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ABSTRACT 
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+<$.)%! 9.+:+.;#*/%&! <#)! (%&:/0+.^! A[! .+*./+;#2! %=! /<<#*-.+! %%()*+:! =%22%4+0! $)! /&! ;/*.%! <#*-.#*/%&!
Z67,[`!B[!%;#./#&!*/::-+!(.)%9.+:+.;#*/%&!=%22%4+0!$)!*.#&:92#&*#*/%&!%.!/&!;/*.%!=%22/(2+!(-2*-.+!Z671P[E!
P%&;+&*/%&#2!67,!/:!(#../+0!%-*!0-./&>!*5+!=%22/(-2#.!95#:+!%=!<+&:*.-#2!()(2+E!D5+.+!/:!2/</*+0!+;/0+&(+!
0+<%&:*.#*/&>!*5#*!/<<#*-.+!%%()*+!.+*./+;+0!0-./&>!*5+!2-*+#2!95#:+!(#&!<#*-.+!/&!;/*.%!#&0!$+!=+.*/2/F+0!
*%! 9.%0-(+! ;/#$2+! +<$.)%:E! S5/2+! /&! ;/*.%! =%22/(2+! (-2*-.+! /:! :-((+::=-2! /&! .%0+&*:8! /*:! #992/(#*/%&! /&!
&%&5-<#&! 9./<#*+:! 5#:! <#0+! 2/</*+0! 9.%>.+::E! D5+! %$a+(*/;+! %=! *5/:! :*-0)! 4#:! *%! /&;+:*/>#*+! *5+!
(%<9+*+&(+!%=!/<<#*-.+!2-*+#2?95#:+!%%()*+:!=.%<!$#$%%&!#&0!*%!0+*+.</&+!*5+!+==+(*!%=!1HO!%&!$#$%%&!
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Introduction 
!"#$"%&' ()*$+,-)*"%' .",,"/&0' 12' ""32)&' -(4*#-)*"%5' in vitro' .&#)*,*6-)*"%' 789:;' -%0' &$1#2"'
3#2"4#&(&#<-)*"%5'*(')=&'$"()'3"$$"%'-44#"-3='."#'4#&(&#<*%>'.&#)*,*)2'*%'.&$-,&'3-%3&#'4-)*&%)('4#*"#')"'
3=&$")=&#-42' "#' #-0*-)*"%' ?@ABCD' '!"/&<&#5' ="#$"%&' ()*$+,-)*"%' #&E+*#&(' -' 0&,-2' *%' 3-%3&#' )#&-)$&%)5'
$-2' 1&' 3"%)#-*%0*3-)&0' *%' 4-)*&%)(' /*)=' ="#$"%&A(&%(*)*<&' $-,*>%-%3*&(5' -%0' *(' %")' -%' "4)*"%' ."#'
4#&4+1&#)-,'>*#,(D'F(')=&'%+$1&#'".'2"+%>'3-%3&#'(+#<*<"#('3"%)*%+&(')"'*%3#&-(&'?G5'HC5')=&#&'*('-'%&&0'."#'
.&#)*,*)2' 4#&(&#<-)*"%' "4)*"%(' )=-)' 0"' %")' #&E+*#&' ="#$"%-,' ()*$+,-)*"%D' I&)#*&<-,' ".' *$$-)+#&' ""32)&('
.",,"/&0'12'*%'<*)#"'$-)+#-)*"%'789J;'*('(+>>&()&0'-('-%'-00*)*"%-,'()#-)&>2'."#'.&#)*,*)2'4#&(&#<-)*"%'?K5'
LCD'M"32)&'#&)#*&<-,'."#'89J'*('3"$$"%,2'4&#."#$&0'0+#*%>')=&'.",,*3+,-#'4=-(&'".')=&'$&%()#+-,'323,&D'
N*)),&' 0-)-' *%0*3-)&(' /=&)=&#' 4#*$-)&' *$$-)+#&' ""32)&(' #&)#*&<&0' 0+#*%>' )=&' ,+)&-,' 4=-(&' 3-%' +%0&#>"'
89J5' .&#)*,*6-)*"%5' -%0' 4#"0+3&' <*-1,&' &$1#2"(D' M%,2' -' .&/' ()+0*&(' 0&(3#*1&' ,+)&-,' 4=-(&A,*O&' ""32)&'
#&)#*&<-,' 4&#."#$&0' 0+#*%>' 3&(-#&-%' (&3)*"%P' )=&(&' ()+0*&(' #&4"#)&0' )=-)' *$$-)+#&' ""32)&(' #&3"<&#&0'
0+#*%>' >2%&3",">*3' (+#>&#2' 3"+,0' 1&' $-)+#&0' in vitro' -%0' .&#)*,*6&0' ?@QA@RCD' F,)="+>=' -' =*>='
3"%3&%)#-)*"%' ".' 3*#3+,-)*%>' 4#">&()&#"%&' *(' 4#&(&%)' 0+#*%>' 4#&>%-%325' )=*(' &%<*#"%$&%)' 0"&(' %")'
#&3-4*)+,-)&')=&'"<-#*-%'="#$"%-,'&%<*#"%$&%)'0+#*%>')=&',+)&-,'4=-(&D'' '
'
F%")=&#' 4")&%)*-,' -,)&#%-)*<&' ()#-)&>2' ."#' 3-%3&#' 4-)*&%)(' *%<",<&(' "<-#*-%' )*((+&' 3#2"4#&(&#<-)*"%D'
S=-/&0')*((+&'3-%'1&'"#)=")"4*3-,,2')#-%(4,-%)&0'?@TA@GC5'"#'*$$-)+#&'.",,*3,&('-#&'#&)#*&<&0'."#'in vitro'
.",,*3,&' >#"/)=5' in vitro' ""32)&' $-)+#-)*"%' 789J;' -%0' .&#)*,*6-)*"%' ?K5' LCD' U=*,&' "<-#*-%' )*((+&'
)#-%(4,-%)-)*"%'=-('1&&%'(+33&((.+,5'*)'3-##*&('-'#*(O'".'#&*%)#"0+3*%>'$-,*>%-%)'3&,,(')"')=&'4-)*&%)'?@HA@LCD'
F('-%'-,)&#%-)*<&5'in vitro'.",,*3,&'3+,)+#&')&3=%*E+&('*%'#"0&%)'(4&3*&('-#&'(+33&((.+,'-%0'4#">#&(('*('1&*%>'
$-0&'*%'"4)*$*6*%>')=&'(2()&$'."#'%"%=+$-%'4#*$-)&('-%0'=+$-%(D''
'
S=&' 0&<&,"4$&%)' ".' TA0*$&%(*"%-,' 7TV;'$-)#*3&(' ."#' in vitro' "<-#*-%' .",,*3,&' 3+,)+#&' *(' 3&%)#-,' )"' )=&'
(+33&((' ".' )=&(&' )&3=%*E+&(' )=+(' .-#' ?RQARRCD' 8)' *(' 1&,*&<&0' )=-)' TV' 3+,)+#&' $-)#*3&(' $-2' 1&' -1,&' )"'
$-*%)-*%' *%)&#3&,,+,-#'3"$$+%*3-)*"%'1&))&#'/*)=*%' )=&' .",,*3,&' )=#"+>=' )=&' ()#+3)+#-,' (+44"#)'".' .",,*3,&'
-#3=*)&3)+#&5' (4&3*.*3-,,2' )=&' )#-%(6"%-,' 4#"W&3)*"%(' 7SXY;' 1&)/&&%' )=&' ""32)&' -%0' )=&' (+##"+%0*%>'
3+$+,+('3&,,(5'/=*3='-#&'%&3&((-#2'."#'""32)&'>#"/)='in vitro'?RT5'RZCD'S=&'*$4-3)'".'SXY'$-*%)&%-%3&'
"%')=&'(+33&(('".'89J'=-('1&&%'#&4"#)&0'."#'$"+(&'?RBC5'#-)'?RGC5'1"<*%&?RHC5'-%0'=+$-%'?@RC'5'1+)'%")'*%'
1-1""%D' [+$+,+(' 3&,,(' -,("' 4,-2' -%' &((&%)*-,' #",&' *%' 4#"$")*%>' ""32)&' 32)"4,-($*3'$-)+#-)*"%' )=-)' *('
3#*)*3-,' ."#' (+1(&E+&%)' &$1#2"' 0&<&,"4$&%)D' S=&' 3+,)+#&' $&)="0(' )=-)' $-*%)-*%' )=&' 3+$+,+(A""32)&'
*%)&#-3)*"%'$-2'(+44"#)'""32)&'=&-,)=D'
'
8%')=*('()+025'/&'("+>=)')"'"4)*$*6&')=&'in vitro'.",,*3,&'3+,)+#&'(2()&$'-%0'89J'*%'%"%=+$-%'4#*$-)&('12'
+(*%>'4#&-%)#-,'.",,*3,&('-%0'3+$+,+(A""32)&'3"$4,&\&('7[M[(;'.#"$'($-,,'-%)#-,'.",,*3,&('*(",-)&0'.#"$'
,+)&-,A4=-(&'1-1""%'"<-#*&(D'U&'-*$&0')"'-%(/&#')=&'.",,"/*%>'E+&()*"%(]'7@;'[-%'""32)&('.#"$',+)&-,A
4=-(&'($-,,'.",,*3,&('+%0&#>"'$&*"(*('-%0'4#"0+3&'<*-1,&'&$1#2"(^'7R;'8('[M['$"#4=",">2'-%'*%0*3-)"#'
".' ""32)&'$&*")*3' 3"$4&)&%3&^' -%0' 7T;'U=-)' 3#*)&#*-' (="+,0' in vitro' .",,*3,&' 3+,)+#&' .+,.*,,' *%' "#0&#' )"'
4#"0+3&'$&*")*3-,,2'3"$4&)&%)'%"%=+$-%'4#*$-)&'""32)&(^'
 
Materials and Methods 
Ovary collection 
M<-#*&('/&#&' "1)-*%&0' .#"$'G' -0+,)' 323,*%>'1-1""%(' 0+#*%>' )=&' ,+)&-,' 4=-(&5' 0-2(' HA@Q'4"()A"<+,-)*"%'
7VYM;'7S-1,&'@;D'M<+,-)*"%'/-('0&)&3)&0'12'$&-(+#*%>'4&#*4=&#-,'(&#+$',&<&,('".'&()#-0*",5'1&>*%%*%>'H'
0-2('-.)&#')=&'.*#()'0-2'".'$&%(&(D'S=&'0-2'".')=&'&()#-0*",'(+#>&'/-('0&(*>%-)&0'V-2'A@5'/*)='V-2'Q'-(')=&'
0-2' ".' )=&' "<+,-)"#2' N!' (+#>&' -%0' V-2' @' -(' )=&' 0-2' ".' "<+,-)*"%' ?RKCD' N+)&-,A4=-(&' "<-#*&(' /&#&'
3"%.*#$&0' 12' 4#&(&%3&' ".' -' 3"#4+(' ,+)&+$' 7[N;D' M<-#*&(' /&#&' )#-%(4"#)&0' )"' )=&' ,-1"#-)"#2' -)' #""$'
)&$4&#-)+#&' /*)=*%' @' ="+#' ".' #&)#*&<-,D' _\4&#*$&%)(' /*)=' -%*$-,(' -%0' )*((+&(' /&#&' -44#"<&0' 12' )=&'
F%*$-,'[-#&'-%0'`(&'["$$*))&&('".')=&'`%*<&#(*)2'".'8,,*%"*('-)'[=*3->"'-%0'a"#)=/&()&#%'`%*<&#(*)25'
#&(4&3)*<&,2D'
'



Cumulus-oocyte-complex (COC) isolation and classification 
!"#$%&'( )&$&( *+#$,&$&-( )%,.( #( '/#01&02( #3-( ,.&( 4&-+00#( )#'( '&1#$#,&-( 5$64( ,.&( /6$,&7( +'%38( /+$"&-(
'/%''6$'(%3(9!:;<=>?(4&-%+4(@A661&$<;+$8%/#02(>$+4B+002(A>CD(;4#00(#3,$#0(5600%/0&'(@?%8D(EC(06/#,&-(
63( ,.&( B6$-&$( B&,)&&3( ,.&( /6$,&7( #3-( 4&-+00#( )&$&( 1+3/,+$&-( )%,.( #( FG<8#+8&( 3&&-0&( #3-( 8&3,0H(
'*+&&I&-( ,6($&0&#'&( ,.&(A!A'D(J'%38(#(-%''&/,%38(',&$&64%/$6'/61&2(A!A'()&$&(/0#''%5%&-( ,6(K(8$6+1'L(
MN<A!A2( %3/6410&,&( 0#H&$( 65( /+4+0+'( /&00'O( EN<A!A2(E<F( /6410&,&( 0#H&$'( 65( /+4+0+'( /&00'O( #3-(9N<
A!A2(#,(0&#',(K(/6410&,&(0#H&$'(65(/641#/,(/+4+0+'(/&00'D(A!A(/0#''%5%/#,%63()#'(1&$56$4&-(BH(#('%380&(
6B'&$"&$(,6(&3'+$&(+3%56$4%,H(65(A!A(,H1&'D(
(
Preantral follicle isolation 
>.&(1$&#3,$#0(5600%/0&'()&$&(%'60#,&-(#'(1$&"%6+'0H(-&'/$%B&-()%,.(4%36$(46-%5%/#,%63'(PFKQD((>.&(6"#$%#3(
/6$,&7( )#'( /+,( %3,6( '4#00( 1%&/&'( @#11$67%4#,&0H( E<F( 44KC( #3-( ,%''+&( )#'( &3IH4#,%/#00H( -%8&',&-( %3(
9R9(@S3"%,$68&32(A#$0'B#-2(ATC(/63,#%3%38(EU(=;T(@S$"%3&(;/%&3,%5%/2(;#3,#(T3#2(ATC2(MDMV(48W40(
N%B&$#'&( X0&3-IH4&( K( @Y6/.&( Z%#836',%/'2( S3-%#3#160%'2( S[C2( #3-( MDF( 48W40( Z[#'&( @\6$,.%38,63(
X%6/.&4%/#02(N#]&)66-2([^C(56$(E(.6+$(63(#('.#]&$(%3'%-&(%3/+B#,6$(#,(K_(`A(#3-(GU(A!FD(T5,&$($%3'%38(
,.&(/6$,&7(,)%/&()%,.(9!:;<=>?(4&-%+42(5600%/0&'()&$&(4&/.#3%/#00H(%'60#,&-(+'%38(#(FG<8#+8&(3&&-0&(
%3,6(9!:;<=>?(4&-%+4D(>.&(5600%/0&'()&$&(,$#3'5&$$&-(,6(4#%3,&3#3/&(4&-%+4(@ 9R92('+110&4&3,&-(
)%,.(EU(=;T2(EMM(SJW40(1&3%/%00%3(#3-(EMM( 8W40(',$&1,64H/%3C(#3-(10#/&-(%3(#3(%3/+B#,6$(#,(K_(`A(#3-(
GU(A!FD( !30H( 1$&#3,$#0( 5600%/0&'( @/0#''( E( #3-( FC( PFaQ( ,.#,( /63,#%3&-( #( /0&#$2( "%'%B0&2( /&3,$#00H<06/#,&-(
66/H,&2( .&#0,.H(8$#3+06'#( /&00'2( #3-(36( '%83'(65( #3,$+4( 56$4#,%63()&$&( &3/#1'+0#,&-( #3-(/+0,+$&-( @'&&(
?%8D(_TCD((
(
Matrix preparation  
;6-%+4(#08%3#,&(@GG<bGU(8+0+$63%/(#/%-C()#'(1$6"%-&-(BH(?9A(X%6:60H4&$'(@:.%0#-&01.%#2(:TCO(>%''&&0(
)#'( ]%3-0H( 1$6"%-&-( BH( X#7,&$( =&#0,./#$&( @X%6;/%&3/&(Z%"%'%632(\&',0#]&(c%00#8&2( ATCO( #3-(d$6),.(
?#/,6$(Y&-+/&-(XZ(9#,$%8&0>9()#'(1+$/.#'&-(5$64(XZ(X%6'/%&3/&(@XZ(A#,(KGeFKe2(X&-56$-2(9TCD(T00(
B%64#,&$%#0'( %3( ,.%'( ',+-H( )&$&( 1$&1#$&-( #'( -&'/$%B&-( 1$&"%6+'0H( PFE2( FK2( KMQD( X$%&50H2( ',&$%0&( #08%3#,&(
#0%*+6,'( )&$&( $&/63',%,+,&-( ,6( MDGU( @)W"C( %3( Ef:X;D( ?%B$%368&3( )#'( $&/63',%,+,&-( ,6( GM( 48W40( %3(
#1$6,%3%3( @KMMM(gSJW4NC( '60+,%632( #3-( ,.$64B%3( $&/63',%,+,&-( ,6( GM( SJW40( %3( GM(49(A#A0FWEeM(49(
[#A02(#//6$-%38(,6(]%,(%3',$+/,%63'(@X#7,&$(=&#0,./#$&CD(d?Y<9#,$%8&0()#'(,.#)&-(63(%/&(B&56$&(+'&D((
(
Follicle encapsulation and culture 
S3(6$-&$(,6(4#7%4#00H(-&#/,%"#,&(,.&(#/,%"%,H(65(,.&(&3IH4&'(+'&-(56$(5600%/0&(%'60#,%632(1$&#3,$#0(5600%/0&'(
)&$&(5%$',(&4B&--&-(%3(FGU(d?Y<9#,$%8&0(56$(E(.6+$(#'(56006)'(PFKQD(d?Y<9#,$%8&0()#'(-%0+,&-(ELK()%,.(
/60-( 9R9(#3-(#--&-( ,6( #(c<B6,,64(ab<)&00( 10#,&D(T5,&$( EM(4%3+,&'( #,( $664( ,&41&$#,+$&2( %3-%"%-+#0(
5600%/0&'()&$&(,$#3'5&$$&-(%3,6(&#/.()&00(#3-(,.&(10#,&()#'(%3/+B#,&-(56$(GM(4%3+,&'(#,(K_(hA(#3-(GU(A!FD(
?600%/0&'()&$&(,.&3($&,$%&"&-(5$64(,.&(9#,$%8&0(+'%38(B0+3,(,%1(56$/&1'D((
(
>.&(?T9(4#,$%7()#'(1$&1#$&-(BH(4%7%38(FG( 0(5%B$%368&3(@GM(48W40C2(FG( 0(#08%3#,&('60+,%63(@MDFGUC2(
eM( 0(Ef:X;(#3-(EM( 0(d?Y<9#,$%8&0D(?%"&(,6(,&3(5600%/0&'()&$&(,$#3'5&$$&-(%44&-%#,&0H(%3,6(,.&(?T9(
4%7,+$&()%,.(#(4%3%4#0(#46+3,(65(4#%3,&3#3/&(4&-%+4D(J'%38(#(EM( 0(1%1&,,&(,%12(%3-%"%-+#0(5600%/0&'(%3(
G( 0( 65( ?T9( 4%7,+$&( )&$&( 1%1&,,&-( %3,6( ,.&( GM( SJW40( ,.$64B%3( '60+,%63( 56$( /$6''0%3]%38( #3-(
8&0#,%3%I#,%63(56$(G(4%3+,&'D(?$&'.(?T9(4%7,+$&()#'(1$&1#$&-(&"&$H(KM(4%3+,&'(+3,%0(,.&(&3/#1'+0#,%63(
)#'(/6410&,&-D(>.&(/$6''0%3]&-(#3-(8&00&-(?T9(B&#-'2(&#/.(/63,#%3%38(#('%380&(5600%/0&2()&$&($%3'&-(%3(
4#%3,&3#3/&( 4&-%+4( #3-( 10#,&-( 63&( 1&$( )&00( %3( ab<)&00( 10#,&'( %3( EMM( 0( 65( B#'#0( /+0,+$&( 4&-%+4L(
9R92(K(48W40(=;T2(E(48W40(B6"%3&(5&,+%3(@;%84#<T0-$%/.2(;,D(N6+%'2(9!C2(G( 8W40(%3'+0%32(G( 8W40(
,$#3'5&$$%32( #3-( G( 38W40( '&0&3%+4D( >.$6+8.6+,( %'60#,%632( &3/#1'+0#,%632( #3-( 10#,%382( 5600%/0&'( )&$&(
4#%3,#%3&-(#,(K_( A(#3-(1=(_D(R3/#1'+0#,&-(5600%/0&'()&$&(/+0,+$&-(#,(K_(`A(%3(GU(A!F(+1(,6(Ee(-#H'D(
R"&$H(6,.&$(-#H2(.#05(65(,.&(4&-%+4(@GM( 0C()#'(&7/.#38&-(#3-(',6$&-(#,(<VM( A(56$(+'&(%3(',&$6%-(#''#H'D((
 



Follicle culture in FSH-containing medium 
!"#$%&#'()*$#&+,&)(-&"$./#01/$1)&#,%.*&2#'3//(0/&*#')3-#4#5.533"*#6&)&#)."73-/8#*&,.).$&7#("$3#9#:)31,*#

."7#:)36"#'3)#;<#7.8*#("#01/$1)&#-&7(1-#*1,,/&-&"$&7#6($%#<2#;<2#3)#;<<#-!=>-/#)&03-5("."$#%1-."#

?@A# BCD# E):."3"2# E**2# F%&# C&$%&)/."7*GH# ?3//(0/&*# 6&)&# $%&"# )&03I&)&7# ')3-# -.$)(+# ."7# 3308$&*#

1"7&)6&"$#!DJH#!"#$%&#*&03"7#,%.*&2#'3//(0/&*#')3-#K#5.533"*#6&)&#:)36"#'3)#;4#7.8*#("#$%&#.5*&"0&#3'#

?@A2#(7&"$('(&7#("#,%.*&#;#$3#,)3710&#01-1/1*L*1))31"7&7#3308$&*H#?3//(0/&*#6&)&#$%&"#)&03I&)&7#."7#$%&#

3308$&*#1"7&)6&"$#!DJH#

#

In vitro maturation (IVM)#
E308$&#-.$1).$(3"#6.*#0.))(&7#31$#1*(":#."# !DJ#M($# BN33,&)L@1):(0./G# .$#9O# PN# ("#QR#NEK# '3)#4SL4T#

%31)*H#F%&#I&"73)L*1,,/(&7#!DJ#-&7(1-#6.*#*1,,/&-&"$&7#6($%#;<<#-!=>-/#?@A#BCD#E):."3"G2#;<<#

-!=>-/#UA#BV)&*#@&)3"32#W."73/,%2#JVG2#;# !=>-/#%1-."#0%3)(3"(0#:3".73$)3,("# B%NXG# B@(:-.G2#;<#

":>-U#&,(7&)-./#:)36$%#'.0$3)#BYX?G#B@(:-.G2#."7#QR#BI>IG#%&.$#(".0$(I.$&7#'&$./#53I("&#*&)1-##B?Z@G#

B!"I($)3:&"GH#

#

F&"# $3# '('$&&"# 3'# &.0%# 0/.**# 3'# NEN*# ')3-# *-.//# ."$)./# '3//(0/&*# 1"7&)6&"$# !DJ# ("# ."# E):."# F(**1&#

N1/$1)&#[(*%#BS<#+#4<#--\#?./03">Z[#Z(3*0(&"0&*2#@."#]3*&2#NVG#03"$.("(":#;#-/#-.$1).$(3"#-&7(1-#

03I&)&7#6($%#&-5)83L:).7&#-("&)./#3(/H#

 
In vitro#01/$1)&7#,)&."$)./#'3//(0/&*#6&)&#'()*$#)&03I&)&7#')3-#$%&#?VJ#-.$)(+#5&.7*#58#("015.$(3"#("#.#;<#
!=>-U# *3/1$(3"# 3'# ./:(".$&# /8.*&# ("# ,)&6.)-&7#JE^@LAF?#-&7(1-# '3)# ;<#-("1$&*H# F%&#NEN*#6&)&#

0.)&'1//8# *&,.).$&7# ')3-# $%&# *1))31"7(":# '3//(0/&# 1*(":# KTL:.1:&# ("*1/("# "&&7/&*# ."7# ("7(I(71./# NEN*#

6&)&#$)."*'&))&7#("$3#.#;Q# /#7)3,/&$#3'#!DJ#-&7(1-#03I&)&7#6($%#&-5)83L:).7&#-("&)./#3(/H#V'$&)#4SL4T#

%31)*2#3308$&*#6&)&#7&"17&7#3'#01-1/1*#0&//*#6($%#<H9R#%8./1)3"(7.*&#."7#:&"$/&#,(,&$$(":H#E308$&#*$.$&#

6.*#.**&**&7#1*(":#/(:%$#-(0)3*03,8#."7#0%.).0$&)(_&7#.*#'3//36*`#:&)-("./#I&*(0/&#5)&.M736"#BXDZ[G2#

('#$%&#:&)-("./#I&*(0/&#6.*#"3$#,)&*&"$\#XD2#('#$%&)&#6.*#."#("$.0$#:&)-("./#I&*(0/&\#-&$.,%.*&#!!#BJ!!G2#('#

.#,3/.)#5378#6.*#,)&*&"$#("#$%&#,&)(I($&//("&#*,.0&\#."7#7&:&"&).$&7#B[XG2#('#$%&#3308$&#6.*#').:-&"$&7#

3)#*%)1"M&"H##

#

Intracytoplasmic sperm injection (ICSI) and embryo culture 
J.$1)&#3308$&*#BJ!!G#6&)&#("*&-(".$&7#58#!N@!#6($%#')3_&"L$%.6&7#5.533"#*,&)-#35$.("&7#58#&/&0$)3L

&a.01/.$(3"# ')3-#-./&*#3'# ,)3I&"# '&)$(/($8#%31*&7# ("# $%&# 03/3"8# b9;cH#?&)$(/(_.$(3"#6.*# &I./1.$&7#;SL;T#

%31)*#.'$&)#("a&0$(3"#."7#03"*(7&)&7#"3)-./#('#$63#,)3"10/&(#6&)&#35*&)I&7H#Y-5)83*#6&)&#("7(I(71.//8#

01/$1)&7#'3)#Q#7.8*#("#.#K<# /#7)3,#3'#&-5)83#01/$1)&#-&7(1-#,)3I(7&7#("#$%&#!DJ#M($#BN33,&)L@1):(0./G#

1"7&)#-("&)./#3(/#.$#9O#PN#("#QR#NEKH##

#

Follicle and oocyte measurement  
[1)(":#$%&#'3//(0/&#01/$1)&#,&)(372#,%3$3:).,%*#3'#&.0%#'3//(0/&#6&)&#0.,$1)&7#1*(":#.#U&(0.#[J#!U#/(:%$#

-(0)3*03,&#BU&(0.2#d&$_/.)2#X&)-."8G#&e1(,,&7#6($%#,%.*&#35a&0$(I&*2#.#%&.$&7#*$.:&2#.#@,3$#!"*(:%$#K#

J&:.,(+&/#N3/3)#J3*.(0#0.-&).2#."7#@,3$#*3'$6.)&#B@,3$#[(.:"3*$(0#!"*$)1-&"$*2#@$&)/(":#A&(:%$*2#J!GH#

?3//(0/&# 7(.-&$&)*#6&)&# /.$&)#-&.*1)&7# 1*(":# !-.:&]# *3'$6.)&# BC.$(3"./# !"*$($1$&*# 3'#A&./$%2#=@VG# .*#

,)&I(31*/8# 7&*0)(5&7# b9K2# 99cH# E308$&# 7(.-&$&)*2# -("1*# $%&# _3".# ,&//10(7.2# 6&)&# -&.*1)&7# 3"# 7.8# <2#

6%&"#$%&#3308$&#6.*#&"0/3*&7#("#$%&#'3//(0/&2#."7#3"#7.8#;<#."7#;42#6%&"#$%&#NEN#%.7#5&&"#*&,.).$&7#

')3-#$%&#*1))31"7(":#'3//(0/&H##

#

Tissue sectioning and staining 
EI.)(."#$(**1&*#."7#in vitro#01/$1)&7#'3//(0/&*#6&)&#'(+&7#("#4R#,.).'3)-./7&%87&#("#; #^Z@#3I&)"(:%$#.$#
4# PNH#?3//(0/&*#6&)&#7&%87).$&7# ("# .*0&"7(":#03"0&"$).$(3"*#3'# &$%."3/# BO<RL;<<RG2# ."7#&-5&77&7# ("#

,.).''("#1*(":#."#.1$3-.$&7# $(**1&#,)30&**3)# BU&(0.2#J."%&(-2#X&)-."8GH#4L -# *&0$(3"*#6&)&#01$# ."7#

*$.("&7#6($%#X3-3)(f*# $)(0%)3-&#b94c# '3)#3I.)(."# $(**1&*#3)#%&-.$3+8/("#."7#&3*(" '3)# in vitro#01/$1)&7#
'3//(0/&*H##



!
Immunostaining and confocal imaging 
"#$%&'(!)'*'!+,-'.!/0.!'-&*/$&'.!,0!/!1,$*#&2324'5(&/3,4,6,07!32++'*!),&8!9:!+#*1/4.'8%.'!/&!;<!=>!+#*!
/&! 4'/(&! ;?!1,02&'(! @;ABC! D#! E,(2/4,6'! (F,0.4'(! /0.! $8*#1#(#1'(G! ##$%&'(!)'*'! ,0$23/&'.!),&8!1#2('!
1#0#$4#0/4! /0&,5 5&2324,0! HIJK??G! L,71/M! #E'*0,78&! /&! 9! =>G! +#44#)'.! 3%!N4'-/! O42#*! 9PP5$#0Q27/&'.!
*/33,&5/0&,51#2('!R7S!HIJ9??G!T#4'$24/*!U*#3'(G!V27'0'G!"*'7#0M! +#*!I!8#2*!/&! *##1!&'1F'*/&2*'G!/0.!
&8'0! )'*'! 1#20&'.! ,0! W'$&/L8,'4.! ),&8! I! 7X14! F*#F,.,21! ,#.,.'! HW'$&#*! Y/3#*/&#*,'(G! Z2*4,07/1'G!
>NMC! R1/7'(!)'*'! #3&/,0'.! 2(,07! /! 4/('*! ($/00,07! $#0+#$/4!1,$*#($#F'! HY',$/! D>L!LUA[G!T/08',1G!
S'*1/0%M!20.'*!/!\!];!#,4!,11'*(,#0!#3Q'$&,E'C!O#*!'/$8!(F,0.4'G!/!$#1F4'&'!^5/-,(!($/0!)/(!$#44'$&'.!/&!
?CA! 1!,0&'*E/4(G!/0.!;_!F*#Q'$&,#0!)/(!/0/4%6'.!#0!Y',$/!LUA!(#+&)/*'C!!
!
Statistics 
T/&2*/&,#0!./&/!)'*'!/0/4%6'.!2(,07!#0'5)/%!N`"WNG!+#44#)'.!3%!/!F/,*'.!&5&'(&C!LF,0.4'!./&/!/0/4%(,(!
)/(! $/**,'.! #2&! ),&8! F##4'.! ./&/! 2(,07! $8,5(a2/*'.! /0/4%(,(C! Pb! ?C?A! )/(! $#0(,.'*'.! (&/&,(&,$/44%!
(,70,+,$/0&C!N44!(&/&,(&,$/4!$/4$24/&,#0(!)'*'!F'*+#*1'.!2(,07!&8'!(#+&)/*'!S*/F8U/.!U*,(1!E'*(,#0!9C?C!
 
Results 
In vitro maturation of COCs from in vivo small antral follicle 
Meiotic resumption 
D#! ,0E'(&,7/&'! &8'!$#**'4/&,#0!3'&)''0!>">!1#*F8#4#7%!/0.!##$%&'!1',#&,$! $#1F'&'0$'G!)'!$#44'$&'.!
;<I! >">(! +*#1! I5K! 11! (1/44! /0&*/4! +#44,$4'(! 4#$/&'.! #0! &8'! 3#*.'*! 3'&)''0! &8'! #E/*,/0! $#*&'-! /0.!
1'.244/! HO,7C! IMC!>">(!)'*'!7*#2F'.!/$$#*.,07! &#! &8'!0213'*!#+! $21242(! $'44! 4/%'*(J! ?YG!IYG!#*!TY!
HO,7C!KNG!_G!SMC!N+&'*!9P!8#2*(!RWTG!&8'!F'*$'0&/7'!#+!##$%&'(!+*#1!'/$8!7*#2F!&8/&!)'*'!,0!SWG!TRG!#*!
TRR!(&/7'(!)/(!.'&'*1,0'.!HD/34'!KMC!T#(&!#+!##$%&'(! ,0! &8'!?Y5>">!7*#2F!*'1/,0'.!,0! &8'!SW!(&/7'!
HO,7C!KN5>MC!>21242(!$'44!'-F/0(,#0!)/(!#3('*E'.!/+&'*!K9!8#2*(!#+!RWT!,0!&8'!IY5>">!/0.!TY5>">!
7*#2F(!HO,7C!KVG!cMG!/0.!1/&2*'!##$%&'(!HTRRM!)'*'!(''0!/+&'*!9P!8#2*(!HO,7C!KOG!RMC!L,70,+,$/0&4%!1#*'!
##$%&'(!+*#1!&8'!TY5>">!7*#2F!*'(21'.!1',#(,(!/0.!F*#7*'(('.!&#!&8'!TRR!(&/7'!H9K:M!$#1F/*'.!),&8!
##$%&'(!+*#1!&8'!?Y5>">!/0.!IY5>">!7*#2F(!H;:!/0.!K;:G!*'(F'$&,E'4%d!D/34'!KMC!!
!
Analysis of spindle apparatus of mature oocytes!
LF,0.4'!1#*F8#4#7%! /0.! $8*#1#(#1'! /4,701'0&! #+! in vitro!1/&2*'.! ##$%&'(! +*#1! (1/44! /0&*/4! +#44,$4'!
>">(! )/(! /(('(('.! 2(,07! /! F*'E,#2(4%! .'($*,3'.! $4/((,+,$/&,#0! (%(&'1! @;]BC! O,72*'! ;N5_! (8#)(!
*'F*'('0&/&,E'!,1/7'(!+*#1!&8'!IY5>">!/0.!TY5>">!+#*!'/$8!#+!&8'!9!$4/((,+,$/&,#0(!#+!02$4'/*!(&/&2(J!
HNM! Z,F#4/*! (F,0.4'X/4,70'.! $8*#1#(#1'(! (8#)! 3,F#4/*! #*7/0,6/&,#0! ),&8! F#,0&'.! #*! +4/&&'0'.! F#4'(G!
1,$*#&2324'(!$#0E'*7,07!/&!3#&8!F#4'(G!/0.!/44!$8*#1#(#1'(!F*'('0&!/0.!'E'04%!/4,70'.!/&!&8'!'a2/&#*,/4!
F4/&'!HO,7C!;NMd!HZM!Z,F#4/*!(F,0.4'X0#0/4,70'.!$8*#1#(#1'(!(8#)!3,F#4/*!#*7/0,6/&,#0!),&8!F#,0&'.!#*!
+4/&&'0'.! F#4'(G! 1,$*#&2324'(! 1''&,07! /&! 3#&8! F#4'(G! /0.! $8*#1#(#1'(! ),&8! E/*%,07! .'7*''(! #+!
1,(/4,701'0&! HO,7C! ;ZMd! H>M! _,(/**/07'.! (F,0.4'X/4,70'.! $8*#1#(#1'(! (8#)! $42(&'*(! #+! .,(#*7/0,6'.!
1,$*#&2324'(G!124&,F#4/*!(F,0.4'(G!#*!(F,0.4'(!),&8!1,$*#&2324'(!0#&!$#0E'*7,07!/&!#0'!#*!3#&8!F#4'(G!/0.!
$#0&/,0,07! $4#('4%! /4,70'.! $8*#1#(#1'(! /((#$,/&'.! ),&8! 1,$*#&2324'(! HO,7C! ;>Md! /0.! H_M! L'E'*'4%!
.,(/**/07'.! #*! /3('0&! (F,0.4'X.,(F'*('.! #*! /3('0&! $8*#1#(#1'(! HO,7C! ;_MC! `#! (&/&,(&,$/44%! (,70,+,$/0&!
.,++'*'0$'(! )'*'! +#20.! 3'&)''0! &8'! IY5>">! /0.! TY5>">! 7*#2F(! ),&8! *'7/*.! &#! &8'! F'*$'0&/7'! #+!
##$%&'(!,0!'/$8!#+!&8'!9!$/&'7#*,'(!HD/34'!;MC!N44!#+!##$%&'(!&8/&!.,.!0#&!*'(21'!1',#(,(!8/.!(2**#20.'.!
02$4'#42(! HL`MG! ,0!)8,$8! &8'!02$4'#42(! ,(! (2**#20.'.!3%!/! *,1!#+!UR!F#(,&,E'!$8*#1/&,0! HO,7C!;VMC!TRR!
##$%&'!)/(!*'F*'('0&'.!/(!O,7C!;OC!D8'*'!)'*'!,0(2++,$,'0&!0213'*(!#+!TRR!##$%&'(!,0!?Y5>">!7*#2F!&#!
F'*1,&!'E/42/&,#0!#+!02$4'/*!(&/&2(C!!
!
Fertilization and embryo development in vitro 
"+! &8'! ;;! 1/&2*'! ##$%&'(! HTRRM! +*#1! TY5>">! 7*#2F! +'*&,4,6'.! 3%! R>LRG! P! .'1#0(&*/&'.! 0#*1/4!
+'*&,4,6/&,#0!),&8!&)#!F*#02$4',C!O#2*!K5$'44!'13*%#(!)'*'!#3&/,0'.!#0!./%!KG!/0.!#+!&8'('G!K!.'E'4#F'.!&#!
&8'!1#*24/!(&/7'!3%!./%!9!HO,7C!9MC!!



!
In vitro growth and maturation of preantral follicles  
"#! $%&! '()*$! &+,&)(-&#$.! /0! ,)&1#$)12! '322(42&*! 5&)&! &#41,*621$&7! (#! 89:! 1#7! 462$6)&7! '3)! ;<! 71=*! (#!
-&7(6-!*6,,2&-&#$&7!5($%!<.!;<.!3)!;<<!-">?-2!8@A!BC1D2&!/EF!C%&!3G&)122!*6)G(G12!)1$&*!3'!'322(42&*!
1-3#H!$%&!I!H)36,*!5&)&!43-,1)1D2&F!8322(42&*!&+%(D($&7!8@A!73*&J7&,&#7&#$!(#4)&1*&*!(#!'322(42&!*(K&F!
A35&G&).! &+3H&#36*!8@A!#&H1$(G&2=! (-,14$&7! '322(42&! %&12$%! B8(HF! LEM! (#! $%&! ,)&*&#4&! 3'! ;<<!-">?-2!
8@A.! H)1#623*1! 4&22*! D&41-&! %=,3$)3,%(4! 1#7! $%&! 334=$&! 23*$! (#$&)4&22621)! 43##&4$(3#! 5($%! $%&!
*6))36#7(#H!46-626*!4&22*! B8(HF!LNEF!9'$&)!;<!71=*!3'!462$6)&!OPO*!5&)&!)&43G&)&7!')3-!'322(42&*F!922!
334=$&*! ')3-! $%&! ;<! 1#7! ;<<! -">?-2! 8@A! 462$6)&! H)36,*! 5&)&! 12)&17=! 7&#67&7! B8(HF! LQE.! 5%&)&1*!
334=$&*! 462$6)&7! (#! $%&! 1D*&#4&! 3'! 8@A!%17! 1$! 2&1*$! 3#&! 21=&)! 3'! 46-626*! 4&22*! B8(HF! LOEF! "#! 177($(3#.!
334=$&!*(K&!51*!#&H1$(G&2=!43))&21$&7!5($%!8@A!73*&!(#!462$6)&!BC1D2&!/EF!92$%36H%!"R:!51*!,&)'3)-&7!
3#!122!3'! $%&!SRJ(#$14$!334=$&*! )&43G&)&7.!#3#&!3'! $%&!334=$&*! )&*6-&7!-&(3*(*!1'$&)!/T!%36)*!3'! "R:!
B71$1!#3$!*%35#EF!!
!
N1*&7!3#!$%&*&!)&*62$*.!I;!,)&1#$)12!'322(42&*!5&)&!&#41,*621$&7!'3)!$%&!*&43#7!&+,&)(-&#$!B8(HF!U9E!1#7!
462$6)&7!'3)!;/!71=*!5($%36$!8@AF!V($%!$%&!177($(3#12!/!71=*!3'!462$6)&.!'322(42&*!H)&5!$3!7(1-&$&)*!&W612!
$3!$%3*&!3'!'322(42&*!$%1$!5&)&!462$6)&7!(#!$%&!,)&*&#4&!3'!8@A!'3)!;<!71=*!B8(HF!09E.!1#7!-3)&!$%1#!L<X!
3'! $%&! '322(42&*! B;U!36$!3'!I;E!7&G&23,&7! $3! $%&!1#$)12! *$1H&! B8(HF!UNEF! "#!462$6)&.!334=$&*!H)&5! $3!*(K&*!
43-,1)1D2&!$3!$%3*&!5($%(#!*-122!1#$)12!'322(42&*!in vivo!B8(HF!0NEF!"R:!51*!$%&#!41))(&7!36$!3#!;0!3'!$%&!
OPO*.!5%(4%!%1G&!1$!2&1*$!;!43-,2&$&!21=&)!3'!46-626*!4&22*!B8(HF!UOEF!O6-626*!4&22*!&+,1#7&7!5($%(#!
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Discussion 
"#! $%(*!*$67=.!5&!'()*$!7&-3#*$)1$&7! $%1$!D1D33#!334=$&*!')3-!*-122!1#$)12! '322(42&*!4322&4$&7!76)(#H!$%&!
26$&12! ,%1*&! 43627! D&! -1$6)&7! in vitro! 1#7! ,)3764&! G(1D2&! &-D)=3*F! V&! 12*3! '36#7! $%1$! $%&! -&(3$(4!
43-,&$&#4&! 3'! $%&*&! 334=$&*! 51*! 43))&21$&7! $3! $%&! #6-D&)! 3'! *6))36#7(#H! 46-626*! 4&22! 21=&)*F! C%&*&!
*$67(&*!,)3G(7&7!,)&2(-(#1)=!71$1! '3)! $%&!3,$(-(K1$(3#!3'! in vitro! '322(42&! 462$6)&! *=*$&-! '3)!#3#%6-1#!
,)(-1$&!'322(42&*F!V&!*6D*&W6&#$2=!7&-3#*$)1$&7!$%1$!26$&12J,%1*&!D1D33#!,)&1#$)12!'322(42&*!5&)&!1D2&!$3!
)&14%! $%&! *-122! 1#$)12! *$1H&! 1'$&)! ;/!71=*! (#! 462$6)&.!5($%! 334=$&*! )&14%(#H! *(K&*! *(-(21)! $3! $%3*&! ')3-!
*-122! 1#$)12! '322(42&*! in vivoF! C%&! 1D*&#4&! 3'! 8@A! (#! $%&! 462$6)&! -&7(6-! 51*! 4)($(412! $3! -1(#$1(#! 1!
43-,14$! OPO! *$)64$6)&F! 83)! $%&! '()*$! $(-&! (#! #3#%6-1#! ,)(-1$&*.! 5&! 12*3! 7&-3#*$)1$&7! $%1$! 334=$&*!
)&43G&)&7!')3-!462$6)&7!'322(42&*!1)&!1D2&!$3!6#7&)H3!"R:!1#7!)&*6-&!-&(3*(*!)&*62$(#H!(#!#3)-12!*,(#72&!
*$)64$6)&F!!
!
[)&G(36*!53)\!(#!36)!21D!1#7!3$%&)*!)&G&12&7!$%1$!$%&!43#7($(3#*!)&W6()&7!$3!*6,,3)$!334=$&!-1$6)1$(3#!in 
vitro!1)&!*,&4(&*J7&,&#7&#$F!"R:!(*!*644&**'62!(#!)37&#$*!]IU^.!1#7!(--1$6)&!D3G(#&!334=$&*!')3-!*-122!
1#$)12! '322(42&*! BYJT!--! (#!7(1-&$&)E! 1)&!-1$6)&7! in vitro! $3!,)3764&! 2(G&!3''*,)(#H! ]IT^F!A35&G&).! $%&!
1,,2(41$(3#!3'!"R:!$3!#3#%6-1#!,)(-1$&!334=$&*!(*!#3$!46))&#$2=!1*!*644&**'62F!P#&!*$67=!*%35&7!$%1$!
3#2=!Y_X!3'!D1D33#!(--1$6)&!334=$&*.!)&$)(&G&7!1$!$%&!$(-&!3'!4&*1)&1#!7&2(G&)=.!43627!,)3H)&**!$3!$%&!
:""!*$1H&!in vitro!]I_^F!N1*&7!3#!36)!'(#7(#H*.!5&!*,&4621$&!$%1$!$%&!235!"R:!)1$&!-1=!D&!$%&!)&*62$!3'!
,332(#H!OPO*.!)&H1)72&**!3'! $%&!#6-D&)!3'!46-626*!4&22! 21=&)*F!V&!14%(&G&7!$%&!%(H%&*$!,&)4&#$1H&!3'!
:""! 334=$&*! B/;F0XE! ')3-! -62$(21=&)! OPO*.! 7&-3#*$)1$(#H! 1! *$)3#H! 43))&21$(3#! D&$5&&#! OPO!
-3),%323H=!1#7!334=$&!-&(3$(4!43-,&$&#4&F!C%&*&!71$1!*6,,3)$!$%&!(7&1!$%1$!-1(#$1(#(#H!$%&!46-626*J
334=$&!43##&4$(3#!(*!&**&#$(12!'3)!334=$&!4=$3,21*-(4!-1$6)1$(3#F!86)$%&)-3)&.!$%&!)&21$(G&!*-122&)!334=$&!
7(1-&$&)!(#!<`JOPO!H)36,!Ba__FU -E!(#7(41$&7!$%1$! $%&*&!334=$&*!-(H%$!3)(H(#1$&!')3-!2&**!7&G&23,&7!
'322(42&*! ]/<.! /;^M! 1#7! $%&! 214\! 3'! *6))36#7(#H! 46-626*! *6HH&*$&7! $%&=! -(H%$! D&! ')3-! &1)2(&)! 1$)&$(4!
'322(42&*! ]/Y^F! O3-,1)&7! $3! $%&!:`JOPO! H)36,.! $%&)&! 5&)&! '&5&)! 334=$&*! (#! $%&! ;`JOPO! H)36,! $%1$!
,)3H)&**&7!$3!:""F!S(G&#!$%1$! $%&!;`JOPO!334=$&*!%17!*(-(21)!*(K&!1#7!$%&!*1-&!,)3,3)$(3#!3'!#3)-12!
*,(#72&!*$)64$6)&!1#7!4%)3-3*3-&!12(H#-&#$!1*!$%&!:`JOPO!3#&*.!$%3*&!$%1$!7(7!-1$6)&!*%3627!%1G&!1!
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in vitro !"#$"%&'()*##+!#&,(-%*.%&,,( $*(/00(**!1$&,(2$(2( #*3&%()%&4"&5!1($625(**!1$&,()%*7( in vivo(,72##(
25$%2#( )*##+!#&,8( 9*5&$6&#&,,:( $*( $6&( ;&,$( *)( *"%( <5*3#&'.&:( $6+,( +,( $6&( )+%,$( %&-*%$( *)( -%+72$&( -%&25$%2#(
)*##+!#&(!"#$"%&( +5(36+!6(/00(**!1$&,(3+$6(5*%72#( ,-+5'#&( ,$%"!$"%&(62,(;&&5('&%+=&'8(>"$"%&(3*%<(3+##(
*-$+7+?&($6&(!"#$"%&(,1,$&7(25'('&$&%7+5&(36&$6&%(!"#$"%&'(**!1$&,(!25(;&()&%$+#+?&'(25'(,"--*%$(5*%72#(
&7;%1*('&=&#*-7&5$8(
(
05(!*5!#",+*5:(*"%(,$"'+&,(%&=&2#&'($62$(#"$&2#@-62,&(;2;**5()*##+!#&,(!25(;&(!"#$"%&'(in vitro($*(-%*'"!&(
7&+*$+!2##1( !*7-&$&5$( **!1$&,8(A6+,( %&,&2%!6( %&-%&,&5$,( $6&(5&B$( ,$&-( +5( $6&(*5.*+5.( &))*%$( $*( 2--#1( in 
vitro()*##+!#&(!"#$"%&(,1,$&7,($*($6&(-%+72$&8(05($+7&($6+,($&!65*#*.1(721(;&(2--#+&'($*(3*7&5(3+$6(!25!&%(
36*(3+,6($*(-%&,&%=&($6&+%()&%$+#+$1(;"$(36*(2%&(5*$(!25'+'2$&,()*%($%2'+$+*52#(0C>(-%*!&'"%&,8((
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Figure Legends 
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Figure 7I' 8!"((%' 06$!%16!:' )(::;&:$' K6(51-' ;%' *DS' /!16;T' !%.' ?US' ()' 6$&(E$6$.' ((&B1$#C' 7D9' D'
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