
!"#$%&'()$*+,-./01$-2345+$#6789:9#"9;9<=$*"$%>$

82?+$2@$./5A2?21B$/0$A.+$C/,1025/5$2@$D4,/0$A3E245!

F2.,00+5$G,/0@+??0+4)$HI$
$

J05KA3A+$2@$#+342?21B)$H+C/-,?$70/L+45/AB$2@$M/+00,)$N35A4/,!



I/5-?2534+$5?/C+$
$

#2A./01$A2$C/5-?25+$



O34P25+$2@$?,D24,A24B:D,5+C$D4,/0$A3E24$C/,1025/5$
QR$A3E24$ABP/01S$

•! T+P,4,K20$2@$-?/0/-,??B$E+,0/01@3?$D4,/0$A3E24$+0KK+5$$
$Q*3E24$"?,55/U-,K20S$

$
•! N55+55E+0A$2@$D/2?21/-,?$A3E24$D+.,L/234$$

$Q*3E24$<4,C/01S$
$
•! O4+C/-K20$2@$P,K+0A$P421025/5$$

$QO421025K-$V/2E,4W+45S$
$
•! O4+C/-K20$2@$,$P,K+0AX5$4+5P205+$A2$A.+4,PB$$

$QO4+C/-KL+$V/2E,4W+45S$



;,D24,A24B$A22?5$35+C$@24$D4,/0$A3E24$C/,1025/5!

#+342/E,1/01$
T+42?21B$Q+Y1Y$/0$1+4E$-+??$A3E245S$
G/5A2?21B$
H2?+-3?,4$ABP/01$
6P/1+0+K-$P42U?/01$
;/Z3/C$D/2P5B$



V4,/0$A3E24$-?,55/U-,K20)$W+B$P2/0A5$
QT+P,4,K20$2@$-?/0/-,??B$E+,0/01@3?$D4,/0$A3E24$+0KK+5S!

T/0-+$-,Y$'&&$B+,45)$D4,/0$A3E24$-?,55/U-,K20$/5$D,5+C$20$?/1.A$E/-425-2PB$
2@$G6:5A,/0+C$5+-K205$
$
T/0-+$-,Y$[&$B+,45)$,0-/??,4B$/EE302./5A2-.+E/5A4B$/5$/0$35+$
$
G/5A2?21/-,?$P,\+40$4+-210/K20$DB$A4,/0+C$0+342P,A.2?21/5A5$D,5+C$20$
5/E/?,4/K+5$]/A.$P3A,KL+$-+??5$2@$24/1/0$,0C$A.+/4$C+L+?2PE+0A,?$
C/^+4+0K,K20$5A,A+5$



"?,55/-,?$,PP42,-.$A2$D4,/0$A3E24$-?,55/U-,K20_$$
P,\+40$4+-210/K20$DB$+`P+4A$0+342P,A.2?21/5A5!



V4,/0$A3E24$-?,55/U-,K20)$W+B$P2/0A5$
QT+P,4,K20$2@$-?/0/-,??B$E+,0/01@3?$D4,/0$A3E24$+0KK+5S!

T/0-+$'a>a$/0A+40,K20,?$-205+0535:D,5+C$-4/A+4/,$@24$D4,/0$A3E24$ABP/01$
.,L+$D++0$+?,D24,A+C$/0$A.+$@4,E+$2@$A.+$!24?C$.+,?A.$241,0/b,K20$Q!G9S$
$
H24+$A.,0$'&&$C/5K0-A$D4,/0$A3E24$+0KK+5$.,L+$D++0$C+U0+C$20$,$
-205+0535$D,5/5$2L+4$KE+$
$
#+342/E,1/01)$C/,1025K-$D/2E,4W+45)$,0C$+P/1+0+K-$P42U?/01$E,B$53PP24A$
D4,/0$A3E24$-?,55/U-,K20$
$
*.+$0+`A$!G9$-?,55/U-,K20$5B5A+E$]/??$/0A+14,A+$./5A2?21/-,?$P,\+40$
4+-210/K20$]/A.$E2?+-3?,4$E,4W+45$



6L2?3K20$2@$A.+$!G9$D4,/0$A3E24$-?,55/U-,K20!

G/5A2?21B:20?B$-?,55/U-,K205$
'5A$6C/K20$'a>a$
%0C$6C/K20$'aac$
c4C$6C/K20$%&&&$
[A.$6C/K20$%&&>$$

G/5A2?21B$d$E2?+-3?,4$P,4,EA+4:D,5+C$
-?,55/U-,K20$

[A.$6C/K20$7PC,A+$%&'e$

O4/0A+C$D22W$d$]+D:D,5+C$P3D?/-,K20$

Q]]]YP3D-,0Y241S$



!G9$-?,55/U-,K20$2@$A3E245$2@$A.+$"#T!

%&&>$5-.+E+$ %&'e$3PC,A+$



".,01+5$,0C$,0K-/P,A+C$+^+-A5$2@$A.+$0+]$/0A+14,A+C$!G9$
-?,55/U-,K20$5B5A+E!

".,01+5$/0$A.+$?/5A$2@$A3E24$ABP+5_$+Y1Y$C+5-4/PKL+$L,4/,0A5$?/W+$UD4/??,4B$
,5A42-BA2E,$24$P42A2P?,5E/-$,5A42-BA2E,$]/??$C/5,PP+,4$@42E$A.+$?/5A)$
/05A+,C$-2ED/0+C$./5A2?21B:E2?+-3?,4$A+4E5$]/??$-2E+$3P)$+Y1Y$C/^35+$
,5A42-BA2E,)$JIG:E3A,0A$24$C/^35+$,5A42-BA2E,)$JIG:]/?CABP+$
$
*.+$A+4E$f02A$2A.+4]/5+$5P+-/U+C$Q#9TSg$]/??$D+$/0A42C3-+C)$+Y1Y$C/^35+$
,5A42-BA2E,)$#9T$
$
#+]$A3E24$+0KK+5$]/??$D+$/0A42C3-+C)$+Y1Y$C/^35+$E/C?/0+$1?/2E,)$Gc$
h%>H:E3A,0A$
$
I/,1025K-$#+342P,A.2?21B$/5$-.,??+01+C$A2],4C5$5+A3P$2@$C/,1025K-$
E2?+-3?,4$A+5K01$
$
$



G/5A2?21B$d$E2?+-3?,4$/0A+14,A+C$D4,/0$A3E24$C/,1025K-5!

G6$ J""$

iJTG$ <+02ABP/01$



H2?+-3?,4$A+5K01$2@$D4,/0$A3E245$
$

#9*N$V6#6!

*.+$!G9$-?,55/U-,K20$C2+5$02$5P+-/@B$A.+$ABP+$2@$A+5K01$4+Z3/4+C$
$
$



6`,EP?+$1/L+0_$A]2$,?A+40,KL+5$@24$
JIG$8'c%G$E3A,K20$A+5K01!

H3A,K20:5P+-/U-$,0K:JIG'$,0KD2CB$ I#N:$5+Z3+0-+$,0,?B5/5$



6`,EP?+$1/L+0_$A]2$,?A+40,KL+$E+A.2C5$@24$
'Pj'aZ$-2C+?+K20$A+5K01!

i?324+5-+0-+$/0$5/A3$.BD4/C/b,K20$QiJTGS$ H3?KP?+`$?/1,K20:C+P+0C+0A$P42D+$
,EP?/U-,K20$QH;ONS$:$,0,?B5/5$



'Pj'aZ$A+5K01$DB$H;ON$,0C$iJTG$:$-2EP,4/520!



H2?+-3?,4$A+5K01$2@$D4,/0$A3E245$
$

#9*N$V6#6!

#20:30/@24E$?,D24,A24B$A+5K01$]/??$?+,C$A2$52E+$C+14++$A2$/0A+4?,D:
C/^+4+0-+5$2@$A+5A$4+53?A5$

$
$



V4,/0$A3E24$-?,55/U-,K20$
$

J0A+4?3C+!

#2A$20?B$./5A2?21/-,?$P,\+405$,0C$E2?+-3?,4$,?A+4,K205$,4+$4+?+L,0A$
@24$D4,/0$A3E24$ABP/01)$D3A$,?52$0+342/E,1/01$E,B$D+$C+-/5/L+$@24$

D4,/0$A3E24$-?,55/U-,K20$
$

6`,EP?+$1/L+0_$
<?/2E,A25/5$-+4+D4/$

$
$



<?/2E,A25/5$-+4+D4/$:$C+U0/K20!

N$C/^35+$1?/,?$A3E24$]./-.$/0U?A4,A+5$A.+$D4,/0$+`A+05/L+?B)$
/0L2?L/01$A.4++$24$E24+$?2D+5$]/A.$C/^35+$+0?,41+E+0A$2@$

,0,A2E/-$5A43-A34+5Y$

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



<?/2E,A25/5$-+4+D4/_$C/,1025/5$/5$D,5+C$20$/0A+14,KL+$
-205/C+4,K20$2@$0+3424,C/2?21/-,?$,0C$./5A2?21/-,?$@+,A34+5!



!.2?+$1+02E+$+P/1+0+K-$P42U?/01$
[(&h$E+A.B?,K20$,44,B$,0,?B5/5!

H,B$P42L/C+$-2EP?+E+0A,4B$C,A,$@24$,--34,A+$D4,/0$A3E24$
-?,55/U-,K20$



J??3E/0,$J0U0/3E$G3E,0H+A.B?,K20[(&$Q[(&hS$V+,C,44,B$

•! 5/01?+$"P<$5/A+$4+52?3K20$
•! E24+$A.,0$[k&)&&&$P42D+5$
•! E24+$A.,0$aal$2@$8+@T+Z:,002A,A+C$1+0+5$-2L+4+C$
•! C/5A4/D3A+C$,-4255$"P<$/5?,0C5)$( $,0C$c $7*85$,0C$1+0+$D2C/+5$

•! J0P3A$E,A+4/,?_$(&&01$D/53?UA+$-20L+4A+C$I#N$@24E$iiO6$24$@42b+0$K553+$

Bibikova et al., Genomics (2011) 



"234A+5B$2@$N0C4+,5$L20I+/E?/01$,0C$I,L/C$",PP+4)$G+/C+?D+41$



0-12!'3!-4*5!6&3-!7'$%#+-38#4!9:;<:=!

Example given: 
Case xxx, histological diagnosis: anaplastic oligodendroglioma 



;/E/A,K205$2@$].2?+$1+02E+$[(&h$E+A.B?,K20$P42U?/01$

•! 52E+$D4,/0$A3E24$-,5+5$C2$02A$5.2]$3P$]/A.$,$5/10/U-,0A$-?,55/U+4$5-24+$

•! D4,/0$A3E245$]/A.$5P,K,??B$L,4/,D?+$./5A2?21/-,?$P.+02ABP+5$E,B$5.2]$
3P$]/A.$L,4/,D?+$-?,55/U+4$5-24+$P42U?+5$

O425P+-A$2@$].2?+$1+02E+$[(&h$E+A.B?,K20$P42U?/01$

•! H,B$D+-2E+$,$L,?3,D?+$53PP?+E+0A,4B$A22?$@24$,--34,A+$D4,/0$A3E24$
-?,55/U-,K20)$-2EP?+E+0K01$./5A2?21/-,?$D4,/0$A3E24$ABP/01$



6`,EP?+$1/L+0_$E+A.B?,K20$P42U?/01$2@$,$C/55+E/0,K01$D4,/0$A3E24$]/A.$5P,K,?$
.+A+421+0+/AB$2@$P.+02ABP+$B/+?C+C$L,4/,D?+$/0-20-?35/L+$-?,55/U+4$5-24+5$$



V4,/0$A3E24$14,C/01$
QN55+55E+0A$2@$D/2?21/-,?$A3E24$D+.,L/234S$

•! *.+$!G9$D4,/0$A3E24$14,C/01$5-.+E+$/5$,$E,?/10,0-B$5-,?+$,-4255$,$
]/C+$L,4/+AB$2@$A3E24$+0KK+5$4,A.+4$

•! !G9$14,C/01$/5$]/C+?B$35+C$,0C$.,5$?,41+?B$4+P?,-+C$P4+L/235?B$
P3D?/5.+C$14,C/01$5B5A+E5$@24$D4,/0$A3E245$

•! <4,C/01$/5$02A$,0$+55+0K,?$4+Z3/4+E+0A$@24$,PP?/-,K20$2@$A.+$!G9$
-?,55/U-,K20$5B5A+E$

•! !G9$D4,/0$A3E24$14,C+5$.,L+$P42L+0$35+@3?$,5$,CC/K205$A2$A.+$
C/,1025+5$



!G9$D4,/0$A3E24$14,C+5$,-4255$+0KK+5$
Q,55+55E+0A$2@$D/2?21/-,?$A3E24$D+.,L/234S$

•! !G9$14,C+$J_$?2]$P42?/@+4,KL+$P2A+0K,?)$P255/D/?/AB$2@$-34+$,m+4$5341/-,?$
4+5+-K20$,?20+$

•! !G9$14,C+$JJ_$353,??B$/0U?A4,KL+)$?2]$P42?/@+4,K20)$@4+Z3+0A$4+-344+0-+)$
P255/D?+$P4214+55/20$A2$./1.+4$E,?/10,0-B$

•! !G9$14,C+$JJJ_$./5A2?21/-,?$5/105$2@$E,?/10,0-B)$5/10/U-,0A$P42?/@+4,K20)$
/0U?A4,KL+$142]A.)$/0C/-,K20$@24$P25A2P+4,KL+$4,C/2j-.+E2A.+4,PB$

•! !G9$14,C+$JM_$@3??:D?2]0$./5A2?21/-,?$5/105$2@$E,?/10,0-B)$5/10/U-,0A$
P42?/@+4,K20)$]/C+5P4+,C$/0U?A4,K20$2@$5344230C/01$K553+)$P42P+05/AB$A2$
-4,0/25P/0,?$C/55+E/0,K20)$4,P/C$C/5+,5+$+L2?3K20$



!G9$D4,/0$A3E24$14,C+5$,-4255$+0KK+5$
Q,55+55E+0A$2@$D/2?21/-,?$A3E24$D+.,L/234S$

!G9$14,C+$J_$?2]$P42?/@+4,KL+$P2A+0K,?)$P255/D/?/AB$2@$-34+$,m+4$5341/-,?$
4+5+-K20$,?20+$



!G9$D4,/0$A3E24$14,C+5$,-4255$+0KK+5$
Q,55+55E+0A$2@$D/2?21/-,?$A3E24$D+.,L/234S$

!G9$14,C+$JJ_$353,??B$/0U?A4,KL+)$?2]$P42?/@+4,K20)$@4+Z3+0A$4+-344+0-+)$
P255/D?+$P4214+55/20$A2$./1.+4$E,?/10,0-B$



!G9$D4,/0$A3E24$14,C+5$,-4255$+0KK+5$
Q,55+55E+0A$2@$D/2?21/-,?$A3E24$D+.,L/234S$

!G9$14,C+$JJJ_$./5A2?21/-,?$5/105$2@$E,?/10,0-B)$5/10/U-,0A$P42?/@+4,K20)$
/0U?A4,KL+$142]A.)$/0C/-,K20$@24$P25A2P+4,KL+$4,C/2j-.+E2A.+4,PB$



!G9$D4,/0$A3E24$14,C+5$,-4255$+0KK+5$
Q,55+55E+0A$2@$D/2?21/-,?$A3E24$D+.,L/234S$

!G9$14,C+$JM_$@3??:D?2]0$./5A2?21/-,?$5/105$2@$E,?/10,0-B)$5/10/U-,0A$
P42?/@+4,K20)$]/C+5P4+,C$/0U?A4,K20$2@$5344230C/01$K553+)$P42P+05/AB$A2$
-4,0/25P/0,?$C/55+E/0,K20)$4,P/C$C/5+,5+$+L2?3K20$



!G9$14,C/01$/5$35+C$,5$

•! H,?/10,0-B$5-,?+$/0C/-,K01$D/2?21/-,?$D+.,L/234$2@$,$1/L+0$A3E24$Q+Y1Y$
-/4-3E5-4/D+C$L+4535$/0U?A4,KL+$A3E24S$

•! O421025K-$@,-A24$/0C/-,K01$P,K+0A$23A-2E+$,0C$534L/L,?$

•! h+B$@,-A24$@24$A.+4,P+3K-$5A4,KU-,K20$QP,K+0A5$]/A.$!G9$14,C+$JJJ$D4,/0$
A3E245$353,??B$4+-+/L+$P25A2P+4,KL+$4,C/2j-.+E2A.+4,PBS$



#2A,$D+0+$
$

J0$C/^35+$1?/2E,5)$/C+0KU-,K20$2@$A.+$E25A$E,?/10,0A$A3E24$
P,4A5$/0$C/^35+?B$/0U?A4,KL+$1?/2E,5$/5$-43-/,?$@24$2PKE,?$

P25A2P+4,KL+$A.+4,PB$C+-/5/205$

H3?KE2C,?$/E,1/01$,0C$(:,E/02?+L3?/0/-$,-/C$Q(:N;NS$
n324+5-+0-+:13/C+C$0+3425341+4B$E,B$2PKE/b+$,C+Z3,A+$D4,/0$

A3E24$5,EP?/01$



•! >?6@A.#4'B$4A.A&!-&A1!9>?6C6=!
4'-1D!-E'%!#%-4!-++4A&-F#.!3#!
A.3%-&'44$4-%!-&&$@$4-F#.!#G!
5A4201?B$n324+5-/01$
P42A2P24P.B4/0$Jo!A.!@-4A/.-.3!
/4A#@-!FDD$'!

•! H4$#%'D&'.&'!&-.!,'!BAD$-4AD'1!,2!
-!E2C/U+C$0+3425341/-,?$
E/-425-2P+$)A38!BA#4'3?,4$'!
'I&A3-F#.!4A/83!

•! J.3%-#+'%-FB'!/C+0KU-,K20!#G!
Q4+5/C3,?S:E,?/10,0A$1?/2E,$
K553+$$

(:N;N$

K#$%3'D2!#G!"3'G-.!L#4GD,'%/'%5!M'+-%3@'.3!#G!7'$%#D$%/'%25!
N'1O.A!LA'.!



"TJ$d$O6*$E,`$ N;N$d$ ,0,P?,5K-$@2-35$

"TJ$d$O6*$E/0$ N;N$:$ ?2]$14,C+$A3E24$ HJV:'_$(l$

HJV:'_$'[l$

I/^35+$1?/2E,$]/A.$?2]:14,C+$P,4A5$,0C$,0$,0,P?,5K-$@2-35$
K#$%3'D2!#G!"3'G-.!L#4GD,'%/'%5!M'+-%3@'.3!#G!7'$%#D$%/'%25!N'1O.A!LA'.!



8+U0+E+0A$2@$D4,/0$A3E24$P,K+0A$23A-2E+$P4+C/-K20$
QP421025/5S$DB$E+,05$2@$E2?+-3?,4$E,4W+45$

*]2$4+-+0A$5A3C/+5$.,L+$5.2]0$/0C+P+0C+0A?B$A.,A$C/^35+$1?/2E,5$-,0$D+$
-,A+124/b+C$/0A2$P421025K-$1423P5$20$A.+$D,5/5$2@$A.4++$A3E24$E,4W+45_$

•! H3A,K205$/0$A.+$!"#!$P42E2A+4$

•! H3A,K205$/0$$%&'

•! "2C+?+K205$2@$-.42E252E+$,4E5$'P$,0C$'aZ$

P'-.'Q'!R*!R&S'4 T-DD#)!'3!-45!7')!R./4-.1!P#$%.-4!#G!N'1A&A.'!:;<>!!



<?/2E,$1423P/01$D,5+C$20$'Pj'aZ)$$%&)$,0C$!"#!$O42E2A+4$H3A,K205$

P'-.'Q'!R*!R&S'4 T-DD#)!'3!-45!7')!R./4-.1!P#$%.-4!#G!N'1A&A.'!:;<>!!



<?/2E,$1423P/01$D,5+C$20$'Pj'aZ)$$%&)$,0C$!"#!$O42E2A+4$H3A,K205$

P'-.'Q'!R*!R&S'4 T-DD#)!'3!-45!7')!R./4-.1!P#$%.-4!#G!N'1A&A.'!:;<>!!



'Pj'aZ)$$%&)$,0C$!"#!$O42E2A+4$E3A,K20:$D,5+C$1?/2E,$1423P/01$E,B$
.+?P$A2$4+U0+$P421025K-$,--34,-B$,-4255$A3E24$14,C+5$



82?+$2@$./5A2?21B$/0$A.+$C/,1025/5$2@$D4,/0$A3E245$
T3EE,4B$,0C$-20-?35/205$

G/5A2?21B$4+E,/05$2@$W+B:/EP24A,0-+$/0$A.+$C/,1025/5$2@$D4,/0$A3E245$

H2?+-3?,4$E,4W+45$]/??$D+$/0-24P24,A+C$/0$A.+$0+`A$3PC,A+$2@$A.+$!G9$
-?,55/U-,K20$5B5A+E$

!.2?+$1+02E+$+P/1+0+K-$P42U?/01$]/??$-2EP?+E+0A$,0C$4+U0+$,--34,-B$2@$
./5A2?21B:D,5+C$D4,/0$A3E24$-?,55/U-,K20$

H2?+-3?,4$1?/2E,$1423P/01$-,0$4+U0+$P421025K-$,--34,-B$,-4255$A3E24$
14,C+5$

$

N?A21+A.+4)$,PP42P4/,A+$/0A+14,K20$2@$./5A2?21B$,0C$E2?+-3?,4$P,4,E+A+45$
.,4D245$,$./1.$P2A+0K,?$A2$,CL,0-+$D4,/0$A3E24$C/,1025K-5$A2],4C5$
P4+-/5/20$E+C/-/0+$



8+-2EE+0C+C$4+,C/01$

;23/5$I#)$9.1,W/$G)$!/+5A?+4$9I)$",L+0++$!h$Q+C5S$Q%&&>S$!G9$"?,55/U-,K20$2@$
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