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Abstract: Genome carries the entire genetic information of life. Genome-related researches are ultimate fundamentals
for life sciences. Technological development in genomic researches has deepened our understanding of genomes and
their function. Obtaining genome sequences through sequencing, studying their function and regulation through editing
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and creating customer designed genomes through synthesis are three important aspects of genome research. From the
first-generation sequencing to the third-generation sequencing, the "reading" technology has greatly reduced the cost
and difficulty, while improved the speed, enabling the production of complete genomic information for complex and
large genomes. From random mutagenesis to site-specific genome editing and, from ZFN to CRISPR, the genome
"editing" technology has improved significantly in efficiency, applicability, and simplicity, providing a wealth of
materials to dissect "genotype-phenotype" relationship. Accurate editing and high-throughput editing are moving
towards applications in various areas. From viral genome, bacterial genome to yeast genome, and ultimately to human
genome, synthetic genomics has moved from simple organisms to many complex organisms. Precise, fast and low-cost
synthesis technologies are important for the development of synthetic genomics. This article reviews the histories,
features, present status, and applications of technologies for genome sequencing (reading), genome editing (editing)
and genome synthesizing (writing). The potential breakthrough of these technologies in the near future is also
summarized and prospected. The ability to read, edit and write a genome has been and will continue to advance not

only our understanding but also better utilization of living systems.
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Fig. 1 The milestones in the development of the read, edit, and write techniques

for genome research
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PR FEEEN TR, BRI AT DT P47
J¥, — R VE 7 FIRIR AT e, AR5 2
TR o AN TR AR A SR B AT BT AN TR], BA
HiSeq M7 H A B, &1 e Rl T 51 4% i 5 5%
DNA, #if DNA & B 2 i (s 56 T b x5,
Wt AN A 5 S hRic (1 DU Ff ANTP 78 bn 0 BLRMaE I
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Tab. 3 Different sources of Cas9 and related engineerings

ik KN CRIERRHD PAM b/ S E RN 2%k
SpCas9 1368 NGG Streptococcus pyogenes , N 12 [10-11]
SaCas9 1053 NNGRRT Staphylococcus aureus [34]

PRV, BAY AAV HAR R ] 7 8k SaCas9 FIG BT guide
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UM PAM AL s 88K, DB PR SpCas9 i, (R 54
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Cas9  #11000~1600 #7105 dsDNA &H PAM 771 HRuvCHIHNHE I AT DNARE  JEFIZH S
(sgRNA) (K SpCas9 M5,  MITHEDNARIVIE], 454 LRSS FERI LR
ANGG),PAM A FEU)EER DNA UG
R A A
Casl2 #11300 21 42~44 dsDNA & PAM 741 FH RuvC fINuc 538 AT AIX 43X B R 4 4 4
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3.1 BE&ERISHK

HAZTH MR (oligonucleotide) & Al /& & Al FE
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i A0 S A 4 A SR R A PR AT SRR AT AL R B
B BEAME IR E I — AN IR B 20 40 90 FE 4R
B, FET UK DNA & BAXR UIT R, SE%H
B2 & RSB T B ah e A dk . R, A H R
PRV I R A e 2 R AR B R, T B B 7
SR B A S R A1 B 3G T B A, H AT S A%
TR 1 & K — AN I 200 M H R B B
Ab, KRR A R B BB, RS A S
DNA & R B IAE — R B 73X — 1)
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B BUEAE A K SR LR T3 SE L IR
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FLAE 20 22 60 EAX,  AUA AR i B e vk
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BT AEE R RS . H AT A TRk A
B B B 5 ) DNA SR 6 il 2 2R e Jid S804 8 19t
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5K Z M DNA B EBEAIR, TdT A] LLE A Bk
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B RZH RS AL T S 56 B R WP B B, BN
WA — B .

3.2 (KSR

i DNA R AMHEROR, B % H R
PHEBBRK B B, B & Bod R 1 5
=, BRERBAUTJLR 7. OPCA
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P, BB AHER 15~25bpMES
X3, =S XA E N5 Y)7E DNA K& B 19 1E
NI B BT DNA Jr BL. Smith 55 " ] PCA
R Ih BB T KA 5386 bp [ W R Ak @ X174 H K
“H . @Golden Gate £z 7% #1117 PR il v 9 1)
il 10 K Tl P U0 SR R AT IR A A B
ACINYSGEU RO RN R &7 S X E RS IE A= Ee. 37|
Ja B bR S 2 bR, TR R N R B &G
A i, M AT LR B DNA % 3 8 s 80 A BLal i 8
4%3% $2 . (3 Gibson assembly 14 #h 2H 2 H R H 75 %
¥ BA FUE AR BUS 45 DNA R G 2R
A0V G A1 DNA T 2 1 75 9 10 B 44 & 2047 = B B
AL AL R AU B B R DNA P~ 4 AT DLERIMAC S (1)
35 Y [RIYE Koy, JE I DNA & B A& B2 g 1 4
FSEILZ A B % .

3.3 EREBASHIZAR

b % DNA & Jil A 1) B AT AN A4 A1 2H 26 45 R 1
B, AATF AR IE D S5 A LR 0 & i, AT
R (10 9 7 35 DR 20 31 S DR AR R OK o A B S D R R A
H, BRENEZERA (FREELEREA) /P
B T, N LA I J DR 2 B R b, of
"k (k5.

2002 4 Wimmer /NLFER 3 E G T &KL
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Tab.5 Comparison of the complexity of synthetic genomes

Yrkh BRI BREHE AR
Poliovirus 7.7 kb 10 2002 4F
PhiX174 5.4kb 11 2003 4
Mycoplasma genitalium 580 kb 525 2008 4F-
Mycoplasma mycoides 1.2 Mb 985 20104
Escherichia coli 3.97 Mb 3730 20194
Saccharomyces cerevisiae 1.25 Mb 5770 2011 4F
Homo sapiens 33 Gb 121000  20164F

B8 AT 95 B 5 IR 2H R0 AH O A W 2 R P O I
NIXIUTAE R IT R B E 7 B R al, 121 a2 y)
DNA &M AR SR OUHZ PCAES 31 DNA
20 B B TR ) 12 A DI BE A 3 B IR AR 1K
Ji&, XTI TAR SR it 7 BOR Bl

J. Craig Venter {4 & AP 2 U8 1) 6 K, 2
FR—HEBUI T 6 BN A =T Ath s G
M FCZH N 2003 =31 2010 4556 f5 A % T 4 5386 bp )
OX 174 W b AR LRI 2H 1, 583 kb [ A 5 3 )5 A L [
415 A1 1.08 Mb ) R SR A B R H JCVI-
synl.0) ", FFT 2016 44 B T BRI 55
FERFH JCVI-syn3.00 ", M 3 5 A I K] 41 i)
Fet0, B A R T I e b T R R Y, FE R
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A A " ) FF KR, Venter B 50418 % 1K il 20
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Fad T NI s B A el 2 S R R 2 SR
FEIE AR ) A — N /N R SRR 4 . 7 B
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F, Jason W. Chin YR RIE |45 i) A A7 614
HF R IR, H ORI TR R
{B)ES I

tH Jef Boeke #iifer, H. 3. Fe. Ak, B ¥
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Rl —— BRI P B AL & BTt R (Se 2,00 H AT
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Tab. 6 Studies on the synthetic yeast SCRaMbLE system
SCRaMbLE %} % X J& S8 BT PR R BT B B (B Z 3R

synIXRGFTE) %f SCRaMbLE % 4t 1) 1 I SE 46 U0 IF , UF 5 T SCRaMbLE 4t AT LA sy 20k = A2 Al B [83]
{51450 70 8 5 S SE R 21 45 4 78 e

synV A A AL Fr 57 A A A BLHESE [RI4H, IESKE T SCRaMbLE T B A 5 P 4 5 HE v [84]
THMNRACE AR S 1 R A A 2 R
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AL R Bk
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i prodeoxyviolacein [ 5

p-E DB FIH SCRaMbLE Ji B B it 1 J T 45 K438 57 1) DNA ST AR S 2 77392, AT T AR [91]
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MAGE (multiplex automated genome engineering)

F1CAGE (conjugative assembly genome engineering)
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