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Research progress of synthetic mammalian genomics
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Abstract: Synthetic genomics aims at genome-scale engineering or de novo synthesis through the design and
chemical synthesis of large DNA sequences, which contributes to the revealing of connections between genotype and
phenotype to construct organisms with expected functions. With the advances of synthetic genomics in lower model
organisms, such as Escherichia coli and Saccharomyces cerevisiae, designing and rebuilding the large DNA
fragments for mammalians could enhance the functional remodeling of their genomes. Designing higher mammalian
genomes based on principles developed with the lower organism genome design can lead to understanding of more
complex mammalian genomes, and in the meantime improve the design principles. In spite of multiple challenges,
design and synthesis of mammalian large DNA fragments would provide promising methods and solutions.

Overcoming the technical difficulties of manipulating large fragments of DNA in mammalian cells shows unique
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potentials in a variety of applications. For example, it can customize chromosomes for the construction of
chromosomal disease models, build more complete humanized immune systems, etc. However, the current design
and manipulation of large DNA fragments in mammalian cells are faced with many unsolved bottlenecks. Although
the whole genome sequencing of several higher mammals has been completed, the annotation for the genomes of
higher mammals is still far from complete. The existing assembly technology is difficult to accurately assemble
complex repetitive sequences, and the vector presents poor versatility for shuttling between different cells.
Moreover, the lower efficiency in transferring large fragments of DNA is a major bottleneck hindering the
manipulation of large fragments in mammalian cells. This article systematically reviews recent progress in synthetic
mammalian genomics by focusing on the breakthroughs in design-assembly-transfer technical route, and highlights

further applications in human medicines and healthcare field.
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(a) Bottom-up centromere region based on satellite repeat sequence; (b) Bottom-up centromere region based on non-natural repetitive sequences;

(c) Top-down artificial chromosomes from truncated natural chromosomes
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H, 7E BGM #8347 256 2 K ik Fr BUE ok 4 ¢
K DNA B #4163 kb /N B2 1R JE PRI 41
H1134.5 kb (7K FEM- SRR R 2H 845 2 BGM 4 |

KB FF KR RecA B RS TR K
fiK, R¥ERHARE TR Z M. 1998 4 Zhang
S BN T AMEE R P ARed 2K, A T ARed/
ETEHA RS, wHTERKBIEB LI B, 3,
LB B R 2 T A FIJREE 2 . 2012 4 Fu %% 0 8%
Rac Wi 1 /4[] RecET B 41 R 4t Fl T 78 K hF i 21
F KA DNA R B, H R 6w I B B AL G g
LR (A KE N 10~52kb) Bk K
FFHERIEH A L. ARed R G & A T 4R 1 AERCIR
DNA 4> F 2 [l {1 E 4, 1fif Rac RecET & 4t i& H
FHAZME DNA 4> 2 (A i B 40 .

1 J5 A% 40 i o 2H 25 (¥ K 4 - DNA £ 477 31
PR, difb)E, HIEMAENHERER 2L
Yran b .

2.2 KRFEDNAEERERESMIANAELR

PR % BF B A o KR IR B Re )y, URTE
A U R 41 2 S 4 2% K v B DNA 43 746 22 1 L
HAE 2 . Gibson 55 7 75 BR 1 1 BE4H A ok
2530 20 kb ¥ DNA Jv B 2H 25 i 50 48 1 A2 5 S
EERH . N T A R R A R (Se2.00 7 B
EAEA SR EEA B AR RA, R R
74 T 5 7 20 [ B A S T e i AR G L 2 5
It 35 AR e T A Y R G I BR Ytk . R VR R R
A I G AR IR R — A 2 2 OB A B
T2, BRI G U BB DNA RSN N 750 bp
FIXUEE DNA fEHL (building blocks), 3% 4k 2 7F 14
AhHE— 25 4 B R 2~3 kb 19 /M B (minichunks)
oY, 8~10 kb f] K& E (megachunks), %A J5— kM
B 6~ 12 He S N REAI I b, ) [ 5 3 41 56
JRR B DNA (14 28 2 (7] B 85 48 0k o7 177) B 26 R0 e £
4. Zhou % ™ ¥t CRISPR/Cas9 Al % £ 7] Y5 &
L5 G TFR T CasHRA HiAR FE LI HI 2 T 1.03 Mb
MGE-synl.0 CK7## /N FEF ), CasHRA i
Tob TR VY R SR A A R A T R T R R TR SN
2~3 N E T BT I K B EOIR DNA, 2 53Rk
DNA # gRNA-Cas9 & [1 5 & W) 1 25 1 A4 5 85 7]
VR, B AAEWE B A N 58 AL 3 . Mitchell 55 72
I FH TR VG e RE R T 40 %% 101 kb A 2R 3L K] HPRTI,
I i L R Bt 114 kb 1 YCP B 8 2/ R G
T2 M kAT BE RV LA rifr e B G, W SN AE
PR PG 1% B o DNA ZH 256 1) — L6 4015 i 7 o0 b, ik
PO H AR 7 51 I 2 A R BE X LA R i . A 3
FIVRE KR . —He 4 {1 DNA F Be 5 40
BRI B R RS, 0N TE BRI B R R 2 3
DNA i BIAH G Fi 4 2% . Postma %5 7 R %
7E R P B P 21 255 ) DNA T BERI B AR /. &%
AR L S AR B, ) P TR VY % 3 5 K 1) [
HARES), wEEL — RS2 0k 44 1~ DNA i
B SK 2H 255 B 50 kb AT 100 Kb (445 e A4, Fy IR 7 15 £
N TGt 4k (yeast artificial chromosome, YAC) o
2018 4, Shao & " W4 FRB B% RER 16 2% Y ik &
JA — g G i A, R AR I T RE VB e (A
RE,UF B 3R b7 R R RE b B A% Gl £ A 1) 2R AR
REJITTIA 12 Mb. fERRIEERES, @ B A AL T
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40 bp H & J7 51 ) DNA J Bt RE B A3 MOE #e i K,
{EL R P2 R AR B X6 P 51 ) 2 B 7T P B GC &
O 41 1) B AR B R 2 52 I DNA 7 BLRE TS 1E 1
AL DA R AR E SR R . R B2 RE 4
FEAH T B R AH (1) TAER B 77, BRI B RE T DL2H 3¢
FH4ERE R E GC & B A 32%~38% 2 1] i 4 i & [A]
HIFF, A GC & & nl At 2 MR 758 B b 2 2% 1)
DNA K77 R m S ALah v R4 13 5)
Ir A Re A B BE S RS 4A A s TR R A, (H
X F 1 GC & 2 W 3E LU 25 1 7 S vl LG RE 7R &
B B Hp A0 A N i R I RE A ) R AR A
B, DA e A A A R T B . TE R BE op 4 2
(1) DNA K457 A 3d ik Fi 88 1 5 58 A2 Jof 1k 50 7L 30
Vg R A 7 N E B A 2 H e R

AR B BRI AR K B SR 2 2% 1
T E MM, T BRI R RE DL R A S B AT A
THIEMRZANE, ERHAREARTEA R Yt
& b K v Bt DNA 1 i B} (knock-out)  ER i A
(knock-in) I % 7£ DT40 (X% bk 983 4 g ) B+ 72
W SE R, U0 Kuroiwa A A3 5l 67 T 3 2% AN 28 4
o4k (chr2. chrl4 Al chr22) SR HLARIER, 7
DT40 4 ffd th i@ it Cre/LoxP £ 48 & #1) N T Ye o fk
RN A B i P S RS 2 E RN SR 1
R ER 1 2 R e (1) T e B AR i 7 21 /)N U ES At ) A
AT AR B Y, R 2R P N IR AR
BOFIZE . BT H AT DNA KA B 58 300% 3 45
fiX, DAUCAE R A0 T K T DNA K F B 40 1 ol
FL N 1) JeS A I 75 22 2 18 A W 3L 30 ) 4 i o 2H A
56 ) K v Bt DNA & 75 B8 HEAT A 280 0 6 % 454 o
75 DT40 20 i HH #0519 S 8 ] e T ol 4 A 5
MR HEAR (MMCT) #BEZHWAMK. BT
DT40 40 i, + E 4 ROV EA MR (CHO) 72
MMCT AR F P HE AL M, 7T 25 8ok JL T R K
J7 Bt DNA B AR5 1 T 40 ™ A T3 Ahs)
YA, DT40 20 ) [5)5 20 fE Sy, dF [RJR
K ¥ % #%  (non-homologous end joining, NHEI)
RE B ™, A BT R B 26 K By DNA 13
Vg .

ANE T 40 R AR () DNA, 1244 it DNA
MR DNA, KRG RAMWBAESM, MmN

) DNA 2= K AEAN R i W AR 1240 . 76 R 1% 40 i
1, DNA JRUEMS L/ DNA Bl BH %L
R E BOCHELAMER, A A PR
PEAZ IR PN 7] Bl 2EL A 1 R o) 2 2 1 2R 495 2 A 1 AL
PR R B EE . R R
WA L R AZ A S IS 2%, B T DNA &1
RS E A RE, al A 2 B R
BRIk, e AL 3 Y 4 M ik e & & LA B A
AR A EEAER Y RN RSN -2
Jifl T DNA 2 W0 153 4% A5 1 1) 22 7 1T e 2 5 M) 5 ol 2R
BRI 7 F A2 € 5 ThRe s . 2009 4F: Lartigue
S N INBRPS P BErh 2 e 1) 22 4R35 HA (Mycoplasma
mycoides) 5EXREFER ARG B4 211 F 35
& (Mycoplasma capricolum) 200 )5, BT ERIBEEE
B 5 X R AR MBAE B R B, IMEMEZ
RS T AR o D] 2 2 ol R ] g I A, 7 e e Ak B
A 5 DR 20 R RE A BISZ A 4 T B ok g 2 v, T AR
B . FERERE. DTA0 %% 7 540 L o 412 52 [ DNA
Koy TR MBAL B 5 B 0 7L 309 40 b A
7], A RE S A B AL AL 3 W G AR I R E e S
ifie.

JE A% A 00 0 K o A T AR K A% AP o B B AR S
P BERE PR, HER THEKDNA G THRIE L. i#
Haifh, {53 [F] 5 20 1) RE ) AN S R B
IRME— IR PEA A DNA B, H I H S &
AU DNA K43 111 g 152 2R KR, ANfe
Wi /& K Bt DNA H 35 (1) 75 5K o 30 48 Jf 1) [ 5 B
R SESS, AE DL R M Sk 2H %K Bt DNA 1) 75
Ko HHETR R B DNA (1) 4H 285 45 R 3= B4 i TR 7
BEAR N R IR B A, ) Y5 3 40 R FAH R 3 8 7 5
RSLUL A Bz A A IR B B 8 T H R A
BRAE, RIXMELAA SR B R EE . il dr
B v e A AR B XS I B R A, W —
R LY S-S I PO R R R U B 7 W EP P )
TR KB B E S X, i H A 8 A
Tk, KRB DNAMARMIERET R, UE
BEs BARTEACK T R R, X T xELH A A
FETNER AR BCE B 7 AN R (1) GC
B EF YT IR T
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3 RITBDNA M

K B DNA I 5 30U 7% 07 1% 72 HAE H 48 i
RAEINRE AU SE AISERE . 40 P | 3 JIg 0L 2y 1 2
ANERHREE AL AL, A, DNASE K70 1
Tk EEE . nT DB SR O i
SEULDNA R (R D, OBk @il gy
L. R, RRES ST B AG
JEL R B AL . QAR e A8 IR AR 2
DNA. PEG /- Fa i gt At . @47
e R G I AL 2 o0 1 8 B 5 #% E e B R A
ZAMMAN (RS diEaasE (B3,

fE 4211 DNA ¥ 82 77 1540 77 ZEAE AR 1 #: J0 DNA
-, HAE K B DNA 73 T 2 AR AN 1 85 1) 7
Jath 5 RAW R, SEEEMERBEER . B AT, EFXS
Mb 2 )] ] DNA ¥ &, — i id 2 k3 KRS,
2014 5 Murphy F]FA ™% i@ i Velocigen 3 R 43 9 25
W29 1 Mb 1N Ao BR AR 1 E B XN /) BB DA e
o (B2 A R RN R )RR, PR KA B
DNA — R 7% 1 J7 VA PT A UdE ez al /. T B
JUEE kA, LD IS i P B A% 1 R TR S0 T DNA R4 A1
HEEI, HiE LResBlE KRN E R DNA 52 .

3.1 mEEREEIENSHKXHFERDNAYR

K Bt DNA Wl R flR bl b, a8 %801
SE AP R X DNA SE BRI 20, Ja S48 ik

Ty Bk o B AR 40K v BEDNA, %7755y B 1S
B K Fr Be DNA 26 2 DL 5 8 0 s T 2 40
WHAEJE SR SN0 . Lartigue 55 ™ A1 FH Bl B 0 24 5
¥ 1.1 Mb 1] Mycoplasma mycoides %% K 2 7 &,
Jr il i PEG /5 ¥ %% & Mycoplasma capricolum 4
M. Montoliu &5 U ) F 35 IR W60, 2 I TR
B B N TG A, 22 ik 37y 5 I PR VK 4
b, KT 300 kb 1) DNA &40 5 22 40 g
Lee 55 1" {8 F BRIR BE Q38 75 144 2.3 Mb ¥ YAC 47
Baith, FEEE R LR (PLL) B3R O
& (PED v HI DNA ) 5 s far ,  JE BB 5 128 1 70
T, % K Br DNA %2 35 V) 75 5 B
2, e HEEN, mZOEd RS Gk DNA
G BV i 2

TR E ALk AR 7y B R 2R 7 b fR 97 DNA
AN BIY) 350, H S e 7 3 AR IR Jo 4k e
. PEG. WRUEMSEHATH, RHEBITEAS
B b PR DL R RO ) 5

3.2 MMCT "+S89K R E: DNA fRiRia)iEis

A B A T G AR #% (microcell-mediated
chromosome transfer, MMCT) £ A ", & HHl
BRI —Fh Qe iR R AR . MMCT i 7 73 A4
=% Oth, EIdE 225 Z M H 7 N T
et /R 1) DT40. CHO. A9 41 il & 11 A 25 %5 M 1
Q% Bk, B A AL ot R R A B B,

R HFLSIARIL KR B DNA B 7 i

Tab. 1 Method for delivering large fragments of DNA to mammalian cells
WAREA AR R = EREEN RS A SR
IR oA A G FuGENE 6 200 kb HT1080 Jig I A RSt 400 A A [46]
Lipofection 400 kb HT1080 [86]
A% SRR 200 kb mESc i L o 2 M LA (63, 87]
ARG Ui 590 kb CHO SRR E AT [88-89]
993 7 B A HSV-1 152 kb hESc B AR 2D AT A AE A2 4 22 4 0] 1 [90-91]
Epstein-barr virus 330 kb Raji [92]
MMCT el Mb % HT1080 (o Yok [93]
T Mb % Hela
Eco-MMCT A Mb % mESc
P R J5 A JoT K- 240 i i P RE J52 AR 5T A 1.1 Mb HEK293 B IR [94]
100 kb HeLa [95]
1.4 Mb mES
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Genome isolation & Delivery

O) @
Lipofection Microinjection
e
Assembly Isolation
—> —e O O\—

Electroporation

o

Viral Transduction

(a)

~(©

Mammalian Cell-Yeast Fusion

Recipient cell

: :Assembl D
Fusion
. Zymolyase _+PEG

Yeast
Spheroplast

(b)

Microcell-Mediated Chromosome Transfer

Recipient cell
- == Assembly
SR —-— s — =
~
: i Fusion
Colcemid ! Cyto-B @
. Yt O (D +PI:.G O
Doner cell Micronucleated Microcell
cell
(c)

B3 L an ik Bt DNA f#F2 Tk
() HIERI I BEL 261 DNA 43 F7E K b e 425 SR I IR S il B gt . IR BUIRSE e U SLIER R B 3 S I e s
INERER B At (b FERITEE BEA 361K DNA 4> F 1853 PEG /1 3 (R B B J5U AR 544 15 0 2L 30 W0 40 M i & 56 8 B 1 - 4t
(o) FEMbARAE A s b R 2R A TG G Ak UG A A 3 10 5 B A e B Oy U0 6 3018 2 4
Fig. 3 Method for delivering large fragments of DNA to mammalian cells

(a) DNA molecules assembled by S.cerevisiae are enriched in E. coli, extracted and purified in vitro and transferred to host cells by microinjection,
lipofection, electroporation, or virus-mediated transduction; (b) DNA molecules assembled by S.cerevisiae are transferred to host cells through the
PEG-mediated fusion of yeast protoplasts and mammalian cells; (c) Top-down artificial chromosomes constructed in donor cell are transferred to

host cell through the microcell-mediated chromosome transfer

BB L, & B ORI MZA N, OmE, 2 i 1) Rl 0% T DL MMCT $0R . 2016 4F
Wik PEG. HFE . MiEmEN T, AN Liskovykh %" ffi F] TN-16. Griseofulvin Al
S5HMAMMESE, ERAOHANER. B Latrunculin B 43 5] # X Colcemid Al Cytochalasin B
MMCT # ZfEH, EEEPRMB, @i PEG  BIA4IM B 22, 78 (AR 4H i o ik % 3X Collagen/
5 1 MMCT #il & 20 % A%, — MR 7E 10°~  Laminin fRHEREHT, A MMCT (%88 J0R It 1 ik
107 0% 1 3 m U I AR BUSRR DL Kz 5 B 6 ffr: 2016 4 Teruhiko 45 "' 7E L4441 s CHO £ ik
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28 [ I %55 9% B (murine leukemia retroviruses,
MLVs) [MAEEE (EnvAR) 5 H 14 A % 1 %2
&% A Pit-2 (sodium-dependent phosphate transporter)
gha bRt A R A, 8 MMCT R 42
= 12651

3.3 REBEEG-HAMNMNAERBSNSHKRER
DNA fiRiai& %

BRI B LA R K RIVRE R /1, ATH T M
S 2H 2% Mb e ) BB etk .l it PEG A $ 1
TR VPG 2 B 5 A Jof A - Wi 7L 30 70 4 M i e SC B K
BIDNA ## . 1993 4F Klapholz %5 ™" i@ it PEG 4t
S R kA YAC R R I AN, 15 %
i AR R G P RE IS I AR 2 R AE BRBE TR R AR
Jifk, 7EPEGIER N5 H mgni kA i, A
YAC %% 2 H 40l . 2013 4F Li &5 > ' J@ i
PEG /i 5 [ BEJ5 AR S AR - I ZLEN M Al e ik &, H%
6 TR 1 B b 2R 1 1.4 Mb K/ N T 48 R 32 4
RN /DRI T4, 74 NI T 4052
/NER . {HZ, PEG A3 B2 B ) 1 3L 30 4 240 g
e KR DNA R, £10°~107. HALRK
(1 Ji R 2 — 2 Jd o il A 5 R 1K v BE DNA K 2 40
ST A, A ae e Bk g M k% N R 1)
AE. N T ¥ 5 DNA B8 B4 8%, 2017 4F
Brown 2% © Fi #k KAl &% . Nocodazole 2545 2 /) 24
T T BN A B 52 R At M, gl i T M,
I BT 4 M k% IS S 2R, R S A PR EE R N R A
Ak T RS R ) YAC B HT AR AL S, N A A
W, BRI 730045, HAT, &@idmimEes
REJ5 AR A - TR 3L 30 400 40 M i & B B RS K R B
DNA [ [FI B, BRI B B 56 DR 4t 2 3 B8 22 3l P 4
Mok, FErTRe R AEBENLEE A, A7 A X 3 P 240 Mo Bt
DRI 4138 I 30 1D AU

ZEA HLR LA B 3R U7, MMCT AR 7 B2 B) R
Az IO AR - VR L 20 4 24 i ik AR TR A5 B PEG, &
PEG ¥ JE FI K 2 i B[R] B8 S 4 m e B 0,
[F] i) PEG X 40 A (1 2 PR 386 i 2. i1 F PEG /- § 10
AGHLE M AE R, BRI EHEEKE S
ekt o AR 3 O R I R 48 o R R R
fil/NERA S BRI RS R -0 1 Rl
HEERE, AN MMCT LK BRI B R JE AR 5 A4 -

LB VA R A R AR AR 5. AL S AT
R A BESE L DNA R SMEHL R, LB
BXDNA [ 5e B 4682, 0 BN A MK & R &
RS Ge (R B 2 H I A, oK Tk
TEAFD B xRS T I EE R R 1 AL B
70, ARITIEG R O R 1) & 4L 5 T)
REBIE L 18] (R 8 92, B W) £ jl 2k DY 4 2 4R 1 5
BT .

4 WEFLEh YR Bt DNA 55 R 90
L Hif 5

MR 7L 340 j 2 PR A 2R S T ) SRS
SINZ ALt LAASE T 5 B4R G 07 9 KR 7
28 7% 32 D) Tl e M IR 2 DA R0 6 A O i AT A
T I T RNRI, BT R A 14
R 2 Al R, PR 2 5 S B A
BHR. FPE R ER. BANNE T RRR. 2
FED L KR Bk D e B Ge (AR 2. W FLEh K A
Bt DNA ¥ it 5 £ 9\ AT 78 N\ S B8 24 fi B U4 4% 1
ZHIEM

4.1 BRXFRERDNARZEREE

B R R 2 R R R BB O H R W] i ST N
R B R B DN e 5 I P E O SR AR R
YHE SN -2k R B-Ek AR (A 02 (1
AN QS BN NE RES E  ER a1
Suzuki %5 "V E AATIREEE] (ev Gy, Ay, §
B K/NZ3130 kb 1) N B-BRkt A B A % 5 A
HAC, i J5 % #% 22 /)5 BV iR 20 i o 9 A 70 e 3%
R A U R 2 2 1 BR TR T o- Bk R
B-Fk B 11 J K] 4 i [X 4 R 18 4% [X 338 1) 78 A SR 5 4R /)N
BRI /N B 20 B R P R SR AE A I o- 3R B T E BRAD
B-RA FIAEER,  DABH T B AT TR I 4T 8 7 AR R s
IR g I M BUR LI . A H TR Gt
FOT, Bt G B AR AR RT DL HT 4 A il AT 3
TANLEL, [R5 VR I SR AR B g, IRt — P
A8 AT JE PR T B % O A P T

K B DNA $: G AL v] F T 0 g A B A% 1k
PEZR B AR AR Y AN G 0 44Ky B AR 3 30D i i A
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M, 21 ZAREESAE (Trisomy 21) WHOAE REEE
It (Down syndrome), J& 5 # UL IF] 4% (244 57 o
J#i. O'Doherty 55 " ¥4 LT 52 BN 21 5 G 4k
RS BN B R N JE IR SRS TR I /N R
DABIE 70 AF B A5 A G A 5 i o DR384 T A 248 L 1)
BRI 2R, Qe rERNESHEN R
o Pt AR IR AN RS E M T B AR LW R A R AE IR
AR e R AR MY, il A B LB ) G
AR B R Y, AT AT A M 5] R e Ak
ANFEE AL DA S 3 DR 2H 1) A 48 435 A e o o i {12
HERRRE ) K o

KI BRI E ARG @ AL, T HA
BAE A WA EUR AL G 1) 22 B R i A K
Bk DR X330 1 2 0 B VR 9T TR R AR . 2010 4R
Oshimura [P\ " 4 K /N2 2.4 Mb ILE 7- 48 R &
HEREHET Y5 N2 N TR EREA L, @il
MMCT ## 241 IRIAE T A R (Duchenne muscular
dystrophy, DMD) 1/ AT A S8 DMD 4 (1)
SFHZRTHR GPS H, YIETHIEFRAR
B E R B AR 5] R B R A

4.2 ANEREHURERR

4 Mb i 0 N S e B3k B R 7 81 5N R
W, NN R SN TR R R BT AR B A AR
B 20120 90 FEAR, 2N BIBAKE N fo s BR 8 1 A
Rl EE B A /N GER A  P, BB e ek
NG EERE E /MR, X YA P/ R A
Fe P R TS B B R, (HR A L AN AT
PN ZA 34 M. OBEALAEA 51 A 5 A
FasE, ANy sk B 2D DXCarh (1 35 7 21 5 18
FHSHES FHEAEHS, SRHABAMMNKE
Ahgeszd; @ AN TEE X 5/ B 415
R EAEF 2, HBAIERKRE: @& ANJE
Wik S Fe 2R 4G e 1%, FECEMIERT
e R0 70 I35 R FEE A o 3K = A i 8 T LG i
fo 95 BROER 2R RIS DR AT B R R R O o 2014 4F
Murphy [#] B\ ¥ { F [5] 5 # 4H 4 A, Bradley [
BA L i ] B A A S 1 A e R, 39 7E mES
AHA R SEIEL T Mb O B R AL A e, FEE
2ARNBEA TN . 55 RN B A

], X e/ R B 4 K B DA K S R G
P, 3% S8 0 /N BROBE B R ¥ T 1 B AR (1 K LA it
THKMEHTFE. 55 NKRARMGRAERRE AR
KU AT, 2021 4F Xu &5 U0 CELE . BLIg T |
I% 0 bkt JF & 30 A VHHs 2R R B, @i
CRISPR/Cas9 £ A & £ 2.5 Mb [ /)8 B 5 % Bk 5%
FIEREVEERIX, A mker= LR R PTR g
K /N (nanomouse), FFEES” A4 X% SARS-CoV-2
Mgk Buid, B B T T e Bk AR 1 B R e
(b AR A B 2 8 P A A

i YNGR 3 &S B S ING S N
Fsh¥d, APREE. mA. KE AR R A R R
BOGHPUED BINJEBUA, 1R R R T TR
b LA U 1 N R S . 2002 4E Kuroiwa 2] A ™
PR T AL N A% BRAR (1 S BE AN L BE 1 N T ik
WK, 2R MMCT. A4, 50
RIB NPT, (AR RT3 2
B o K N IR G P BR AR 1 TR R 4 X3 4 A
U5 5 Re e KR 38 NI PR I = & . 2013 4F
Kuroiwa 25 "2 ¥ A\ Ji 44 5 8% FL A 18 5 X 8 o 4k
JEEX, NEAEHRSTIA9 ¢/L. BEJ5,
2015 4 Kuroiwa &5 " B¢ U G 9% 2R AR 1 B DR 26 7Y
AU R IR T A, A NIRRT Y Ok
5g/L, ik 15 g/L. 20164, %X 2R Mpag 47
A1E (MERS), SAB 2RI NEHUARA A 724 A
WA 1gG, ik 15 g/L "2, 2018 4F, %W 5%
O AT R SR E AR SEL, A HEAERKHEAN
I AR RS T

AP E B A B T R E KR
W)@, 2017 4, Yang %% " il it CRISPR/Cas9
DR 20 40 B A O3 T 4 TR AR I B R BT A 1R 25 MBI
PR M % 599 B (porcine endogenous retroviruses ,
PERVs) Z:[H, JRdid Az ists, mARH
PR 300 B SR 0 B AR TR IR - 2019 4F Yang [A1BA 7
{8 CRISPR/Cas9 1 %% i T R Gi A 42 DAL B A
Wit o R S AL, F AR T 0 TR i R
B SRR R i bk B 5 O NP S s HE SR Th g
NG DR 1 2 SR DR A o K B DNA R
MBS HE R N IR Gt fd, 46 2 A U
BRI gmiE AR, AN ST AN .
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4.3 BRXREDNARREEhIEE

B TR B2 R, MR KBRS S PR
T S S e N AH SRAR G L, T b 5
N SE B N IEARHE B, SBUAE N IR AL (1 3h W
B eh AU N AR IR B AT A GBI 7T . 5 B N JRAR
I AR AT S ORI RE R AL X, B e 2 A
LR K BeEE A, AR M T 1 R BOR K e B
N UEARH % 51N B i LB P 4 i oK B
DNA £ B B A & 7T D9 NJSAR 3 % 1 5142
B AR L Hr . 2013 4 Oshimura B BA ™ DL E _Eif
T R R e A D AR DR/ 2 700 Kb R 2R
AN CYP3A (cytochrome P450 family 3 subfamily
A) BRI XIS AN, R AR S R AL
CYP3A (A %i % Z 5 25 I lg, I 5 K4
50% (i 25 AR % 1, NTRALK CYP3A
B F P al T 70 CYP3A AH G 2543 772 Al
WATE AR B 2019 4F Kazuki H BA "
UGT2 (UDP glucuronosyltransferase family 2) ]
AR X d (29 1.5 Mb) SINKE S, #ET A
PR LG RE A AR R 3 )

BT A L3 1K F Bt DNA 1E 2 5 K] DA
B e AR B BT 7 BB SRR S . K2 AT
REAH %2k R BURAL HE S, Vit & BOA s E D RE )
KAIDNA Xk, —DEESUEH 400, Rt %
I 0 G A B RS A AR BOR B
DNA )5 R 24 I 3L 3l 4 e G A3 AN RE I Sk 4
PR, e TaHRnTTRoR, AEMTIRKLE
10T B AL I -

5 J&#¥

FE FLA A R i ih 53R UK BEDNA R
A7 ERE AR, N SR LB ) 2 R AL i
T ISR HESh X A R R AR, R N SRR
FEAUSEA T R 32 AT 5. s k- AR g
FE N KK Fr Bt DNA #8050 AR AL T 7L 30 0 15 il A
AW TN A Ao 5 DA A W B i T A 2 40
BRAR L, 2 A0 FAZ KT I 3h & A2k TR 41 2 A
B AR AT A PR

HT, LB A 3 DR 2 v v ) Pk 3 AR

E T X E AT A g e, HEHME AN
WORS 2 ) R DR B 2 R R g 6 IR ) A AR
2%, RWBEWEE . MKEMHEEIER. 2K
B, BT P IE LB 2 R A ) B OO I
J& 2 B PEAT . R vHE L B3 KA it R
# ENCODE. GWAS % J: K] 2H v B I H 19 A Wr 4
B, RIS A A R A 2w g — D SE
KRR L e i it 78 58 % OB AR IR
FL ANk DA 4 1 [R] I B2 (5 1 LA, i — 2B R R
1 S AR AR DR A ) B . A 2R A R Y IR
FL B W) G A 7 20 M 9 AR E A7 TE S IR 23 TS R R
b5, H AT A A R A kAT DLge i A 48 A R
& v R R AR TR 7 51 BA S CENP-B 45 & /7 51 1)
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