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! E44E.C.CF&J#E.C$D
H�Zmno&+JT)XVÊW[)(T(U/F&4N³mno&+LSWUXd(dW(U/&
pqrstuvwx

³K`.! K##
"%!##&'()*&)+{-$$0.131/-&
³K`.! &c[SccST�[b

$
6789:;<=³K`.!>!��$^
_?

)+2-$$/+0.$-0.1/F&
)+,-$$/+Ê.$-0.1/&F&
)+$$-$,/+0.1-Ê$1/^_

! @AB.C$D N
E4`C$Pa2$QCF&LKMNO&
.$D2$Q,P

!
E44E.C$,F&E44E.C.C&
+L[b(S)c(d&!##/

&

³K`.! K## KL!#&'()*&)+{-$$0.131/-&
³K`.! &c[SccST�[b

$ 6789:;<? )+{-$$0.131/ ! @AB.C$D

³K`.! K## `%!## $ 6789:;<=³K`.!>K##`$^
_?

)+$$-$,/+0.1-Ê$1/^_ ! @AB.C$D

³K`." KK . 67�� 4 LKMNO.,aa2D2$
³K`.4 K##1 N#"4# $ 67�� ! @AB.C$D
³K`.4 K##1 �# . 67�� N LKMNO&.,$Qa1PC
³K`.4 K##1 KK . 67�� 4 LKMNO.,aa2D2$
³K`.N K##. N#"4# $ 67�� ! @AB.C$D
³K`.N K##. JE³`# $ 67�� ! @AB.C$D
³K`.N K##. �# $ 67�� ! @AB.C$D
³K`.N K##. K4# $ 67�� ! @AB.C$D
³K`.N K##. @K>#L# $ 67�� ! @AB.C$D
³5!H "LN4E $ 6789 ! @AB.C$DF&LKMNO&.Q$$Q1aD

³5!H 4AML . 6789:��? N LKMNO&.Q2.Pa1DF&.Q2.Pa1aF&
11CQD.C$F&11$CPP12

³5!H !K# $
6789:��=I$.N>H>!>ÐF&
ÍP$L^_?

!
@AB.C$DF&J#E.C$DF&
E44E.C.CF&LKMNO&.D.DPQP$&

N LKMNO&1$Caaa2$
KJ³mno&+4XU(R[)(T(UF&"(T(R[)(T(U/&pqrstuvwx-&&
³5!H�����|I(W)[c()(T(U�������89���7�u��

³5!H "%!## . 6789:��=I$.N>I$1N^_
?

N LKMNO&$aDC$QCPF&.Q.Q1DDC KJ³mno&+`cSR[)(T(U/&pqrstuvwx

³5!H J`L%!## $ 6789:��=I$.N>I$1N^_
?

! @AB.C$DF&E44E.C$,F&
LKMNO&...1D$CP

KJ³mno&+`cSR[)(T(U/&pqrstuvwx

³5!H GKK# $ 6789:��=I$.N>H>!>ÐF&
ÍP$L^_?

! @AB.C$DF&LKMNO&.P2QDP2a KJ³mno&+`cSR[)(T(U/&pqrstuvwx

³5!H GKK#&SVVXd(S)[b&'()*&
EXXTST&V�TbcXR[

$ 6789:��=I$.N>H>!>ÐF&
ÍP$L^_?

! @AB.C$DF&E44E.C$,&+KNH/

³5!H KNH $ 6789:��=I$.N>H>!>ÐF&
ÍP$L^_?

" LKMNO&.2..C.D.F&.D,,.2$2F&
.a$DDaD1

³5!H KK $ 6789:��? ! @AB.C$DF&LKMNO&.P.a.PQ2 4 E4`C1C,$.QD KJ³mno&+`cSR[)(T(U/pqrstuvwx

³5!H `%!## . 6789:��=I$.N>I$1N^_
?

N LKMNO&$aDC$QCPF&.Q.Q1DDC KJ³mno&+`cSR[)(T(U/&pqrstuvwx

#!K"2 !! . 67ÑÅ N LKMNO&.2..C.D.F&.P$1.,2C
#!K"2 KNH . 67ÑÅ N LKMNO&.2..C.D.F&.P$1.,2C

#4³ `%!## $ 6789:}~�=`5">#4³^_
?

)+$-D/+Ê12-012/^_ ! @AB.C$D

#KB$ 5"`E$ `%!## $ 6789:}~�=`5N>#KB$^
_?

)+$$-$2/+Ê$Q-0$$/^_ ! @AB.C$D

#KB. 5"`E. `%!## $ 6789:}~�=`5N>#KB.^
_?

)+$$-$2/+Ê$1-0$$/^_ ! @AB.C$D

#`" KK . 67�� 4 LKMNO&.P.a.PQ2F&.22.,DC1
#\4D#. KNH $ 67�� " LKMNO&.2..C.D.

#Ý#$ `%!## $ 6789:}~�=`5">#Ý#$^_
?

)+D-$,/+012-Ê$1/^_ ! @AB.C$D

K!N.#. �!E4Ð M"K�HO&�STdXT(&ST[R(S $ 67�� ! E44E.C$,&+KNH/F&LKMNO&
1Caa.C2DF&1$1Q$PD1

� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

K!� 4%K!� KK $
6789:}~�=MIA>K!�|Ú
Ü?

)+$2-$P/+01.-0.1/F&
SRÊ+$P0.1/

!
@AB.C$DF&E44E.C$DF&&
LKMNO&.,aa22D$F&.DCC.$$QF&
.aQa2.Q1

!
@AB.C$DF&E44E.C$DF&&LKMNO&
.DCC.$$QF&.aQa2.Q1

K!�! KK $ 6789:}~�=MIA>K!�!? )+a-$2/+0.2-01./ ! @AB.C$D
K!�" KK $ 6789:}~�=MIA>K!�"? )+$2-.C/+01.-0$./& ! @AB.C$DF&LKMNO&.DCC.$$Q ! @AB.C$DF&LKMNO&.DCC.$$Q

K!#`$ K!#` $ 6789:;<="M541>K!#`$|
}~�=MIA>K!#`$?

)+$$-$a/+0.$-0.$/F&
)+$2-$a/+01.-0.$/

! @AB.C$D )+$$-$a/âã���|A3Ê�cXW(&
äå�������89���7�u��

K!#`$ L4EH# $ 6789:ÚÜ? SRÊ+$a0.$/ ! @AB.C$D
K!K#. KK . 67ÑÅ+��? 4 LKMNO.,aa2D2$
K!E.4$ KK . 67ÑÅ+��? 4 LKMNO.,aa2D2$
K!L.³$ KJ³$ A4#%{ $ 6789:��=³QDE^_? ! @AB.C$DF&E44E.C$,

K!L.³$ KJ³$ #ST�[c*STV&d[WW&
*(V)(Xd�)XV(V

. 機能獲得（変異：ÍQa.JP.b[W&など） N LKMNO&.Q.C.$2C N LKMNO&1CaPDQ,.

K!L.³$ KJ³$ L`�# $ 機能獲得（変異：³QDEなど） ! @AB.C$DF&E44E.C$,
K!L1³$2 EM³ 4A# $ 機能獲得（増幅） ! @AB.C$DF&LKMNO&.C11,Ca,

K!L1³$2 EM³ KK $ 6789:}~�=MIA>EM³|ÚÜ
?&

)+$2-$D/+01.-0.$/ ! @AB.C$DF&LKMNO&$DP,.aCQF&
$DP,.aC2

K!Î KK . 67�� N LKMNO&.P.a.PQ2
KNK. N#"4# . 6789:ÚÜ? N LKMNO&.1,a.$DD&

KJ4BK JÐM$ !K#&'()*&K54 $ 6789:;<=5\EÎ$>KJ4BK
?

)+1-.$/+0.P-0../ ! @AB.C$D ! E44E.C.C
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KJ4BK JÐM$

!K#&'()*&
(T{+1/+0.$310.P3./&Xc&
)+1-1/+0.$31-0.P3./-&I!`!. F&
KJ4BK

$ 6789:}~�?
(T{+1/+0.$310.P3./&F&
)+1-1/+0.$31-0.P3./

! @AB.C$DF&J#E.C$D ! @AB.C$DF&J#E.C$D

KJ4BK JÐM$ 4K#F&"45%!"#$y . 6789:;<=5\EÎ$>KJ4BK
?

)+1-.$/+0.P-0../ 4 LKMNO&.CPa.1,$

KJ�." N#"4# $ 67�� ! @AB.C$D
KJ�." �# $ 67�� ! @AB.C$D " LKMNO&.DPP2.P1&+JHKB/
KJ�.N "%!## $ 6789:;<? " LKMNO&.DQCDaa.F&.Da.2CQ$
KJ` "LN4E $ 6789 ! @AB.C$DF&LKMNO&.Q$$Q1aD
K�A!H$ LK"# $ 67ÑÅ:��? ! @AB.C$D
KI! !K# $ 67�� ! J#E.C$DF&LKMNO&.DD,aP.Q
KI! JE³`# $ 67�� ! @AB.C$D
R(5%$QS 4##>H## $ 67�� b[W+$10$2/ ! @AB.C$D ! @AB.C$D
R(5$P%$ 4##>H## $ 67�� b[W+$10$2/ ! @AB.C$D ! @AB.C$D

K³#$
!K#&+R[�SZSc�XUWSV)(d/&
'()*&)+$-../+Ê$131-0$131/-&
5"K$Q%K³#$

$ 6789:;<=5"K$Q>K³#$? )+$-../+Ê$1-0$1/ ! @AB.C$DF&J#E.C$D

K#�$ !K#&'()*&K54 $ 6789:;<=ELK$>K#�$? )+1-Q/+0.Q31-01Q3$/ ! @AB.C$DF&J#E.C$D
K#A$ "LN4E $ 67�� ! @AB.C$DF&LKMNO&.Q$$Q1aD

K#A$
I[cRW(T[&Êc[b(VÊXV()(XT&zXc&
R�[WX(b&T[XÊWSVRVO&
R(VRS)d*&c[ÊS(c&b[z(d([Td�

$ 67�� ! E44E.C$,&+KNH/
� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

K##`$ JE# "%!##&'()*&)+{-$$0.131/-&
³K`.! &c[SccST�[b&

$ 6789:;<=³K`.!>K##`$? )+$$-$,/+0.1-Ê$1/ ! @AB.C$D ! E44E.C$, &

K##`$ JE# `%!## $ 6789:;<=³K`.!>K##`$? )+$$-$,/+0.1-Ê$1/ ! @AB.C$D

K##`$C !�$C !K# $ 6789:;<=LM4!#K>K##`$C
F&³K`.!>K##`$C?

)+$C-$$/+Ê$1-0.$/F&
)+$C-$$/+Ê$.-0.1/

! J#E.C$DF&LKMNO&.1P12,,P ! @AB.C$D

K##`$C !�$C `%!## $ 6789:;<=LM4!#K%
K##`$C?

)+$C-$$/+Ê$1-0$2/ ! @AB.C$D

K##`$$ !�$$ !K# $ 6789:;<=³K`.!>K##`$$
?

)+$-$$/+0.$-0.1/ ! @AB.C$D ! @AB.C$D

K##`1 !�,
!K#&'()*&
)+,-$$/+Ê.$31-0.131/-&
K##`1%³K`.!

$ 6789:;<=K##`1>³K`.!? )+,-$$/+Ê.$-0.1/& ! @AB.C$D

K##`1 !�, "%!##&'()*&)+{-$$0.131/-&
³K`.! &c[SccST�[b&

$ 6789:;<=K##`1>³K`.!? )+,-$$/+Ê.$-0.1/& ! @AB.C$D ! E44E.C$,

K##`2 !�PF&
!�NE

!K# $ 6789:;<=³K`.!>K##`2? )+P-$$/+0.D-0.1/ ! @AB.C$D ! @AB.C$D

KEÎ$ !K# $ 6789:;<=KEÎ$>J`ÐP? )+D-$./+01P-Ê$1/ ! @AB.C$D ! @AB.C$D

KL#
M"K�HO&dXT�[T()SW&
SR[�SZSc�Xd�)(d&
)*cXRUXd�)XÊ[T(S&+4!K`/

. 67�� N LKMNO&$CCDDP2,F&$$$11DQ1
� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

KL# J` $ 6789:��=@Q$Q#>³? ! @AB.C$DF&E44E.C$,
KL# KNH $ 6789:��=@Q$Q#>³^_? ! LKMNO&.2..C.D.
KL# KNH>KLE%5H%`& $ 6789:��=@Q$Q#>³^_? ! @AB.C$,
KL# LK� $ 6789:��=@Q$Q#>³^_? ! @AB.C$DF&E44E.C$, ! E44E.C$,
KL# LÐ $ 6789:��=@Q$Q#>³^_? ! @AB.C$DF&E44E.C$,
KH4 !#4#&+!#³%/ . 6789:��=J$$P³&? N LKMNO&1$$C$P..
KH4 4%!#4# . 6789:��=J$$P³&? N LKMNO&1$$C$P..

KHA.
I[cRW(T[&Êc[b(VÊXV()(XT&zXc&
R�[WX(b&T[XÊWSVRVO&
R(VRS)d*&c[ÊS(c&b[z(d([Td�

$ 67�� ! E44E.C$,&+KNH/
� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

KHAP
I[cRW(T[&Êc[b(VÊXV()(XT&zXc&
R�[WX(b&T[XÊWSVRVO&
R(VRS)d*&c[ÊS(c&b[z(d([Td�

$ 67�� ! E44E.C$,&+KNH/
� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

KHE JE³`# . 67�� N LKMNO&.P$,.,$D

K`4L$ `%L## $ 6789:;<=`5!>K`4L$? )+Î-$2/+0.a-0$$3./ ! @AB.C$DF&E44E&`4#&{.&
.C$D

K`B5 `%!## . 6789:��? N LKMNO&.QP1$a1a `[RV(cXW(RYV:��ñò^¨?
KÝ""L$! @K>#L# $ 67�� ! @AB.C$D

KÝ4 !#4#&+!#³y/ $ 6789:}~�=MIA>KÝ4^_
?

)+a-$2/+0.2-01./^_ ! @AB.C$D

KÝ4 "# $ 6789:}~�=MIA>KÝ4^_
?

)+a-$2/+0.2-01./^_ ! @AB.C$DF&E44E.C$,

KÝ4 4##>H## $ 6789:ÚÜ|}~�=MIA>KÝ
4^_?

SRÊ+a0.2/F&
)+a-$2/+0.2-01./^_

! @AB.C$D ! @AB.C$D

KÝ4 N#"4# $ 6789:ÚÜ|}~�=MIA>KÝ
4^_?

SRÊ+a0.2/F&
)+a-$2/+0.2-01./^_

! @AB.C$DF&E44E.C$, ! @AB.C$D

KÝ4 �# $ 6789:ÚÜ|}~�=MIA>KÝ
4^_?

SRÊ+a0.2/F&
)+a-$2/+0.2-01./^_

! @AB.C$D ! @AB.C$D

KÝ4 AI"#& $ 6789:ÚÜ|}~�=MIA>KÝ
4^_?

SRÊ+a0.2/F&
)+a-$2/+0.2-01./^_

! @AB.C$D

KÝ4 K%L`#N $ 6789:}~�=MIA>KÝ4? )+a-$2/+0.2-01./など ! @AB.C$DF&E44E.C$,

KÝ4 K4# $ 6789:ÚÜ|}~�=MIA>KÝ
4^_?

SRÊ+a0.2/F&
)+a-$2/+0.2-01./^_

! @AB.C$D ! @AB.C$D

KÝ4 KJM`# $ 6789:ÚÜ? SRÊ+a0.2/ ! @AB.C$D

KÝ4 KK $ 6789:}~�=MIA>KÝ4 F&
ÚÜ?

)+a-$2/+0.2-01./などF&
SRÊ+a0.2/

! @AB.C$DF&LKMNO&.,aa2D2$F&
.aQa2.Q1

4 LKMNO&.P.a.PQ2F&.2P1.aa1

KÝ4 E#LA# $ 67ÑÅ:��? ! @AB.C$D

KÝ4 L"# $ 6789:}~�=MIA>KÝ4^_
?

)+a-$2/+0.2-01./など ! @AB.C$D

KÝ4 L4EH# $ 6789:}~�=MIA>KÝ4^_
?|67ÑÅ:��?

)+a-$2/+0.2-01./^_ ! @AB.C$D

KÝ4 `%!## $ 6789:}~�=`5!>KÝ4^_
?

)+a-$2/+0.2-0$$/^_ ! @AB.C$D

KÝ4 `%L## $ 6789:ÚÜ? SRÊ+a0.2/ ! @AB.C$D
KÝNaa 4##>H## $ 6789:��=#.PQL^_? ! @AB.C$D "`³mno&+MUcY)(T(U^_?uíîïðÔÈ�

KÝNaa N#"4# $ 6789:��=#.PQL^_? ! @AB.C$DF&LKMNO&.$$D,CaD 4
E4`C..Q.$2PF&LKMNO&
.P$,1121

`#5mno&+MKB%a2CC?|"`³mno&
+MUcY)(T(U^_?pqrstuvwx�KÝNaa��¥4ND,"��pO
»u��P<|"`³mno&+MUcY)(T(U/&u������7�u��

KÝNaa AI"#& $ 6789:��=#.PQL^_? ! @AB.C$D 4 E4`C.221CDD "`³mno&+MUcY)(T(U^_?pqrstuvwx
KÝNaa K!#` . 6789:��=#.PQL^_? ! @AB.C$DF&LKMNO&.$$D,CaD& 4 E4`C.Q1..QDF&E4`C.Q1..QD "`³mno&+MUcY)(T(U^_?pqrstuvwx

KÝNaa L4EH# $ 6789:��=#.PQL^_? ! @AB.C$DF&LKMNO&.aQQ.1.D& 4
E4`C.1$Q1.PF&LKMNO&
.aQQ.1.D&

"`³mno&
+MUcY)(T(U^_?pqrstuvwx�KÝNaa��¥4ND,"��pO
»u��P<|"`³mno&+MUcY)(T(U/&u������7�u��

KÝNaa Lc(RSc�&dY)ST[XYV&N#"4#F&
W[�&)�Ê[

$ 6789:��=#.PQL^_? ! E44E.C$,

KÝNaa @K>#L# $ 6789:��=#.PQL^_? !
@AB.C$DF&E44E.C$,F&
LKMNO&..,1$1$P

" LKMNO&.QaQ1D2D
"`³mno&
+MUcY)(T(U^_?u�N!íîïðÔÈ��KÝNaa��u��P<|"`³
mno&+MUcY)(T(U/&u������7�u��
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KÝA$$
!K#&'()*&
)+$P-$P/+Ê$13$-0../-&4"�"%
KÝA$$

$ 6789:;<=4"�">KÝA$$? (T{+$P/+Ê$13$0../ ! @AB.C$D ! E44E.C.CF&J#E.C$D

E!�$ M"K�HO&`[WXR[c[&U(XWX��&
b(VXcb[cV

$ 67�� ! E44E.C$,&+KNH/ � ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

E4B5$ KK . 67�� 4 LKMNO.,aa2D2$

ENJ$ !K#&'()*&K54 $ 6789:;<=ENJ$>LNI�5"
?

)+Q-$D/+01.-Ê$13./ ! @AB.C$D

E�$ !K# $ 67�� ! J#E.C$D KJ³mno&+`cSR[)(T(UF&4XU(R[)(T(U/&pqrstuvwx

E�$ GKK# $ 67�� ! @AB.C$DF&LKMNO&.P2QDP2a
KJ³mno&+`cSR[)(T(U/&
pqrstuvwx�� ¡¢p£¤¥¦§¨©ª«��¬­p�®
¯°±h²����7�u��

E�$ GKK#&SVVXd(S)[b&'()*&
EY[cXz(UcXRS)XV(V

$ 67�� ! @AB.C$DF&E44E.C$,&+KNH/ � ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

E�$ KNH $ 67�� ! E44E.C$, " LKMNO&.2..C.D.
E�$ KK . 67�� 4 LKMNO.,aa2D2$
E�$ LK� $ 67�� " LKMNO&.aC.aC.,

E�³". KK . 6789:}~�? 4 E4`C.DPQaQ2 E�³".}~�uQf+±RkSmnoTÖ×'()p�U�VW�X
Y��7�u��

E�³"M! KK . 67�� N LKMNO&.22.,DC1
E�³"MJ LK"# . 67�� N LKMNO&.DPDC2.2 N LKMNO&.DPDC2.2

EAL. M"K�HO&`[WXR[c[&U(XWX��&
b(VXcb[cV

$ 67�� ! E44E.C$,&+KNH/ � ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

EML"#
K�[WX(b&W[YZS[R(S&
SVVXd(S)[b&'()*&NX'T&
V�TbcXR[&+!K³#/

. 67�� N LKMNO&.2CQPD$a&

EBL$C M"K�HO&`[WXR[c[&U(XWX��&
b(VXcb[cV

$ 67�� ! E44E.C$,&+KNH/ � ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

EB`4A$ 4##>H## $ 6789:��=L.Q$2zV^_? ! @AB.C$DF&LKMNO&.$PDC.C.F&
.1.,QD1Q

! @AB.C$DF&LKMNO&.1.,QD1QF&
E44E.C$,

EB`4A$ K4# $ 6789:��=L.Q$2zV^_? ! @AB.C$DF&LKMNO&...$CaDa N @AB.C$D ! @AB.C$D
EB`4A$ L`4#%EBH . 6789:��? N LKMNO&1$C,.a,P

EB`4A$ `%!##F&KL!# $
6789:��=#$PDaLF&#$PCCLF&
5$Q,aL&^_?

!
@AB.C$DF&LKMNO&$Q2D.CDQF&
1C.C,1,.

N
E4`C.Q$a$$1F&LKMNO&
$Q2D.CDQF&$,DDaa2.F&
..Q$CaD1F&.1CC$DQQ

! @AB.C$D
Z[`%!##�ìÈÔ�óôÑ\¥¨^È]^u��:LKMN&
..a$2.,2|.22.2D,$?

EB`4A. K4# $ 6789:��=5.2CCý^_? ! @AB.C$D N @AB.C$D ! @AB.C$D
EB`4A. HK]# $ 6789:��=5.2CCý^_? ! @AB.C$D ! @AB.C$D

EB`4A. `%!## . 6789:��? N E4`CC.CC$Q.F&LKMNO&
.QQP2$Q.

ELK$ !K#&'()*&K54 $ 6789:;<=ELK$>K#�$? )+1-Q/+0.Q31-01Q3$/ ! @AB.C$DF&J#E.C$D

ELK$ !K#&'()*&RY)S)[b&ELK$ $ 6789|67��:��=[ÏXT$
.&RY)S)(XT?

! @AB.C$DF&J#E.C$D ! J#E.C$DF&LKMNO&.PDQQD$. ! E44E.C.CF&J#E.C$D K5NIk_k¥¨Ôp�ç�uúûïðÔÈ�
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.D.DPQP$

4 LKMNO&.D.DPQP$

H5H�. 4KK# $ 6789:��=L,Q#>A>5&^_? ! @AB.C$DF&LKMNO&..,$,C.QF&
..1.12aC

N LKMNO&.1P,C2$D

H5H�. 4E# . 6789:��=L,Q#>A>5&^_? N LKMNO..1C$PDQF&..Da$Q,1 N LKMNO&.aDP.$$. LXTS)(T(Up���u/qr012�úûïðÔÈ�

H5H�. KNH $ 6789:��=L,Q#>A>5&^_? ! @AB.C$DF&E44E.C$, ! E44E.C$,

H5H�. LK� $ 6789:��=L,Q#>A>5&^_? ! E44E.C$,

H5H�. LÐ $ 6789:��=L,Q#>A>5&^_? ! E44E.C$,

HH"L. "%!##&"45%!"#$ %W(Z[ $ 6789:;<=HH"L.>4H�$5? )+Q-Q/+0$2-01./&Xc&
bYÊ+Q/+0$201./

! @AB.C$D N LKMNO&.2$aPCC1 efghijklmno&+MRS)(T(UF&NSVS)(T(U^_/&
pqrstuvwx

H`!I. !K# $ 67�� ! J#E.C$DF&LKMNO&.QQQC1P$F&
.D.DPQP$

H`!I. KNH $ 67�� ! E44E.C$, ! E44E.C$,

H`!`1 !#4#&+!#³%/ $ 6789:��=ÝP2C�>NPP$Ý^
_?

! @AB.C$D

H`!`1 !`## $ 6789:��=ÝP2C�>NPP$Ý^
_?

! @AB.C$D

H`!`1 4#LN%E³ $ 6789:��=ÝP2C�>NPP$Ý^
_?

! @AB.C$D

H`!`1 J!`# $ 6789:��=ÝP2C�>NPP$Ý^
_?

! @AB.C$D

H`!`1 JE³`# $ 6789:��=ÝP2C�>NPP$Ý^
_?

! @AB.C$D

H`!`1 AH`# $ 6789:��=ÝP2C�>NPP$Ý^
_?

! @AB.C$D

H`!`1 KNH $ 6789:��=ÝP2C�>NPP$Ý^
_?

! E44E.C$, #I#%SVVXd(S)[b&KNH¥p¦§uúûïðÔÈ�

H`!`1 K�dXV(V&zYT�X(b[V $ 6789:��=ÝP2C�>NPP$Ý^
_?

! @AB.C$D

H`!`1 `%#I# $ 6789:��=ÝP2C�>NPP$Ý^
_?

! E44E.C$,

H`!`Q" J!`# $ 6789:��=EP2.A^_? ! @AB.C$D
H`!`Q" JE³`# $ 6789:��=EP2.A^_? ! @AB.C$D
H`!`Q" AH`# $ 6789:��=EP2.A^_? ! @AB.C$D
H`!`Q" KJM`# $ 6789:��=EP2.A^_? ! @AB.C$D

H`!`Q" HH $ 6789:ÚÜ|��=EP2.A^
_?

! @AB.C$D

H`!`Q" `%#I# $ 6789:��=EP2.A^_? ! @AB.C$DF&E44E.C$, ! @AB.C$D
H`!`Q" `%L## $ 6789:��=EP2.A^_? ! @AB.C$D ! @AB.C$D
H`!`P N#"4# $ 6789:��=N2$,!^_? ! @AB.C$D
H`!`P LK"# $ 6789:��=N2$,!^_? ! @AB.C$D

H`M# `%!## $ 6789:}~�=`!#$>H`M#^_
?

)+$-$2/+Ê1.-0$$/^_ ! @AB.C$D

H`KE$ `%!## . 6789:;<=H`KE$%HLM$? )+$-$$/+Ê1P-Ê$$/ 4 LKMNO&.aPD$PaDF&.aPD$Paa
H\HN. L4EH# $ 67ÑÅ:��? ! @AB.C$D
H\]$. KNH . 67�� N LKMNO&..CQ1$Ca

H\]$.
K�[WX(b&W[YZS[R(S&
SVVXd(S)[b&'()*&NX'T&
V�TbcXR[&+!K³#/

. 67�� N LKMNO&.2CQPD$a

HÝ³ !M`# $ 6789:;<=M`³>HÝ³? )+Q-,/+011-0../ ! @AB.C$D
HÝ³ �`4# $ 6789:;<=M`³>HÝ³? )+Q-,/+011-0../ ! @AB.C$D

`!#$ `%!## $ 6789:}~�=`!#$>H`M#^_
?

)+$-$2/+Ê1.-0$$/^_ ! @AB.C$D

`"#$Î5$ !#4#&+!#³%/ $ 6789:;<=`"#$Î5$>`LP1 / ! E44E.C$,F&LKMNO&.$C1CQQ1

`"#$Î5$ N#"4# $

6789:;<=`"#$Î5$>`LP1 /&
@AB.C$D&`SUW.&$13.1&(T&
ÊS�[.,Q��c[SccST�R[T)V¥��
u)cSTVWXd)(XTp���\ÈÇk

! @AB.C$DF&LKMNO&..2,P$P2

`"#$Î5$ !`## . 67�� N LKMNO&.P21DC1$

`4�1 J.! "%!## $ 6789:;<=`4�1>A#�? )+$D-$,/+0..-Ê$1/ ! @AB.C$D !
E44E.C$,F&E44E.C.C&
+L[b(S)c(d&!##/F&@AB.C$DF&
LKMNO&aPCa.CD

DR
AF
T



Page 16

`4�1 J.!
"%!##&'()*&
)+$-$,/+0.1-Ê$131/-&`4�1%
L"Î$

$ 6789:;<=`4�1>L"Î$? )+$-$,/+0.1-Ê$131/ ! @AB.C$D &

`4�1 J.! "# $ 6789:��=EQQ$³^_? ! @AB.C$D
`4�D `%!## . 6789:;<=`4�D>HLM$? )+Q-$$/+01$-Ê$$/ 4 LKMNO&.aPD$PaD

`4#$! `%L## $ 6789:;<=`5!>`4#$!? (T{+$2/+0$$-01./F&
)+$2-$2/+0$$-01./

! @AB.C$DF&E44E.C$,

`4#$" `%L## $ 6789:;<=`5!>`4#$"? (T{+$2/+0$$-01./F&
)+$2-$2/+0$$-01./

! @AB.C$DF&E44E.C$,

`J54
M"K�HO&`[WXR[c[&U(XWX��&
b(VXcb[cV

$ 67�� !
@AB.C$DF&E44E.C$,&
+KNH/F&LKMNO&$P11.,D1F&
$a,1$11,

N LKMNO&.D$,.PD$
� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

`J5`
M"K�HO&`[WXR[c[&U(XWX��&
b(VXcb[cV

$ 67�� !
@AB.C$DF&E44E.C$,&
+KNH/F&LKMNO&$P11.,D1F&
$a,1$11,

N LKMNO&.D$,.PD$
� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

`J`. "LN4E $ 67�� ! @AB.C$DF&LKMNO&.2CD.$CC

`J`. 4AML . 67�� N LKMNO&.Q2.Pa1DF&.Q2.Pa1aF&
11CQD.C$F&11$CPP12

`J`. !M`# $ 67�� ! @AB.C$DF&E44E.C$,
`J`. !K# $ 67�� ! @AB.C$DF&J#E.C$D 4 LKMNO.$121Q2,F&..21C.DC
`J`. 4KK# $ 67�� ! @AB.C$DF&LKMNO&.1P,C2$D
`J`. J` $ 67�� " LKMNO&.aC.aC., ! E44E.C$,F&LKMNO&.aC.aC.,
`J`. �`4# $ 67�� ! @AB.C$D
`J`. KNH $ 67�� ! @AB.C$DF&E44E.C$, " LKMNO&.D,,.2$2
`J`. KK . 67�� 4 LKMNO.,aa2D2$
`J`. KL!# $ 67��:À�? ! @AB.C$D

`J`. EXbSW&L`4#&'()*&`�A&
Ê*[TX)�Ê[

$ 67�� ! @AB.C$D

`J`. LK� $ 67�� " LKMNO&.aC.aC., ! E44E.C$,F&LKMNO&.aC.aC.,
`J`. LÐ $ 67�� " LKMNO&.aC.aC., ! E44E.C$,F&LKMNO&.aC.aC.,

`�54 NYXb[TSW%)�Ê[&�#&+N�#/ $ 機能獲得（増幅） ! @AB.C$D ´µk¶�·�¸©�¹º�»¼��u|� ½¾¿pÚÜ¥�®Á
Â¥pÃÄ®^¦§�ÅÆÇ�^È

`INH KK . 67��|6789:��? 4 LKMNO.,aa2D2$

`ME�. M"K�HO&`[WXR[c[&U(XWX��&
b(VXcb[cV

$ 67�� ! E44E.C$,&+KNH/F&LKMNO&
$aPP,a,1F&.,$2Paa1

� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

`#5a M"K�H . 6789:��=L21.#^_? N https://doi.org/10.1182/blood.20
20009620

� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

`#Î$ ABÎ$$ `%!## $ 6789:}~�=`#Î$>`5N^_
?

)+$C-$2/+0.2-0$$/^_ ! @AB.C$D ! @AB.C$D

`#Î1 ABÎ$$
#.

`%!## $ 6789:}~�=`#Î1>"4#$$"
^_?

)+Q-$2/+01Q-01./^_ ! @AB.C$D

`E�!ML1 !.C 4A# . 67�� b[W+P0.1/ N LKMNO&.a.,DP.P

`E�!ML1 !.C N#"4# $ 67�� b[W+P0.1/ ! @AB.C$DF&LKMNO&$,2$.$P1 4 LKMNO&.P$,1121 `E�!ML1p�����|"`³mno&+MUcY)(T(U/&
�������89���7�u��

`E�!ML1 !.C �# $ 67�� b[W+P0.1/ ! @AB.C$DF&LKMNO&$,2$.$P1
`E�!ML1 !.C K!#` $ 67�� b[W+P0.1/ ! @AB.C$DF&LKMNO&$,2$.$P1
`E�!ML1 !.C K4# $ 67�� b[W+P0.1/ ! @AB.C$D
`E�!ML1 !.C LK"# $ 67�� b[W+P0.1/ ! @AB.C$D
`E�5H�$2 AÐJK N#"4# $ 67�� b[W+$Ê1P/ ! @AB.C$D
`E�5H�$2 AÐJK NYXb[TSW%)�Ê[&�#&+N�#/ $ 67�� ! @AB.C$D
`E�5H�$2 AÐJK �# $ 67�� b[W+$Ê1P/ ! @AB.C$D
`E�5H�$2 AÐJK L`�# $ 67�� b[W+$Ê1P/ ! @AB.C$DF&E44E.C$,
`E�5H�$" `E�5. HH $ 6789:��? ! @AB.C$D
`BÎ "%!## . 67�� N LKMNO&.,2a,DQQF&1CP21.2,

`LQ1 4AML . 67��|6789:��? N LKMNO&.Q2.Pa1DF&.Q2.Pa1aF&
11CQD.C$F&11$CPP12

`LQ1 !#4#&+!#³%/ $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D ! @AB.C$D

`LQ1 !K# $
67��|6789:��=5$DQ
AF&I.2QHF&5.2aÍF&5.2a@F&
5.D1A^_?

4
E4`C1CP1.C1F&LKMNO&
.D,Q,D1$

! E44E.C.CF&J#E.C$D
`LQ1½¾¿�·����� ¡¢��¨Ô|N[d()SU(T[pqr�tu
vwx�� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²�
���7�u��

`LQ1 "%!## $ 67��|6789:��? N LKMNO&.,1CCP.C " LKMNO&.$D2DC,CF&11C,QaD1 � ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

`LQ1
"%W�RÊ*XUWSV)(d&
W[YZS[R(S>W�RÊ*XRS&'()*&
*�ÊXb(ÊWX(b�F&"%!##

$ 67��|6789:��? !
@AB.C$DF&LKMNO&.1112PPaF&
.1.QQ2CPF&.aQD..PP

� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

`LQ1 "# $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D
`LQ1 4##>H## $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D ! @AB.C$DF&E44E.C$,

`LQ1 4K#F&"45%!"#$y . 67�� N LKMNO&$PPQ$Q$, � ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

`LQ1 N#"4# $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D ! @AB.C$D
`LQ1 J!`# $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D
`LQ1 JE³`# $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D

`LQ1 J` $
67��|6789:��=5$DQ
AF&I.2QHF&5.2aÍF&5.2a@F&
5.D1A^_?

! E44E.C$,
� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

`LQ1 J` $
67��|6789:��=5$DQ
AF&I.2QHF&5.2aÍF&5.2a@F&
5.D1A^_?

! E44E.C$,
� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

`LQ1 �# $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D ! @AB.C$D

`LQ1
I[cRW(T[&Êc[b(VÊXV()(XT&zXc&
R�[WX(b&T[XÊWSVRVO&#(%
�cSYR[T(&V�TbcXR[

$
67��|6789:��=5$DQ
AF&I.2QHF&5.2aÍF&5.2a@F&
5.D1A^_?

!
@AB.C$DF&E44E.C$,&
+KNH/F&LKMNO&.aP1DP$Q

� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

`LQ1 A4#%{ $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D ! @AB.C$D
`LQ1 AI"#& $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D
`LQ1 #"4#&'()*&M5�2 %c $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D
`LQ1 K%L`#N $ 67��|6789:��? ! @AB.C$DF&E44E.C$,

`LQ1 K4# $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D !& LKMNO&.Q.$CCaD&+JHKB/F&
@AB&.C$DF&E44E.C$,

`LQ1 KNH $
67��|6789:��=5$DQ
AF&I.2QHF&5.2aÍF&5.2a@F&
5.D1A^_?

! @AB.C$DF&E44E.C$, ! E44E.C$,F&LKMNO&.a$DDaD1
`LQ1½¾¿�·����� ¡¢��¨Ô|N[d()SU(T[pqr�tu
vwx�� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²�
���7�u��

`LQ1 KK $ 67��|6789:��? b[W+$DÊ$1/ !

@AB.C$DF&LKMNO&.DCC.$$QF&
.2212.$.F&.$21CDDQF&
.CP$P.$aF&.P.a.PQ2F&
.22.,DC1

4 LKMNO&.CP$P.$aF&.P.a.PQ2

`LQ1 LK� $
67��|6789:��=5$DQ
AF&I.2QHF&5.2aÍF&5.2a@F&
5.D1A^_?

! E44E.C$,
� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

`LQ1 HK]# $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D
`LQ1 HH $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D

`LQ1 )%KEV $ 67�� ! @AB.C$D ! @AB.C$D � ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

DR
AF
T



Page 17

`LQ1 `%L## $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D
`LQ1 @K>#L# $ 67��|6789:��? b[W+$DÊ$1/ ! @AB.C$D

`LP1 !#4#&+!#³%/ $ 6789:}~�=`LP1>`"#$Î5
$^_?

(T{+1/+0.P-0.a/^_ ! @AB.C$DF&LKMNO&.2a,2DDCF&
E44E.C$,

! @AB.C$DF&LKMNO&.2a,2DDC

`LP1 4%!#4# $ 6789:}~�? ! @AB.C$D

`LD1 !`## $ 6789:}~�=½¾¿EÀ�? ! @AB.C$D

`LD1 NYXb[TSW%)�Ê[&�#&+N�#/ $ 67�� ! @AB.C$D ´µk¶�·�¸©�¹º�»¼��u|� ½¾¿pÀ�¥�®Á
Â¥pÃÄ®^¦§�ÅÆÇ�^È

`5! `%!## $ 6789:}~�=`5!>KÝ4^_
?

)+a-$2/+0.2-0$$/^_ ! @AB.C$D

`5! `%L## $
6789:;<=`5!>`4#$! F&
`5!>`4#$" F&`5!>K`4L$^_?

(T{+$2/+0$$-01./F&
)+$2-$2/+0$$-01./F&
)+Î-$2/+0.a-0$$3./^_

! @AB.C$D

`5!�. K4# . 67��:��? N LKMNO&.21P.,1QF&.Q2,,2Q$ N LKMNO&.21P.,1Q `5!�.p�����|"`³mno&+MUcY)(T(U/&
�������89���7�u��

`5!�. KK . 67�� 4 LKMNO.,aa2D2$

`5!�1 KK . 67�� b[W+$20/ 4 LKMNO&.2212.$.F&$DP,.aCQF&
$DP,.aC2F&.P.a.PQ2

4 E4`C$P$,1Qa

`5!�Q N#"4# . 6789:��? N LKMNO&$,2$.$P2F&.a.,DP.P

`5" `%!## $ 6789:}~�=`5">#4³ F&
`5">#Ý#$^_?

)+$-D/+Ê12-012/F&
)+D-$,/+012-Ê$1/^_

! @AB.C$D

`5" `%EA# $ 6789:}~�? ! @AB.C$D

`5N `%!## $
6789:}~�=`5N>#KB$ F&
`5N>#KB. F&`#Î$>`5N^_?

)+$$-$2/+Ê$Q-0$$/F&
)+$$-$2/+Ê$1-0$$/F&
)+$C-$2/+0.2-0$$/^_

! @AB.C$D

`5N `%EA# $ 6789:}~�? ! @AB.C$D
`5I `%EA# $ 6789:}~�? ! @AB.C$D

`Ý³. "%!##&"45%!"#$ %W(Z[ $ 6789:;<=KÝ">`Ý³.^_? ! @AB.C$D 4 E4`C.2.CD$D ! E44E.C.C&+L[b(S)c(d&!##/

`Ý³. 4%!#4# $ 6789:;<=ELK$>`Ý³.|}
~�?

)+Q-$,/+01Q-Ê$1/&& ! @AB.C$D

\.!�$ \.!�1
Q

4AML . 6789:��=H12�>ÝF&
Í$QD5>L^_?

N LKMNO&.Q2.Pa1DF&.Q2.Pa1aF&
11CQD.C$F&11$CPP12

\.!�$ \.!�1
Q

!K# $ 6789:��=H12�>ÝF&
Í$QD5>L^_?

! J#E.C$DF&LKMNO&.QQQC1P$F&
.D.DPQP$

\.!�$ \.!�1
Q

J` $ 6789:��=H12�>ÝF&
Í$QD5>L^_?

! E44E.C$,

\.!�$ \.!�1
Q

KNH $ 6789:��=H12�>ÝF&
Í$QD5>L^_?

! @AB.C$DF&E44E.C$, ! E44E.C$,

\.!�. \.!�P
Q

KNH . 6789:��? N LKMNO&.$,C,$$2

\"J.` �!E4` M"K�HO&�STdXT(&ST[R(S $ 67�� ! E44E.C$,&+KNH/F&LKMNO&
1Caa.C2DF&1$1Q$PD1

� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

\"5Q K4# . 67�� N LKMNO&.12CDQQ.F&.a.,DP.P
\"5Q KK . 67�� 4 LKMNO&.,aa2D2$

\H"$ M"K�HO&`[WXR[c[&U(XWX��&
b(VXcb[cV

$ 67�� ! E44E.C$,&+KNH/ � ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

\HA.! "%!## . 67ÑÅ:��? N LKMNO&.QD,C.,1
Ð!Ð$ !`## $ 6789:��? ! @AB.C$D
Ð!Ð$ L`4#%EBH $ 6789:;<|��? ! @AB.C$D
ÐA# "LN4E $ 67�� ! @AB.C$DF&LKMNO&.Q$$Q1aD
ÐL5J"$ "%!## . 67�� N LKMNO&1CP21.2,&

@5!LQ1 M"K�HO&`[WXR[c[&U(XWX��&
b(VXcb[cV

$ 67�� ! E44E.C$,&+KNH/ � ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

@`$ !K# $ 67�� ! @AB.C$DF&J#E.C$DF&LKMNO&
.D.DPQP$&

N LKMNO&.Q1,a,1a ! @AB.C$DF&LKMNO&$aQQ,aD2F&
.C1Pa2P,

� ¡¢��p¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²
����7�u��

@`$ KNH $ 67�� ! E44E.C$, ! E44E.C$,F&LKMNO&.D,,.2$2 � ¡¢��p¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²
����7�u��

@`$ KL!#F&`>R�[WX(bF&EBH . 機能喪失（両アレル変異） 4 LKMNO&1C.C,1,.

@@BÎ KK $ 67�� b[W+$P0/ ! LKMNO&.DCC.$$QF&.CP$P.$aF&
$DPC,2.P

N LKMNO&$DPC,2.P

Î"L$ KK . 67ÑÅ:��? &4 LKMNO.,aa2D2$
ÎLB$ 45K$ 4A# . 6789:��=JQD$^_? N LKMNO&.D2D,a.C
ÎLB$ 45K$ LK"# $ 6789:��=JQD$^_? ! @AB.C$D

Î544. �!E4\ M"K�HO&�STdXT(&ST[R(S $ 67�� ! E44E.C$,&+KNH/F&LKMNO&
1Caa.C2DF&1$1Q$PD1

� ¡¢p£¤¥¦§¨©ª«��¬­p�®¯°±h²����7
�u��

]"`"D! !K# $ 67�� ! J#E.C$DF&LKMNO&.P,PaQ1.F&
.D.Q.C$1F&.DD,aP.Q

]J". "LN4E $ 67ÑÅ:��? ! @AB.C$DF&LKMNO&.2CD.$CC
]�L1P#$ KK . 67ÑÅ:��? 4 LKMNO.,aa2D2$
]�L1P#. "%!## . 67�� N LKMNO&1CP21.2,&
]E�.,. KK . 67�� 4 LKMNO.,aa2D2$

]E�1a2 "%!## . 6789:;<=JL1CC>]E�1a2
^_?

)+$.-../+Ê$1-0$1/^_ 4 LKMNO&.DP12.CQ

]E�1a2 KL!#F&">R�[WX(bF&EBH . 機能獲得（融合：`4�1>]E�1a2 F&
JL1CC>]E�1a2など）

)+$.-$,/+Ê$1-Ê$1/F&
)+$.-../+Ê$1-0$1/など

4 LKMNO&1C.C,1,.

]5H5. !K# $ 67�� ! J#E.C$DF&LKMNO&.QQQC1P$F&
.D.DPQP$

]5H5. KNH $ 67�� ! E44E.C$, ! E44E.C$,

DR
AF
T




