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H,@Y:-9H:;< Y9HH;YYF9BB>A@< @AE;< AY234%6R:<.< ,̂-_ .@ :?;D;@;<;B;:.,@ ;‘2;-.E;@:61+2%0/-’+2)W9-
H,@Y:-9H:;< [;H:,-2BAYE.< .Y9Y;F9BA@< H,@[;@.;@:F,-D;@;-A:.@DD;@;<;B;:.,@ .@ D-AE#@;DA:.[;=AH:;-.A6
))607 8"&+$! D;@;<;B;:.,@% [;H:,-H,@Y:-9H:.,@% E9:A@:Y:-A.@% D;@;F9@H:.,@

))Ês¥GHË’KÌÍw�ÎÏÐÑÒÓ¥GH
+�ÔÕÖ×ØÙ�’($Ú¨¢Û�Ü$�ÝÍw’
KH�¦ÐÑÞßàá)!$&* & Kâ$ãäÐÑÒÓå
æ’KH�¦Ý\�çÛ*+,&.:H0Wèé&
ê.:¥G’K�¦Hë?0Wpq$ìíîï��
�’KH�� $¯�ðñ�� òó�ôõJÙ’
Kö,H�¦&
))¢Û÷øAH¥G’K��pq�Ãù0Ì$�

AÒúpq�BûüZýþÿ!¯"#$¥GH’K
��%�no$K�&’kZ��(F XG7Hhô$
¯ê%sÿ¥G)B*�+�,-. "/0(F
XG7#H1¤$íà2��(FXG7hôH$M34Û
�¥G��+�.H��56& �BÒë7¥GH’
K��¢Ûë8�9Ò:H;<!=¤g@H>?³
=>��H’K$¯�@0Ì¨ABO³)(* & Ãù0
Ì��H7óCTsú$XYTDÏ��+e��+L
M+’K9EÄ& ÚÒÓ7óF¯1¤ëÓG0HH
IJ$K�¥G’KKKZ’KLMÇ5NOHpq
PQ¤ëd$PRøøT’K0SHTU$Kâèä5
6V¾¢H’KWDÏ+XY�iv+Z[MÇy[�
�$\k¦]^_5NO�S‘’KHòa$Ò7bU
«"2,BA-;FF;H:#]cd�¢H’K�¦HeJ]f&
g,ëp²$h¯e��ài\bU«$Ú)B’Kj

’’&&
! (! k! &(l
&""’ m !&n

)) !)")#)$)%)&)&)o
7JZ7)7J7XKOR7K)OKXRJRG7K)ORQRZ7/R8)ZK/ZR7K

))a,B6(!$ G,6&(
X;H6&""’



p�q1¤"k¦rTëÙst�qH�¦#$Ck¦
]cd�’KH]f& ��uvÒÓIJ$T&Ç>
w�¤xSCJ/"H-,YY,[;-CJ/#’(³H’K���
IJLMpï)%* & ¡.:ðñSyz${A�z|y
zNO{|��ZýS‘\]$=>� ! ?@ABC
DEFGHLMNO$}¤�CDEFG��¢H’
KHIJLM$�¥G’K�¦H.:ØÙ’(&

9:TUVW<

!6!)/0
))%~��GXS$$+%~��G 8!5#!b%2.-+������
G7ZJJ*"’" �¡-./r1G & >? 2PZ#E.@.#Z@$)$* $
27J3J!55+23QZ7J5 �¡-./r1& �������®
MA:Y,@$�ú�-.|�f.��®�+,&
!6&)1234
))A123#+$%"/"�.- 2PZ#E.@.#Z@$ 0E>?$����
�Á�P��� (6$’ _= ��& ���XY�õùB /+0>
?H!^_‘aFbcde,-./+0|õùB/C% >?Hfg
hide!"#Zý���F��& î�g\�TstuveH
�+��$stuveH�w� $%"/"#&#’ "#()’"#*+,"#
*’%"#-"."#*)/"#-0/"#*’%##123#$lm 123#+$%"/"�
.-�$�³�������f$hô¨%~��G 8!5#!$�
A���F�{$��H>?��� 234!& ¤ 234!§�Ï�
����F�� "0E/#$�F��õ®B 27J3J!55$�A
CJ/pqtu�Ï¨ 234! NO§$�,wx�ò !$��HN
O��� 234&& �A$%"/".- 23QZ7J5$96’%1���
Ã:.-H 234&�f$�� 234(& ÷�A()’B" .-�M
���F��$��÷ HLMNO 234%&
!6()1256789
))�6Q=>NOHTUF$�A�NO�������G
7ZJJ*"’" H4//5’K�����IJLM& ¡=î� & �
CJ/�,"C!!+C* | C’ +C!&$�,wx�ò !#$]¢£¤
4//5’K³¥|[¥� ! """ =2��$)B & ��,§H�¦
�,"C*+ C’#T &!?§’H0S$¨kZ�A & ?,¦�,
"C!!+C!& ©ªî�� 123#.-ve#�Û� CJ/ö,��
xSCJ/$���M� 4//5’KHwx& £ CJ/ö,�f¨
24KO#ZNO³$@« 123#.-�$�f¨Ã:.-P�¬�
ôHLMNO 234%$£�fö,hô%~��G 8!5#!b%2.-$
����­®³�{¯Ftu$���H¯Ftu��.-|
CJ/°Ù& £NOlmfgpqhi¨#OG,,,����
��G7ZJJ*"’"§$±£ & úG²g³´BQ1­®§ !µZ
G¶·³$«m !" ?Z³³´�$£G¸¹[$¯��A��³
´’"]¢�T���� 5$ &DbEB${º­ !"" &DbEB#���
{& %~��G 8!5#!b234%#">;;T�����»#Ú�{º
­¼"$ê������G 7ZJJ*"’" �����¼"Ú�{
º­»#$Kâ½TçNOqg¨������G 7ZJJ*"’"
HABO³�$¾¦¤��­®³+¿& ��HqgO¥G¤
Z{|³´’§£%³´$¯�£³´À«@çÁÂ�ÃÄB
�T $cÅ�HQ1­®${A 6’%1’Kòaö,Hyz{|
6A��! & Æ�{$���H0ÌG �� CJ/°Ù$�{
LM & q?LMm4ãÇ ! ÈÉ&

X 9:YZ.;!<[\]^_‘abc
XÊ wx AË

0E! $d#ZZ74J44JJ4J4ZZ4Z4ZJZJ7777ZJZJZ4#(d
�����
F��£¤

0E& $d#JJ4474JZJ4J4JZ4744ZJZ4JJZJ4Z4#(d

OJ8!
$d#747ZJZJJ4J44J7Z7Z47JZ74Z4J44JJ4J474J
ZJ44JJ4JJZ744JJ444JJJZJZ747477ZZJ#(d

stuve

OJ8&
$d#477ZZJZJZ747444JJJ44JJZ744J44JJ474JZJ
4J44JJ4J7JZ74ZJ7Z7Z4JJ4J44747ZJZ#(d

C!! $d#444747ZJZJ4ZJJJ744JZZJ7ZJ47#(d
�� =>
|°Ù

C*
$d#4ZZ7Z777ZZZ4474Z4Z47744ZZ7ZZ#
4J4Z477ZZ4J47JJZZZZZJ7Z4J#(d

C’
$d#J7J4J77Z77JJZZJ7J7JZJJ777ZZZ7#
Z77JJ74Z7ZJJZ47ZJJ4JZ44Z#(d

C!& $d#444747ZJZ77Z77JJ47J4J4Z7ZZ777#(d
C5 $d#444747ZJZ74J7J7J7ZJ4JJZ477747#(d �� °Ù
C!" $d#444747ZJZZZJ4ZZJZJJJ74JJZZJ4Z#(d

! 交叠 "#$构建目的基因敲除拷贝

% 将敲除拷贝通过自杀载体整合到细菌染色体上

# 整合菌的染色体内发生双交叉同源重组，通过反向选择获得重组菌

& 有两种重组可能，可通过 "#$鉴定筛选获得敲除株

’()*!+,-.
!""#

-// -0 -1 -/2

#3455!46.3 "#$

&.).+.* 74-,-// -/2

&.).+.* 74-,

89$ $%&’

:; <;

:; <;

-=>?

#@3494549.
!""#

’()*!+,-.

A(BC). 7345546.3

’()*!+,-.
!""#

89$$%&’&.).+.* 74-,

’()*!+,-.

&.).+.* 74-, 89$$%&’
重组 / 重组 2

&.).+.* 74-,’()*!+,-.

!""#

!""#

!

!

%

%

; 9:()*+de

=:fg

&6!):;12 234% <34
))NOÇÌ�Ç && NOX�Z[\]!,-./+0$õùB
/+0>?H!^_‘aFbcde$j=>H>?½¦¤òa
!^_HG §bc"ã%~��G 8!5#!b%2.-#$�BS‘¥
Gòr®ÍF& !"#’K$õùB /C% >?Hfghi’K$

""(& )))))))))))!)")#)$)%)&)&)o))))))))))))! (!k



! &( l) µ)¶$Ä6CDEFG’KLMNOH=>ýS«A)

j=>HNOklmfgpqhitßs#OG§)+* $%%nô
NOhÏm4$PTßÎHhôÏ& stuvewx!$%"/"#
&#’"#()’"#*+,"#*’%"#-"."#*)/"#-0/"#*’%##123#$kZ
ÐátuÑW%�����F��$AB�z{|%6’%1’KA
Byz{|&

!"#$

%&’ ()*

!"#$

(+$
*,(

; =:,>?@ ,-/0hi;

&6&)1256789
))�6Q=>NOHTUF$�A�NO�������G
7ZJJ*"’"H4//5’K�����IJLM$’¡m4ãÇ !
ÈÉ& ÷��ACJ/pq���{°Ù$±]¢�AC!!+C!&
ZýC5+C!"©��,�Ò+ +qg ZýÒ+ �� CJ/
°Ù& ãÇ (ÈÉ$AC!!+C!& £¤Ò+ �¨� & *"" =2Ó
ÔHÕÖ$£¤LM ×�¨ & """ =2 ÓÔHÕÖ$ØÇH%
ÙÚÛí4//5’KH��%Ù& ê£¤qg ×Ü1¤Ò+
 |LM  & ?ÝÞHÕÖ$�ßlàá%âg& Ãz$C5+
C!" ]¢�4//5³¥|[¥ ("" =2ÓÔHvãî�H�,$à
áC�ëä�¨�6Q$åR4//5’K5r�LM&

! " # $ % & ’

!# ((( )*
!" ((( )*

!! ((( )*
!%(( )*

!$%!=>?%&$$!@A?%($+!BC?%5!XG7DE
! e(!FC5+C!" GHI%% e+!FC!!+C!& GHI

; A:/0.jklm‘n’*+o"700B.;!<pq

A:r!

)){AÃù0Ìpq��¥G’KLMHë?VW
;<ìí=>ë?®ÍNO$ÈæNOH®ÍF$ìí
çNO¤#OG§à¦bc$MÇ¤èÓÕé[à¦
bc"êãëTì¼íeHNOÄ#& )Bà¦bc$
NO§H\]ì½¦Zqg¨ABO³Hpq1¤&
lmîcqgpqZýS‘H56êã-ïÄ$ìk
Z5r�¢H’KH��& ��HðqCTßs$ê
ã�qLM+DÏ��+DÏ9E+e��Ä$ÒÓðq
¤¥G��.:§H«AÝ«Tßs�& ÚÒÓpq
1¤àÃ4ñHòó$ãÛôÈ�$¥G’KKKZ’

KLMÇ5NOHpqPQ¤ëd$PRøøT’K
0SHTU$Kâèä56V¾¢H’KWDÏ+XY
�iv+Z[MÇy[��$\k¦]^_5NO�S
‘’KHòa$Ò7bU«"2,BA-;FF;H:#]cd�¢
H’K�¦HeJ]f)%* & g,ëp²$h¯e��
ài\bU«$Ú)B’Kjp�q1¤"k¦rT
ëÙst�qH�¦#$Ck¦]cd�’KH]f&
KâTõW>wëú��pï$ökZLM÷%)]
H¢H’K��$Z�MS�¦$ø¦ùrú�’K
$dª| (dª)]H§’$Zuv)B’K0SHTU$
ûü�LM’KH³[¥’KHòa$±õý��¢
H’KH���IJLM&
))¡.:§=>H®ÍNO 234%$@AB�CDE
FG��¢H’KHIJLM& ¤=>NO×$�A
xS CJ/pq£ 4//5’KH³[¥wxþf¤ë
d& ÿ!¨¥GABO§©ª1¤H’K0Sr"$
�÷%4ñ#þk¦�$%’Kòa³H^_$�
4//5’KHLMí¼h&d’ve[¥ !* =2 ()
’$¨ ÜO³¥ (+ =2( Ü$±rú�y’K* $%
=2H��"rú§’� ( H+ÿ$ZuviY��#&
.:òR$¥G’Kh¯1¤©ªH0Sr"$Ú0S
��H%Ù\à,m³�H§’ÿ& Kâ$rú $% =2
H��¦ùöà^_³[¥’KHòa$Cà]i\
iY��$ø¦�M¢H’KH�¦&
))h¯¡.:=>HNOVW¢Hí��LM�
�$ÚðñÑWCkZ��DÏ��+�F��H9E
��Ä& ¤jA³-.p/$CëT.©ªH’0Ô
Ì("¤%sÿ¥G§\à¦bc#$Kâz1³�B
S‘7¥GH’K��Ck«A$½àmà¦�Af
gpqhi$ÚkZ�AÁhôHpq& Kâ$�NO
k¤¥G’K�¦.:§�¨ß2H«A&

st@A!

)!* /.B;>O64;@;YA@< 2-,:;.@Y,FKYH?;-.H?.AH,B.0#!& "4;@C-,:KJ#
)N*6G9HB;.H7H.<Y/;Y$ !’’5$ &$"!#!$! f$&6

)&* 4.A;[;-4$ J?9 7O$ G.Q$ /.’36I9@H:.,@AB2-,F.B.@D,F:?;*’%H?A#
-,E>H;YH;-;[.Y.A;D;@,E;)N*6GA:9-;$ &""&$%!*"+*’+#!(*5 f(’!6

)(* XA:Y;@_,07$ MA@@;-1Q6W@;#Y:;2 .@AH:.[A:.,@ ,FH?-,E,Y,EAB
D;@;Y.@ KYH?;-.H?.AH,B.0#!& 9Y.@DCJ/2-,<9H:Y)N*6C-,HGA:B
7HA< 8H.P8 7$ &"""$ ’5"!&#!++%" f++%$6

)%* Q.@_ 7N$ C?.BB.2YX$ J?9-H? 4O6O;:?,<YF,-D;@;-A:.@D2-;H.Y;<;#
B;:.,@YA@< .@Y;-:.,@Y.@ :?;D;@,E;,F̂ .B<#:>2;KYH?;-.H?.AH,B.! A2#
2B.HA:.,@ :,,2;@ -;A<.@DF-AE;H?A-AH:;-.]A:.,@)N*6N1AH:;-.,B$ !’’5$
!5’"&"#! +&&* f+&(56

)$* ÈÉ©$3456{A O.@.#Z@$ h6O7V������GDÏ
��H.:)N*6!"#$%&&o$ &""%$&+"!(#!!!%$ f!!%56

)+* <;#Q,-;@],a$S;--;-,O$NA_9=]._ P$ /.’36O.@.#Z@$ :-A@Y2,Y,@ <;#
-.[A:.[;YF,-.@Y;-:.,@ E9:AD;@;Y.Y$ 2-,E,:;-2-,=.@D$ A@< H?-,E,Y,EAB
.@Y;-:.,@ ,FHB,@;< XG7.@ D-AE#@;DA:.[;;9=AH:;-.A)N*6N1AH:;-.,B$
!’’"$ !5&"!!#! +$+* f+$5&6

"JK)!LM#

!"(&))


