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3I(4-11(+,4() (-4@!)*+,/-$5C2*'1$;(5$8) $14$;$47

1

2.2. Technical implementation

|

"#$! L1;1! M&-$','(0$! 841-*'+ | B#-- NOO91;170/&7)*+091;1$$QA&Y%! 1!
0- K$41-(*814! 1,* 1)#! 10! 51-1! */&51-(*& 2 ,"*;(5$0! 1&! $..()($&-!
AL-FHLF 1 (+,43+$8-(&%!*39$)-1 ($&-$5)*&)$,-0 110!5(0)/00$5!#$'S 7!
"#(01,41- %+ 10/, *-015@&1+()151-11+*5$401-$)#&()144@!$&134$5!; (11-#$!
P*&-$&-1 E$,*0(-*@! 1 L1;1 | BLPE@! )*+4$+$&-$5! 3@ Q4100.(0#! 10!
1,40)1-(*&! 0$3$'7! <&! #$! 08;$'! 0(5$! #$! M&$','(0$! L1; 1! R$1&!
P+ & $&-IL)H(-$)-/'$10$1+4$004@D/,¥-0 11&!1)H(-$)-/'1A5$0(%&! !
0$,1'1-(8%! 1,,4()1-(*&! 4*%()! 1&5! ' $0$&-1-(*&! 4*%F, 1)#$! L1):'133(-!
10 11'$.$'$8)$! (+,4$+$&-1-(&! *.! LPE! *;(5$0! ./#$'! . /&)-(*814(-@!
(8)4/5(8%! ;$'0(*&(&%! 1&5! /44! -$A-1 O$LT 1! S$'$'1 H1)$0! +1@! 3$!
10$5!.71(+,45+$&-(&%!-#$!)4($3&-10(5F

|

|

2.3. Public domain sources

1

S*-=1'$!,41- ¥+02! +*5/4$02! 10! =$441 10! +*4$)/41' )*&-$&-1 &$)$001'@!
F1US1A(1(8&Y%! -#S$! -$)#&()141 31):3*&$! *.! -#$! )*&)$,-! ,'$0$&-$5! (&! -#(O!
=*:11'$1 1;1(4134! (&! -#S$! ,/34()! 5*+1(&7! "#$! LPE! '$.$'$&)$! G, 1)#$!
L1):'133(-1(0!.*/&5!1-! #-- NOO91):"133(-71.1)#$79%1;11S$"$'1H1)$0!(O!
*/&5! 11 #-- NOO9I(&7)*+091;1$$09M0$"$'.1)$0 7! G! +1&(.*45! *|
+%5/4$0! *1 0/, *-(&%! 51-1! ,"*)$00(&%! =*:.4*=0! (0! ,"*:(5$5! 3@!
"1:$'&1! B#-- NOO===7-1;$'&17*%02! =(-# -#$! "1,$'&1! $8%(&$! 140!
$+3$55$5!(&IL1;17IR(*+1'-211;1(4134$! 1#-- NOO===73(*+1'-7*2H1&!3$!
YO-*+(1$5!.*10/,,*-(&%! -
1! =$30(-$! )1&! 3$! )*&.(%/'$5! *1 ,"*:(5(&%! /0$'! (&-$'.1)$07! R(*+1'-!
S-#$'1144*=01(&-$'.1)(&%!;(1!=$3!0$";()$0!.*'1#1&54(&%! 41'%$! 51-1!0$-07!
GO! *39$)-0! 1'$! '$,'$0$&-$5! (&! -#S(! )*&-SA-! ;(0/14(11-(*&! *.1 '$0/4-(&%!
&$-=*:0!(0!$00$&-(14! *10/,,*-(8&% !(&$','$-1-(*&7! Q$#4$E&3*'%!$-1 1ADVT
'$)$&-4@!,*; (55! 11'$;($=1*&1<+()0!; (0/14(11-(*&!-**402!=(-#IP@-*0)1,$!
Bt--.NOO===7)@-*0)1.$7/CHLO0! 1! ,"*+(&$&-| $AL+,4$7! P@-*0)1,$! 144*=0!
181 $A-$&5$5! 5$.(&(-(*&! 1&5!5(0,41@! *.! &1E$)*'5C! -@,$02! &$)$001'@!
F15(0/14(1(8%! #$-$*06$&SH/0! )*&-$&-! 0,188(&%! ."*+1 )4(&()14! 01+,4%!
&*5$0! -+ +*4$)/41'1 $1-/'$! &*5$07 | W(.$'$&! -@,$0! *.| +*4$)/41"
(&-$'1)-(*&! &$-=*01 1'$! 1;1(4134$! .*'| 5*=8&4*152! (&)4/5(&%%*)$5/'14!

#$151-11+1&1%$+$&-10(5$2!1&5!155(-(*&144@!

'$%/41'4@! ,51-$574/)$! ,*(5(  &%! 3*15! ) $'1%8$! *.| .$1-/'$0! 1'!
*&5!  =(-#! AFZ8E<' B #-.NOO===7/&(*-7*® *! FPRZ
Bt-NOO===78)3(78&4+7&(#7%*0'HL0$6C

1

!
[ 1] 'RESULTS

3.1. Omics record consolidation

|

b%" ' 2#+! -<1'+$l.-2! @#+&! 50$0! +-*&-3#50$#&10! 2'+-25
2'>2'&*$#*] 50$0! 0$! O*=! #?*I 323! -I 5'$0#3;! I'B,B
+90020+$ " 2#L#*, 10*1*$#2' 1 $20* &+ 2#>$-H#HE2HI3HB) &#*,3'!
'0$)2'l 0*5! #3&&-+#0$'5! 'R>2'&&#-*! 203)R '0+%! 2'+-25!
['$050%$0! /0=! <"1 >2-?2#5'5 .-21 )2$%'2! +9%6020+$' 2#LOSHIS"!
2'+-254+-*$*5BY)2$%/22" 1 -<1'+$! 2'30$#&F +0*! < <)#3$-2!
#*$/B)+#*, | B'SHE*HHR] <'$4™ 2'+-25&B!  "#$%&*H
>2-?#5'&10*I'R0O/>3'1&+%'/'1-.1$%'1 2'+-25! E*-5'[! 0*3'30$#-*!
E'5,'1+-*+'>$B

sample 1
A sample 2
samplen
study plan expression file resultsfile
\ |
RID_1 <<Entity>>
EID_ -
B RID_2 C 0..N
EID_d RID
n <<Entity>> 1

1 Study Plan
RID_I RID_II RID_III
1 <<Entity>>
S | ExpressionFile 1
EID_a EID_b

<<Entity>>
ResultFile

=>$#+ ?26@<2(?+* F$G, H>147/=">, J4=2%, ?K3,/L7'>J, =&/>M,
"3NP(N'3<,J=2:0, %(/30, 4E%&AIIE,, /=/ ,13:,13/(03'],&4I2(=J ,
(=1 5,FQG, D?&7/(, &4%&4J43=/="?3, ?R2&MK(?P, 1], 3?:4,13:,
4:<4, >?3>4%=, P'sl4/>l, ?9R4>43>7?:4:, 1,1, :/=], J=&2>=28&4,
1?(:'3<, [, 23'S24, "43='K'4&, 13:;, [, %l&/74=4&, (J= FTG,
U4%&4J43=/="?3, ?K, =4, 2=, '3, V.W, FV3'K'4:, .?:4('3<,
W/3<2/<40,|==%8XXPPP527®?&<

|

@/#+&!>2-+'5)2'8-334!1 0! '"*'2#+1>2-+'&&! 0&! 'R'/>3#.#15*]
Y#,)2'1 8CB! Y#2&88 9)5=! >304ER&>"+#.#'5! 5" #*#4,$%' +0&
+-*$2-31 &'} 3'+$#*,! $%'! +3#*#+03! Yo=>: %t R 3-,=!
)&'5;! '$+BJ0&'5! -* | $9%'l 5" ##S#-*] -1 +0&'&! 0*5! +-*$2-3&!
&0/>3'&! 02" 3#*A'5! 4%#+%! '..'+$#7?'3=! )*5'2,-1 &+2"HP&!
&>'+# #'51#*13%'1 &3$)5=!BRQI#?03"*$$-! &3$)5=!>30*QIE3'&!
02" 2'>2'&*$'5! 0&! 2'+-25&! BH#*,! &0/>3' &-)2+";! $=>"!
0/-)*$! 0?0#30<3";! '$+B8&! /'$05050! 0*5! +-*$*B Y2'()"*$3=!

(&$'1)-(*&0! "+ XMQQ! B#--,NOO===7%%$&*+$79,0:$%%C! 1&5! 8GF"YME!&0/>3'&!02'-2,0*#L'5!#*15'5#+0%$'5!50$0<0&'&/MM*b+*3=I<'l
Bt--.NOO===7,1&#$'537*CR! #@0()14! (&$'1)-(*&0! B3*-#! $A,$'(+$&-144@! 3#*A'S! #*$0*! @/#+&! 2'+-251/0*0,'/*$ 1 2#0)#()"! &0/>3'!

58-$'+(&$5! 10! =$44! 10! ,'$5()-$5C! ."*+! -#$! +$-1 161-1310$! <8YZW!
Bt-- NOO* #(57/-**&-*7)1O0* #(5;[7[\| C2! *!  (&-$'1)-(*&!  &$-=*:0!

)*&0*4(51-$5! ."*+! +/4-(,4$! 0*/)$0! 10! S"EZFQ! B #--,NOOO-'(&%7$+3275% 50$0! #&!

H*l 100/'(&%! *#$'$&)$! *&! -#$! &1+$! 0,1 )$! 4$;$4! ¥ +*4$)/41"!
'$.$'$&)$! &$-=*:0! 10! =$44! 10! +*4$)/41'1 .$1-/'$0! )*+(&%! ."*+! -#$!
;1'(*/01<+()0! 4%;$40! 1!'$.$'$&)$! &1+$0,1)$! #10! -*1 33! 0$4$)-$5! 1&5 !

#5"$SH# # B Y™ 2'$2#' 24| @/H+&! >2-#3'&! .2-/' $%'] >)<3#+!
5-10#*1 $%'1 3'?'3! -.1 5'$0#3! 2',025#°§I0/>3'H>"+##+! +3#*#+03!
2'()*$3=! &>02ZR5! $=>#+033=! 3#/#$\5+F#*#+03!
+0$',-2#'&G&%$0,'&!.-2!1$%'15#&'0&'B
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QR'+H)$#*,! 'R>"2#/*$03! >2- #3#2'&)3B&! #*! 0* 'R>2'&&H-* | A;mm B; T

2'+-5! E'B,B! 204! 50$0! /0$2#R! -.! +0&" 0*5! +-*$2-3! &O/>3'&  ©
4%#H+%! 0.$'2! &$0$#&$#+03BODR$LDE2'&)3P&H-2T -*3=! !

3H&SH*, &, *##+0%$3=] B#.2*$#033=! 2')30$'5! '0$)2'&! 4% _- e s omic

+-/>02#*,1 +0&'1 0*5! +-*$2-3! 2-)Bb=>#+033=! &)+%! 0! 2'&)3$K&! * o el R BT T T T
>2-#3'1 #&! <0&'5! -*1 0! $iP$)2' &SOHESH+03! $'&$! #*+3)5k* 18 -
+-22'+$#-*1 21 [)3$H>3' $'&SH* B35%-),%! )€&$0*$#03! ! [ e ————————
S#. 24+ &1 #41 'R>'2H/*$03! >2-+'5)2'&1 02' 245! SYABH+! | :

4-2A.3-4) #8&1.-33-4'5! <=| -&$! @/#+&! $204ABR&'&&H*! | C

+HGHY)) &+ RS 20$H- ¥ 203N BO!.O0+$ 03&-1 <'+- /4% I PHEHG) | e

4%1+-/>02#* | [VC]QI0*5! [VCTQ! - 21 $20*8+2#>$-[#+&I0*5 =

>2-$'-/#+812'&>'+$H#7'38 Lo

| |

@*! 0*! 0<&$20+3$! 3'?7'3! EY#,)2'! 81120>%! 22'&"*$0$#-*

<'+-/'&! '0&#<3";! %635#*,! *-5'&! +9%0020+$2#L'5! <=! 2'+-2518$6* A' ;(&" 7)& "&6™ #(H#"-.' <(5' #5(++ B>$#+* F$G,
#5*$# #'2& EUVWII0*5!'68&'+# #'5] <=!I'5 "1#5*S# # BRVW;!  H>147/=">, J4=2%, 7K, =1&44, '3:N":2/(, L7'>J, =&/>MJ, K4, 90, =P?,
#*1$%'1'RO/>3'1 +084'#*,! 5#2'+$'51B0+96!5'10*5!'0+%!'5,"! JI7%(4,3728>4J5,FQG,D?&7/(,&4%8&4143=/="23,7K,=14,L7'>J,=&/>M
#&10m-/>0*#'51<=10150$0! &$2)+$98-35#*,101)*#() 1 #5*$#.#'2B! <'N43, '3, F$G, K2&=I14&, '3>(2:'3<, =P?, '7%(>'=, &4(/='?3J, F6YZ[*(
V*1 $%' +0&'! -.I *-5'&! ['§050$0! 0*5! $%'! +-*$"*$! 0&! &)+%! 026YZ[)GH

&$-2'5! #*1 $%'l 50$0! &$2)+$)2'";! .-2! '5,'&! $%'! *-5'l #5*$#.#'2&!

&>'+# . =#* | $UB L+ S 2#$=] 2401 *-5' VMR 4'33! 0&! /'$050$0!  a'2$0#*312'+-25!$=>'&102'1*-$! 3#/B8H-1$%0''RO/>3'&! #2"*1#*]
E5#2'+$83#$=$=>"1 -.1 '5,":1 '$+BI! 02' >2-?2#5'5B! YL2-5'&! Y#,)2'1810*5!@B!Y2$%'2!12'+-25!$=>'&!-.1203)"1#*+3)5' & +#"*$#.#+
#*S#?#5)0BY*$*$! /0=! <'l 2'>2'&"*$'5! 0$! 02<#$202=! 3'?'3&! -.12"."2"*+'& ;! &$0*5025! ->'20$#*,! >2-+'5)2'&@! 'R>'2#/*$03!
,20%)302#%=! E&>0**#*,! .2-/1 4%-3'l >2- #3'l [0$2#+'&! $-! &#* , 303#50$#-*! SEBF+3)5#*,! <-$%0;! >2-.#3'l 203#50%#-*1 0&! 4'33!
J0$)2°&IN 5>EH* L K1 &)<&'()*$!  2'&-3)$#-*1 *"B&!I #*1 +/>3/*$02=! 50$0! 'B,B! +-/#*,! .2-/! (9B(#'2! 0*5! (%R(.2!
0*03=&#&BA'?'2;! 2'&-3)$#-* -*I $%'l 3'?2'3! -.| #*5#?#5)03! /-5'3&!-.1$%'1+3#*#+03!&'SHYF,1-$%'2&B
[0%$)2'&!#8&!/0*50%-2=1#*1 ?#2$)033=! 033! 0*03=&#&! PP-2!5)2'&B

>20+$#+0<#3#S= #&&)'&! *+0H&)IGHR+>2- #3'&0220=&!-.] "#I%E& |- #>2-?#5'&!10*1#/>3'*S0$#-*I'RO>3'.-21-2, 0*#L#*,!

>2- #3'&;! -2! 0*03=&#&! PRIFHP2&! 0>>'02&! >2'.'20<3'B! b%o#&0'! +-22'&>-*5#*,12'+-25! [0*0,'/*$B!  b%#&! 2'.'2"*+'
0>>2-0+%! &#,*#. #+0*$3=12'5)+'&! +-/>3'REPAILZ'+-25!3'213  #/>3'/*$0$#-*1-2,0%#L'&! 2'+-25&!1 03-* &>'+#.#+! Q/#EZD+A&
0*5!'0&'&!)>3-080*5!/0%0,'/*$;  !<)$!&$#33I>2-?#5'&I0$H&&! EY#,)2'l JC|! 0*5! '&&*$HOR'+-25&! &>'+#.=#*] $9&$)5=!
#*5#7#5)03! .'0$)2'&! 4%)&#*,! 2'+-25!$'/>30$'&A%'2" 'B,B!  &>'+#.#+08#-*&! 0*5! 2'&)3$&! EY#,)B! 2! '0+%@'+-25!
/0%)2" 0*5! 0&&#0$'5! 'R>2'&&#-*! 203)'! 2'&E*! 5' #*'5] '$050$0!0&! 4'33! 0&! 'R>3#+#$! IH*A&! <'$4"*| 2'+-25&! E#*! ¢

+-*$*$13-+05#-18 'RO/>3" 3#*A#T $20*&+2#>$-/#+&! 204! 503$0! 0*5! 0*03=8#&! 5
! Y#)2' Ja [1+0* <"l &>'+# #'BC33! 2'305#-*&! &H B Y#,)2'!
@/#+& #*$',20$#4* *0$)2033=! 5'/0*5&0! +-/<#*0$#-*! -.! 8C!0*5!6C!02*%41)(/(#0&! &)+%! 5" #*18=1$%')&'2!5'>-&#$#*,!

>2- #3#*] '..-28&;! 'R'/>302#3=! &%-4*! "#3%&Y, B b%' $%' 2'+-25k0*5! 2.3'+$! $%'l 3-#+03! &$2)+$)2"! -.! @/MH+8
&HE)0$#-#2* #* Y#,)2'l 6C! #&! 5" #*'B <= #*5#?#5)03! &$)5=! >2-+'5)2'&B@.! +*$203!2'3'20*+'1 %'2'| #&! $%0$! $%0'! @ /H+&! $2(
>30* &N VN2'&>'+$#7?'] &+2"*#* | >2- #3WB,B! 204! 50H015! 02'! 52#7?"™ 0&#*5'>"*5"*$ | >2-+'&&;! #4 0! #2&$! >30+' #3=
2'&)3B&BHES! -.! &# . H+0*$3=! 5#.'2"*F! .'0$)2'&$%'! E'R>3#+#$BEIN B ) &#* 1 1-#*$! &0/>3I1&0*5!/-2' "' 2#+]<=]
$20&+2#>%-/';! >2-$'-/'1 0*5! /'$0<-3-/'! 3'?'3 IB ])3$#>3'! )& XK 1&S A+ + 3 #H+031%=>B%'&#&I

2'&)3%! #3'&!/0=I<'l"*'20$'5!E&"103&-1$%' Ple!#*1Y#,)2'I8al! !

'B,B! <=! 202=#*| &$0$#&P#+03! >2-+'5)2'&! )&'5! .-2! 0*03=L#*4'DD2;!.)2$%'2! (51)(/(#2'30$#-*&!022'&"*$!#*1$%'| +-33'+$#-*1
A2 +0&'H-*$2-8,2-)>;1 -21 <=1 202#*,! $%' 0&&H#,*/*$! -.! -12'+-25&! EY#,)2' 6[IB! @*'! &'$!1-2'30$#-*&! /0=<"l 5'2#7?'5!
&0/>3'&!0&!+0&"0*5!+ 25 2-/1 1-#*$! '$050$0 EQVWIB)&'5! .-2! +96020+$'2#L 8441 25& !
V*0*1#5'03! &'$$#*,! $%'! &$)54&502-/1 0! &#*,3'1 &0/>3" |G!  E'B,B&#*,1$%' &0/'1$#&&)"1$130*5!0! &'+-*5! &'$!-.1 2'30$#1*&
+3#*#+03! 5'&+2H2'$-&#$-2=! E.'0&#<3'I' RRI3#+#$3&H  *'5! 10=! <"l 52#7?2'5! .2-/1 $%'l 2'+-25!] +-*$*$! 0&! &)H#EQVWIBI
+2-880/#+8;!-21%07?'1 $-1 <'I'R$20+$'5! $-I$RB*$! >-&&#<3'1#.! K-.$402'1 .20/'4-2A&! 0&! gO+A20¢=28?#5' .)33FB'R#*, ! -1

JBE 24V >)<B#+! 5-/0#*] @/#+&! >2- #3#E'B,B! ,08%'2#*%,] 2'+-25&-2!$'R$! &'02+%;! 0*5! <=1 $%#&! /'+OD & +0*1 <'|
0?06£30<3'! @/#+&! &$)5#'&! 2',025#*,! 0! &>'+#.#+! +3#*FH085!'B,B!I<0&'5!-*1_-?'2033! &#/#302248=>"+# . #+033=!<=!'B,B!
%=>-$%'€&BR0$)2033=;! 0! 5'5#+0%'5! &$)5=! 4#33! >2-2#5' 01 - 24?-A#*,! -+ 1-#*$1/-3'+)302! #5*$#.#2&! #*1 '0$)2" 3#&S&E
+-/>3'$" 10*51+-9%'2*$K'$!-.12'+-2580&!$%'&1.3'+$R>3#+#$3=! U'3'?20*$!'RO/>3'&! #*+3)5'1 &%02'5! ,"*'| -21 >2-$'#*| #5+$2&'
5'#*5! #*+3)&#-* +2#HSRH#O)&H*,! 1 0! &>+ A+ 3 #+03! .-2] 'R$20+$#*,! 2'30S#- B! <'$4™* | $20*&+2#>$-/#+&! 0*5!
%=>-$%'8#&B >2-$'-/#+&!>2- #3B.
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A semplet

1/ = e
- = +5$2-31-%1$06'1 3'2'31 - | $20*&+2#>$#-*1 .0+$-2&1 0*5! /#UOCE! 4
055'5®
b'+96*#+03850$0! &:$2)+$)2'&14'2'1)&'5;1'0+%! %-35#*,1 01 yk#()
B HE'*SH 4 21 BHAH* | $:H05>2-$H;1 051 &$-24*,1$%' 0+*- 0
o o L g 50$0! 0&! +*$19@*1 $%'! <OKH&E! -1 $U'! ,*'G>24BH "+ #+!

RID

+-*$*$10!>042#8& 1 2'30$#-*1&+-2'1 40&! +-/>)$'514%#+%! /0=!<"]
#*$'2>2'$'510&!5'>"*5*+=12'&$#*, 1 -*1 $%0" 1 #*5#7#5) 03! 0**-$0$#-*
A?FHI$%0' +-+$*HR-21.)2$%'2! 5'$0#3&! -+ -/#+&0Qb!1412'.'2]
$-19NBC! &+%'/0$#+! 30=-)B! §%0'! +-*&$2)+$#-*| >2#*+#H3'l #§
! H?FH"HE% &Y. B

8$6* C' DE7>-2" 27F(0. <(5' #5(++ B>$#+ 5"#(5&' !
>7)76">"). * F$G, U4%?J'=?&0, J=&2>=2&4, '3N?(N'3<, =1&44, L7
=&/>MJ,/3:,/,>('3">/(,I/7%(4,84%?J'=?&05,FQG,U4>3&14:,=?,
1,3%4>'K">,L7'>J,=&/>M,FJ44,D'<2&4,*$G5,FTG, 6E/7%(4,74=/:/=/,
>[z4<?8&'4], K?&, [, =&I3I>&'%=?7'>], &IP, :I=/, &4>?&:, '3>(2:'3<, /3,

|
|
1
AE%('>'=, &4(/='23,94=P443,=&/3J>&'%=27">J,&IP, /=/,/3:,/3/(0J'], | |ePression | wiz |expression E_3
/:/5 | ‘ category Category
! \ interaction interaction -
CH+-$0$#-*1-.12'30$#-*& I+ 20K+ B=1.02!<=-*51 $%''RO/>3'&! | |t et v ‘
>2-2#5'5106'2",1 0&!%)/'2-)&! >2-1'+$! &>"+#.#+1$'2/1 BH&S&I /0=1<" st oz, pia,, ., piay "
)&5BU'3'20*$! 'RO/>3'&! #*+3)5'1 2'30%#-*&! /0>>#* | <O&'5!-*1 |
5#&'0&40$)2'! -2! '0$)2'H2),! 0&&-+#0$#-*&F! C! 2'&)3$&! L#3'l
2'+-251 [0=! <l [#*5] 221 ++4)22%+'] -1 %1 21 S2-$HH 8$6* G 4(#"-.' (<' 7' >(2"#0275' <"7.05™ 7))(.7.$() 657-3 *
HE" S 281 A#$Y0! A*-4*1 3H*A&! $-15#&'0&'&! E'B, B! ) $#3HL#*,| GRER /=/,I=82>=284],0%4>'\98,23'S24, " 43='K'4& /3: AE=43:4:,
50$0%$$>FGG444B*+<#B*3/B*#%B|IORBH#. |1 #5*$# #'51$%'] /337=/="73,J4&N4, /3,9/3'], K?&, >?7%2="3<, :4%43>0, P4'<|=J5,
5#&'0&'&!+0*!1<'1055'5!10&!/'$050$0!$-1$%"1 2'+-25B! V*I 01 *' RS &FIS, \4=P?&M, &4%8&4J43=/="23, 12(:'3<, 7?(4>2(/&, 3?:4J, /3;,
2'30BHR.!<'$4"*12'+-25& 1 +0*1 <" Y#3BO&'5! -1 +-H++) 22" +'] P4'<I=4:, 4:<4J0, Pl4&4, P4'<I=], /&4, :4('34/=4:, K&?7, <'N43,
- 5#&'0&' B&-+#0$#-*&B! C! +-/>020<3'l >2-+'5)2'1 [0=! <'| /337=/="?3, AE4AT%(&'(0, JI?P3, K?&, =P?, 4:<4J, F6YZD, 6YZ[|G
2'3'20*$!.-21A*-4*152), 1$02,'$!0&&-+#0$#-*&!0&!'B,B!>2-?#5'51 £8:IN'":2/(,>?3=&'92='?3],>?7'3<,K&?78_8, ='1J24,)%4>'K">,<434,
KbVban! B\:B h'$! 0*-$%'2! 2'3'20*$! >2-+'5)2"1 #&! 3#YA  4E%&4JA3+ @DS, R?'3=, =&/3J>&'%="?3, K/>=?&, 9'3:'3x YI@48]
SHH*GH H+] S)<BH+OSH-*&! B! 2'+-25&N)<BHAOSHOS)2']  %&?2=4B&?=4'3,'3=48&/>='CB]
#*-2/0$#-*I'B,Bl/#*'51.2-/'|QWeVOQ 1967:B !
! O'R$! $-! +-*&-3#50$'5! 0**-S0$HI! $'0$)2"! 2'>2'&*$0S#-*!
F2H % Y#)2' NIS2-2#5'&$%'! ->>-28)*#$=! .-2! 0)$-/0$'5!
3.2. Omics feature consolidation 2'30$#-*&! [-5'3#* B! C33! +-*$*$! 0&&-+#0$'5! 4#$%)302!
! *-5'&I#&!>020/'$2#L'510& 1#+>)$1.-210* ! >#2#+03!/'$0. ) *+ B!
Q#2038 $4 $%'1 ,20>00! +-*+>$! 21 2>2&SHY| @MH+E 4%5#+%6! 033-48) +-/>)SH50HBHE 5>*EF+HEQ! <S4
4-2A.3-48 038&+H-3'+)302! .'0$)2' & +0*! <'! +-*&-3#50$' BB 0! /.3'+)302! .'0$)2'&Bb%"! /'$0.)*+$#-*! #*$',20$'&! &#/H3024#$=!
&$0*50281/#+88&'$)>10!.'0$)2'6*-$'&I012'I?0*BI<L+BIE, ™! 108)2'&! 0&! +-22'30$#-*1 +-' #+#*$&) .-2! $H&&)'| &>'+H #+] ™
$20*&+2#>$;! >21SHBE>028#,| +0R0*5! +-*$2-8)$H3HLA*,] 'R>2'Q&H-42- #3'80&!4'3310&!5'>"*5"*+=1/'0&)2'&! 0&! A*-4*]
0! &$O$HESH+03! ['AGBBS=>#AB>2'&*$0$#-*1 1. '0$)2'&! >0 §#* #+$'20+$HZB, B! +-/#*,1 2-/1 V*$0+$! -21 dQDDI2! 0!
#e+3)5H#*, | $%'H2! 2'30$#-*&! #&! 20>%&;! AHIBRR-SEBH* #o*| S0#AB%W'! 2'&)3%H*,! >020/'$'2+ " 0>>2-R#/0$'&! 0!
#°$'20+$#-*1°'$4-2 KT TVIIGA 331 A*-4*1 'RO/>3' 19B:BTTVE! (0, 2' 0$'15'>*5%+=1<'$4"41/-3'+)302!.'0$)2'&  ;!0*5!0&! $%#&!
02')&)033&>"+#.#+12',025#*,1 $%'1 $=242:30$#-%,1'B,B! V*$C+$l g1 51 -21 0331 '0$)2'&! O1#3'$' /0$2#R! 0*5! ,20>%! 2'&)3$&B
*$4-2A&! *+-5'1 >%=&#+0B)*SH2'+ESIH*F20+S#-*&B6:!  pop#&l ,20>%! +0*! *-41 <' )&'5! .-B>>#*,| 0*03=8&#8&! 2'&)3$&!
4%'2'0&! dQDD! 2'>2'&*$&! >2-+'5)203! #*.-2/0$#-*1 03&L+-j#* 1. 2-1$%'12024-)& @/4+&!$20+A&B
#*+3)5#* 15,1 S#2'+$#-*03#$9E): B "'l 52#72'5! $%'! %)/0* |
>2-$-/'"1 #*$'20+$#-* *$4-2A1 -[#+&OQb! 4%H+%! +-/<#*'&)
&t 4 #+O*IEBOSH-1 4#$%! 2'308#-*&! 53 B.K( ! 3 3 Integrating records and features !
BRASSHAEB* +<#B*3/B*#%B,-?G2118#&!)&'5! 0& 2'.'2'*+'! I
&-)2+'.-21%)/0*1, " &! 0*5 >2-$'H#*&! >2-245#10<-)$1 6S; 777 @<2#-)&3%$00'| 2'>2'&*$0$#-*1 -[)3$#>3' 1@ /#+&A4-2A.3-48;)
-<1'+$&! E+-*&#52#*,! O +0*-*#+03! &'()*+'1 &'$! -1 & 0*5!  <)$1 03&-! $%'l &=&$'/! 0*03=KT @/#+&! 0&! &)+%:;! *ONB*!
>2-$H#&IBY-2! '0+%! ,*'G>2-$% 5">1 0**-$0$#-*! 40&! 'R$*5'51 E03$%-),%! 02! .2-/1 <#* ) +-/>3'PN0&E'&&/*S! -
>'2.-2'5 V)SHIHLH*,| >)<B#+] 5104 &-)2WE+3)5H SHEE)'!  [-3'+)302! *$#$#'&! /0=K'1 2'>2'&"*$'51 0&F-5'&! E+-*$*$I1 0*5!
&>'+# H+D 2%+ [F 'RS2'&&H-F, | 202#-)&) &-)2+'&! 21 5 'QIE2'305#-*8)
J+$#-*03! 0**-$0$#-*! 0&! D! @*$-3- #'8OM#.-35! >2-$HF  @*1 $U#&! <O&H&! 01 #°$', 20$#-*1 -1 <-$%! &$2)+$)2'&! #&! 0*! -
#:$'20+$#-*1 5086 2+'&!10*5!.)2$%'2! >2-$#*1 +%020+$ 24LOS#- Q& 8.$'>:10&1&+%6'10$H-+QBBAMH*H$%6 &)/ 4B
8<+'33)302!3-+0%#01-*,1-$%'28 BC55#$#-*033=1$20*& +2#>$#-103!
|

L RID I

study plan | studyplan il &

> RID

A B

ID, node 1 ID, node 2 MID_II l 4
~genelD ~genelD - \ -
*proteiniD N Im

“proteiniD

- —p
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RID RID
RID | __~RID
RID EID_1 RID : RID 886 K';7%$67.9)6'$)' =>$#+' 5"#(5&' 7)&' >(2"#0275' <"7.05™
y v RD " +7#" *, D?&, [, I&=">2(/&, L7'>J, =&I>M, 4E%(>'=, &4(/='?3], /&4
RID} < 1Y T %&?N":4:,K&?7,J/P6(4,84>7&:,=?,3=2:0,%(/30,K2&=14&,#2/&/P
l RID RD 13:,&432(=J,:/=15,%$,3%4>'K'> K4/=284,?K,'3=4B34Y Z&N43,'3,
A RID e &4J32(=J, :/=1,31?PJ, I3, 7%(">'=, (3M, =7, &4J2(=J, &4>7?&:, K&?7, 1,

J4>?3:, L7'>J, =&/>MO, /3:, 23, =14, 72(4>2(/&, (AN4A@ES2'N/(43>0,

% P'=l,.YZ[YYYO,PI'>K2&=148I?PJ,J=&73<,:4%43:43>0=?,.YZ[Y,
5 F3:,7/0,(3M,=?,/, &4J2(=,%&?K'(4,>?7'3<,K&?KKA4&43=,17">],
8 =&/>1B
MID_II g
EID_3 E I2#* 1| $%'1 2'+-25! 0*5! '0$)2' +*+>$&! $207'2&'&! $%'!
B _ $205#$#-*03! ()'2=#*,! #*1 2'30$#-*03! 50$0<0&'&! #*$-! 0*03=8&
= ED_5. e &)<,20>%&B6''RO/>3'1>2-2#5'51#*1 Y#,)2' X1)&'&! 01>02$#+) 302!
0%$)2'1.2-/10*| @/#+&! 0*03=&#&! 2'&)3$&! #3'1 0&! &SOXE2H-#*$|
MID_IV

$%#&! .'0$)2" O*! #/>3#+#$! 3#*Al $-1 0! &'+-*5! 2'&)3$&! #3'] +-/
! 2-/1015#.." 23 @ /#+&!$20+Al#&!I5'$'+$'5!4%#+%!033-4&!$20+
' $%'1>0$%!)>&%$2'0/I$%H#&! &2A0FAB

8%6* 1" J)."657.$)6' =>$#+' 5"+02.+ &7.7' ()’ 7 ' >(2"#0275' C3! $%'! &O/'! $#/' 5-4*&$2'0/! 0*03=&#&! #*$-! $%'! /-3'+)302!

<"7.05" 657-3 * KG,U4>28&:, :/=/, J=&2>=28&4J, 77:4(,J84, I(J?, L0%$)2'! &>0+' <'+-/'&! 0/*0<3'B! N2'l 2'30$#-*&! 2'&$! -*
D'<2&4,)QG,/3:,FQG,K4/=2&4,:/=/,J=8&2>=PB)E?, D'<2&4,BQG, +-/>)$'5!5'>"*5*+#'&1<0&'5!-*1<2-05!.'0$)2"'10**-$0$#-*BY-2!
'3=4&('3M4: 2/, R?'3=,3/74,%/>4,(4AN4Af: <4 <'N43,'3,84G5 $%'I'RO/>3'1 +0&'1 0! &$2-*,1 3#*Al $-1 0! &'+-*51/-3'+)302! .'0$) 2'!
|

! J0=1 <1 -33-4'5 | 4 %#+H#B&'3P*$)033=V0=! %07?'l <+-/'l
@/#+&! ->'20$'&! -1 [-3'4)302! *0/'1 &>0+'& 4#$%! *'1 0*51  'P#5%*$! 0$! &/ -$%'213'2'3! E'B,B! 0% 08&&-+H#0$'5! &+H#*$H.#
>2-$H VWE! [08%'] -&$] >2'203*$! 2.2%+'1 &>0+'@  >)<3H+OSHHAM08 +*51@/#+8&I$20+AB

W-/>-&##* | 0331 50$0! #56-1 2'+-2581 AH#SY0! J*#()'| #5*$H#.# 28

*0$)2033=18)>>-2$&! <)H#35#*, 1 2'30$#-*& <'$4"*1$% 2@/ERE! !

&$2)¥B! 0%5! $%'1/-3'+)302! '0$)2'! &$2)+$)2H2-/! $U%H&! |

+HHSEI 0! >'28HES*S!) 2'308HIS>HH | -2 @/H+& 2'€)3$&! !

' 20$H#42,'& 1 'I<'B5#* | &0/>3 &>0+1 'R>2#/*$03!  3.4. Example case!

>2-+'5)2'1 3- #+&;! 0%5! /-3'+)302! '0$)2'! 30*58+0ANW$)2'&! !

H5$ #'5! 0&! 2'3'20%$! -*1 $9B'F-28 3'2'3 R$-2'5! #5 @H+8&! "1 #¥1 $%'! -33-4#*,| 'R>3#.=1 $%' >2'&*$5! +-++'>$] -2
2'&)3$12'+-288607'1015#2'+$12'>2'&*$0SH-H1-H1$96" '0$)2'1, 20>Y@/#+8&) >2- H3H*,| +962-*#+1 A#5*=1 SHEIERIIWI; 10! 5#&8'0&'
0*517#+'12'280B +06020+$' 2#L'5I<=1>2- 2'&&H#7?'13-8&!- | A#E*'=] ) *+$#-*BladW!9
! <"1 'R$*&#?7'3=1 &$)5H#5! -*1 2024-)8) @/#+8) 37'3&! 4#$%! O
C&!.-203312'30$#-*031/-5'3&1 ()’ 2=H#&!*0$)2033=18)>>-2$'51 <=H/>2'&&H?' +-*&-3HE0$H-*| '..-28! -*| $%' $20*&+2#>$-/#+&! 3';

$%'1 >2'&*$'5! +-*+'>$B-4'?'2;1 ='$! 0*-$%'2! /-2l >-4'2.)3! >2-?#5'5! <=l $%'1 *'>002-/#*'] 50$0<0&"
$=>"1 -1 ()2=#*! <+- [& '0&#<3;! *0/'3=! &)<,20>%! BA$SAB*'>%2-/#* B-2,IB! O'R$! $-! S#0<'$#+! *'>%2->0$%
'R$20+$#-*B! C*I'RO/>3' &)<,20#88 &+%'/0$#+033=! 5'>#+$'BIHEWOI!  0*5]  %=>2$"*&#?'] *'>002-&+3'2-&#&! -$%'2! E/O#

"#$%& (0B %#8&$->0$%-3-,#+03I! +30&&#. #0204 24#E%'1$=>'&! -.!
! adw;!  #*+3)5#*! V,Cl *>002#$#&;! .-+03! &'/*$03!
,3-/'2)3-&+32-&#&;! ['[<20*-)&! ,3-/'2)3-*'>%2#$#&;! 0*5!

~ sample

[. et | #4031 +%0%,'! 5#&'0&'B! Y-2! $UBLH&! -.| adWI&>"+# .#+!
) | Eme >2- #3'&1 - $20*8+2#>$1 0*5! >2-$'-/1 3'2'31 02' 020400
e | 9 >)<3#+! 5-/0#4 033! 5'2#7'5] -*| SHE'ORE>' &>'+HH#+ +DE.
record 9, +#$2-31 @/H#+&) >2- #3HGSB! PSHIHLAY! $%' HDBESE!
¥ Lsudyplan E ' 20$H-H1 +-4+'>$1 ) $IHYBL-2'1>2-24#5'81 01, 20>FaVo-4*! #+]

CF

|
|
|
|
|
|
|
! Y 9Y#,)2''M!B
! rawdata |
| analysls analysis [
results resylts ; . .
! ] £56) (s (e |
|
| ¢ genei0 -, COL15A1
== /
| &&= y COL4A4
| ;
|
|

MID_| s MID_lI proteomics transcriptomics — THES3
e tracks tracks
.\, " COL16A1
INT \ VWE
APOA1 FGA
_—5
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$20*&+2#>%3-/#+&! $204%0'2'! a@e8SC8 #&!055#$#-*033=!
8$6* L' J)."657."& =>%#+' <(5' #35()$# @$&)'F &$+'7+" *, #5* S # D& &#, #.#+0*$3=10.."t£5033! $=>'&lad W !-*1$%'!
HI7%(4, >(/JIK>/="?3, 'J, %&?N"4:, 90, =14, I'V=2%/=12(?<>/(, <O0&H#&! -.! >2-F'-/H#+&! &+2"*#*| 2'&)3$&MR'Q*$3= ;! 03&-!
&4%8&4343=/="23, 7K, =14, :"J4/14, FZ\8, :'/94=">, 34%I|&?%/=10+, Y<$8 /#*#/03! +%60%,'| 5#&'0& BH* A& $-! $%0#&! *$4-2AB! V*$'2'&$#* 1 $-
Y<$, 34%I&'="J+, DH"8, KQIA<743=/(, <(?74&2(?I>(487?J'I+8, *-$'19%0'2' #&! $%0$! .2-/1 0! +3#*#+03! >'28&>'+$#7?'! [#*#/03! +%0’
T479&/3422), <(?7482(?J>(4&?JJ+, T8, 737/(, >/3<4, 5#&'0&') >2'&*$&! +-/>020<3" $-! >2-3-*'5! &' /[*$03!
JA1JAGO, 4/>1, =0%4, 43=4&'3<, %&?=4?7">J0, =&/3J>&'%=27">]0,32£2)3-& +3'2-&#&B
97=15,H=&?73<,/&&?PJ,'3:'>/=4, %/=(BM'3<, J/7%(4,=0%40,L7>J, !
=&/>MO0,/3:,72(4>2(/& K4/=28&4,I%/=MA3,905434,J079?(JG5 b%#&! @/H#+&! 2'&)3$&! 0**-$0$#-*! /0=! <"l .)2$%'2! 'R$*5'5! <=
, #+3)5#*,|,'* S+ &$)5# &! -*lad WX 1 #5'*S# . =#*,1) 2-/-5) 3#*!
V*1$%#&!'RO/>3' @/#+&! >2- #3#* | #&!#*+3)5'5! .-21 202#-)&! SEPRAWI! 0&! 0..'+$'5B@W! #3&'3.1 #&! .-)FB&! 5#..'2*$#033=!
-ladW;! 4#$%! .'0$)2" S#&S&! .2-/1 >2-$'-1#+&! +%020+$ 2#L#*,1DJ30$'5! <=! $%'! $20*&+2#>$-1#+&! AK)H! &%-48&! -*! $%'!
H?' 2>2'&*S0$#-*&! 4% +-/>02'5! $-! /0$+%"E%'03$%=I! /-3'+)30 2!,20>9%8'?'310!&%-2$'&$!>0$%!$-| CT@C8!E?#0!aUT!(
+-*$2-3&;10*51$%02" 1 +-*54#5#-*&!+%020+$' 2#L '5!<=1$284&BPH>GT@COJ! <)$! 03&-! $-! a@SC8! E?#0! aUT;! YOS8;! 0*5!
V/I>3#+#SI 3 AR, |- | @/#+8&12'&)3$!>2- #3'BIXEHAB 1-#*$3=! a@eSC8IB
H5 SR H'D! <=| >2-$'-/#+&! 0*5! $20*&+2#>$-/#H+8&! 4T |
+-*&#5'2#* %'l adW! $=! YKDBC*03=L#*,! CT@C8F $%'l !
3'?'31-.1 $%'B2-$'# #5$' 20+ $#-*1 ' $4-2A&! 0! HOFA5#1$%'T !
[-3'+)302! #5"*$#.28 YDC;! ¢" Y;! a@e8XC8;! b \[KJ! 0*5!
a@eNCN!0*5@e8SC8!<'+-/'&!"?#5*$I E0*5!033!-.1$% '8!
#5*S# #'5! 08&#, *#.#+0*$3=! 5#..'2"*$#033=! 'RH2E&'B%'!

[ IV] IDISCUSSION >2- #3'&1 0*51 2'3'20*$! '0$)2'&! 2'&)3$#*,! .2-/1 $%' /0*#.-35! - 1
I 5#..'2*$! 0*03=&#&! >2-+'5RB&! [*$#-*'5! 0<-?'l 5#&'0&'H
@/#+8b2-+'5)2'&! %07?' 2'0+%'5! 0! 3'2'3! -1 /0$)2#$=! '*0<3#*,! &>'+# H@] #+&! 2'>-&#PS-2#'&! &3-43=!"/'2,"; 03&-! #*+3)5#*,! $-!
H/>3'"* $0$#_*! #*1 &$o~k5025! 30<'20$€25&,<I2-05! &+03'l &-/'!'R$'*$!/'$050$0!#*.-2/0$#-*!0&!&O/>3'!&>'+#.#+0$#-*&!-*!
0>>3H0$H-*! #&! & #920*&30$#-*03! RSB #+03! 2'&' M +% $%'l +3#*#+03! 3P-8B'2;! /-&$!-.! >2'&"*$3=! .-)*5! 5#&'0&"!
K$0*5025&!9%07?' <"*Bt?'5! .-21/-&$! @/#+&!$20+A&!#*+3)5#*,&>'+#'#+! 2'>-&#$-2#'&!) #*1 $%'! >)<3#+! 5-/0#*1 02" $--! <2-05!
<-$%! 'R>2#/*$03! 5'&#*0&! 4'33! 0&'R'+)$#-*;! 0*5l &+->";1960/>'2! /'$050%$0! G!0*! 05'()0$' ! 3'?'3! -.! 5'S0#3 0*5!
2'>0-B)HH<HIHS=I - | @H+&! &+2" | &%-4&) &O$H&.0+$12=1 2/g8 IR #+3)S" *3=! 0! &>"+#.#+@IH#+&! 5-/0#* | E4#$%!
A4 P2 20844 -1 2Q3$&! .2-4 BH#..24$ @I#+&S20+A8  P20T&A2H>E-['1>2- #B&ISY')/-&3!10<)*50*5!$4B
0*5!5-/0#*&; 1 <)$!'?™* 1-.1 2'&)3B&! +-/#* 1 .2-/| @/#+&! &$)5#'&
SH)&H#F - $%' 2'2=1 &0/ 3'2'3! -1 [-3'+)302! -2,0*#L0$#-*! -
RS2+ Y6-2%+-/#5,B ") +&HE'2! $4-1 [ O#* #8.&)&! 0&! HISIHEIA-2AL &IOS, 208#- 1+ HEV 24|
2'320*B b%'l H#2&$! #BL*SOH #* | &S2#+F! +-%6'Akl $%%'] <-$%3$%' 50$0! &>'+$2)/!@/#+&! $208M&! 4'33! 082 &H#B*H
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