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& B BUH I T % S8 . E. coli DHS5a. E.
coli HB1017E37°C ILBIRMERT 77 & A FRL K
JFF R AR HAS T (BT L A NI N BT AR 2R 50 g/
mLH A E R (Sp). 100 pg/mLEA R HFEHER (Ap) 5L
10 pg/mLPYIR &K (Tc)s 20 pg/mLEFEHF & (Cm), £ 1
2Fh B UL AR IR Y . BTABG11ELBIA
PREEFRFEPAMNINLS% B R . B R m M BG11[H
PRREFRELN N0 pg/mLARFEE R 2 (Sm) 525 pg/mL
HWMEZ (Sp)), I 1 XA e i AL T ) BG 11 [ 4
B SR PR IS Y%K ERE . FikipRL443™, pRL623 ™
FIpRL277" "3k 15 2 [H %5 6 # M4 37 K 2 Peter Wolk
1.2 DNAMESE

4 7L TR 4 R S TR Cai Wk 7 38 7
J5 T, REhnfEE. 50 uL PCR S MiAA 825 L
2xPhanta Max Buffer, 1 uL ANTP Mix (10 mmol/L),
EFUEBIP(10 pmol/L) %2 pL(3£ 1), 1 pL Phanta
Max Super-Fidelity DNA Polymerase(1U), #A DNA
i, A HddH,0%M £ 50 pL. PCRMNFEF: B
%6, 95 CHlAE 14 3min; S35, #4895 CALM:15s, 58°C
1Bk 15s, 72°C ZEfH 1min 30sHEAT 30 NMEIF S M ;
Ja, 72°C 4 FEHSmin. @A PCR N 2 JESCHR[18]
BEAT o PREITERGY) . A DNA 4 #11F
#Molecular Cloning' ik it /7 1= 34T« Pst 1
FiSac T BR#IE N DIBE. T4 DNAZEREEIN H =4
W TRE(CRE)VE PR AT . PCRIZHIZ B A HH LR H
VKA J5 P 20 B0 I I e vk alifh . 2 5 ik
PCR7=¥%:Pst | MSac 1 BV 52 b 2 M1 (R W V)
IpRL277H, B 15 v b 35 28 3 I 13 360 30E A PR 5
13 IEEMKBTENESRED

RIRPEPCC 794286 % 2 R STHR[20]33 17,
WA sl . Rl AE K £ 0Dy N0.8—1.21F B
10 mL7E 2 o USC4E, FIBGT 193K, EET1 mL
BG11H . [AREE10 mL E. coli HB101 (pRL443+
pRL623+iz# i kL), FHLBYEE3 K I H & T 1 mL
LB . WA R A, 9960 B 4h )5 i 2
A R AR IEFEIBGLIPAR &, A PR
BAI200 pLE TR S JEIE24h 5K I RS A
10 pg/mLA R EE B R IBG1 1P HR b 4k 815 37 2 4%
HTKH,
1.4 IERFRTHRAVIFIE

RAZ PRI 57 156 2 5 1E A R FEPCCT 1207 i ib
F) 792, L 75 308 X8 e I AN PR AR AT 2 b
0o SRS FIES IR R = TR - RIZ 37,
Rkt 2 JE 520 mL A M R A R UBG1 1

AR 75 IR BUIE R 4L DNA, #E4TPCRAS I 37 1% 5¢

OB HIRAS T SRS, R IS S%EREBG

[ A 155 % L HEAT DS e F- B IR 16« A RS He T
#=1 AHRHAREEIY

Tab. 1 Primers used in this study

Y : ' i )Eﬁjé‘:
5|YPrimer J¥%Sequence (5'—3") Purpose
pRL277-F  CGAAGAACTGCCGATGTCCAG T
pRL277-R  GGTCCTGCAACTTTATCCGCCTCC  HIAll
2?50‘0064‘ AAAA| CTGCAG [GGCGCTCAACT
TCTCCTGT
0050-0064- CGTCAGGCTGAGTAGAGGTTCGGG . oo
RI AGAATCACTCACGGGATGCG Tk
0050-0064- CGCATCCCGTGAGTGATTCTCCCGA PIE{,J%“;Z
) ACCTCTACTCAGCCTGACG T
%%50'0064' GCC| GAGCTC (CTCGCTATCGCTT
CGC@
0050-006 4_F,SgéTTAAGCCACTCTGTTTCCATAC
0050-0064-2 ACATTGCCTATCTCTCGGGTGATT .

RAZ
0050-0064-1 géGCTTTGCATGGAACTGCAAACCG FRER I
0050-0064-
Rl

32133-0253' AAAA| CTGCAG [GCGTCAGTTTG
CAGC AAGCCG

0233-0253- CAGCACCATTCAGATTGGCGCCGAT »
RI AGAAACTAGTGACTTCAATCTCACC /H 17Uk
0233-0253- GGTGAGATTGAAGTCACTAGTTTCT PHB65§_2
F2 ATCGGCGCCAATCTGAATGGTGCTG [IHE

CGGAGCTAGTGGATGGCATTCCCC

0230253 Ged GAGCTC GGGCAGTAGCGC

CTCCACCCAAACCCGC
0233-0253-F TCGGTACTCAGTAAGCCTTCACGA
0233-0253-2 ATCGACTAACTCCATCTCTCCTAGG R T 55
0233-0253-1 GACCTCTCATTCACCGACTTGAGC  #k e

0233-0253-
R!

591'1400‘ AAAA| CTGCAG [CCCTGTACTTG
CGGCCTGAAT

1391-1400- GGTCATACGCTGAGGAGACGCCAG

TGAATTCCCCAATGCCGACGAATGC

R GAGAGTGCTGGCCAAGCCTTCTGGG H 1 kL
1391-1400- CCCAGAAGGCTTGGCCAGCACTCTC PE{,\JB*,?%S
) CTGGCGTCTCCTCAGCGTATGACC i

P00 Gedl GaGeTC [GGGGCTCATTGT
TAATCGTTCTCGAC

1391-1400-F'CGCGGACAAGACAGTCAGTGGC
1391-1400-2 GGTAAATCTGCAGCCGATCAGGTG
P15

1391-1400-1 CAGACGCACCACAAAGTCCCTGC  BRH#&M

}1{3, 91-1400- CAACGACCAATTTCTGAGAGTCCTG

TR RIZAN T AE P KPR A AR E IR, I E R
FEAE TAY) TRE( i) B A PR A 7 3EAT

Note: Underlined and boxed sequences were indicated by
authors, the primer synthesis and sequencing were performed in
Shenggong Bioengineering (Shanghai) Co., Ltd
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A9 75 X 3, BISynpcc7942 0050~Synpcc7942
0064( & #£0050-0064). Synpcc7942_0233~Synpcce
7942 0253(iF£0233-0253). Synpcc7942 1391~Synpce
7942 1400(fiiFK1391-1400), 1F & FI FpRL277H4
T R T AH B DR 2H X B B s R . BLO0SO0-
0064 4, FFKADNANE . L5 #0050-
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Fig. 1 A schematic diagram showing the deletion of a large DNA
fragment via two-step homologous recombinations
Kl A R R T B0 R 8 O B A e B G B O RR
PCC7942 L K2 1, 3Rk4547 43 Sp /Sm'PLitk (I B AL ¥ 7 2 J5, 1E
PRSP AR_  108 2% A 58 IR A B R B
The plasmid with two homologous DNA fragments was integrated
into the genome of Synechochoccus sp. PCC 7942 via single
crossover; colonies with double crossover were selected on
sucrose-containing plates

SRAT A M B DX 38 79 0 g ) R, K A e R
PCRIRTG MR & Fr BEZ Pst 1 FlSac | BV I a4
JRIpRL277, 1532 F T 0050—0064 3 [X 21 [X B il
KRB kipHB6442 . H [RIFER 732 e FEAS B T
0233—0253 F11391— 14007 R 45 [X B B 1) 5 ket
pHB6522H1pHB6615 .
22 BRBFHIREG

BB e F (1) 58 TR B IS BOTURL A B SR RN
AR, R T B8 E TR
pRLA443, 4 Bl R NpRL623 . 3 i 3% A0 15 4 2 (1)
pHB6442. pHB6522 FllpHB6615 =N iz % )i K4
WEE NE. coli HB101(pRL443+pRL623), 5% H T
BB I3 FRE. coli HB101(pRL443+pRL623+
pHB6442). E. coli HB101(pRLA443+pRL623+pHB6522)
MIE. coli HB101(pRL443+pRL623+pHB6615).

W434NE. coli HB 101(1& %5 Fi-+pRL443+pRL623)
B IR ) )5 SEEREPCC 7902 1T B & #5745, 18 80T
FLEERS BEA M . T %A WA T, B3R
WEASREAE TR B = S, 06 200 i A8 7 (0 [R] Y
T 55 B R 20 F 06 75 X 3 3 B T U R
KA (A 2). B FRE RS, BT
RIFREAFAETPCC 7940202 R4 | Frfi k& it
LRI L, DAEERR S 1) 51 (3 1) TPCRETI .

fESynechococcus 7942::pHB64428: & 1 [
PCRAG I, 5 I BE AL 977 14 14 & R B — P B
2[RI AR b3 R Vi PR B AT B (1) R AR Bk
(G R ARM). K 3HUKiE1—12ASynechococcus
7942::pHB6442 [R5 & Az 13l AT Uit SR A8 $ B A (1)
FAZRALI . Pk Synechococcus 7942::pHB6522
s

B
—

PRL277 AR I R’
= : — -

>
F1 RrR2 F1

Tl EE

R TR pRL277
1 i

— - ! * -— £ >
2

1 R2

K2 AT IPCRATIN 5 o B /s 2K
Fig. 2 A schematic diagram showing the location of primers used
for PCR detection of single crossover recombinants
FAIR P R LASM T 51 8 5149, FIRIR2 9 -4 18 Rl IR
B B4 51 WP 225, TR AR IBR AR i DX R 51 4
F" and R’ are primers beyond the two homologous arms, F1 and R2
are 2 of 4 primers for PCR amplification of the homologous arms,

1 and 2 are primers located within the large DNA fragment to be
deleted
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FSynechococcus 7942::pHB6615 ¥ & 11T
PCRAG I, R G FNXMIF L. &l 3rpikiE 13—
18 N Synechococcus 7942::.pHB6522 KA R A8
KL A ) RAZ PRGN, KB 19—24 N Synechococ-
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Fig. 3 PCR examination of completely segregated single-
crossover mutants
PKIEM, N1 kb DNA Ladder, 257 K/ LT KK AZ10, 8.
6+ 5. 4. 3. 2. 1.5, 1.0M10.5 kb; $kiEM, N Trans 5K DNA
Marker, 2 K/N BT R KIKES 37 20 1.5, 1. 0.8,
0.54110.3 kb; JKi& 1 /12 HpHB6442 AT i & 1, kB3 A EF 4
R4, 51¥°80050-0064-F ' /2; $KiE4RI5 NpHB6442 AT Huf &1,
KB 6 NEF AT, 1 H0050-0064-F /R2; WKETHISH
pHB6442 LAZ ez & 1, WIE 9N ET AL, 51¥)°90050-0064-
1/R’; ¥KIE10/111 NpHB6442 AT e & 1, WKIB 12 0BT AR Y,
5|91790050-0064-F1/R"; 3K i 135114 ApHB6522 AT ¥ e &1,
VKIE1S B AT, 514)°90233-0253-1/R"; WKiE 161174
pHB6522 AT Hudle &5 1, kB 18 9 A B, 51 4990233-0253-
FI/R’; ¥kIB19F120 pHB6615 A AZ Hede & T, vkiE21 N EF A 7Y,
51%1°81391-1400-1/R"; $KIE22F123 ApHB6615 LA bz &5 1,
VKIB2479 87, 5191791391-1400-F1/R’
Lane M, 1 kb DNA ladder (from top to bottom: 10, 8, 6, 5, 4, 3, 2,
1.5, 1.0, 0.5 kb); lane M,, Trans SK DNA Marker (from top to
bottom: 5, 3,2, 1.5, 1, 0.8, 0.5, 0.3 kb). Lanes 1 and 2 show PCR
detection of Synechococcus PCC 7942::pHB6442 single-
recombinants, lane 3 shows detection of the wild type (WT)
control, where primers 0050-0064-F /2 were used. Lanes 4 and 5,
Synechococcus PCC 7942::pHB6442; lane 6, WT; primers: 0050-
0064-F'/R2. Lanes 7 and 8, Synechococcus PCC 7942::pHB6442;
lane 9, WT; primers: 0050-0064-1/R". Lanes 10 and 11,
Synechococcus PCC 7942::pHB6442; lane 12, WT; primers: 0050-
0064-F1/R’. Lanes 13 and 14, Synechococcus PCC 7942::pHB
6522; lane 15, WT; primers: 0233-0253-1/R". Lanes 16 and 17,
Synechococcus PCC 7942::pHB6522; lane 18, WT; primers: 0233-
0253-F1/R’. Lanes 19 and 20, Synechococcus PCC 7942::pHB
6615; lane 21, WT; primers: 1391-1400-1/R". Lanes 22 and 23,
Synechococcus PCC 7942::pHB6615; lane 24, WT; primers: 1391-
1400-F1/R’

cus 7942::pHB6615 & A it 5L AT #8855 1R R AR
R/l
2.3 Frric bR

B T8 #50kL b 5 R SOt Kl sacB, Fir LA
BT W RA R AN BEAE 5 S%E M FIBG 1 115 753 AR
Ko M FH R 07 108 555 — D A, T RESRASSE [A) R
ARk, 0] REIRAT B 5 A B AR Y (e TR — U
AT, BER % 15 50%, R 7 B Z A RE S
fR) V& Pk e AR TC I BR AR MR . Bk ER R A 1
BRI TR, KRR, RETRE, HATPIxT
PCREZ I, PCRYIE30MEIN . B 4 BRI 43145
F) TE A 10 A 4 22 48 Bk ASynpee 0050-0064. ASyn-
pee 0233-0253F1ASynpee 1391-1400, Fil B4 Fr BE)
FE10 kb EA L=, FCAH i b 58 A 35 A B A B BE DR A AP 7
3 Tig

SRRz A O A TR RIE TR T AL
WEFC. 2an, 75 KM i (Escherichia coli)K-12H i
BRARRE A BRI R FE R R, SRS T AR R A s b
15% R . 2% Mk A K B 0 AR 1 kg
WKIH R 47, I H o5 A R R iR AR e PR S MR
B E . Han, fEALELZF fM B (Bacillus subtilis)
I R 7 B DKL, 3RAF T — ZR 51 35 IR A ) el A2 2
AN TR FRT TR PR o 16 2 A 119 A2 K e ARG A R R AR
%, A = B e & e
B 55 A LA R (1 AL, 225 DR 217 4t 2 7 0 TR
AR AL AN AT FE EE . RERVEPCC 79425
RIZH e/, i R A b A R 2N 4 R4
%558, N, AT P R T R R 2 1 T Ak
TAE,

i By T [ 5% 7 2H A0 2% A BUAE B DM sae B W] AE
WG S TR SRAT T AR 10 (0 M 53 S ALk, B FH T 26 DRI 2 1
A3 — e R BE T LA 2R M DN A B Ak 40 o ok
SEPL, AT DU R ) S R R I . SRR
PCC 7942 1)t A& 45/ 18 % =2 5 B T DNAR AL AR
H, R SEBR 584 v] DOR 46 3 44 TR SN
FLam i, iy TSI AT Mok B, SRR I RUR
EEfRE . ARG RER, BB LA S
W PORL S AL, JFIR1S 1.

1E LA I 38 A, I A% 4o 1 [R) I 28 Fn
sacB W) 554 BUFUAE F v] DLLE W5 8 07 10 SR 15 — 2L/
F BADNAM Rt g4k, i HL, eh 05 s i o
B 22 I DR 2E Y, A P A 5 ) 0 2R B AR
DRI B, (65 20 B AL s iR AT Ptk i B b
0, AR 2 0 B R 23 59 58 4 (1) RAT K, Ak 24T
51T B AL A BE PR AH 1) R AR bR . AR AN, FRATTR IR
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recombinants; lane 6 was WT using primers of F'/2

IR IZ —J792 7] DAAE SR BREEPCC 79425310 kb LA
DRI B, FE ELAE3AN R 7 X8 A o o
AT T T BRI, A% 4 0 D5 92t AT DA
BRIV AT R BB, i SEIR I A . — R,
s /-0 R E NS B A | B Y PR A 35119
N, AH R AETRATT ) S50 vt W 552 380 J5OR [] BN 2
A BIAH R B BRI . IR TR
[ B 5 A AT 4 R BT e 1 HEAT 5 D S AL Ik,
BRI 0 BRI AR . B, LEM R
Synpcc7942_0050-00643E K 2H [X BL i, e i |1 i
[ B A LA i () AR 3R AT 56 — D B A i, BT
D154 3 B 4 88 23 15 58 4 IR R 2R R AR Bk .

WA B A T sacBI Tk R 40 5 F-
ST AE L2 R [ 006 R R D R 1, SEBr b T F 4
M & . BT L, JRATTA B AHAE, A0
FRE TN I K P BB TR A A I 7 9 A v et A% B AR 1Y
iR R ZEAN . RS AT IE W 1E S [
T 2R 3 R AT DA K WA AR R DR A Kl Bk AT
TobRiC I BR, (H 2 H P A5 i e — MFE I K, A I
A LLIRAT 58 200 B I R A bRk, A B ST IGE,
TEEMLEE (Synechocystis sp.) PCC 6803, Bk
(Synechococcus sp.) UTEX 2973 F1 4 )£ 5 (Ana-
baena sp.) PCC 712055 3F i # o ity B Cpf1 nl S
FEREEN . BB E A Bl BOR,
7E 1 2 B PCCT7120H F] F CRISPR/Cpf1 2 [X] 4 45
RGN 118 kbR F BX ™. BRIBE, 9t — 45 5] N Cpfl
S5RE T IDNABY V) 2 o Bln] 225 0 JC b i M B
AR i e 1

FHIBR X B - 2 [RI2H.0233—0253
K4 73858 A WSS R AR I PCRAZ I
Fig. 4 PCR examination of completely segregated double-crossover mutants
WKIEM A Trans SK DNA Marker, 26 K/MM BT FARYGZS 3 2 1.5+ 1. 0.8+ 0.5F10.3 kbo JKIE 112 XS He 8248 bk, VKiEi3 N
SRR, SIMINF /R ; ik 4R SRS IRARKR, K6 AR, 5IMIAF /12
Lane M, Trans SK DNA Marker (from top to bottom: 5, 3, 2, 1.5, 1, 0.8, 0.5, 0.3 kb). Lanes 1 and 2 show PCR detection of double-crossover
recombinants, lane 3 shows detection of the wild type (WT) control using primers of F'/R’. Lanes 4 and 5 were double-crossover

R’ F’ R’
— —_— ——
| I 2 6kb .
—
2

F'/R' F'/2
1 2 3 M 4 5 6

HHIBA X B : 2 [R1ZH.1391—1400
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UNMARKED LARGE FRAGMENT DELETIONS IN THE GENOME OF
SYNECHOCOCCUS ELONGATUS PCC 7942 BASED ON HOMOLOGOUS
DOUBLE-CROSSOVER RECOMBINATION

KE Zhu-Fang"?, XU Xu-Dong' and GAO Hong'

(1. Key Laboratory of Algal Biology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. University
of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In synthetic biology of cyanobacteria, unmarked deletions of large fragments accelerate the process of ge-
nome simplification. In this study, three genomic regions of more than 10 kb, namely Synpcc7942 0050-
Synpcc7942 0064, Synpcc7942 0233- Synpcc7942 0253 and Synpcc7942 1391-Synpcc7942 1400, were success-
fully deleted in Synechococcus elongatus PCC 7942 via traditional homologous double crossovers. Non-replicative
plasmids with the two flanking homologous fragments were constructed and introduced into cyanobacterial cells to pro-
duce single-crossover recombinants. At this step, single crossover recombination occurred in one or both homologous
region(s). Next, colonies freed of sacB (a conditional lethal gene in the vector portion) were selected on sucrose plates.
Such colonies could be either double-crossover recombinants or revertants, depending on where the second recombina-
tion occurred; however, those single crossover recombinants with the plasmid integrated at both homologous regions
were inclined to produce mutants rather than revertants. Large fragment deletion mutants were then identified by PCR
examinations. This study demonstrated that traditional homologous recombination techniques can be used to generate
unmarked large fragment deletions in cyanobacterial genomes.

Key words: Genome simplification; Large fragment deletions; Homologous recombination; Selection; Synechococcus
elongatus PCC 7942



	1 材料与方法
	1.1 菌株(藻株)、质粒和培养条件
	1.2 DNA操作方法
	1.3 蓝藻和大肠杆菌的接合转移
	1.4 蓝藻突变株的筛选

	2 结果
	2.1 用于大片段删除的质粒构建
	2.2 单交换子的获得
	2.3 无标记删除

	3 讨论

