
!]H!^FM!
!}$K?M$7!)-!JA$P?=-!

!1$#!V.Bl(!<!$#!V.l=!
"u*



!"#$%&'$()*+,$-$&'$()+.$/&012&3$45$67&81.5$&3$9'-:;$<=$>?2 !"GY 

_(9`(

#H��QS3T7#_FU#o��;CcrA#�6��}#H��c`L#?��]e-#w���\#UP#H��V#H��-/<-3[4
#o��;.#3��A#$6��}3A#,7#�D3��]-.�#P/��W#2FU#C��A#�D3��]-.#23��4#2U3[0A#F#2�/��S/;I0\
#?��9.#kEG#F#bP/��Y-#o���[7#,-3��]-.#D3��Y@dF.P#E.#bP3`c��9.#�2PU./��7#UP#53��1
#E.#bP3`c��9.#�3r��}FU#o��;.#E.#,���;#$P/��}#H��c\CL#C���-#UP#2C��<;P#23��4#_FU
#$?��9.#R.P/��O/7#C;3��9#3��;#D3��]-.#E.#b6��7v#?��9P#H��A#234#5/@��9#3��;#�3��4#?\3A
#b6��-E#P/��O/7#E.#D./��J#,7#.U#U/��Vq7#23��4#H-/[-#�a��4Fx>#5.���9#H��A#Hc��]A
#o��0:M[4#$P/��[-#q��W.#b6��-E#P/��O/7#,��Q0Yd#nC��7#E.#���>#3��;#bPC��V#?��}.PCA

#$6:��}3A#U3��[0A#3��;#jS3��9#?��0Q�F#UP#?��9.#o���[7#,c��}.PCA#23��4#H-/[-

#23��4#567#H��A#D./��J#,7#�,��c\3A#23��4#H-/[-#E.#,��;34#53�7#D./��:�#H��A
#D.I��07#?��]J#2.C��A#F#b6��}#HcW3��9#,-3��]-.#23��4#?\3A#E.#H��V#j��=g#F#?��9/>
#bU3��}.#�6-/��}#,7#bP3`c��9.#6��;6O#23��4FU.P#3��;#,;30[0��}#P./��7#,��L6::V#h;CiJ
#234#?��]J#23��O#H��A#,Q0��9F#U/��d#H��A#C���31#53��1#UP#3��4#567#o��;.#$P/��[-
#3��A#H��];3u7#UP#$6-/��}#,7#bP3`c��9.#��_/��LCW#UP#P./��7#,��;.E#�3rcS.#,��A3;EU.�
#23��4#567#E.#w���31#a��:V.F#H��V#?��9.#b6��}#bP.P#D3��=-#�,��-./01#23��4#567
#D3��]-.#D6��A#~��;3BF#3��A#2Cc��=0A#Z��A3TJ#,-3��]-.#23��4#?\3A#E.#b6��}#HcW3��9
#,43<��=;37Ev#R3��-./01#23��4#D�#3��A#Dv#H��];3u7#F#D3��]-.#23��4#D�#,��9UCA#$6��-U.P
#3��A#H��V#,-3��]-.#23��4#D�#,��73[J#�3��Y;CuJ#6��:gC4#H��V#bP.P#D3��=-#5F.6��c7
#!�n/��S/JU.�#U3cW3��9#j4#23��r-�#2.U.P#�6:��}3A#,7#^��YJC7#¬3��W#23��4#2U3[0A
#53��1#o��;.#3��A#��!#�!#Á#)(Â�#6:c��]4#I��0-#,43<��=;37Ev#nUI��A#_/��7#k/��-�#UP
#C��<;P#2/��9#E.#$?��9.#RF3��`c7#3��4#Dv#UP#,��-�#%�P.C��c7#���;/QJ#D.I��07
#k/[��9#DPC��V#,���:W#�,;30[0��}#?0��93]1#P3��X;.#�,��:[;.#UP#w��0WP#23��4#D�
#bP/��A#n/��S/JU.#D�#6��B3\#�3��4#o0pJFC>#H��;IXJ#F#��P'N+#kFCV/c0��9#j��]0S/A3c7�
#H��O/J#3��A#F#�3��9.#o��;.#C��A#$6��-U.P#,��;G3A#U30��]A#2.#H��-/L#o��0A#j��]0\U/7#,@>#3��;
#�'����07/pJFC>#�&��07/cl;C���]-.CJ#H��:07E#UP#2�/��S/:�J#234#?\C��=0>#H��A
#U30��]A#?��0[4.#D3��]-.#23��rc\3A#E.#bP3`c��9.#�(����07/-�/V37U3\#F#�N����07/-�

1   orthologues

2   $30+03*+.$4$.<$:".:+0

3   transcriptomics

4   proteomics

5   epigenomics

6   pharmacogenomics



!"#$%&'$()*+,$-$&'$()+.$/&012&3$45$67&81.5$&3$9'-:;!"GYG

#$�!!)�#?��9.#bPC��V#.6��0>#�,��-�#23��4#,S./J#PC���@[�#Z��0BP#j��r\#UP#2P3��;E
#�,-3��]-.#23��4#?\3A#,��:J#DFCA#23��4#567#E.#,��WCA#H��V#b6��}#�e��=7#�3��:[�
#2Cc��=0A#,;/<��=0>#?��0@A3B#,43<��=;37Ev#R3��-./01#2FU#C��A#Z��0uiJ#H��A#?Y��]-

#$�!!)#UP#b6��}#y3��OU.#�!!*#�!!"�#6��-U.P#D3��]-.#23re��93>#3��A#H��TA.U#UP

#234#5/@��9#y./��-.#k3��[J#�3��Y;CuJ#bEFC��7.#�,S/@��9#23��4#H-/[-#3��A#H��TA.U#UP
#,S/@��9#234#?��=V#E.#$P.P#?��=V#b3<��=;37Ev#UP#D./��J#,7#.U#,��-./01#F#,-3��]-.
#�D3dC��9#R3��QS3T7#2.C��A#D./��J#,7#�6-/��}#,7#w���31#Z��;Cd#o��;.#H��A#H��V
#y./��-. #E. #,Q0��9F#U30��]A#���0d#F#E6��;. #�2/��0@V#23��4#2U3[0A #��0��]l±9
#D./��J#,7#,S/@��9#234#?��=V#E.#o��0:M[4#$PC��V#bP3`c��9.#C��<;P#23��4#2U3[0A
#w��1.C7#UP#I��0-#F#�34#o��]V.F#6��0S/J#�,;30[0��}#P./��7#,��:[;.#DP/��7Ev#2.C��A

#$P/��[-#bP3`c��9.#6��;6O#23��4FU.P#?W3��9#���@ce7

#UP#26��QA#H��9#U3cW3��9#h��;#UP#34#5/@��9#�,S/@��9#?��=V#_FU#h��;#UP
#UP#.U#D6��A#23����.#D./��J#,7#,T;.C��}#o��0:g#UP#$6-/��}#,7#bP.P#U.C��B#j��4#U3��:V
#o��[�#�,��930u7#h��g/V#23����.#o��0:g#$PC��V#6��0S/J#,���g/V#U30��]A#�3��0u7
#D6��A#UP#U3��[0A#3��;#jS3��9#/����#h��;#HA3��=7#,���0-3�7#F#,���;I0\#U3cW3��9#���`1

#$6��:;3[-#,7#j��4.C\#,S/@��9#R���73QJ#2.C��A#.U#2C��J#,QB.F#^;.C��}#�D3��]-.

#3��A#�3��[J#UP#.U#b6��}#bP.P#?��=V#234#5/@��9#D./��J#,7#C��<;P#PC���;FU#UP
#w���31#23��4#bP.P#E.#2U30��]A#Z��;Cd#o��;.#H��A#F#bP.P#U.C��B#2C��J/0l73V#H��}.CJ#h��;
#C��0W.#_FU#E.#$PC��V#2C��0L#bE.6-.#���-UP�A#F#j0uc��]7#U/��d#H��A#.U#a��4Fx>#E.
#H��QS3T7#o��0:M[4#F#�,��;.I;U3[0A#23��46-FU#�h��;�/S/0A#23��46:;vC\#H��QS3T7#2.C��A

#$?��9.#b6��}#bP3`c��9.#3��4FU.P#j��]0S/A3c7

#�,��c\3A#?��=V#�,S/@��9#?��=V#C��0�-�#,��:J#DFCA#23��rS67#E.#C���31#53��1#UP
#,��-/W#6��9#F#I��m7#2E3��9#H0Y}#2.C��A#�!2/����#23��4#567#E.#bP3`c��9.#3��;
#234C0��]7#R3��QS3T7#UP#o��0:M[4#3��rS67#o��;.#E.#$P/��}#,7#bP3`c��9.#2I��m7
#^;.C��}#F#�D6��A #s3����.#h��;�/S/;I0\FCc�S. #23��4#,Lx;F#�2Cc0[��]-.CJFU/-
#F#�yC���#�D/��]:0VU3> #�C��[;.ISv #C��0�-�#D3��]-. #23��4#2U3[0A #h��;�/S/\U/7
#PPC��L#,7#bP3`c��9.#R3��u0uiJ#C��<;P#23��4#H:07E#2U30��]A#F#�D/��c<:0c-34#2U3��[0A
#3��4#5/�@7#E.#�R3��-./01#23��O#H��A#D./��J#,7#�C��c�g/V#U30��]A#�3��0u7#UP#$�!�
#R3��QTB#�5/@��9#���@ce7#234#?[��]B#C��0�-�#I��;U#U30��]A#,��Sv#234U3cW3��9#F

1   organ models



 !"#$%&#'()*+#,#%&#'(*-#.%/01%2#34#56%70-4#%2#8&,9:#;<#=>1  !GYY

#$�N!�#P/��[-#bP3`c��9.#R3��u0uiJ#UP#�,S/@��9#23��4#j;I-v#3��;#5/@��9#23��=f

#H��A#6��-./J#,7#3��4#a4Fx>#E.#,��WCA#UP#C��VqS.#¡/\#23��rS67#6��:g#C��4
#w��B.61#3��A#�6:[��}EU.#23��4#bP.P#F#bP/��A#a��4Fx>#RG.���9#2/<e��93>#,��;3r:J
#I��0-#2PU./��7#UP#o���0S#�PUFv#j��4.C\#.U#C��YcQ7#F#C��;q>U.C�J#�2U3��7v#,��L6:V.C>
#6��-./c-#56��7#/����#E.#bP3`c��9.#3��;#�,��c\3A#?��=V#�,S/@��9#?��=V#?��9.#o���[7
#o��0:g#UP#$6��:V#2E3��9#H0Y}#.U#b6��-E#P/��O/7#h��;#D6��A#?��073[J#,��;3r:J#H��A

#�?��}.P#C���-#UP#.U#j��r7#y/���/7#H��9#w��B.61#6��;3A#2PU./��7

#,��1.Cd#,�e��=7#5.���9#H��A#£��93>#2.C��A#a��4Fx>#C��4#H���:;.#?��]e-
#,��JU/�#UP#.q��S#$?��}.P#Dv#E.#D./��J#,7#,��:0Q7#R.U3���c-.#o��;.CA3:A#F#PPC��L#,7
#bP3��7#h��;#26��YV#?0[��9#D.I��07#,��A3;EU.#�����7#a��4Fx>#h��;#E.#�6��4#H��V
#6��YV#2/����#F#,��c\3A#56��7#2FU#C��A#?��]J#k3��X-.#�6��}3A#,��;FU.P#6��;6-3V
#o��;.#C��A#$6��;3[-#j��4.C\#U/��Vq7#a��4Fx>#2.C��A#,Y��93:7#£��93>#?��9.#o���[7
#�6��}#bP.P#�0e��=J#CTW#,A#�26��YV#?0[��9#C���-#E.#¡/��\#bP3��7#H��M-3:g#�3��9.
#2C��crA#6��;P#F#?��W.PC>#Dv#P3��QA.#C;3��9#,��9UCA#H��A#26��QA#a��4Fx>#UP#D./��J#,7
# ����73V#bP3��7#o��;.#H��M-3:g#�3��c;3r-#$PUFv#?��9P#H��A#U/��Vq7#bP3��7#PC���@[�#E.
#2FU#C��A#F#bPC��A#26��QA#H��@1C7#H��A#.U#Dv#D./��J#,7#�P/��}#bP.P#�0e��=J#o��[;.
#,��;/O#H\C�#_FU#o��;.#3��A#$PC��V#a��;37Ev#§D3��]-.#C��0�-§#b6��-E#R.P/��O/7
#3��4#a4Fx>#?�C��9#F#b6��}#w���31#~��A3:7#E.#bP3`c��9.#D.I��07#UP#2P3��;E#U30��]A
#2FU#C��A#26��YV#?0[��9#?��]J#h��;#k3��X-.#�����7#H��V#.C��g#�6��A3;#,7#a��;.I\.
#F#Hc��}.P#,43<��=;37Ev#D./��01#3��4#bP#E.#bP3`c��9.#H��A#E3��0-#,43<��=;37Ev#R3��-./01
#o��0[4#k3��X-.#H��V#,��S31#UP#�6��73X-30A#5/��d#H��A#H��c`4#6��:g#3��J#?��9.#o���[7
#F#Hc��}.6-#b6��-E#R3��-./01#H��A#2E3��0-#3��r:J#H��-#6��YV#?��\3A#56��7#2FU#C��A#?��]J
#%'# �����7§#j��V#U30��]A#D3��7E#R6��7#UP#H���@A#�PU.P#,��[V#U30��]A#,��B�W.#w|3��]7

#$?��\3;#?��9P#Dv#{��;3c-#H��A#D./��J#,7#§?�3��9

#23��rS67#E.#w���31#23��4#Hc\3;#DP.P#t3��YJU.#H��V#?��}.P#H��O/J#6��;3A#H��cYS.
#�6-/��}#,7#.C��O.#D3��]-.#3��;#R3��-./01#2FU#C��A#H��V#,��;34#567#3��A#,��:J#DFCA
#^;.C��}#6��B3\#,��:J#DFCA#23��rS67#?��u0u1#UP#$?��9.#I��0<-.CA#aS3g#2C��7.
#C;3��9#3��A#/����#3��;#?��\3A#y/��-#h��;#w��73QJ#F#b6��-E#P/��O/7#D6��A#DFUP#¬3��W
#23��4#_�J#w���=7#o��;.#~��\U#2.C��A#$6:��}3A#,7#D6��A#s3����.#F#3��4#?\3A
#H��A#D3���7.#6��1#3��J#.U#,��:J#DFCA#23��4#567#H��V#H��c\CL#RU/���#2P3��;E
#j��0J#h��;#53���7#D./��:�#H��A#$6��;3[-#CJ#H0Y��}#b6��-E#P/��O/7#D6��A#23��4#567


