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An efficient assembly method for a viral genome based on T7
endonuclease I-mediated error correction

ZHANG Xuwei', WEN Bin', WANG Fei’, WANG Xuejun®, LIU Liyan®, WANG Shumei'’,
WANG Shengqi’*

1 School of Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510006, Guangdong, China
2 Bioinfomatics Center of Academy of Military Medical Sciences, Beijing 100850, China

Abstract: Gene synthesis is an enabling technology that supports the development of synthetic
biology. The existing approaches for de novo gene synthesis generally have tedious operation,
low efficiency, high error rates, and limited product lengths, being difficult to support the huge
demand of synthetic biology. The assembly and error correction are the keys in gene synthesis.
This study first designed the oligonucleotide sequences by reasonably splitting the virus genome
of approximately 10 kb by balancing the parameters of sequence design software ability, PCR
amplification ability, and assembly enzyme assembly ability. Then, two-step PCR was
performed with high-fidelity polymerase to complete the de novo synthesis of 3.0 kb DNA
fragments, and error correction reactions were performed with T7 endonuclease I for the
products from different stages of PCR. Finally, the virus genome was assembled by 3.0 kb DNA
fragments from de novo synthesis and error correction and then sequenced. The experimental
results showed that the proposed method successfully produced the DNA fragment of about
10 kb and reduced the probability of large fragment mutations during the assembly process, with
the lowest error rate reaching 0.36 errors/kb. In summary, this study developed an efficient de
novo method for synthesizing a viral genome of about 10 kb with T7 endonuclease I-mediated
error correction. This method enabled the synthesis of a 10 kb viral genome in one day and the
correct plasmid of the viral genome in five days. This study optimized the de novo gene
synthesis process, reduced the error rate, simplified the synthesis and assembly steps, and
reduced the cost of viral genome assembly.

Keywords: gene assembly; de novo synthesis; error correction; T7 endonuclease I
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Table 1  The first step of PCR system
Component Volume (pL)
Q5 High-Fidelity 2xMaster Mix 10.0

Oligos Mix (10.0 pmol/L) 4.0
Nuclease-free water 6.0

Total volume 20.0

B —% PCR 4555, M=#h Bt 1.0 uL
YE RS — % PCR R LR, fdi A& 3.0 kb
B¢ oligos WIS — S S G —&AE B Y
BT, 5 AR RN AR R IR T 3 2 R UL
BEAT

W% PCR Je i Z5 )5 , £ FH Qubit 4.0 5
PCR =Y BERNAERE , i FH B AR W B 1 v Dk A
W H 25 IE B
1.4.2 3.0 kb DNA HEg2ss

REGUEAE R T7 RN U T A 24550
B, B TH—% PCR 455 . 4% PCR
SIS KM %S PCR 45 I Y- AT 2 5 S . 2
B O AR S I TT KR VD 18 BH A5 AT
SeFR g, HERREE 2 IR E A4S VIR R

KRB E EHUE, 95 °CIFH 5 min BEFT7E
Yo BEJG M 95 °CLL 2 °C/s (13 B AT IR k
E 85°C, FHLL0.1°C/s Wy EIEATHA IR K 2
25 °C i K SERURIMA T7 RN YIEE11.0 ul,

W

37 °CH¥H 15 min,
T2 Ytk ER

Table 2  Error correction system

Component Volume/Quantity
DNA 200 ng
10xNEBuffer 2 2 uL

Nuclease-free water To 19 uL
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Table 3 Primers for positive colony identification

UG, TSR 4%k R i T —
X Sanger J)¥, WM)FL5RAMHH SnapGene i
HEAT HEXT
144 mEEFRBAFIIHE

R SR PP 45 SR Bk 2-3 Aok M
WERRIEH TS 03, WS A A 5 1
PRIk 538 5 1 (AHAB B oligo Z[H] & overlap
JEHN)Y 1 IER S, PCR VA R AR F 2
FRULHI B HEAT . K PCR =4 i FH i 2k 4 AL 3 571
ST E SRR T AL, Bl TR
BRI (BRI 3 DT I, LIBIERG 25
ZH A IERR B BTk

2 EREQM

ARG ST T — s 1 SR R A M Sk B il
AR, EIT A BT oligos. PIFE PCR ¥
4 T7 RN VI 1 244585 M Gibson 2H %% 55 2 5]
PRYET] B A2 10 kb FRREIE 4, HEAK
AP 1 s,

2.1 3.0 kb DNA FER &M LR

fdi 1 DNAWorks {4 X} DENV2 JE[F 41
BT 316 45 oligos, EV71 HEHHBETTT 243 4
oligos. i i 45—% PCR K& h¥ 3.0 kb Fr B,
WA % PCR ROV EHEBE R B, [/ T7

Virus type Primer name Sequence (5'—3’)

DENV2 81-P1F
81-PIR
81-P2F
81-P2R
81-P3F
81-P3R

EV71 71-P1F
71-P1R
71-P2F
71-P2R

GTGAAGTTAACTATTATGACAGGAGACATCAAAGGAATCATGCAGGCAGGAAAACGATCT
TGTCATTGAGTGCACTTTCTATCCAATAACCCATATCGGCATGGACGGCTCTGTTGTCTT
GCATATGTGAGTGCTATAGCCCAGACTGAAAAAAGCATTGAAGACAACCCAGAGATCGAA
GTGGGTCACTGGCATAGGTCCTGCCAGAATCACCCGCTCTTCACCATCTGTTAGTATGAC
TCTTCATCCCGCCAGAAAAGTGTGACACATTATTGTGTGACATAGGGGAGTCATCACCAA
TGGTCTTGGTCATAGTGCCATGATGTTTCATGCTCTTGCTTTATTTTTTCTATTCTTTTC
AATGGGAGTTTGTTTTGGCACC
TGACCCAGTAAGGTGGATTGCCATGGTCCATTTCGCCCAGGATCGGCTCTAAACACCGCA
TCCACCGTAGACTTCATTCCACCAATGGCTTCTCTCGAGGAGAAGGGAGTTTCCTTCACC
TCTATCTCTAAGTTGGATAGCTTTCCCACACACTAATGGGCTGCAACGTTTGAAATTTGC
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Table 4 Sequencing primers for virus genomes

Virus Primer Sequence (5'—3")

type name

DENV2 CMV-F CGCAAATGGGCGGTAGGCGTG
Seq-81-1 ACGTACAAGTGTCCCCTTCT
Seq-81-2  ATGGGGAAATGGATGTGGAC
Seq-81-3  ATGGAACAATAGTTATCAGA
Seq-81-4 TATCCAGAAAGCCCATGAAG
Seq-81-5 CATCTAGGTAAGCTTGAGAT
Seq-81-6 TGGAAAAGTATCAATTGGCA
Seq-81-7 GGCTGAACTGGAAGATGGAG
Seq-81-8  TTCCAATAAGATACCAGACC
Seq-81-9  AGGAAGAAATCCAAAAAATG
Seq-81-10 GATCTTTTTATTCTTGATGA
Seq-81-11 ATCATGAAAAACCCAACTGT
Seq-81-12  TGTCAACATATGGGTGGAAT
Seq-81-13 ACAGATGGCAATGACAGACA
Seq-81-14 AACTAGCCGAGGCCATTTTC
Seq-81-15 TTGGGTTCCAACAAGTCGAA
SV40-R GAAATTTGTGATGCTATTGC

EV71 CMV-F CGCAAATGGGCGGTAGGCGTG
Seq-71-1 TGCTTATGGTGACAATTAAA
Seq-71-2  ATCATCAGTACCTTTAAGTG
Seq-71-3  ATCACTGTAACAGGGACCCT
Seq-71-4  CTACCGATCAGGGTTCTGCA
Seq-71-5 AATCCACCTTACTGGGTCAG
Seq-71-6  GCTGAGACCACTCTTGATAG
Seq-71-7  TAAGCCAACTGGTGCCAGTC
Seq-71-8  TGATCAGAAGTGATTACGAC
Seq-71-9  ACAGTGATGGATGATTTGTG
Seq-71-10 ATCCATCGCCACAGTAGTGG
Seq-71-11 CGCAGGCCTCAAAAGGAGTT
Seq-71-12  TGGGACGATAACTGGATCAG
Seq-71-13 GTGCCTCCTAGCATGGCATA
SV40-R GAAATTTGTGATGCTATTGC

¥R YT 1 X PCR KA A AS [R) B B2l LA™ 4
a5 KL HPIT PCR JGHY 3.0 kb HEYH
BranfE 2 (1A f1 200w, Bos e H %k
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¥ PCR W25 5 WBERS LUK &5 R 8l 2 (1B
M 2B)FT7~ , JCHH i H R4 HLH 3R SR HL,
T —% PCR ¥y wt i Ik H A 1327 5 1
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B BT R TORL, X ARAS 1Y B
FTPAE S o A RO S e 25 RN 5 IR,
Horp R a8 04 7= LB XSS — %8 PCR S0 J5
U B 1) 7 0 T R s 1 R o R A LA AR R 1 B
RN T5%90%, 1 HAEFE 4 PCR Jx
IV S 21 55 N 48 PCR LN Je AR EA T 2148 1 7= 4
PR ) PR S R R AR, AT 10% 2515

Virus genome assembly based
on error correction

~

60 nt oligos synthesis of
3.0 kb DNA fragment

<

Id [ 3.0 kb DNA fragment error correction ]
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Plasmid construction using DNA
fragments and vectors
Fad N
Plasmid transformation and sequencing
verification of assembly efficiency

o

Plasmid recombination to obtain
correct viral genome clones
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Figure 1 Flow chart of viral genome assembly.
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Figure 2 Agarose gel electrophoresis of 3.0 kb DNA fragment synthesis and error correction. 1 and 2 represent
DENV2 and EV71, respectively; 1A and 2A are 3.0 kb DNA fragments after 2 rounds of PCR that have not
been corrected; 1B and 2B are 3.0 kb DNA fragments corrected after the first round of PCR; 1C and 2C are
3.0 kb DNA fragments corrected after the second round of PCR; 1D and 2D are the 3.0 kb DNA fragments
corrected after the first round of PCR in two rounds of error correction; 1E and 2E are 3.0 kb DNA fragments
corrected after the second round of PCR in two rounds of error correction. Lane 1 and 2 in 1A—1E represent
the first 3.0 kb DNA fragment of DENV 2; Lane 3 and 4 represent the second 3.0 kb DNA fragment; Lane 5
and 6 represent the third 3.0 kb DNA fragment; Lane 7 and 8 represent the fourth 3.0 kb DNA fragment. Lane
1 and 2 in 2A-2E represent the first 3.0 kb DNA fragment of EV71; Lane 3 and 4 represent the second 3.0 kb
DNA fragment; Lane 5 and 6 represent the third 3.0 kb DNA fragment. M: D5000 marker.
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B FE T PCR 7= 4 K AT — 56 21 B T AR 4
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Table 5  Statistical table for identification of
positive colonies in the whole genome of viruses

%m‘ K%{EE%I%%; 35.50%, Hﬁﬁ% 1 /I\Ei—*j_/jzlz'v: Virus Error correction stage Colony
T ANIRFERAER 51 R AU 0.365 errors/kb. oPe f;ilt(l;:)ty
EV71 i B valE AR B R Be bk a0 46 A G, DENV2  No correcting errors 85
TELH3E AR N] PCR 2 BT S 2 6 A [ After the first round of PCR 90
. _ After the second round of PCR 9
AR 43.46% (%ﬂﬁf\t PCR qu%)iﬁj 29.53% After two rounds of PCR 10
(%:% PCR }ﬁgq%) , X PCR P oA Wi 5e EV71 No correcting errors 79
. After the first round of PCR 75
25 T REARRR DR 55.07% (38 6). After the second round of PCR 13
éf}’%u ?ﬁﬁ{ﬂﬂ )? JigA ':F' NG %13%5'@ YRR After two rounds of PCR 9
*6 WmEEEMBHERBIRESITER
Table 6  Statistical table for error rate of virus genome assembly
Virus type  Error correction stage Sequencing plasmids Large mutant Error rate Error rate
numbers plasmids numbers (errors/kb)  range
DENV2 Not correcting errors 18 7 1.448 1.095-2.280
After the first round of PCR 19 6 1.286 0.639-2.280
After the second round of PCR 15 6 1.124 0.730-2.463
After two rounds of PCR 16 0 0.934 0.365-1.553
EV71 Not correcting errors 10 0 3.129 2.180-5.777
After the first round of PCR 10 0 1.769 1.199-2.507
After the second round of PCR 10 0 2.205 1.744-3.379
After two rounds of PCR 10 0 1.406 0.763-2.180
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