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% Thefermentationyieldofspinosad,abiologicalpesticide,limitsitsindustrialization
development.Toenhancespinosadproduction,!"##$"%&'&()*'&%" *'+,&*- T1wasmutagenized
usingatmosphericandroomtemperatureplasma(ARTP)anddiethylsulfate(DES).Thehigh-yield
strain,!A *'+,&*" F5,wasobtainedbystreptomycinandrhamnoseasscreeningfactorscombinedwith
microplateculture.Afterfermentation,theyieldofspinosadwas572.3mg/L,anincreaseof35.9%
comparedtothatoftheparentstrain.Throughsinglefactorexperimentandresponsesurfacetest,the
optimumadditionamountsofsodiumcitrateandisoleucineweredeterminedtobe0.46g/Land0.10
g/L,whiletheoptimumadditionvolumefractionofsoybeanoilwas1.77%.Underthiscondition,the
spinosadproductionreached707.2mg/L,andbatchfermentationina5Lfermentershowedayield
closeto800mg/Lafter240hfermentation.Furtherbatch-fedfermentationresultedinaproduction
of1175.5mg/Lafter264hfermentation.Theresultsshowedthatthecompoundmutationcombining
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ARTPandDESbreeding,alongwiththeadditionofexogenousinducers,couldsignificantlyincrease
theyieldofspinosad.
!"#$%&'() spinosad,!"##$"%&'&()*'&%" *'+,&*-,compoundmutationbreeding,resistancescreening,
mediumoptimization

!"#$%&'()*#+,-./012

3456789:;<=>!?@A-BCDEF

G"HFGIJFGKLM

!"#

# NOPQRST!)

"U$V-WXYZ"[\]"^B_`aIbc

1>deKfg!hi?jklmnopq1>Q

RV-rsqtuvw

!"$%#

$ xyz{|Q}~��

O1=�"U$���-

&'

��! ��y���

"U$S�=�qt/����! ��

&(&(

��

-)"U$=�����1=

!"

!

)#

$ ��!�,U�

����I/0��fO ¡¢�"U$=\£

��"U$¤¥y¦=�O/§V-rs¨©

!*#

$

ª«¬��c­®¯[°±(�*U¦U�

��¥!²¥³´ª«Tµ¶ª«@=1·¢¦¸

«¹º

!+,-#

$

./0

»¼½¾¿ÀIÁÂ³´ª«Ãq

UÄÅÆÇ1ÈÉÊ´!�,

)

Ë¿�ÌrÍÎÏ

Ð¶Ä�"U$=\Ñ

*)- 1234

q¢=UÄ

!5#

$ Å

¶�¤ÒÓ¿¥ÔÕÖ×Ø1$IÙÉ>Èjk

ÚÛ�Ü@ÝÞ¡¢ÚÛBº$ ßàá»âãäå

$% æå$" çèéIê4å$ØYÚÛ! �,

6789

ª«ë�"U$=\¡¢ì

%':

!;#

$

4/<02

»

íÁÂª«Ãq*Üîïð°ñò(IóôõØ

YÚÛéö÷ÅÆÚÛ!ë�"U$=\¡¢ìø

ù

!"(#

$¤/úûüýþ!ÿ!fOÒÓ¿"#$@Ý

Þ¡¢/ú%é$ &'(»�,)*þ+£�"U

$/úÒÓ¿¦,-.ÅÆfO!ë�"U$=\

¡¢

"(:

!""#

&

4<0

»/[)*þ0I1�2345

67£/úÒÓ¿¦89ÅÆfO!ë�"U$=

\:4wÑ°

)(" 12=4

!"&#

&

4>

»;<Ð.=É£�

"U$/ú=\¦>)!/?ÔÕÉ@9Ak

'?*:

¦�BCD@ë�"U$=\¡¢

)):

!"%#

& ßxE

;<ÐÖ×F¿ô£�"U$=\¦>)!/?¤

/ú

-& @

XÒÓ¿¥ÔÕ

(A% 2=4

¦GFô@ë�

"U$=\¡¢

&(:

i÷

!")#

$&HIJ!�,ª«¬

�â´ÒÓ¿fOIi-B¡¢�"U$=\$

ijKh¤L M N O P ¦ Q ( � * U

!.

*'+,&*" 8"

kR/U! �,

6789,BCD

³´ª«S

iæå$Iñò(jkÚÛ�Üâ´TUöÒÓ

ÅÆÚÛ!�,ÿ!fOVWXYôõ%Z[Fô

I\]£UÄ´8�"U$¦>)$ :Ã¤

* 4

/

ú^÷ÅÆ9_LMI9_`aLMiÅ¶�¡

¢�"U$=\$

*+*

)*+,-

*+*+*

'7 Q(�*U

!. *'+,&*" 8"

! jKh¤

LMNOP$

*+*+,

89:; ñò(%æå$IZ[Fô'1�

1>�b(÷c)de-f}~&

" ((( 2=4

�"U$

gh�'ijklÈmn�-f}~&XYôõ%o

pqrs%opqtu%opqtôv'yRwxO

Pyz-f}~&{]'|c|}~���-f}

~#

*+*+-

<=> �ÉÒÓ¿'��(

"( 2=4

!��¡

�>

" 2=4

!

EF <1/0G HIJG 6 & 234

! ú�¡�>

" 234

!

��

&' 234

# ��Ã[

E<KL

��

JL -M%

!

"&" !

�

U

&( 1/0

!��Ééö��þÒÓ# �ÜÒÓ¿'�

�(

&( 2=4

!����

"& 2=4

!ú�¡�>

"( 2=4

!

N2DK

)

*

-L

&

K & 234

! ��Ã[

E<KL

��

JL -M&

!

"&" !

�U

&' 1/0

$ /úÒÓ¿'��(

*' 234

!��

&' 234

! ����

&' 234

!

E<OP % 234

!

Q

&

L9K

)

*

%L

&

K

" 234

!

RGDK

)

*

-L

&

K 'M'* 234

!

O<OK

%

" 234

$ ��Ã[

E<KL

��

JL -M&

!

"&" !

�U

&' 1/0

$

*+,

./01

62/PG0H "&+'

¢BîSop�' ���n�-

f}~&

6789STTD

ª«¬��' ��. ¡¢1>

n�-f}~&

;((*6=8

/ú^'÷c£¢¤1>�

b-f}~&

DU6,)(C

1>¥¦�' §¨©nPª

1>t<ª$

*+-

2345

*+-+*

?@AB+CD í«]¬¥OP¦U�¤

éöÒÓ¿÷­®!

&5 !

ÒÓ

- V

!¯*Ü1a8°

Ã±�µU²­®��þÒÓ¿÷! ³�

&5 !

Ò

))))

)

****

*

++++

+

6666

6

5555

5

&&&&

&

#%



!"#"$!%& $!'(%)"

%&"* !+,-./

!

/0 12

"

34//5.,6 78 #9.,7:15 ;475+<.,6 #041.,: => %7?=.,/5

@+010.7, 1,5 A90.?.B10.7, 78 C/4?/,010.7,

DAE!*$) AC CAAF #%("*%" $*F G(A'"%&*A)AHI J72K LM (::+/ N OPQR

!

! "

! "

# $%

#$%&'()*+,-./01

2"34$5678901:/-.";<=-.

/%&'(>*4$/<=?@ABCDE2"F

GHIJKL$MNKO-."P4$B

&

QRS

TUVWXY-.Z["\W34$%&'(;-

.Z[]^_

'(

)

`

*$%

!

!"#"$

!"#$% ;abc!d:Be$fg

hY

+&

ib6.c!d2 #jkl[m

',- $%

$"

n

+) !

%

+#( .*$/0

c!

&) 1

"op

'(2

56qrG

st5n

+&

kbuvc!d2 &jkl[m

',&

$%

$"n

+) !

%

+#( .*$/0

c!

+&( 1

'

!"#"#

&'$% ;01:B-.wx-.Z["

h

' $%

-.Z[56n6.c!d2"

#(( $%

y

El[z

#( $%

" n

+) !

%

++( .*$/0

c!

#& 1

(o

p

'(2

56qrGst5nuvc!2"

+#( $%

y

El[m

3( $%

"n

+) !

%

++( .*$/0

c!

+&( 1

)

!"#"% # %

()*$% 6.c!{|}

',3,3

y

Euv"uvc!d~��WB�{"uv�l[z

3%

"56qrGs

'+2

"��

+)!

"t�

')(43(( .*$/0

"

��m

# %*$/0

"��qrGs�w�

3#2

��!

!"%

!"#$%&'

!"%"! 5678

+, p

',3,'

2B{|w�-.Z

[" h

'( !%

-.Z[��n4�B����:"

;���n

5678

���B��������" 

¡¢£~*�z

'( 9%:

"¤¥

'+( ;

" ¡¦§

+

$$

"��¨©Gª«�~

(

&¬­®¯$+

+(

%

&(

%

-(

%

)(

%

'((

%

'+( <

" ��°±W;²} &¨©B-.

Z[]^³´µs" Gª���abc!d:"

+)

!

c!

! "

"¶·�fs"¸¹¥º»¼½¾*

!=

"

'

>"

+

"

'

"'((2

"

¾2*

!

~¸¹¥"

2

(

"

'

~¿À®¯ab:B$f

s"`(

"

+

~��ab:B$fs"`!

!"%"$ ?@9

+- ;

5678

��ÁÂÃBÄÅ�

p

',3,'

2B{|w�x-.Z["Æ¯ÇÈ

A'#B

2

B{|��

?@9

��" ;��¨©ÉÊ~

(

%

'(

%

+(

%

3(

%

&(

%

#(

%

-( $/0

"��ËÌWº»¸¹¥!

!"%"#

./01 p

',3,'

2B{|w�-.Z

[";-.Z[Gª���<=²}ÍzÎ�ÏÐ

Ñ &

(

%

'

%

#

%

'(

%

'#

%

+( $C*%

$ NÒÓÔ&

(

%

(,#

%

'

%

#

%

'(

%

'# C*%

$Babc!d:"

+) !

c!

! "

"¶·�

f%ÕÖ×" ØÙÁÂÚ.B\ÛÜwÍzÎ�"

�ÝÍzÎ�½��ÁÂ! ;

5678

��WB�Þ

Gª���ÏÐÑNÒÓÔßàÁÂab:��

c!"á;

?@9

��WBâ��ã���ÒÓÔß

àÁÂab:��c!! ;ßàab:%ÕÃBe

�fgY

+&

ib2��uvc!" ËÌW3äå

�æçèé$ÑBêë�"ìJjí��BÃu$

�~îà®¯! ;

+&

ibc!2èé�Ñêë�

ïÃu$ðñ

+(2

Bâ�$��yEuvc!"Ë

ÌW3

D8%E

çÙèé$ÑÅz"ØÙÄÅ$Þ!

!"&

()*+,&'

!"&"!

23456 òóôõöqrGs &

'2

%

+2

%

32

%

&2

%

#2

$%÷øùúÍzÎ�&

(,'

%

(,3

%

(,#

%

(,!

%

',( C*%

$ NûüýùÍzÎ�&

(,(#

%

(,'(

%

(,'#

%

(,+(

%

(,+# C*%

$ ®�Þ

#$ %&'()%* F#

%þzNèé

�ÑÅzBÿ!! õö�yEuv"#¨$%"á

÷øùúNûüýù&�uv'

'+(

Û¨$(! �

��

+) !

%

+#( $%

yEl[z

3# $%

%56qrG

s

'+2

% t�

++( .*$/0

B¢£½��c!" �'

'&&

Û¨h)æçuv[2%þz" '

+&(

Û¨h

)æçuv[2èé�ÑÅz!

!"&"$

78956 �eÚÑ*+Bd,:"®÷

øùúÍzÎ�&

"

$%ûüýù$%BÍzÎ�&

!

$

NõöqrGs&

+

$-3

GHI>GJ10KJ0

2./0|

«º

3

ÚÑ

3

(a!11G23+4*+"Jèé

�ÑÅz &

,

$ ~!15ØÙ

3

6±GB\³$(

z"*+«º3Ë6¼7

'

!

!"'

-./01

~ô�89+4�Þ

#$ %&'()%* F#

B%Å:

;" �

# %

uv�2��ô<=c!" uv¨©~

+-& 1

! j>

+& 1

h)"çÙuv[2Bèé�ÑÅ

z%%þz%õöÍzÎ�N?@ÔÍzÎ�"AB

LD

N��(a!~�89ðÄ�Þ

#$ %&'()%* F#

B

Åz"�

# %

uv�2��CD*+"�'

'-)

Û¨

N'

+'-

Û¨}¨E(ÍzÎ�~

! C*%

B?@Ô

N

3 C*%

Bõö!

!"(

23&'

!"("!

:;<4=>?@ABC01 èé�Ñ

�

+&# 0$

 =\=êFG" Hêë�=ÛIèé

�ÑÍzÎ�JKL ! �

+&

kbuvËÌW "

'( ((( .*$/0

M.

'( $/0

NO:P[" jk%*

' $%

QRìST "UVW

+( $/0

"on

& !

X�ðh

'+ 1

"\W�

& !

%

'( ((( .*$/0

M.

'( $/0

XYè

RS



!"#$

!"#!$" %&'()*'+,-./0123456

!"!#

%&

#$

'&

%

(

!"#$%&'()

!"#$%&!'(

!"" !!

$%&)*+

#$

,-

./0!1

!%& '(

234'56" 789:;<=

>"0%(<?!"#1

!%& '(

2<'56@A

BCDE"

!"#"$

%&'(789:

)*+,

;<=> FG>

HIJK!(

- (+

>H&!LM

% (+

NOPQ!R

-./.-

0STUVWXYZ@[\?!"#$%&!

]^$%&_

".%& !(

<`abcdecf&g

G0!h_

)*+,

i3?!"#<jkl6"

)*+,

i3mnAopq#

01234'5 67 ,-8

!rsgNO

9

t

u

9

tvwx& $yz{

%&"." "&""." "".&

%&r

k #

- (+:(2'

&|}k#

-" !+

&q~#

;" #

&i3�

�#

!%& '(

"

!"#"%

?@A789:;<=> _�����

��34>H��&0���<jkl6"

!"#"&

)B8;<=> �E��

<-$=

0<��i

3"y�jk"

!"#"'

CD789:;<=> �E��

<-/=

0<

��i3��<jkl6"

$"!

)*+,-./

$"!"!

EF(GHIAJK789LMNO �

jkl6��#�7:�����y

;"6

��0

6-!

� <

!"#$

�¡¢;!£¢;¤¥��y<I

¦>�§;!¨©ª«¬­®¯°�<±²³´

<-89-#=

"

µ¶�·¸¹º»¼�?½"¾¿À<ÁÂ»�!

Ã¹º»?!"#<ÁÂÄy!ÅÆÇ�jkl6

µ¶�<¢;"!�7¥¼�?½"h_È?<µ¶

�

<!"9!-=

" ¡É!Ê[D��#Wµ¶�Ë`ÌC<¢

;"Í�°?!"#<³´�Î¤`Ï%�" ÐÑ

-

ÏÒ !ÅÆ¡Ó<ÔLjkl6ÕÖ !D"Í

%& #"'()#* >-

��<×Ø@_ÕÙÚ! Û��#W

µ¶�<jkl6�ÜA

!" (1:+

W

-& 1:+

Ý!"

Í

%& #"'()#* >-

��Þßà\×Ø"¡É!ÌC´á

0��#Wµ¶�ÔL<jkl6�ÜA

!" (1:+

W

-& 1:+

"

$"!"$ 0?>*

./2P0

0?>*

:;¹âe°�

�ãCäÓ'åæÓ(çæÓWèæÓé%<éXÓ

yêrD¾ëì<�¡í»îï!�ð�¡1ñò

eó0>�¢;

<!!9!;=

) ÐÑ

!

ÏÒ!:;ðôõö2

÷Ýø<ùL©úû%�* Û2÷ÝøA

8" @

Ý!

ðôõA

8$.$%A

!Û2÷ÝøA

-"" @

Ý!ðôõ

²\

-""A

* ¡ÉÆü

0?>*

:;<2÷ÝøA

8" @

*

0

$ !" #$%&'#( (!

1

)*(+

23456

,-." $ )*(+ /0123/-14 56780 9: !" #$%&'#( (!

¨��#Wµ¶�ÌCÅÆ´/�ýþ(

;;$

ÿ�!"#<$"%|&

!%

,'(Å! Æü)Å

0'56%�

!"A

7�<¢;"|&FGòÅ!ò

ÅI*+Ñ

;

* �7,=!¢;"

%& #"'()#* 0-#

<

?!"#°k-�!²

&-".#! (1:+

!"=>"Í

%& #"'()#* >-

%�.

!-.;%A

! ¡ÉÆü¢;"

%& #"'()#* 0-#

|&K/:;*

$"!"% BC6

./2P0

BC6

¹01234!¡5

Î6¥�¡0<7�8�2�3©9:_);�

�<:;<1

<!%=

*ÐÑ

%

ÏÒ!:;ðôõö=2÷

Ýø<ùL©úû>�* Û2÷ÝøA

%" (2'

Ý!

:;ðôõA

8%.;/A

!Û2÷ÝøA

$" (2'

Ý!:

;ðôõ²\

-""A

! ¡ÉÆü<

BC6

:;ÝøA

%" (2'

*

7777

7

8888

8

9999

9

::::

:

;;;;

;

!!!!

!

0

!

<=>?@ABC

!" #$%&'#( (!

DEFGH

,-." ! ;::051 9: <170=19>45-? 3?@ 723>?9<0 9? 120

.79A12 9: !" #$%&'#( (!

#&



!"#"$!%& $!'(%)"

%&"* !+,-./

!

/0 12

"

34//5.,6 78 #9.,7:15 ;475+<.,6 #041.,: => %7?=.,/5

@+010.7, 1,5 A90.?.B10.7, 78 C/4?/,010.7,

DAE!*$) AC CAAF #%("*%" $*F G(A'"%&*A)AHI J72K LM (::+/ N OPQR

!

! !" #$%&'#( "#$

"

%&'

#$%&'

()*+ ! %&' ,-./0,).1 2345- 67 !" #$%&'#( "#$

!"

!" #$%&'#( !"#

#$%&'()*! +,

-./0123456789:;<=>?)*

/0@ABCDEF" G@ABHI

$%%

JKLM

NOPQRCD

$&

SAT/! 0UT/VWXY

Z[

$'(

,BO\4QCD]^_/!_/`ab

c

)

" \4Q

!" #$%&'#( *)

OdeQ(fgh[!i

)+,-./ 0123

! M

!" #$%&'#( !/4

Z[j

/$-'$(

!M

!" #$%&'#( 5/

Z[j

.)-4$(

" kjlm[fQn

!" #$%&'#( *)

Oopqr*!stluQn

!" #$%&'#(

*)

CDvw

6

.pxEF!yzde{(fg" p

x|

,

#

&

#

6

.} ! de{(fg~�k

)%)-'.

#

)6'-6.

#

)),-6) 0123

!��4�����!��Qn

!" #$%&'#( *)

Oopqr*MN"

8+#+!

!"#$%&'() Gc

6

$

7

%�,��!

[fQn

!" #$%&'#( *)

���Qn

!" #$%&'#( 5/

�

�gO4��L�s��"

'8,& 9

kQ�O�K�

��!

,&8/,' 9

k{�Ou��K�!

/,'8/4, 9

k

{�O�Kqr�"<-��!{n

!" #$%&'#( *)

�

!" #$%&'#( 5/

���h���g! ~�k

,/-,. 123

�

/%-,) 123

! Z[j

/6-.,(

! ��{n

!" #$%&'#(

*)

O�Kx��� ¡" Gc

6

$

:

%�,��!Qn

!" #$%&'#( *;

O¢?£�<�¤T�¥�¦§"Q

n

!" #$%&'#( 5/

!¨©�¤`ª}{n

!" #$%&'#( *;

�¤9VO«?g�¦¬"Qn

!" #$%&'#( 5/

!�

�Qn

!" #$%&'#( *;

­®¯°?CD?x�O±²

�³´µ"Gc

6

$

<

%V�,��!{n

!" #$%&'#( *;

<�¤|

+,

¶}¥%de{(�· ! ¸{n

!" #$%&'#( 5/

Z¹j

,= 9

!º»�¤OCD!¼nQ

nOdeQ(fg½¾¿ÀÁÂ! ��

!" #$%&'#(

*)

Ã·de{(O±²%+Z["

8+8

()*+,-./0123456

8+8+#

*+,-. ÄÅ&OÃ·Æde{(�

�Ã·O|ÇÈ!ÉÊËÌ

!

#ÍÎÊËÌ

!

�Ï

�ÍÎÊËÌ

!

ÆÄÅ&��Ã·OÐÑ¹�

>,;?,6@

"

ÒÓÔÕ±Ö×�kÒÓÔ!<ÒÓÔØÙÌOÚ

�Ûf�ÉÊËÌ

!

!¨ÉÊËÌ

!

Æde{(Ã

·OÐÑ¹� ! Ü-ÝÞjÒÓÔÕuQn

!" #$%&'#( *)

deQ(fg���gOßà"ác

+

$

7

%+â!ãÒÓÔÕOägå�¶"

'-A 123

}!�

�g4���!ædeQ(fgº»ÒÓÔÕç�

ägå�O´�¨´� ! ãÒÓÔÕOägå

�k

'-A 123

}!deQ(fgi³h�Y&ãÒÓ

ÔÕOägå��"

'-A 123

}!��g�deQ(

fg�Àèé¬!Ü-0UÒÓÔÕç�Oägå

�k

'-A 123

"

êëìÔ�,×�kíîÊËÌ

!

! ïCÇÈ

f�Ï�ÍÎÊËÌ

!

!¨Ï�ÍÎÊËÌ

!

Æd

eQ(Ã·O¹�

>/&@

!Ü-ÝÞjêëìÔuQn

!" #$%&'#( *)

deQ(fg���gOßà"ác

+

!

9 ":;<

.7891:;<=

()*+ 9 :-=24-->)>* 4-=3,.= 67 ":;< ?3.0*->)2 =.40)>=

!

@ %&'

.789">;?@

()*+ @ :-=24-->)>* 4-=3,.= 67 %&' ?3.0*->)2 =.40)>=

RS



!"#$

!"#!$" %&'()*'+,-./0123456

!"!#

%&

#$

'&

%

(

!"#$%&'()

!

!

"!"##$%&'()*+,-.

"#$" %&'

/#

01*2345#6789:;*<=$%>'?

@)*+,(A@BA@##$%>'()*+,

C

"#$" %&'

/#789:;*DEF5G$#$%>

'()*+,5.

"#$" %&'

/# 01*H789:

;*IJKLM#NOPQR.S*($%&'T

UVWXYZ['\3](^_#LM`WXYa

bc]

(

(+,#d9e(fghiHjghi;

04klm

)*+,

% nopq$%>'?@()*+,

C

"#$" %&'

%

rstuvOw;05*xy'# z{|}#

~��xy'�~(���#��7�9����

xy'(������#Bxy'

!!

�3(���

���#NOwC789:(01����5*b

�c]

(

��e1)

)*-,

% no����{`rsd

9�

"# $%&'($) .-

789:;*H01*(lm%

��

+

!

/

"!"#789:;*H01*I<rs+

,(A@� ¡A@v¢£(¤¥##rs(e¦

t§C

*0

/# 789:;*H01*IDEF5

G$¨©?@rs#789:;*H01*ªB�

L# NOPQR.S*(rs«¬­®(¯,A

@#°B±²¬­®³´�µ¶LM#4k.9e

0·H0;789:

)*1,

% nopqrs?@(e¦

t§C

*0

%

)

! !" #$%&'#( "#

*

!" #$%&'#( $%

+,-./0123

45

"&'( ! ")*+),-.-&/, 0*/1)22 0.*.+)-)*2 /3 !" #$%&'#( "#

.,4 !" #$%&'#( $% &, 25.6) 37.26 187-8*)

#&



!"#"$!%& $!'(%)"

%&"* !+,-./

!

/0 12

"

34//5.,6 78 #9.,7:15 ;475+<.,6 #041.,: => %7?=.,/5

@+010.7, 1,5 A90.?.B10.7, 78 C/4?/,010.7,

DAE!*$) AC CAAF #%("*%" $*F G(A'"%&*A)AHI J72K LM (::+/ N OPQR

!

!

"#$%&'()*+,# -./+0123456

789:;<=>?0@A?BCD

"#$% ! &''()*+ ,' -#''(.(/* 01++ ),/)(/*.1*#,/+ ,' +,-#20

)#*.1*(

!

#+,3(2)#/( 1/- -#''(.(/* 4,320( '.1)*#,/+ ,'

+,56(1/ ,#3 ,/ *7( +8#/,+1- 5#(3- 1/- 6#,01++

9%9%9

!"#$% !"#$%&'()*+,

-./012&! 3456

!

" 789:

"#$%&'(

)*+#,- !.

9:;6

!

'<=+,>?@ABCD!

EFGHIJK#

! /011213 4!5261" (57!3# (5789$ 457:0%& (

9719%$(876:&$(!8760%

6

(!8756&

6

(6!711$

6

;6

!

'<=+,LMNO#IJ'PQR

'!

87888 !

!STULVWXYZ'CD[$\CAK

87!09 3"878:

! 6TUIJX]$ LV'^_`<

(

6

/87193 6

!6TUIJabcd

.

efN%ghi

j&klminop''qrst@uv$wsx

y'z`$LV'{|}_`<

(

6

;<=

/871:8 6

!6T

UIJ~XY�'��R!ab�Z���2&

34"

��*�IJ! �89�

"#$%&'()*+#,- !.

�

�E�

.

e�N'��qrsN�Kghij�

s�[

8750 &>?

& klmi�s�[

87!8 &>?

no

p��N<

!799@

! ����@u�$wscd�

K

9807!8 A&>?

"���qrs�,

.

f�,&�2

&!EF@u�$wsK

9897!: A&>?

!t��cd

� ¡!STUIJaYZcd2&34"

9%:

EFGHI

9%:%;

&'() K¢�£¤&��¥

)* +,-./+0

B:

'¦wa§!!

: ?

¨©ª*�,¢N«¨©2

&!�¥

)* +,-./+0 B:

'¬­®V¯<°±

3

²³"

�´µ�!

8C65 D

K��¦¶'·¸¹!!�¹y!

��º»¼½&¾¿ÀnopYKÁÂ!

+E

Ã*Ä

ÅÆ!�aÇv�NÈÉÊËÌ'ÍÎÏÐ

FE

5

4

Ñ

Ò'$

65C!68 D

K��¦¶';<¹! ��º»¼

½&¾¿Ànop'Ó[TPrÔ!v�¬­w¦

ÕsiRÖ�ÑÒ

+E

×

53 D

ØÙ�Ú!ÛÜ@u

v$ØÙÝsD�$

!68C!16 D

Kv�¦¶'Þ_

¹!¨©ßÌv�'¦ÖàáF�Õ�K

.!789 &>?

!

!�¹y@uv$ÕsD�$¨©

!16 D

â!¨©ß

Ì¾¿Ànopãsäå

!8 &>?

! ���æçè¹!

@uv$D�Ó[TPéÂ!êë

658 D

!@uv$

ìíD�!�Ü@uv$wàK

93:7:0 A&>?

!îï

¨©34!

: ?

¨©ªÌEFð&�"

9%:%9

*'+,(- !¨©®VÌñòóôõ

´ÁÈö÷ÊÖ�äåøw¦'v�®ùçè!·

¶v�'¦w¹

G63H61I

" K¢�£¤ú�@uv$w

à!ûü!¨©ý

!03

þÜný

6!0

þÜ�,óÿ

2&" °±

1

²³!!®

6

?óÿ"¾¿À�à�

[#$!

!8 &>?

!op�à�[#$!

: &>?

!óÿ

;

+E

n%¼&�''-äÕ! (·Áðv�'ç

è!"@uv$'D�Üy·¶

65 D

" !¨©ý

658

J

;

DKLMNOPQHIRS

<163( ; =(+#$/ +)7(0( 1/- (>8(.#0(/*13 .(+23*+ ,'

.(+8,/+( +2.'1)( 0(*7,-,3,$5

!"#$

"

%&'(

)*+,>

-&>?.

&

/01'

)*+,>

-&>?.

$

23

4567>

@

!

89:;

)*+,>

-A&>?.

! 87. 878: . 098781

6 87! 87!8 . 0:37:5

. 87. 87!8 6 986709

5 87. 87!: ! 00:7:5

: 87. 87!8 6 010785

0 87. 87!8 6 98.789

9 87. 87!: . 0::789

3 87: 87!8 ! 016730

1 87: 878: 6 01875.

!8 87! 878: 6 0987.3

!! 87: 87!8 . 0987:1

!6 87. 87!8 6 0197:.

!. 87: 87!: 6 0197.5

!5 87! 87!8 ! 05371!

!: 87. 878: ! 0917:0

!0 87. 87!8 6 9887:3

!9 87! 87!: 6 0:1785

NP



!"#$

!"#!$" %&'()*'+,-./0123456

!"!#

%&

#$

'&

%

(

!"#$%&'()

!"!#$%&'()*+

!"#$% &'(

!,-./0

123

)*+$$,

" 4/05

-"*

!"!6789:%

;<()*+

) )%.#/. 0&1(

! ,-./0123

/$#"!,

!=>-.?@/0=ABC126789

:%" DEFG!G:%HIJKLMN6789

:%#

- ).. 0&1(

$O,PQRSTU

2/3

!=VWXY

Z[\N8]^_`Va+bc!de/0fgh

Kij]klmno% pGqrst=Auv8w

!" #$%&'#( 4.

^_$xNyRz{|}/0fgh

K~�ijN����"

)

!

*+,-./0123456789:

"#$% ! &'()*+,#- .)/)0'('/1 #2 3'4 5*)(-6 -7,(7/' +3

3'/0'2(+/

����

56789:;<

��������9}

����`����Rw2:8w

!" #$%&'#( 4.

!

Z6789:%a��8

!" #$%&'#( 7)

12�

/=,

" ����b��<����}� ¡�67

89�¢�£$N¤¥¦§x%¨©-ª+

=+/"

&1(

}

=+)= &1(

!«¬­®-¯

)+%%,

!G°±/0

6789:%=;

%== 0&1(

A²" (q4

. (

/0

³K´2:8w

!" #$%&'#( 4.

yµ-.¶@st!

6789:%;'

) )== 0&1(

A²!·¸¹´67

894Kº:»�/�1¼3RSN½¾¿*"

)

8

*+,-.123;5678<:

"#$% 8 &'()*+,#- .)/)0'('/1 47/#2$ *)(-6 -7,(7/' #2

3'/0'2(+/

====

=

>>>>

>

$$$$

$

%&



!"#"$!%& $!'(%)"

%&"* !+,-./

!

/0 12

"

34//5.,6 78 #9.,7:15 ;475+<.,6 #041.,: => %7?=.,/5

@+010.7, 1,5 A90.?.B10.7, 78 C/4?/,010.7,

DAE!*$) AC CAAF #%("*%" $*F G(A'"%&*A)AHI J72K LM (::+/ N OPQR

!"#$"

[1]SANTOSVSV!PEREIRABB.Properties!toxicityandcurrentapplicationsofthebiolarvicidespinosad[J].!"#$%&' "(

)"*+,"'"-. &%/ 0%1+$"%23%4&' 53&'467 8&$4 9

!

:$+4+,&' ;31+3<=

!2020!23"1#$13-26.
[2]SHALABYA!EL-SHEIKHES!REFAATA!etal.Residueanalysisandassociatedriskassessmentofhexythiazoxandspinosad

appliedonstrawberryplants[J].0-.>4+&% ?"#$%&' "( :632+=4$.

!2022,65(11):489-498.
[3]SISODIYAN!TILAKR!etal.Laboratoryevaluationofspinosadasapotentiallarvicideagainstimmatureformsof!"#"$ %"&'()*

[J].?"#$%&' "( @&$+%3 @3/+,&' A",+34.

!2021,23(2)$135-138.
[4]!"#!$%&!'()!*.+,-./0123456/0789:[J].;<=>?@!2022!28%11&$35-39.

HEFM!TIANJW!LIUWL!etal.Studyonoptimizationofculturemediumandfermentationprocessofspinosad[J].B+&%C+%
D-$+,#'4#$&' A,+3%,3=

!2022!28%11&$35-39.%inChinese&
[5]TAOH!ZHANGYC!DENGZX!etal.Strategiesforenhancingtheyieldofthepotentinsecticidespinosadinactinomycetes[J].

9+"43,6%"'"-. ?"#$%&'

!2019!14%1&$e1700769.
[6]LIHG!LUOW!GUQY!etal.Acetone!butanol!andethanolproductionfromcanemolassesusing!+,-$).*/*01 2"*3".*456**

mutantobtainedbycombinedlow-energyionbeam implantationandN-methyl-N-nitro-N-nitrosoguanidineinduction[J].
9+"$3="#$,3 B3,6%"'"-.

!2013!137$254-260.
[7]LIXY!LIURJ!LIJ!etal.Enhancedarachidonicacidproductionfrom7-.)*".",,8 8,(*48 combiningatmosphericandroom

temperatureplasma%ARTP&anddiethylsulfatetreatments[J].9+"$3="#$,3 B3,6%"'"-.

!2015!177$134-140.
[8]JINZH!XUB!LINSZ!etal.Enhancedproductionofspinosadin!9855:8.-(-,'$(-.8 $(*4-$8 bygenomeshuffling[J].E>>'+3/

+",632+=4$. &%/ 9+"43,6%"'"-.

!2009!159%3&$655-663.
[9]ABC.MPMSDEFGHI.HJKL+,-.MN-[D].OP$OPQ7R@!2015.
[10]LIANGY!LUWY!WENJP.Improvementof9855:8.-(-,'$(-.8 $(*4-$8 andthekineticanalysisforspinosadproduction[J].

E>>'+3/ 9+",632+=4$. &%/ 9+"43,6%"'"-.

!2009!152%3&$440-448.
[11]STU!VWX!YZ!*.+,-.NI-[GD\KL6/012345[J].]^HI._`!2018!43%7&$824-830.

FUJL!XUM Q!ZHANGS!etal.Breedingofspinosadproducingstrainsbycombinedmutationandoptimizationof
fermentationmedium[J].:6+%3=3 ?"#$%&' "( E%4+F+"4+,=

!2018!43%7&$824-830.%inChinese&
[12]LANZ!ZHAOC!GUOWQ!etal.Optimizationofculturemediumformaximalproductionofspinosadusinganartificialneural

network-geneticalgorithmmodeling[J].?"#$%&' "( @"'3,#'&$ @+,$"F+"'"-. &%/ 9+"43,6%"'"-.

!2015!25%4&$253-261.
[13]LUCZ!YINJ!ZHANGCB!etal.Fed-batchfermentationforspinosadproductioninanimprovedreactor[J].!B$&%=&,4+"%= "(

B+&%C+% G%+13$=+4.

!2017!23%6&$530-537.
[14]Aab.+,-.MN-cdKL6/078d45[D].;<$;<R@!2013.
[15]Aef.+,-.NI--gKLh/078dij9:[D].kl$klm?R@!2009.
[16]nop!qr!s#C!*.tuvw*xyz{|}~KL+�-.MN-[J].t�R@@�%��?@�&!2021!33%4&$

30-40.
LIANGJG!LIB!ZHAOMX!etal.Mutationbreedingofahighdoramectinproducingstrainbyatmosphericpressureandroom
temperatureplasmatechnology[J].?"#$%&' "( :6&%-H6"# G%+13$=+4.

#

I&4#$&' J,+3%,3 K/+4+"%

$!2021!33%4&$30-40.%in
Chinese&

[17]Y�!AfU!��).���HI./0�]����d�����[J].I�{|!2007!17%2&$47-49.
ZHANGX!WANGJL!HUJL.Determinationofoilinthebrothofthepolyetherantibioticsfermentationbycolorimetry[J].
9+"43,6%"'"-.

!2007!17%2&$47-49.%inChinese&
[18]OCHIK.Frommicrobialdifferentiationtoribosomeengineering[J].9+"=,+3%,3!9+"43,6%"'"-.!&%/ 9+",632+=4$.

!2007!71
%6&$1373-1386.

[19]OKAMOTOS!TAMARUA!NAKAJIMAC!etal.Lossofaconserved7-methylguanosinemodificationin16SrRNAconfers
low-levelstreptomycinresistanceinbacteria[J].@"'3,#'&$ @+,$"F+"'"-.

!2007!63%4&$1096-1106.
[20]Y�!STU!Y�!*.+,-.I�-D�KLd9:��[J].]^HI._`!2021!46%10&$910-916.

ZHANGY!FUJL!ZHANGH!etal.Progressinmutationbreedingofspinosadproducingstrains[J].:6+%3=3 ?"#$%&' "(

E%4+F+"4+,=

!2021!46%10&$910-916.%inChinese&

NQ



!"#$

!"#!$" %&'()*'+,-./0123456

!"!#

%&

#$

'&

%

(

!"#$%&'()

[21]!"#!$%&!'()!*.+,-./012-3456789:;.<=>[J].?@0ABCD!2016!41"5#$340-343.
HUHY!HUANGKY!YANGGD!etal.Rationalselectionandresistancescreeningontheromidepsinhighyieldbacteria%s
breedingresearch[J].!"#$%&% '()*$+, (- .$/#0#(/#1&

!2016!41"5&$340-343.'inChinese&
[22]EFG!H@I!JKG!*.LMNB8O:;PQ-./RSTU[J].VW/AXYZ[\!2020!39"11&$18-24.

LIQH!DUGC!LIJH!etal.Mutationbreedingandfermentationoptimizationofthestrainwithhigh-yieldofMonascusred
pigment[J].!'()*$+, (- 2((3 41#%$1% +$3 5#(/%1"$(,(67

!2020!39"11&$18-24."inChinese&
[23]']^!_`a!bc!*.de ARTPYZ-.fAB K2Tg:hiRSjkdTU[J].VW/AXYZ[\!2020!39

"11&$56-64.
YANGZM!XUEZL!WANGZ!etal.Screeningofhigh-yieldvitaminK2strainbasedonARTPtechnologyandoptimizationof
fermentationmedium[J].!'()*$+, (- 8((3 41#%$1% +$3 5#(/%1"$(,(67

!2020!39"11&$56-64."inChinese&
[24]lm!lnn!opq!*.rstu6/vwxyzPQ-.{U|8O:h;=>[J].VW/}W!2018!20"3&$219-223.

YUANC!YUANDD!ZHAOJG!etal.Breedingofglucoamylasehigh-yieldstrainsusingcompoundmutagenesisinducedby
diethylsulfateandultravioletrays[J].9((3 +$3 :*)6

!2018!20"3&$219-223."inChinese&
[25]ZHANGYP!LIUXM!YINT!etal.Comparativetranscriptomicanalysisoftwo!"##$"%&'&()*'&%" *'+,&*" strainsrevealsthe

relationshipsbetweenprimarymetabolismandspinosadproduction[J].41#%$/#-#1 ;%<(*/&

!2021!11"1&$14779.
[26]HUANGY!ZHANGXL!ZHAOC!etal.Improvementofspinosadproductionuponutilizationofoilsandmanipulationof

!-oxidationinahigh-producing!"##$"%&'&()*'&%" *'+,&*" strain[J].!=()*$+, (- >(,%1),+* >#1*(0#(,(67 +$3 5#(/%1"$(,(67

!

2018!28"2&$53-64.
[27]J~�!Kf!b�L!*.Val(Ilei Leu������BAXzI;��[J].?@0ABCD!2007!32"11&$660-668.

LIZL!JIANGW!WANGYH!etal.Effectofvaline!isoleucineandleucineonthebiosythesisofbiotechspiramycin[J].?"#$%&%
=()*$+, (- .$/#0#(/#1&

!2007!32"11&$660-668."inChinese&
[28]b��!��!��!*.--����|;����RS[J].VW/AXYZ[\!2020!39"3&$1-8.

WANGYL!LIUS!FENGY!etal.Fed-batchfermentationof--asparaginase[J].!=()*$+, (- 9((3 41#%$1% +$3 5#(/%1"$(,(67

!

2020!39"3&$1-8."inChinese&
[29]���!JKG!��!*.�����

"-� {¡|;����RS=>[J].VW/AXYZ[\!2016!35"1&$12-18.
TANGQF!LIJH!LIUL!etal.Enhancedproductionofsolvent-stablealphaglycosidasefrom."#+((/* (+#$0,+1&%2+* JXC-1by
anoptimalfeedingstrategy[J].=()*$+, (- 9((3 41#%$1% +$3 5#(/%1"$(,(67

!2016!35"1&$12-18."inChinese&

#789:";<=$

%$


