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WE: EEREERMERENEEFR, BNERSERELITE, WIS ATEE (>60%) EFRAREN
DNA, ExoCET SefEFRBII K SZERIMIEEN SHVAINEIRE L FIKIZITE RecET BHEE N SHMBANEIRE
H, MUBEMNHEMERBFEEEINE>100 kb AIKFER, MERSHAE>I3NDNARE, 2EARENEGD
TH, E5FKEFAE0CETHARMNATEE>63% WERATEX FRIRE ., AARIUATEEN 69% KIS FE
AR S IEME[RERERE MIT 9301 EHERIERLEANARIIR, RR T HAExoCETRARITE ATEEEFEXRH
BRmENRERG. ERER: OEZERIMIENSHEINEIREHLR R Gibson (R FRR T4 RE K KBERE
EERmENE; QEMIIEERENNAERATREHRK (BAC), SENRNHASSHTELMN; GExoCET
A LAMREGERCEERELA FHME>80 kb A9KHEE, FEBELL100% AIIEFEZRLEEE 1113 kbAIDNA FER; @RILA—2
EATHMEN 4 N 7~20 kb MEREAKFE . KIEBEERANFE RS ATREEY GBI 30%, ZARELZ
ExoCET-BAC KIS A AT 2 E2EYNERA A FRIRESFERR A,
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Abstract: Gene cloning is a routine experiment to elucidate its functions, however, many genes are difficult to be
cloned, such as those from AT-rich (>60%) fragments. Exonuclease in vitro assembly combined with RecET

recombination for highly efficient direct DNA (ExoCET) cloning combines in vitro homologous recombination
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mediated by exonucleases and intracellular homologous recombination mediated by E. coli RecET recombinases.
ExoCET is a powerful gene cloning technique because it can not only capture fragments larger than 100 kb from
genomes but also assemble more than 13 pieces of DNA fragments. So far, there has been no report on the use of
ExoCET to clone large fragments from genomes with AT content more than 63%. In this study, the genome of the
marine cyanobacteria Prochlorococcus MIT 9301 strain with 69% AT content was used to optimize the ExoCET
conditions for cloning of large AT-rich DNA fragments. The results indicate that: (1) Compared to T4 polymerase
method, higher cloning efficiency was obtained when Gibson assembly method was used for the in vitro homologous
recombination, since the covalently stitthed DNA molecule by Gibson assembly is much more stable than the DNA
molecule with gap stitched by T4 DNA polymerase; (2) The single-copy bacterial artificial chromosome (BAC) vector
should be used, and the multi-copy plasmid vector cannot clone those fragments, because the single-copy BAC can
minimize the expression of cloned genes to avoid their toxic effect on the host; (3) The ExoCET-BAC strategy can not
only capture fragments larger than 80 kb from the Prochlorococcus genome, but also assemble 11 pieces of DNA
fragments with 100% accuracy; (4) ExoCET-BAC can capture 4 pieces of genomic fragments of 7-20 kb simultaneously in
one step. Genome sequencing revealed that AT-rich organisms account for more than 30%, and thus the ExoCET-BAC
strategy established in this study provides efficient enabling technology for the genome functional research of AT-rich

organisms.

AT-rich (69%) genomic DNA

{
¥ ¢ 4

Assembly of Simultaneous capture One-step capture
multiple fragments of several fragments of large fragments
(>11 pieces) (Four 7~20 kb) (>80 kb)

Keywords: difficult cloning DNA; high AT content; genome; homologous recombination; direct cloning; DNA
assembly; ExoCET
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1E DNA XU Jig 25 ¥ v, T %o i i 2 1) ) A
T8 3 R 8 W 2R N A 1 2 2SS i 17 % 2E DNA BRI
ER M. BT AT 2 [ S8 A B/EH 5 GC A T
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SHHEAEERZ M REERIRGE W, FERRIEM
KIEA TR G EAEIX X, A IR
MR e . X2 S EUE AT & 2 DNA B E
e PR e G B JE A . N, Godiska &5 U g
ST R 261 pTAZZ BARALE K b R R R R s AT
TR DNA M T, HELERAN R KERMNN
30 kbo Hiji& CATCH %% v [ 5 R AR e MR R4 |
PR T30 kb I FE R4 K B, (R e A %
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BRI 20 1) & J7 v ) BR i), 355 (R 2H DNA 78 il % 3 72
75 5y W )RR AU K 1 H Y DNA 7 BLAE il
HEEE R A AR, A F S e R A A
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BERAKA B AW SRS, & ks R E A
F AT H 1) DNA Fr B ep BE R B2 3 e — gk A
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Tab. 1 Strains and plasmids used in this study

Characteristics Source

Strains
E. coli GB2005 E. coli DH10B derivates in which fhud::1S2, ArecET, AybcC; endogenous recET and DLP12 phage ~ Laboratory stock

vbeC genes are deleted, and fhud is mutated to make it resistant to T1 phage
E. coli GBO5-dir GBO5 derivates expressing full-length RecE/RecT under the arabinose-inducible P, promoter Laboratory stock
Plasmids
pSC101-BAD-ETgA-tet Full-length RecE/RecT inducible (P, , promoter) expression plasmid contains a temperature- Laboratory stock

sensitive pSC101 origin and a tetracycline resistance gene.
PBR322-amp-cedB-rpsL. A pBR322 plasmid with the ampicillin resistance gene, kanamycin resistance gene, and Laboratory stock

counterselection genes ccdB and rpsl.
pBeloBAC11-hygeedB A bacterial artificial chromosome (BAC) with the chloramphenicol resistance gene, hygromycin Laboratory stock

resistance gene and ccdB gene

F2 AWFTHEITRT
Tab. 2 Oligonucleotide sequences used in this study
Oligos Sequence (5—3") Purpose Template
pBR322- TTTTAGTTTATTTTTAAGACTTTTTAATACTGGATCATTC Amplification of the pPBR322 pBR322-amp-ccdB-rpsL
Spieces-1 GTTTAAACACAAATGGCAAGGGCTAATG vector for 5-piece DNA assembly
pBR322-2 GGGAACTGTGGAATTCTTAAATTAAATACCTTGTCGAG
GTGTTTAAACGGTGTGGTAGCTCGCGTATT
Fl1-1 ACCTCGACAAGGTATTTAAT Amplification of fragments for MIT 9301 genomic DNA
F1-2 CAACATTCTTTCTTGCGATT DNA assembly
F2-1 CATACCAATATTTATTATCT
F2-2 AGACCTAAATAAATTAAATT
F3-1 ATTTTGATTTATTTGGTTTG
F3-2 TAGCAAACAATACAAAAACG
F4-1 CTTTATTTAGAGAATTTAAT
F4-2 TCTGTAATTCTTGCTTTTGCTCTACC
pBR322- TTAAAAAAACAACAGGTAGAGCAAAAGCAAGAATTAC  Amplification of the pBR322 pBR322-amp-ccdB-rpsL
Tpieces-1 AGAGTTTAAACACAAATGGCAAGGGCTAATG vector for 7-piece DNA assembly.
Using together with pBR322-2.
F5-1 TGTTGCTTGTGATGAGGCTG Amplification of fragments for MIT 9301 genomic DNA
F5-2 AGATTTAAGAAGGATTTTTG DNA assembly
Fo6-1 GAAATTTTAATTGCCGATTT
F6-2 CACATCCTGCACAATGAAAA
pBR322- AATGAGAAGAGAAAAGGGAATTTTCATTGTGCAG Amplification of the pPBR322 pBR322-amp-ccdB-rpsL
9pieces-1 GATGTGGTTTAAACACAAATGGCAAGGGCTAATG vector for 9-piece DNA assembly.
Using together with pPBR322-2.

F7-1 ATAATGAGAAGAGAAAAGGGA Amplification of fragments for MIT 9301 genomic DNA

F7-2 ATTTTGAAGGCCTGGAATTA DNA assembly
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Oligos Sequence (5—3") Purpose Template
F8-1 GCAAAACTACTTTGCTTAAT
F8-2 TTTTGATTTAAGTAAAAGAT
pBR322- TAATTCTTTATCCAATGTTTATCTTTTACTTAAATCA Amplification of the pBR322 pBR322-amp-ccdB-rpsL
11pieces-1 AAAGTTTAAACACAAATGGCAAGGGCTAATG vector for 11-piece DNA assembly.

Using together with pPBR322-2.

F9-1 AGTAATTCTTTATCCAATGT Amplification of fragments for MIT 9301 genomic DNA
F9-2 TCAATCTTTACTAAAAAAAT DNA assembly
F10-1 ATTCTTGAATAATTTTACTCT
F10-2 GAATGATCCAGTATTAAAAAG
BAC- TTTTAGTTTATTTTTAAGACTTTTTAATACTGGATCATTC Amplification of the BAC vector pBeloBACI11-hygcedB
11pieces-1 GTTTAAACCTCTAGAGTCGACCTGCAGG for 11-piece DNA assembly.
BAC- GGGAACTGTGGAATTCTTAAATTAAATACCTTGTCGAG

11pieces-2 GTGTTTAAACCGGGTACCGAGCTCGAATTCG

BAC-49kb-1 CCTTAAAAGATTGATTATTTTTCAACCATTATTCAATTTT  Amplification of the BAC vector
CCCATCATAGATGGCATTAGTTATTCTCCCAGGTTTAAACG to clone the 49 kb fragment
CGGCCGCCTCTAGAGTCGACCTGCAGG

BAC-49kb-2 GAATTCGAGCTCGGTACCCGGCGGCCGCGGTTTAAACA
TAGATTGTGTATTGGCGTGTTTAAAAAAAAAATGGAAGA
ATGAATTAATACAGATTTAGTAACTAATCTA

BAC-21kb-1 TCAATGTCCAGAACTTAAAGAGGTATTACGCCTCATTG Amplification of the BAC vector
AAATAGGTCACTTTAGCAATGGGGATAAAGAATTGTTTAA to clone the 21 kb fragment
ACGCGGCCGCCTCTAGAGTCGACCTGCAGG

BAC-21kb-2 GAATTCGAGCTCGGTACCCGGCGGCCGCGTTTAAACAT

TGCTAATCCCCTCCTTGCATCTTGCAAAGATACTTGTTGA

GGAGTAGTGACAACTATAGCTCCAGAAATA

BAC-82kb-1 TTTTACCTGGCATATCTGGCGGAATAAATACTGACATATT  Amplification of the BAC vector
TTCTACAATTCCTAGTAAAGGTACTCCGAGTTGTTTAAAC to clone the 82 kb fragment
CTCTAGAGTCGACCTGCAGG

BAC-82kb-2 GAATTCGAGCTCGGTACCCGGTTTAAACAATCTTATTGA
AGACATTAGTGAGGAAAAAAAATTACCTCCTAATATCGTT
GAAGCAGCCTTGCGCGAAGCT

BAC-65kb-1 ATTTACCAAATCCAAGGAATGAAGCAGTAGAAAATGAT  Amplification of the BAC vector
CTAATTGTTGATAATAAATGCTTTATAGAATTAGGTTTAAA to clone the 65 kb fragment
CCTCTAGAGTCGACCTGCAGG

BAC-65kb-2 GAATTCGAGCTCGGTACCCGGTTTAAACCTTTATTAAAT
AGCTTGACCGGACATGATCCATTCTTTGTTATGGCGGACT
TTGAAGACTACCTAAACAAAC

BAC-22kb-1 TATGGGATCAAAAAGAAATCCCAAGAATTGCTCAATTG  Amplification of the BAC vector
GTATATTTGGAGTTAATTACGACGGGACATGTTCGTTTAAA to clone the 22 kb fragment

CCTCTAGAGTCGACCTGCAGG
BAC-22kb-2  GAATTCGAGCTCGGTACCCGGTTTAAACCCAACTACTC

TTGATAATGGCCTATTAGAAGAAGTTGTTGAAGTTGCTAA

AAAATACTCCAATAGATGTGAT
BAC-18kb-A1 ATCAAATAAGGTATCTTTACTCAATTTGTAAAAAAGTTA  Amplification of the BAC vector

CTTACTATCCGATAATAGGATTAATCTGAGGCTGTTTAAAC to clone the 18 kb-A fragment

CTCTAGAGTCGACCTGCAGG

BAC-18kb-A2  GAATTCGAGCTCGGTACCCGGTTTAAACAATGATGAAT
GCCATAAGATTTATAAATATAAAATGTGCCAGGTTTGCCAA
ATAATGATTTGTTTGATTCAG

BAC-54kb-1 CAAGGTAACAACTGCGAGAGTTAGAATAAGAACGTAA Amplification of the BAC vector
GCAAAAGCTTCCATAAGATTAAGTAATTAAGTTTAGTTTA to clone the 54 kb fragment
AACCTCTAGAGTCGACCTGCAGG
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Oligos

Sequence (5'—3") Purpose

Template

BAC-54kb-2

BAC-25kb-1

BAC-25kb-2

BAC-20kb-1

BAC-20kb-2

BAC-18kb-B1

BAC-18kb-B2

BAC-10kb-1

BAC-10kb-2

BAC-11kb-1

BAC-11kb-2

BAC-7kb-1

BAC-7kb-2

BAC-12kb-1

BAC-12kb-2

BAC-67kb-1

BAC-67kb-2

GAATTCGAGCTCGGTACCCGGTTTAAACACACATTTAC
ACTTAGTGTTTGAATTTCAAGTCTATTTCGGGTTGAATTAA

ATTGTTTTTTTATAGTAGTTA
CACTGTAATTAGTGAAATAAACCCCTTCTGTCTCCTTTT  Amplification of the BAC vector

TGATTTCTTCAGTCCATCTTTCTTGTGGAGCAAGTTTAAA to clone the 25 kb fragment

CCTCTAGAGTCGACCTGCAGG

GAATTCGAGCTCGGTACCCGGTTTAAACGGTCAACGAA
TTTCTAACGGTTCCGATTTCGACGAACAAACCGGTAAATT
AAAAGAAGGGAACAAATCTTTA

TCCCATAACATCAATTAAAAGCGCTATTTCTTATAAGAA  Amplification of the BAC vector
ATCTATTATTGAAGCGTTGCCAGAAAGTTCTAAGTTTAAA to clone the 20 kb fragment
CCTCTAGAGTCGACCTGCAGG

GAATTCGAGCTCGGTACCCGGTTTAAACAGAGGAGAA

CGAAAAAAAGGTAGTTCTCTTGTCACAGGATCTGAGGTG

CAATCTCAGGCCAGTGGTGCAAGC
AAAATTTATATTAGAAACCATAGTCTCTTTAGTTTTACTT  Amplification of the BAC vector

TTATTAGTTATTTTTAAATCAATAATTAATTCGTTTAAACCT to clone the 18kb-B fragment

CTAGAGTCGACCTGCAGG

GAATTCGAGCTCGGTACCCGGTTTAAACAGGGTTCTAT
AAAAGTTTTAATTAAATCAATAAGTGTTATTTGAAAATCCA
CCAAAAAATATAGAGAGCTTA

TTGAGATGTTAGATATTGTAGTTAACAAAAAAAGAGAA  Amplification of the BAC vector
GTGTTTAACGGTTTAAATAAACATAGGGACTATAGTTTAA to clone the 10 kb fragment
ACCTCTAGAGTCGACCTGCAGG

TAAATATTAATGATATTTCCTTTTATTCAATCCTTTACTAT
TTGAGCGGTGCAATATGCCCATCTTTGGTGTGTTTAAACC
GGGTACCGAGCTCGAATTC

ACGGAATGCAAGAGGATGGTGCTAGTAACGAAACATAT  Amplification of the BAC vector
ACAGCATTAAACGGTTTCTATTCATTTGATAACGGTTTAAA to clone the 11 kb fragment
CCTCTAGAGTCGACCTGCAGG

GAATTCGAGCTCGGTACCCGGTTTAAACCGTTATCAAAT

GAATAATAACCATTAAATGCCATGTATGTATCGTTGTCGTT

ACCATCTTCGATGTTTGCGT

TACAGGCATTCCGGCAGTTTTAAAATTACTGCCGGAAA  Amplification of the BAC vector
TGTTTCCTCCTGATTTCTCAAGAGCTGGAACTTGGTTTAA to clone the 7 kb fragment
ACCTCTAGAGTCGACCTGCAGG

GAAGTACGCTAATGTTTCGTCCACATTTGCGTCAGCAA
CATCGAGATCTCCGACTTCATAACCAGCACTGATGTTTAA
ACCGGGTACCGAGCTCGAATTC

TAAAAGAATTGCAAAATGAGTCATATATAATTAAGAAAA  Amplification of the BAC vector
ATGATCAGGAAGGGGTTATAAAAAGTAATACTGGTTTAAA to clone the 12 kb fragment
CCTCTAGAGTCGACCTGCAGG

GAATTCGAGCTCGGTACCCGGTTTAAACCTTTAATAGAC
TCTTTGGCAATGAGTATCGCAGGAACTTCGATTTCTGTTT
TTTTATCTTTACTTCTATGTT

TCCTTGATTTAATGTCCAGTTGGGATAGTTATTTACCTAA  Amplification of the BAC vector
AATGAAAAAATATAAAAAAGTTATAGGACATGGTTTAAAC to clone the 67 kb fragment

CTCTAGAGTCGACCTGCAGG
GAATTCGAGCTCGGTACCCGGTTTAAACGGATATCACT

CTAAAGATATAAGGAATTTTGAAAATATCCCAAAAATCAA
TAAGTTGATGTTTGAGATAGCT
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Oligos Sequence (5—3") Purpose Template
BAC-50kb-1  GAGTTCAGACCCAGCAGATATTCCTCGATATAAAGCAG  Amplification of the BAC vector
CCTAAATTACAAAAAGCTTGAAAACTATATAAATGTTTAA to clone the 50 kb fragment
ACCTCTAGAGTCGACCTGCAGG
BAC-50kb-2  GAATTCGAGCTCGGTACCCGGTTTAAACCTACCCAGGG

AGAAGACATATCATGTAAATTAGTCTGAAATCCCATTTCTT

CTAATTCATAGCCTATTGGAT

112 35k

LB 7R (1L): BREFMR10 g, BELRESEHEL
Ysg, SN go

Pro99 1574 (1L): FWEFI/AKIL (022 pm
TR A Y ZFLIE A, 121 °C, 20 min 5 [ K
), NaH,PO,H,0 [6.90 g/L, 0.22 pm Millipore
Express (PES) JEiid &% JEFRH ] 2 mL, NH,CI
[42.80 g/L, 0.22 um Millipore Express (PES) J&
I yERR I ERR ] 1.6 mL, SR ITERE W 100 pl.

B T R VE W : Na,EDTA-2H,0 1.17x10° mol/L,
FeCl:6H,O 1.17x10° molL, ZnSO, 7HO 800x10° molL,
CoSO,-7THO 5.00x10° molL , MnCL-4HO 9.00x10* mol/L,
Na,Mo00O,-2H,0 3.00x10” mol/L, Na,SeO, 1.00x
10* mol/L, NiCl,-6H,0 1.00x10"* mol/L, 0.22 pm
Millipore Express (PES) i Ji8 25 i B 1A
1.1.3 &K FAE

X 7f: PrimeSTAR Max DNA Polymerase. Tks
Gflex™ DNA Polymerase I DNA Markers 1 H
Takara A 7] ; 4 8§ KW H Roche A 7] ;& AN
B2 BE# 6 B OXOID A al; BEflekn . B bE . 25x%
TAE A1 10xTBE 4 F Solarbio /4 7] ; RNase A I [
Thermo Scientific A 7] ; PR % N VIEE. Gibson 41
% v [ 77 & F1 T4 DNA A B )% H New England
Biolabs A 7] ; DNA 2l 4k [5]ieat 771 & A 1 i 0
RIBAEMBHEERAR; DNARBK CEF @ &
fii @ FREE=25 241D WHILEHEEBREY
HARBWRTAE LA

s BUNABTERHA PR A 7 PCRAX, B/
BAERA PR A A B OAURE IR IR 211, Eppendorf Hy
AR, S5 [H Quawell B R 70 e Y FE it

1.2 BiE

1.2.1 R4k MIT 9301 2 B 284) &
50 mL 35557 d ) MIT 9301 1% 8000 r/min

B0 10 min, 3 EiE. H 1 mLKE K ddH,0 B EH
&, WRITIRAIFEE N2 mLEPE T, 10 000 r/min 250>
5min, FF _Ej&. A 400 pL SET A (75 mmol/L
NaCl, 25 mmol/L EDTA, 20 mmol/L Tris, pH 8.0
WATIREIE R, TN 30 WL A B RE (20 mg/mL), Hiif5]
WA, 37°C/KM2h. A 30 uL & H E K
(20 mg/mL), MifEIES) 51 40 uL 10% SDS, i
B2, 50°C/AKI 1 h, HEHERHEIF. MA
100 pL 5 mol/L NaCl, HifElVE%]. A 600 uL DNA
B CREy - &7 RIKIE=25 124 1 D, HifEIR
A EBEWEILAM, 10 000 r/min 250230 min, FET
AR 200 uL A3 HL 500 pL _E3% 2 371 2 mL EP
B M35 uL 3 mol/L BEFREN (pH 7.5) HifsliR
51, BRIEIIAN 1.2 mLIToK QB ENR A G, B
HILZURDNA. 200 pL A3k PRHCZOR DNA
B4 1 mL 75% ZEEF) 1.5 mL EPE 1, 10 000 r/min
B0 2min, 7 EIE, BIETWOKAE L, =RETE
FEDR 2 2 E IR . 0N 350 L ddH,O ¥ fif 7% [R 41
DNA, WEKEZG 4 °CIRAFE

MIT 9301 2[RI ZH B V) : 400 WL BE V1A R &5 FH
10 pg 3£ K141 DNA, 40 uL 10 x NEB Cutsmart £% i
W, 10 U Pmel , 2 pL RNaseA (10 mg/mL) ,
37 °CHEYI 4 ho MEV) 45 5 FH DNA R I Ry -
A RIREE=25 124 1 1) WEEYI A YEEAT R,
SRIGHHAT CREDOE CRAARTE FE R B R AR HCE 3O .
1.2.2 PCR#|& sLEBARF B FE A DNA K &

PCR ¥ 1 pBR322 st [ % f4, LA pBR322-amp-
ccdB-rpsL " Mt , PCRF=¥)K %N 2114 bp. PCR
P48 R SR ERESE R4 F B, PCR KM 3000 bpe 4
14 pBeloBAC11 3 f##k /&, LLpBeloBAC11-hygecdB
I, PCRP“HIKE N 7501 bp. PCR 2w FiT FH )
fi u PrimeSTAR Max DNA Polymerase. PCR Jit H
0% W% 2. PCR X AR & (50 pL) = 25 pL
PrimeSTAR Max Premix (2x); Primer 1. Primer 2
%2 uL; fEH 200 ng; ddH,O %M 554 50 uL. PCRJ%
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N4k A : 94 °C 2 min; 98 °C10s, T, 5s, 72°C
5s/kb, 30cycles; 72 °C 5 min; 4 °C hold.
1.2.3 ExoCET A# % KA % h BAK

DOT4 B A M (Tdpol) Nk & # 1k
200 ng, PCR ¥ 43 K 41 J B 200 ng 5% Pme 1 fiff
) 11 MIT 9301 % [A] 44 DNA 10 pg, 2 pL 10 x
NEB Buffer 2.1 1 0.13 uL T4 DNA % & Mg, H
ddH,0O #h 5% % 20 pL. B 2] J5 N PCR A H i 47
Ahb B, HAAFEF N: 25°C1h, 75°C
20 min, 50 °C 1 h, 4°C hold. &N /=¥ = i
F ME-Millipore 0.025 pum MCE V& & 21 4 2 g 55 /K
JEE it £ 40 min 45 FH .

@GibsonH¥E Ntk R  DNA RS T4 R 4T
JNAHIE], DNAVRE AW S Gibson ZH2E TR REE LLFE
SETINPCRACH AT RSN N, FARFEFFH: 50 °C
1h, 4°Chold. S WIFEZETR FHEE40 min & H.

QWL Z A %% B3 40 pL i RS
% 1 & 4 pSC101-BAD-ETgA-tet Jii i (4] E. coli
GBO5-dir FARIE R E 1.3 mL & 4 pg/mL U &
LB FE3EF, 30°C, 950 /min}%3%2h, Z 5N
A 35 uL 10% L-FHi &, 37 °C, 950 r/min 3
7% 40 min. 9500 r/min, &0 1 min, YCEEBEA, N
A 1 mL ddH,0 &5, 9500 r/min, &0 1 min, U
EWE, REHEER B, ZEENENTIRS
it [ . BY, Gibson 41 2% e B = 1 5 T A4 TR & J5 e N

R A
pBR322-amp
BR322-amp—F] -4
y

MI123456789101112131415161718192021222324 ]

K
Gibson+RecET: 1Effi# 87.5% (21/24) é 2
M 2526272829303132333435363738394041424344 45464748 #h

=

TTTTTTTTTITTT
Tdpol+RecET: IEHHZE 87.5% (21/24)
@ ®)

1 mm B, 1350 VS . SR)5% | mL LB ;7%
B B AR R R, PRI BEEN 1.5 mL EP
Erh, ZI51h/E, 9500 r/min, 250 1 min EERE,
WAL B S A MNP R LB PR b, 37 °CR: 9%
SR

2 gAMb

2.1 ExoCETHESATES=DNA RER, &9
BEHFERA Gibson R T4 REEBESKEESIE

5N T R ExoCET 4123 & AT % 5 DNA [
AIAT I, X PCRYHE 1 44~ 3 kb MIT 9301 2 [A 41
B @A P BL AT & & 2 BN 69%. 69%-
73%. 70%) A1 142 kb pBR322 #4k, FLit 54
DNA B, Jefetksh4r R H T4p011213/%$l1 Gibson
WRMATA I, SR )55 0B Rk RecET HA R
KRG HE P47 ExoCETAHS [FH1a] . X54
DNA J BEAH B2 A 7E A bty 5 47 40 bp FIJRE . 45
SR AN [E) Y8 B A A Al B Tdpol /& R ik ﬂzGlbson
RRBIRE T 87.5% M IEHE (1], 1M
Gibson+RecET ) ExoCET 3£ 15 1 ¥ £ 1) 1 ¥% iﬁz ,
J& T4pol+RecET 1) 22 f5 [ Kl 1(c) ] X #i B
ExoCET f = R4 % v AT & 5 DNA F BL. 7EK4h
YR B 20, Gibson M AK & HAL & TS i R4V

14 000 87.5%
12 000 +
10000
000

6000

4000

2000 87.5%

0 ="
Ll - Gibson+RecET  T4pol+RecET

(c)

1 ExoCET#AR41%E 5/ DNA B

() SAFBAHRRERE; (b)) HARIRBEMA SR EcoR | BT B,

Ji BN A R B B5E, 1~24 4 Gibson+RecET: 25~48 Jy

T4pol+RecET: (c) Gibson+RecET Ml T4pol+RecET Fi v BRAHEE AR AL, RAE R Za4T 2R . P<O.0SUARARENZR
(k%P <0.001, **P<0.01, *P<0.05)
Fig.1 Assembly of 5 DNA fragments using ExoCET

(a) Schematic diagram for the assembly. (b) EcoR | digestion map for assembled plamids. The right side of the gel imagines is the theoretical map

for the restriction digestion. 1-24: Gibson+RecET, and 25-48: T4pol+RecET assembly. (¢) Comparison of efficiencies for the assembly. Significance
was analyzed by one-way ANOVA, and P < 0.05 was considered statistically significant (***P < 0.001, **P < 0.01, and *P < 0.05)
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fig. Phusion DNA % & Bl Taq B, 7EiX4tf 2.2 BHENBACHAEESS AT SEEERE
IR HI N T 1 DNA B 82 77 9 5 A & ik 1R S Ay

B 1) DNA 42T, ifi T4pol S35 DNA $f 4% A T WA ExoCET 4135 2 7 AT 2 DNA J¥
PEMR AT B DNA 42 T o BIAT iU DNA  BCIACE, 735lK PCRYTHIAT 6 4~ 8 AT 10 4
Fi B AR AR A [ Y R 4 o s [ U R X R kb 3 kb MIT 9301 JE K2 F Be 5 149> 2 kb pBR322 84k,
T T FRFC 64 B 2 1 UBE DNA 4 T 5 Bk 1 JefEARSM A Gibson iR RIAT AL B, SR Fefb BIRIA
WEEDNA 7 T 5AR L fase, [RIUbikAhE 404 RecET 41 B (1 K i A 18 o i 1T ExoCET 41 %€
Gibson #2 T4 JE A7 M AE IR H 20K (B2 1o G5RER TR B9y Bethy e sh 41

.n” Fl 0 =
; pBR322-amp Fl

PBR%%‘??‘,;’];F K ("' pBR322-amp-F1-8

pBR322-amp-F1-10

26035 bp 32071 bp

pBR322-amp—Fl -6 (IER33E: 12/12) " pBR322-amp-F1-8 (IE#%: mnz) pBR322-amp -F1-10 (IE# % mz)

\

BT T R T L T Ty
(a)

pBAC-cm-F1-10 (1E#3E: 24/24)
kb M1 2345678 91011121314151617 181920 21222324

7%,

F9  pBAC-cm-F1-10

50 i_' e W W e = LA -

\:

TR TR T R T T BT LR e e T T T T
(b)

B2 ExoCETHARZL% 7~111 DNA J B
(a) FIH pBR322 HARH B MR B EcoR | BEVIS B 1~12 8 TN BASE; 13~24 MO BUALS: 25~36 8 114 Bedil 3%
JB2 B A M M B A5 4 Yk 9 pBR322-amp-F1-6. pBR322-amp-F1-8. pBR322-amp-F1-10 [ 1] 71 it 4] i
(b) FIF BACERARLLEE 114 Fr B 7R B BRI EcoRVERY) 4852 B, 15 Pl A {00 g il ) 38 44 o
Fig.2 Assembly of 7-11 fragments using ExoCET
(a) Schematic diagrams and EcoR [ restriction analysis for the assembly using pPBR322 vectors. 1-12: 7-piece assembly, 13-24: 9-piece assembly,
and 25-36: 11-piece assembly. The right side of the gel imagine is the theoretical map for the restriction digestion of pPBR322-amp-F1-6, pBR322-
amp-F1-8 and pBR322-amp-F1-10 from left to right. (b) Schematic diagrams and EcoRV restriction analysis for the 11-piece assembly using the
BAC vector. The right side of the gel imagine is the theoretical map for the restriction digestion
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B, w0 HEE B KT 27 000 AN /mL. 76317 FR i
PEBGY] 53 BT INE,  EAH [F) 35 77 5 8] I ELAH R i 35
FRBGIAT ORI L, SRS AR T A R AR ddH,0
S s WO R R R 0 ) BRRE AT B D) . MR I o
ATCUE Y, 9 BR A 2SR R FE A B L 7 B 2%
R AR [ 2Ca) ] HEM F7 A1/8g F8 F B
(1) DNA X K AF B A 2 08 1, sgmm 1 R4 I
o NI BIHRRM, AR H T FOAI/ELF10
B KA A B, S EUERE AL TR
ARG AR BTk, Sl FIH BAC#ik
5F1-F10 7 BodHfraads, 45903845 17 KT 2200//mL
I EH, B 100% (K20 ],

18 FH pBR322 Ji b 2H 2 114N F BEAR M, 1 48
BAC 3 AT LAy, X A2 b ok 45 D155 3
M. AT fEH T FOR/BLF10 Fr BRI g p d b, 45w
R #5035 F 45 U328 20 1 pBR322 B4R, 3R
REEE, SR, Bk, S
o B M. T A B DL BAC #ik iy, HERIA
24 ) E 20 M T  SZ R AR F BT DLRR B e [
BHy. WeAh, TR AT & & DNA B 25 5 R AR P
fEF] (DNA breathing) J¥ & 5155 DNA #4 55 (1) ¥R
GhKL, IR RIEAHSCIE 0 R 5 4 A 1K 8
X 3 AT (2 ik s Y, SEE M RN R S Rk
1M s b % o 55— 5 T, WS pBR322 iRy 1
5y KAV AE I DNA F B, HEm 4 D Ee
G E R R EMERREMEER, Hil
Wi 1 =E 3 DR 0 55 o S S0 an B B e, T B DL
BAC 44 ) AT DLk G 1 ]

2.3 ExoCET pIINREZEKE MIT 9301 EREA
E5EmE#MEY 21 ~82 Kb UK R ER

9 7 WK ExoCET AUHL 7 AT 7 & 2L 4 K
BLWRT AT, I Pme 1 ¥ MIT 9301 3 [A 20 1) |
B 1.4~206 kb 130 N DNA K B [K3Ca) ], e
BEHLIEECH F1 21 kb 25 kb 49 kb, 50 kb, 54 kb
65 kb 67 kb, 82 kb [1J 8 /> Ji B ik 47 #E [y HIUHL 5K
5. T S EAR SR Gibson & £ %t Pme 1 B 1) (1)
MIT 9301 2 [Al 44 #1 PCR ¥ 14 ¥ BAC #k 14 it 17 &b
L, AR5 Ak B ik RecET 5 40 B 1) K 7 A1 1 o
#H47 ExoCET #E MU [ 3(b)]. BAC H A4 P bify
A B R 2 A B B 1R 80 bp [RI R o 45 R
i 7~ ExoCET 34 68 Al Dy # [a] HTHLIX 8 /> 21~82 kb

IR KA B [E3(e)~Go], HAs50kb B
B IERI R e, N 87.5%; 82 kb i BL IE#ff K i
K, N42%. HRFBMIERELE 1% ~T5% 2
) o b B 20 () AR e 35 2 BB v B R
ik, X2 i T 55 4 DNA 78 i) % 5 72 b 25 5
24, UK B I DNA A BCAE il 4% 1 2k 8 4 o
REAL, PR TR SR UG . LA, K
Bk i B s B R S AR R R E R, Hin 50
kb Fr BCHIIE TN 87.5%, 1 49 kb Fr BL I va & 1
AN N 23.5%, XAJRE2H T H T w49 kb
B TR IR 2 3o i 1 A V) A BE S AR ) BB
DNA B2 5y 7= A S5/, 5200 T 3R B 1)
Bk

2.4 ExoCET MRE&ZBkEMIT 9301 ERFH E—
L EIATHNEN 4 17 ~20 kb 9K R E&

RGIT I FE R A 1R & RO R 75 ZE RS
— B EENII AN B wER A 7S
ExoCET [A] i ¥ [ JIUEL 2 AN BRI RLR, BEHLIZHL
T Pme 1 B 1) MIT 9301 3 [K 41 7= A4 1 2 4 K /N2
WA B 03810 kby 11 kb A118 kb 22 kb Fr
Bt. B Pme 1 B U)) MIT 9301 F& [K 40 1 PCR
P 24N BAC 8RR A (L2 BAC £k H
Uity 43 ) A 2 AN 0T R H R R B i Y 80 bp [ IR
B, FHFIH Gibson Ak RIERANFAT LB, SR)5 T
1k 2 F 1A RecET 4 i (1) K W A B 1 1217 ExoCET
I (B 4], 453 SR ExoCET ¥ g S 31
IRVRAE R Bt [E R A . AL 10 kb 11 kb ZH
0 32 P AR BE HLPEX 24 A B VR R AT PR i 1% Bl D)
M, RIFLF3IANEE10kb F B, 10708 H 11 kb
FrB (B4 ], M 18 kb. 22 kb 4197 % “F ¥t - Ffi
HUPEEL 12 A 16 7% 320 AT BRI PEBGU) 20 8, R H
F1IANEH18kb B, 6 % FH22kb i B
LB 4Co) ] BH P R/ANEL Fr B v B
ZREOR, BARJE A Rt — DT

B ROk, #2501 ExoCET [A] i # ] JIUEL
40 B s g, I BEALIEEL T Pme 1 B U) MIT
9301 FE R H ™= A= R /N 22 R ECR I 4 B, 4390
J97kb. 12kb. 18 kb 120 kb. & 56K Pme 1 1)
() MIT 9301 & [A 41 A1l PCR § 14 1) 4 A BAC H 14 JR
A (A 44 BACHAMA B b2 5 & A 4 4% B H 1
J B i 1 80 bp [FVEEE D, I A Gibson & & 7E
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Pme I BEIAE R4 PBAC-cm

_|_

str. MIT 9301 J‘

1,641 879 bp

Pme 1 Pme | FPmel

(a) JRARERIE MIT 9301 S R 461Pme 1 B (b) ExoCETH H& 5e s & 4

1 234 5 6 78 9101112131415 16 17 M1 2 3 456 78 910111213 14151617

- e e s S e
————— —— . —— — LI —

49 kb, IERH 23.5% 21 kb, IE# 64.7%

(c) 49 kb Bt HE: vt B (1 Eco R T B (d) 21 kb BB I E /) Eco R 1 ST [

M1 234356 78 91011121314151617 181920212223 24 M1 2 3 45 6 7 8 910111213 14151617

4 ’ .
ERECZHR - - —

65 kb, IEAl% 11.8%

() 65 kb )+ BYEL % 51 Eco R 1 |4

5 6 7T 8B 9 10 11 12

82 kb, IER % 4.2%

(e) 82 kbr BrE s Eco R 1

M 1 23 456 78 910111213 14151617 18 19 20 21 22 23

1 B3

54 kb, IEH2 26,1% 25 kb, I 75%
(g)S4 kb Bt EE i EEo R T (h) 25 kb TR E#Ew EEcoR | &

M1 23456 78 0101112131415161718 19 2021222324 M123456789101112131415161718192021222324

501kb, IR 87.5% 67 kb, IR 12.5%
(1) 50 kbﬁ?ﬁﬁ%ﬁﬁ%ﬁ:‘o RIH ()67 kb Bt Eco R T

B3 FIH ExoCET-BAC g HE 17 B Pt 8 5
Fig. 3 ExoCET-BAC strategy for direct gene cloning
(a) Pme | restriction map of Prochlorococcus MIT 9301 genome, (b) Strategy for ExoCET direct cloning, and EcoR | restriction map of
recombinants from the 49 kb cloning (c), 21 kb cloning (d), 82 kb cloning (e), 65 kb cloning (f), 54 kb cloning (g), 25 kb cloning (h), 50 kb cloning
(i), and 67 kb cloning (j), respectively. Yellow arrows indicate correct clones. The right side of the (c)~(j) gel imagines is the theoretical map for the
restriction digestion

RAMHEAT AL B, SRS Fe AL B3 IE RecET AR SR ER ExoCET RESEIL L3k 4 4> v B[R i 2 17 91
KT i 3547 ExoCET SB[ I [ 5Ca) 1o &5 Mo AU G -F AR b BE AL BRI 12 A 1 & kAT BR il 12k
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Pme 1 BRI3EHA pBAC-cm

= —
N

(a)

M1 2 3 4 5 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 le23456?39|011|2
. " -

=~
o

= —RwaeD
o LhooooD

T 1
10 kb, IERHEE 3/24 (4T & 87k) 18 kb, IERAZE 1/12 (4L dik)
11 kb, IE#Z 10024 (¥ BH7k) 22 kb, IEH% 6/12 (#F7k)
(b) (©)

B4 FIH ExoCET-BAC M HEAT A 1 B — 4TI
() — BN BoREE: (b) BEHEE10kb. 11 kb JTB EcoR 1 BEVIE] (REIA M43 31 B R 10 kb A 11 Kb JE BRI 4H K F Bt g ) 2
WD ; (o) BEHETEFE 18 kb 22 kb FrBLEcoR 1 BEUIE A A A B I B TORE 22 kb A 18 kb JENALK A B MM UTELR D
Fig. 4 ExoCET-BAC strategy for capturing two DNA fragments simultaneously
(a) Schematic diagram for the strategy. (b) EcoR | restriction map for the direct cloning of 10 kb and 11 kb fragments. The right side of the gel imagine is
the theoretical restriction map for the direct cloning of 10 kb and 11 kb fragments. (c) EcoR | restriction map for the direct cloning of 18 kb and 22 kb
fragments. The right side of the gel imagine is the theoretical restriction map for the direct cloning of 18 kb and 22 kb fragments from left to right

7 kb, IE :
18 kb, 1I 1/12; 20 kb, IERZE 1720

(a) (b)
B5 FIfH ExoCET-BAC Hilig— LML 4 AN 1 B
(2) —HIMBAN T BoREE ;s (b) BT kby 12kb. 18 kb F120 kb ) EcoR 1 B4R
CRREAT A2 B4 AR U B4 50 20 kb 18 kb 7 kb i 12 kb B DRI 410K F BE A A DI R 16 13D
Fig. 5 ExoCET-BAC strategy for capturing four DNA fragments simultaneously

Pme | BgUISER A pBAC-cm
— Q
" Q——)
e & S — w
~——— 10.0 [
J 2,0 %
i =
2.0
1.5 S

(a) Schematic diagram for the strategy. (b) EcoR | restriction map for the direct cloning of 7 kb, 12 kb, 18 kb and 20 kb fragments. The right side of
the gel imagine is the theoretical restriction map for the direct cloning of 20 kb. 18 kb. 7 kb and 12 kb fragments from left to right

BEDI b7, RIH A 2ADAEHE TR B, 3SR 3 &Eif

12kb B, IANESH 18K B, 1S H20kb T

B [Es]. R4 NCBI 2021 4 6 H A A, &
MR T >22 kb B 2 B E AR IO, W16 327 130 AN EAZAE AR, A5 99 340 4

HE RN 7, BRIk BL H AT 777 ExoCET R g sk (30.36%) AL R4 AT & &260%. 2P

I AAS/NT 20 kb B[R] i 3 ] UH 1116 037 NEAZAEYIEIRA F, 52744 (32.89%)
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FAZA LR AL AT &5 B 260%. TR X AP 3L A
SH Hp R AR A R DR T R A FE RS R R B
K. BROZERZWEEZWEMZ FBAR)T
AR PAXS DNA K | BT 2 v BR A R B #5200
B, ERTRAEMRZIRG, & AT &2 DNA
KA BRESREKT, B8 LiE T wiE. Aot
T L AT 5 BN 69% JR S ERFEFE N 4L A5t &, #R 1
T F FH ExoCET £ AR HEAT iy AT & & 55 R 4H K B
v RE AT AT M, R A AR A R VR Ay AN 2R
A ¥ UL B ST T ExoCET-BAC S5 1% . Bl AL 1% B 1)
16 1~ 7~82 kb 1 FE PR 2 K Fr B A f 4 (m) 9T R 2y
Forbdt 82 kb ) DNA K v Bedh AT S8 1) U 2%y
4.2%. 1M H LL100% B IER R HEE T 117N 3 kb 1
DNA B . ExoCET-BAC £ R ik fig M J5 4 BR 5 FE
DA 4H & — 25 R i U 4 4> 7~20 kb [ 2 R 4K F
B, bRl TR s .

i, David J. Newman Al Gordon M. Cragg %
1981~2019 4 AT 5 FDA #L 15 11 /N 73 7 250 1 43 #r
SR, XL AR 34% f RARFEW LR AR
WIRTAY), oA AR 2 — 8 2 R AR ) B
H BT R G AR = Y0t T B DR ON R0 ) A 48 T 28
B BEANE LS Y R AT & R 1<40%. BEBR
W HAERE AR E S AT SE2MAEMEEH F
B 1A T R R AR AR W A R R
e 21, ExoCET-BAC $ R4 N iX L6 4= 1) A ik %
TR R SR T B

bt 5 A AR AN W g, R AR A ik TR A
HEAT BT A BUBL SR RS2 B ANAT1 DG B, 1z Fi g
L1 ExoCET-BAC £ R AUA F T35 AT & &AW
FRMH “H B MIheefENT, AR T M AT
TERAWERNA AT " WA KE R, A%
AT, FETEREYENIEREAR THA.

Bt B L R4 &L ¥ T E tsqn201812008 1 1Ly
FREFEFFFHTENATAENLF,

& £ X W
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