
SENE

3.3 T7TERREHBESHERER

T7 Z i ] RNA % & lF (RNAP), 4% T7
RNAP. Sp6 RNAP. K1.5 RNAP. T3 RNAP %,
Je KK H T F KK RNA B &8 5, el
— Pl K £ 800~900 Z FE R ¥ B /& RNA K & 1, At
% 75 A PN B A4 4 DL XUEE DNA D 155 R & Bl PR B
RNA, HEAFFERKPERARRIGE T ™ X
— R AW 0 R 5 RO T 3 K R AE 20~
25 bp e A R R JE B P

T7 ¥ 3 R AR MA AR E S (Muta-T?)
AREAE TT % RNAP [ R Al bk AT oo, i
T7 RNAP 555 5 g 46 45 2 I Rl & 3808, nT LSRR
Y1 it PN 5 [R] f E 8 3EAk . 24 T7 RNAP X H 1)
B R AT 5 eI, Bl g 5 4% 1T LA DNA 3T
A, IR RARE O N H T, X IR A
FEEPE KRG ENES L RS . 20184
DAk, AR AR AT TR, Al
S0k Muta-T7 76 K AT B ) SR AR 6 1005 %4
AR E M N 5 EvolvR Al OrthoRep AL B A2
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BT SR NS LR 0 Muta-T7 KRG LA TE
40 A T R Y R L 2h A Al g Y
SEELT WP R, H AR LS P A0 M A g E s
HAIHER. Z8Em0Esae ) . B,
Muta-T7 F 75 B4 H T 0 L 20 P 1% 08 25 i)

JUE M JCTE A M R B BE T N A, (H @
TEAEAR P IE S IR R R SRR, Muta-T7 &
SR L T3 T Cas9 M7 Tl KA T RE LA — 2 1
¥, B, Muta-T7 RS H—Eh& & QA
—ANEO ) XIS R, AR 2 AN RIAHE, T AEER S
KREETIETE 6~7 kbp, I [ X 485 (1) 4 5 0T ATE JL
B LT B F Xt 7 3 B Y O B D oY, T CRISPR-
Cas9 241 T Bl 75 £ 5818 Cas H I F1 gRNA, H
MK EAE 5~6 kbp, H gRNA [ # [ [X $5 — fi 2
10 1~ gRNA B s8R B, K BEAE 200 bp /247 . (A,
Muta-T7 5 i % 240 i 1) £ #5055 CRISPR £ 4t AH B,
AR T E R mEE D, ATE - E~EE L
G 25 RS R B PE B R A . LUK, Muta-T7 1R
RN DU R E B O R R, AT
CRISPR R 4¢ & #t T gRNA FF 41 () it Xy
1R A T 0 R ] gz L e U e Ak, T7 RNAP
(1) 1o B SR MR 3G 0 T B B [A) N R dm AR R,
MR | RABME, AR FIER 2R ™.
TER N L3 I E R, Muta-T7 REBS7E 36 K IX
BN GINRERAR, A2 AT AR,
TSI B4R 252 1 2 S AP B P e BT A o 7o

SR, AEEL B IE HUK Muta-T7 R G/E A4 T
Sk N T4 i RIBER, ISR — e Pk AR 1 1
V) T AR R . B SE, Muta-T7 B IR ) 35 (4] 41 4
BAERNARI R ZEH. REFHAKA,
T7 RNAP 508 B g i 45 45 & v LAHESh Y . 9 B)
U LBV A i 24k, {2 T7 RNAP £ 7
4 AT B P PR B 3 R AR R 1 Ak B K
o R U R OB BRI R K, SO S AR R,
5 B R G AR 56 AE Muta-T7 76 W AL 3 Y 41 it
HSR AR E AR R R dm B RE ). Ak,
TEVERZN YR 40 JE 0% RIE B, Muta-T7 7] GEFE
FL B 4 4 A H 52 380 5 B DR T BR 0 2 e . 3 — PR A
A BE R Muta-T7 75K (8] Y () n 250 8505
MIRLH, PRARRAZRER, M5 e 1 28 4 44 22 1)
JRE . H Rl MR T Muta-T7 5% T7 RNAP # 3% %

G 1 W 3L 30 10 240 i 35 DR 4 o e P R T, T
I B CPAT RS RS C AP UE B AT DL E &
F AT PR 3 B 1O R B T AR R R A A B
RO GNP 1 AP = S/ I 53 N AT D N Y i
Muta-T7 5 T7 RNAP ¥ 5% &4t , f@HrH )5 3 7 1)
T ERMERKIAREEN, LTI RS ERA
B 2 18] I A EAE

3.4 =MHESFICRFHOILSHT

e 5 o 4 A — TR A PO R IR HER
B 7 HE OB BRI, Bk R g A AT AR X O S O
AR . o) A M I S e A5 7 TH AT IR R AL
JEH, £ L CH Jay Shendure Z % it H, BFE
N A& 56 5 Y 48 AR AT 0 B T AR B B L B — A
AR HZEHETHIET Cas9, mlaeszHEA
FR) I L 2K N2 B2 W), RSl I 5 530 I B T pegRNA
BEAT AL o

DNA 456 & [ Rl B 25 g 8 25 1 HOR B 4
ZIEZ NP RE TR, KRR, i
R T (PR A BB 08 A b R AT RB BRI L
VE o AH 2 40 i S8 R o e P ) 1) el =5 A5 31 ok
Ja A e o Tt AT ZBE WL, W 7E AN [F B [A]
RUB BN ) DNA 256 8 T R idsk.

Muta-T7 754k Py 22 AL At 23 2 1 7
SRR IE, HEWmEAERE T —gmiith, Hal
WPE L IR S A AEN L3l a0 i 45 3 T iR
E o AH 2 A ¢ H AE Wil 7L 3h A 48 Mg wh i B A
DL S e 5 5k DR 20 F A EAE 55 D7 T B SR TSR R
BN AR

4 RESRE

BRI RB B A KITT S ERN Y S
HT DNA M 7> Tl kA M4 &, CAmens KR
(] ) 5 3 2 L R R AR, D9 B AR K M R
R AR LR A RR AR AL TR P RAT BRI 1] 23
PR BB, 2016 4E LK, LT Cas9 114
AL R AR R H AN SIS T — R EHE R
Blo RWUHALLLE HERBE TR EmERE, =
A7 AE — SE A PR, 3 BUCIARE I P15 2
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[ 1 A% o X e B il B A oAU A i R R R 3
W R HERACT . DNA WU 2 kR iIdRELE X
Ko FIUAFE LS 1 R G IF. T R
SEPR G, BRI OO IR IR AT T AL, B AE
i I R e RS R BRI B R DL R AL SR
BT SEF B D IR T BOR I AT S A S
JAER

RIS, W% RAEMERS ZH2REHE
WARSNZ-ANERAZRRNERE. FHEY
5 S ST IR N A0 A A R B P A AR
KAR, RG24 BR IR N R BT 4R I A A
it R AL S R 2 R R . A BRI SR TR R
Bk SRR RN i AR A D EOK O AR
FERIFEM, DL R — B85535 5% R BT 5T 4R 2 2 fif B
UF R AR AW . T DNA > TidRkdas 5
ZHZHIEN RS, AEBHRRE LN SIE R
REAFAE TR K T H

Big b, —NHEAER. &S TR RIBER
M7 Tl ds, 1% H A J0 40 35 A ] i Ak
Tt RN T D SR AR L K IR (A] AR E A D
LA 10 3 2 A S5 il AT RIE B — 2B
i SE A [ 2 T DNA 17 Fid sk ds, BTN T
A RB RIS . o3I, DNAZSEH
Rl B B g 4 DL & Muta-T7 50K, R 93 Y
DNA 7; Fid k4%, 4R RIB RO R 1
GERBAE 1R N2 I 775 A B 50 A% 4t Cas 2k [A] 23 4
BORAE Z GOSN R PR o BT T Il 5t G 4 S 2
HE % 36E S DNA UUHE W7 288, DABR L 5 J6e iy R il 2
REEXBEAGER . B8R, KM il x
e [ — L8 A TS AR R 2 IR N I BT TR R AN AR
o B HREBUNFHESAGEE, HEZK
PRGN ATS AL T EEAR P 1R . DNA &5 5 B H kG
Bl 5 2 4 45 DL i e A RCR . R R OIS, H
e H A F2E— P IR K . Muta-T7 CAE %
Bt AR R P B R, (ERAE N FL B A B
TR

X =FPH A DNA 73 7 id 3 a3 fE 41 1 & 0E
5 AUV A 1R N2 S BE A 412 et 5% K] i 8 1) 7 0 12
AR, RN FCH ML A kB AR R 2R
BB SR 5 1 BTy . FRATIAAF X S8 R 11
R FEE B BE 0% 7 A0 A 0 1 AR A B R O T B 1) R

JERY BL, A A SRR S0 )T R TR
AT 5

& £ x W
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