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H OB ARIEY, LREHL—FIRZREGEBABERR. REFRG G T EMR AT T LRGSR,
IR KARIRAE T — AP AT A 6 Rk A 4 kil X A5 Rk pSim6 XA B Bt R G M AL pKD46 ik .5, T
7% kil 5 pSim6 AR Tl sk ik 8-, Bk, K HAFH B4k W3110. MG1655 #= DH10B +
8 AR e AE6FE KB4z .5 (lacl. dbpa. ack #= glk) #AT T 247, ¥ RE KA IR LE R AT LI
s s &g tet/kil BEAT R B AR, 5 R A kil 5 pSim6 AL B A 3 5 pKD4A6 R 4Bk A, TUKE AR ER S,
F A A SRR B3 K, 2R SR MR B h 1000 bp B, kil 5 pSim6 Jit #4184 ) 52 £ 5 pKD46 B /A 49 1.2-2
f&; SNIR A A 2000 bp B, W2 pKD46 49 2.2-54%. %k, kil 5 pSim6 A A & e Emak, 44T
KA B R B 2009 RRASAR 4R, XA XMATH T TARRET £ 56954,
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Abstract: Seamless modification is a popular genomic manipulation technique in genetic engineering. Selection stringency
of the counter-selection system determines the efficiency of the seamless modification. Recently, a novel counter-selection
system, kil, was constructed. It is reported that the selection selectivity of kil is higher in host bacteria harboring plasmid
pSim6 than that harboring pKD46, indicating that recombinants could be selected out more efficiently by combining kil
counter-selection system and plasmid pSim6. In order to confirm this speculation, four different loci (lacl, dbpa, ack, glk) in
Escherichia coli strains W3110, MG1655 and DH10B were selected for testing: dsDNA fragments of different sizes (500 bp,
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1 000 bp, and 2 000 bp) were used to substitute tet/kil. As expected, recombination efficiency was higher in host bacteria
harboring plasmid pSim6 than that harboring pK D46, and the results were more obvious with the length of dSDNA increasing.
Specifically, recombination efficiency was 1.2 to 2 fold higher in pSim6 harboring bacteria than in pkK D46 harboring bacteria
when dsDNA fragments were 1 000 bp in length. With the length of dsDNA increasing up to 2 000 bp, the gap increased to
2.2-5fold. In conclusion, it is easier to perform seamless modification by combining kil counter-selection system and plasmid
pSim6 than combining kil and pKD46. An alternative tool in genomic engineering is provided in this study.

Keywords. Red recombination system, selection/counter-selection system, seamless modification, Escherichia coli
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ANFE KA EE % (W3110, MG1655 il DH10B)
Hii 4 A~ RIFAL A (lacl . dbpa. ack il glk) #E4T
ATE H BEKEE (500 bp, 1000 bp £ 2 000 bp) #Y
B, B HEASCR, WS LIE S — ik
PERCRIEA TRRSG, NG s TR
IR E AL T 2 Rk

1 MBEFE

1.1 #&
BRI ER . KIAAT Bk Escherichia coli
W3110, MG1655 HI DH10B M -mA =347,

GYpkl-tet (A tet/kil EFOEFERSE) AR

®1 AMRFAFREIRESY

Fagdt, pSim6 ki k3 [ [E v DA BE Court
DL fH# - 2

T EEGAERH] . Primer STARPGXL DNA = i
FLEW A H A TaKaRa A= #1437, PCR mix il
RIEEY (M) FHEARAR; Tet (WHR).
Amp (AFE&R) WAL TAY TR (L) B
A BRAA FL 5 SR B U £ A PCR 7= [RSGR
F & H Axygen A F]; PCR 5I1¥I A T AW T.
e () B BRA Al G Ao

PCR 34 S S 51y .l RIS 5 19 )5 5] L
% 1, WA TRILYRERRBEE TS, ATk
3 PCR Y 51T 5, %@ 51975 W3k 2,

Tablel Primerswith homology armsused in thisstudy

Primer name Primer sequence (5'-3')

lacl-tkF CCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCCTAATTTTTGTTGACACTC
lacl-tkR GATAGCGCCCGGAAGAGAGTCAATTCAGGGTGGTGAATTTAGTGAATGCTTTTGCTTG
lacl-500F GATAGCGCCCGGAAGAGAGTCAATTCAGGGTGGTGAAT AGCTACCAGATACCATCGTC
lacl-500R CCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCGAGTAGCTTGATCAACTCTG
lacl-1 000R CCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTAAGAGCGCATGATACGGAC
lacl-2 000R CCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCGCTGCTGCATAGGTTGCTAC
ack-tkF TTACAAAACAGCACCGCCAGCTGAGCTGGCGGTGTGAAATCCTAATTTTTGTTGACACTC
ack-tkR TGACGTTTTTTTAGCCACGTATCAATTATAGGTACTTCCTTAGTGAATGCTTTTGCTTG
ack-500F TGACGTTTTTTTAGCCACGTATCAATTATAGGTACTTCCAGCTACCAGATACCATCGTC
ack-500R TTACAAAACAGCACCGCCAGCTGAGCTGGCGGTGTGAAAGAGTAGCTTGATCAACTCTG
ack-1 000R TTACAAAACAGCACCGCCAGCTGAGCTGGCGGTGTGAAATAAGAGCGCATGATACGGAC
ack-2 000R TTACAAAACAGCACCGCCAGCTGAGCTGGCGGTGTGAAAGCTGCTGCATAGGTTGCTAC
dbpa-tkF TCTCATAAAATTGTTGTTCAATGGGTGGCAAAGCATCTGTCCTAATTTTTGTTGACACT
dbpa-tkR CGCCTGCTAACTTTGCGTCGATGACCACGAGAATAGATTTTAGTGAATGCTTTTGCTTG
dbpa-500F CGCCTGCTAACTTTGCGTCGATGACCACGAGAATAGATTAGCTACCAGATACCATCGTC
dbpa-500R TCTCATAAAATTGTTGTTCAATGGGTGGCAAAGCATCTGGAGTAGCTTGATCAACTCTG
dbpa-1 000R TCTCATAAAATTGTTGTTCAATGGGTGGCAAAGCATCTGTAAGAGCGCATGATACGGAC
dbpa-2 000R TCTCATAAAATTGTTGTTCAATGGGTGGCAAAGCATCTGGCTGCTGCATAGGTTGCTAC
glk-tkF AACAGCGACAATGCGCGGCGGCAATCGGTGCAGCTGTCATCCTAATTTTTGTTGACACT
glk-tkR CAGGGCTTGATTACCCCAGCCTCGAAGCGGTCATTCGCGTTAGTGAATGCTTTTGCTTG
glk-500F CAGGGCTTGATTACCCCAGCCTCGAAGCGGTCATTCGCGAGCTACCAGATACCATCGTC
glk-500R AACAGCGACAATGCGCGGCGGCAATCGGTGCAGCTGTCAGAGTAGCTTGATCAACTCTG
glk-1 000R AACAGCGACAATGCGCGGCGGCAATCGGTGCAGCTGTCATAAGAGCGCATGATACGGAC
glk-2 000R AACAGCGACAATGCGCGGCGGCAATCGGTGCAGCTGTCAGCTGCTGCATAGGTTGCTAC
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The single underlined sequences indicate homology arms.
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®2 AARATALEZESY

Table2 Identification primersused in this study
Primer name Primer sequence (5'-3')

laclF GCATCTTCCGGCGCTACAAC
laclR CGCTCACAATTCCACACAAC
ackF TGCAGTGCATGATGTTAATC
ackR GGGATCAGCATAATAATACG
dbpaF CACCACCCGATGAAGAACC
dbpaR GAGGATGGCTGATGCAAGC
glkF GATATTTACAGGGAGCCTG
glkR GATTGTCATGGACGATGAG
catjdF TGGAGGAAGGCATTGAGATC
TetA-R TCCTAATTTTTGTTGACACTCTA

12 A&

121 Hw/HBESEECORZENHESHE

LA

W LR SR R A 7 W3110 55 34~ 1 4%
1:100 (500 pL) #ikF] 50 mL SOB ;5 Ak,
30 “C. 180 r/min 4% 9% & ODgo 1 0.4-0.6 2
). #RJG VKM 30 min (%A pSim6 kL 1) B kR AE
42 ‘CiF% 15 min J5 UK 30 min), # FibH IR
BERS B E K AL FEY 50 mL N MBSO
4 °C,5500r/min, 7 min &.0BCERK, 7,
Jin 1 mL B ddH0 &, Fin 15 mL ddH,0
1RAT, n 15 mL Hh/H EE B A 28 S, 218
A, S, 4500min, 6min, 4 CE .y
B IWFEMLmL Hil/H R ERS T 1.5 mL
/) EP4, 6500 r/min, 4min, 4 CE.L; J53F
VE I s v S AR 24 S 200 pL .
I 50 pl %275 5 300 ng AOFTH#E4>F DNA H Bt
PEATHEE (51 MR 1.8 KV, HLZ 25 uF, HBH
200 Q), 7 BIf 2 mL SOC K33 75 2 h,

1.2.2 £&HE DNA /54 DNA B4

[ PR BTG GC & it 5] HoAr i
2457k 50% JE I, K EEFE 35-50 bp fefE, ARSI
P31 Rl A R N R B el R R K 38 bp
DL K 21 bp (4 3G 51 WA i i T DR EC 3
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P 98 'C 5min; 98 C 10s, 55 C 30s,
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R4
2 ZR50M

2.1 ack fim K pSim6 5 kil Bx A

ack %A (GenBank % 5% BAA16135.1) J&
KGR FE R _E R IE A, Rk L%
fity, & RYER AT LRI, BE A R i
D MR AT 0 A A TR A A D A B
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HyEFRA (K 1B, 1C) ErlLIWigEs]. pSim6 5

A

2500 bp

Con cal500 catlk catZk

cat500

catlk

cat2k

1 ack I RHIEHMES

kil S5 pKD46 5 kil BCH G M Huds, a5 F5
EHOREAR L, H cat500 MANE R BE, pSim6 #
KRR L B catlk [UANEF B, pSimé
B S pKD46 2 58 i 5 §% cat2k 4h
I8 7B, pSim6 TR i 5 pKD46 2 50 A .
PRI FRATTXF pSim6 JEkz 5 kil ¢ i) S 21 sw pe A 7
PCR %3¢, &Rk#kik 234, HE 3Kk, 1D N
TG BRI L vk o0 M. P 1E S IR 1D 53 (%
AT EARCE A, EH AT LIS S| 500 bp
FBARE w2 i, HAEFE 90%L I,

ack locus

—_ 120 O W3110 & DHI10B ®m MG1655
&\i 100 ,
2 80 :
e
v 60 i
= 40
2 20

0

500 1 000 2 000

Length of subsirate dsDNA (bp)

Con cat500 catlk cat2k

250
1000
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Fig. 1 Recombination efficiency analysis of the ack locus. (A) Identification of recombinants harboring tet/kil by PCR.
1-3: PCR identification of recombinants; M: DNA marker DL 15 000. (B) tet/kil substitution with dsDNA in different
length (500 bp, 1 000 bp, or 2 000 bp) using plasmid pKD46. Three independent experiments were performed, and a
representative replicate is shown. (C) tet/kil substitution with dsDNA in different length (500 bp, 1 000 bp or 2 000 bp)
using plasmid pSim6. Three independent experiments were performed, and a representative replicate is shown. (D) PCR
detection of the tet/kil substitution using plasmid pSim6. A total of 23 colonies (lane 1 to lane 23) were screened and a
234 bp (cat500), 746 bp (catlk), or 1 733 bp (cat2k) product indicates successful substitution by donor dsDNA in the
ack locus. M: DNA marker DL 2 000; C: control. (E) Positive rates of tet/kil substitution using plasmid pSim6. Results
of three independent experiments mentioned above were analyzed and positive rates were cal cul ated.
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KGN ZE 1000 bp, H4HHAE 71%-88% [A],
AN R Bk 2 000 bp B, [R5 S 410 E L LR
50%-94%, pKD46 5 kil B FH 5 1 8 4 i 84 )
“} 82.61% (500 bp). 47.83% (1 000 bp) F1 13.04%
(2 000 bp). 45 F 2 W] pSim6 5 kil B )5 Lt pkD46
5 kil B A A S0R A T B A

lacl i =B pSim6 5 kil Bx A
Wt e ack {7 s PEFT AR A B R B 4L
pSim6 ik kil BB, 5 pKD46 ik kil
BFMI LS, EARCRMXHE S . Xk, FATEL
b AR LT AT pSim6 Tkz Al kil J 64 2R Ge ik
AT Z RS A, B 75T TR R Y 4124
R Pk T BN 3 ARG EAE LA lacl®?

2.2

A C

2 000 bp

Positive rate (%)

(GenBank %5t 51 BAE76127.1) . dbpal® (GenBank
5%k BAA14946.1) . glk® (GenBank %5t 5
BAA16258.1) #4150, B JEXT lacl BRI ik
v, S8R E 2 s, 514 laclF #il tetA-R
(tet K v o) % KR 1 931 bp, UEBEIITE
FIPHPEE A (8 2A). & 2B ] LI 5] 500 bp
h BARZS Gy e dte, F4H 48k 85%-100%, K JiF
JZ 1 000 bp, F4HTE 60%-80%, FME A B R
2000 bp B, w5 H 41 1 41 2K 2408 50%-60%.

2.3 dbpa L&k pSim6 5 kil BEFR

$& &%) dbpa {7 s AT 0 Hr, 514 dbpaF
I tetA-R (tet A ¥ hral) % KA 1833 bp, iF
WIS EIPHPEE AN (8 3A). [FFEBkE 23 4>

lacl locus

1201 5 w3110 @ DHIOB m MG1655

100
80+
60
40
20

500 1 000 2 000
Length of substrate dsDNA (bp)

B
1 23 4567 8 91011121314151617181920212223 M C bp
cat500 —
e e eSS S B0 TS S B S5 S0 0 T S e B S S e B e e 250
catlk 1 000
2 000
cat2k B

&2 lacl MAREHMES

Fig. 2 Recombination efficiency analysis of lacl locus. (A) Identification of recombinants harboring tet/kil by PCR.
1 and 2: PCR identification of recombinants; M: DNA marker DL 2 000. (B) PCR detection of the tet/kil substitution
using plasmid pSim6. A total of 23 colonies (lane 1 to lane 23) were screened and a 268 bp (cat500), 780 bp (catlk), or
1 767 bp (cat2k) product indicates successful substitution by donor dsDNA in the lacl locus. M: DNA marker DL 2 000;
C: control. (C) Positive rates of tet/kil substitution using plasmid pSim6. Results of three independent experiments
mentioned above were analyzed and positive rates were cal cul ated.
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BEkEY 1A REL AN A B v BEVEXT R, 51
Y catjdF (JME B ERSERETFS) 5 dbpaR §”
B, BHUIRBEEER VO ISR 450 . B
SWHCEE, 255 & 3C . MK 3B M
| 500 bp [ BUARZ Zy ¢ e, S F8 51k 97%LA
b, KJERINZE 1000 bp, 4 FRLE 82%-95%2
], SIS F Btk 2 000 bp B, [R] 35 5 41 (1) 5 4 %
25k 75%—82%.
2.4 gk fLEH pSim6 5 kil Bk

R PR T EAE TR 3L gl 7 o5 B4 740 #

A

cat500

catlk

cat2k

3 dbpa I REYEHME S

2 500 bp

FHS 197 glkF Fl tetA-R (tet KuifE5)) %K KE N
1969 bp, AR RIFHTEEAE (K 4A). A
FEPRIE 23 s R 5 LR B SMIE i B o s A
XTRE, H15149) catjdF (JME R B: EERE P4 5
ol kR 43 , St e WH5E e rEL VK I 41 REOULER TE 86 55 -
A 3WHCEHME, 45 R WA 4B k. MIE 4C
WMEEH] 500 bp F BUARZ 7w, HAIH &L
85% LA I, KEMINZE 1 000 bp, 4RI
63%—100%Z 8], #hi§ Bl 2 000 bp B, [a]i
A ELLR AN 42%-84%.

dbpa locus
[ O W3110 O DHI10B m MG1655

Positive rate (%)
D
()

500 1 000 2 000
Length of substrate dsSDNA (bp)

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 M C bp

250

1 000

2000

Fig. 3 Recombination efficiency analysis of dbpa locus. (A) Identification of recombinants harboring tet/kil by PCR.
1-3: PCR identification of recombinants; M: DNA marker DL 15 000. (B) PCR detection of the tet/kil substitution using
plasmid pSim6. A total of 23 colonies (lane 1 to lane 23) were screened and a 234 bp (cat500), 746 bp (catlk), or
1 733 bp (cat2k) product indicates successful substitution by donor dsDNA in the dbpa locus. M: DNA marker DL
2 000; C: control. (C) Positive rates of tet/kil substitution using plasmid pSim6. Results of three independent
experiments mentioned above were analyzed and positive rates were calcul ated.
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glk locus

120 5 w3110 @ DHI0B B MG1655

100
80
60 |
40
20+

Positive rate (%)

500 1 000 2 000
Length of substrate dSDNA (bp)

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 M C bp

cat500

catlk

- WY W e W S

cat2k

4 gk LR EHMES

250

1000

2000

Fig. 4 Recombination efficiency analysis of glk locus. (A) Identification of recombinants harboring tet/kil by PCR.
1-3: PCR identification of recombinants; M: DNA marker DL 15 000. (B) PCR detection of the tet/kil substitution using
plasmid pSim6. A total of 23 colonies (lane 1 to lane 23) were screened and a 373 bp (cat500), 885 bp (catlk), or
1 872 bp (cat2k) product indicates successful substitution by donor dsDNA in the glk locus. M: DNA marker DL 2 000;

C: control. (C) Positive rates of tet/kil substitution using plasmid pSim6. Results of three independent experiments
mentioned above were analyzed and positive rates were cal cul ated.

3 itk

i P R VR E P (RN B SN
2, Bl DNA BUARTRE AR, IF0HAR
I AN 7 BRI P9 DI . Datta 25 kg it T — 251
P E L BTRL, pSim6 2 B [T 1R i B A v A SR
‘B pSim5 FURLATAE R, SRR B E
il ik pSC101, 16 AMIKHE D14k, 7Euhirh IR B
T Exo FUFIRER tL3 2 k7, X LAB; Ik
Exo Y3 BERE S =k A ori X3, Bk Y Red
W RGAEMEHUR (YS) Ml AT C1857 il
pL F2\F ik, 76 30-34 C Ml N 744 15
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MiRLLE pL #9\ T3k, & 1k Red F 4195 5%
R TR 42 °C, BBYBEn AN, 5 3h Red
RGN T 10 BRI, BH s 35 PR 38 & 1
454 pL #YF, EHLE Red R, FEZKE
K R WiAES 42 'C. 15 min N &R FE Ik Red B
2R TG 1 B AL 5 P9 AR L =2 Wi T 0 pK D46
FoRit, AHEE Y (L-FIRAAR) MiES,
HERRaR A =, R,

R T AESE R 2 TR oAy i i A TR U —
RIr s, TEARBFR A RAVE T —Fhog 8 0 S ik
PERRIC B kil kil B EMRE &R (o
30 C),pL # cI857 il , ATl kil &A%
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TR E R R 42 CH, B RTE R 1857 ik
FEFRRERLE pL Esh T, Jash T kil S ;s
L, AT F AT . 78 Z AT R BE
FO e 20 kil LR B e e 3 SR
FERBERER 3 ML HEFT T 4007, RIS ™
A S LT R T tet-sacB dEHE %
Z5:18) TR ATH pSim6 Bk kil BE RS
R, 7 3 AF A KM F 3 B bk W3110,
MG1655 1 DH10B ] 4 ~3E i JEFE 5, lacl |
ack, dopa il gk #E47H LR A B,
SR kil EARCRA S, A DUR 455
HPIE B 500 bp BEAHRCE P TS Z Al kil 1R
. 1E 80%LA |5 4AME A Bedgfin % 1000 bp B,
G B A RCR 2 R 2 00 kil JER 1 1.2-2 1%
YA BRI N Z 2 000 bp B, B S A E 4 A%
AL Z AT kil ZEHAY 2.2-5 %,

I P i AR K ) DR R R AT
A REK [ pSIm6 B A4 of ¥ DL1E R B SR T
WA kil JE PR = A g, L TE 42 C%
PEF kil 2K AT LA s s RS R I A RO R A1 2
BRAR o IXCFPRICR A 22 5 AT BEUH R F kil SR
R P 2R P VA

Bifi o 5 DR TR e o bR, R BRI R )
P H R T, AR A ALY Red ®
¢ ZRGE I pSim6 [Tk IE 1 5 # Y kil PR R 4
X—HARMA, BT OEFRCMm S 5, [H
B EE R T XS ORI s AR . RIS Sk
HERAGUVH F R kB RS R R — R, 7E
— T, kil PR EE AN RIS ME R
RGP, (RTEIZHE AR PR T E AL K
AOTRE T . ARIR IR0 A S s Bt A, kil R BR
THREEMZIN, SEMENER. X R 8
FERLLEAE LN A —E LS, T 4R
THEZM R AR AR R ) R L R 4
M AT RS AR 5 T IR, 0 TRk, R

&: 010-64807509

B 114 e G A HOINAESE , NI HfESh T BUZE YR
SARYHT S R
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