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8\VH( Q4P EO
9( 3 VR DQDOWH % Quick start
\RXUYDL IV @

GDW OO AR
L'{J‘Amo git clone https://github.com/Ensembl/ensembl-vep.git
\MQEDEO H
FRPPDQGO HQ
(QHPE®(3 LV 2. Install
\WHZ D\ \RJHKH cd ensembl-vep
PRWWQS . perl INSTALL.pl
(OHPED®(3
DQG( QHP EO
3. Test
QMPE®(3LWD .
(SRZI-UXOZ)((IE ./vep -1 examples/homo sapiens GRCh38.vcf --cache
KL BO\
FRQAJXUDEO WRRO
KDYH D EURZ VH WWURXJ K \WH CREXP HOMMY R <RX P L BWDOR/O H YR UHDG XS RQ\WH CDUU |RUP DWW \WDW QVHP ECB ( 3 XVHV DQG\WH

GLIHHQAZ D\ V\ RX FDQ DFFHW JHCRP H GO 7KH 9( 3 VUL BFDQ DQERMIAM \ RXUYDUL QW Z LKVDORP GOMD EH H \WQGHG Z LKWV
SO ) DQG XVH SRZ HUXQMHW OV AQGEL BR. BO @ WU O UHVXOMW

YHIL QHY VKRXO EDYH D XQWIURXI K \WH AR DRUWY WH Z HE | ®BUDFH AW

JVRXXVH ( QvHP EQB (13 L QRXUZ RIN SOIWH ALRRXUO\BMNBEXEO DWW RO F/ DUHQ HWDO R \Y i

$Q TXHWY V' 6 HQGDQHP DL & \WH ( QvHP EQCHYHO SR/ P DL O [OWRUFRQIFWKH ( OvHP ECH HOGHVWN

& ' REXP HQEMRQ FROMQW 3 Download documentation in PDF format
M 7XWRULDO ¥ 5XQ0QLQJ (QVHPEM&XYWRP DQQRWDWLRQ
s 2SWR/ s ' DIUIRP DNV
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+DYH\ RX GRZ QOIBEHG ( QUHP ED( 3 \ HW 8 VHJIL R FO@IL W

JLW FORQH KWABV ~ JLWKXE FRP ( QVHPEO HQVHPEO YHS
FG HQVHPEO YHS

( QP ECO( 3 XVHV FDFKH AO\H RUD UHP R\ CDVDEDVH \R UHDG JHQRP L FEDW 8 VL QFDFKH AOVHIL MV \WH EHMASHURWP DQFH  O\W/
VHWRCH XS XV QWH L @O O H

SHUO , 167%// SO

+HOOR 7KLV LQWADOCOHU LV FRQ LIXUHG WR LQVWDOO Y R WKH (QVHPEO $3, I RU XVH E\ 9(3
, WZLOO QRW DI | HFW DQ' H LVW.QJ LQUVWDOODW.RQV R VKH ( QVHPEO $3, WKDW \ RX PD\ KDYH

, WZLOO DOVR GRZQORDG DQG LQVWDOO FDFKH | LOHV | URP ( QVHPEO V ) 73 VHUYHU

&KHFNLQJ | RU LQYMDOOHG YHUVLRQV Rl WKH ( QVHPEO $3,  GRQH
,WORRNV OLNH \RX DOUHDG KDYH Y R WKH $3, LQUWDOOHG
<RX VKRXOGQ W QHHG VIR LQUMWDOO WKH $3,

6NLS VR WVKH QGHHWWHS Q WR LQVWDOO FDFKH | LOHV

"R \ RX ZDQW VR FROALQXH LQWIDOOLQI) VKH $3, \ Q"

'\ RXKDYHQW HW. @O G\WH$3, WSH \  IRO DHEE\ HOMURKHZ L MWSH Q SHKDSVL 1 RX UDQWH L @uO OBHIRWH $WKHCH W
SURP SWWSH \  \R L @QBORDFKH A0\

"R \ RX ZDQW VR FROALQXH LQMDOOLQI WKH $3, \ Q" Q
VNLSSLQJ $3, LQUWDOODW.RQ

( QVHPEO 9(3 FDQ HLWKHU FRQQHFW WR UHPRWH RU ORFDO GDWDEDVHV RU XVH ORFDO FDFKH | LOHV
&DFKH | LOHV ZLOO EH WIRUHG LQ QV XVHW Q VBZ ZP  YHS
"R \RX ZDQW VR LQMDOO DQ FDFKH ILOHV \ Q" \

' RZQORDGLQJ OLVW Rl DYDLODEOH FDFKH | LOHV
7KH | ROORZLQ) VSHFLHV | LOHV DUH DYDLODEOH ZKLFK GR \ RX ZDQW FDQ VSHFLI\ PXOW.SOH VHSDUDWHG
E\ VSDFHV

DL OXURSRGDBPHODQROHXFDBYHSB ~ BDLOOHO DU J]

DQDVBSODW UK\ QFKRVBYHSB ~ B% , BGXFNB ~ WDU J]

DQROLVBFDUROLQHQVLVBYHSB ~ B$QR&DU  WDU J]

KRPRBVDSLHQVBYHSB ~ B*5&K  WDU J]

7\SH RUH UHO YDQWOXP EHUIRUKRP RBVDSL &V DQG* 5&K VR L QIOVEH FDFKH |RUWH OVBMAKXP DQ DWHP EO 7KL \Z L @IH
D OV \BKL ORHGRZ QOIS DQG XQSDAN % GHDXOMVHP E ( 3 DWXP HV\ RX DUH Z RUL DL GXP DQ L WDV WR\VZ LRR\R DQ RKHU
VSHAL MXWL © \VSHEL MX/SHEL W@

GRZQORDGLQJ KWABV | W8 HQVHPEO RUJ SXE UHOHDVH
YDULDW.RQ YHS KRPRBVDSLHQVBYHSB  B*5&K DU J]
XQSDFNLQJ KRPRBVDSLHQVBYHSB ~ B*5&K DU J]

6 XFFHWV

% GHDXO(VQVHP ECD( 3 L QIO GIVKHAOWW. @ IROMEL QRXUKRPHDWD +20( YHS \ RX FDQHDVL GFKDQIH WL WL Q\WH G
ADJ Z KHQUXQQL @\WH L @BO O6+HH WH L QO DGRAXP HOM R IRUP RUHGHEL O V
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5XQ( QVHP EQ9( 3

( QP ECD( 3 QHHOVVRP H L BXWRQBL RO YDU ASRVLIVRY\R IXQ ,QWH. B RMEDVL IR \KL WKRXO BIKIEH D FKURP RVRP DO
OMDW RDQGD SDL Bl DO OH UHHUWHQFH DQG DCHADW  ( QUHP ECB (3 FDQ DORXVH FRP P RQIRWP DIV VXFK DV9&) DQG+* 96 DV
L §XW-+ DYH D ORI DWKH' DUl |RUP DW SDIH IRUP RUH L [RP DI/ R

: HFDQQRZ XVH RXUFDFKH A0 W& XQ( QVHP ECB ( 3 RQWWH VXSSO GH DP SO BD H DP SBV KRP RBVDSIHQVB* 5&K  YFI ZKLKLV
D9&) AO FRQEL ROYDU QN IURP \KH * HQRP HV 3 URVIRMVUHP DSSHG\R * 5 &K

YHS L H DPSOHV KRPRBVDSLHQVB*5&K  YFI FDFKH

5HDG H LVW.QJ FDFKH LQ R

6VWDUWLQJ
(5525 2XWBXW | LOH YDULDOVBHI | HFVVBRXWSXW W W DOUHDG. H[ LVW  6SHFLI\ D GLI | HUHQW RXWEXW | LCH
ZLWK  RXAWSXVBI LOH RU RYHUZULWH H LVW.QJ | LOH ZLWK | RUFHBRYHUZULWH

<RXP D\ VHH KL VAURUP HWADIH L 1 RX YH DOHDG. XQ( QP EQY( 3 L GMH VDP HGALMARY W L QRIRYHLZ UL RXUH L W ®AOW
XQOW\ RX UHTXHWWKL V6 R O\W \MOLOR DAL | RUFHBRYHLZ ULV

YHS L H DPSOHV KRPRBVDSLHQVB*5&K  YFI FDFKH | RUFHBRYHUZULWH

% GHDXOMVHP EQ( 3 Z WHWV\R D AO HDP HG YDUL QBHIHRBRXASXWWY \ RX FDQ FKDQIH\KL VA0 EDP HXWL ® R / HW/ KDYH D
ORI DKH RABXW

KHDG YDULDQWBHI | HFV\BRXWEXW W W

(16(0% 9$5,$17 ()) (&7 35(',&725 Y
2XWBXW SURGXFHG DW

S&RQOHFWHG WR KRPRBVDSLHQVBFRUHB B RQ HQVHPEOGE HQVHPEO RUJ
8VLQJ FDFKH LQ KRPHV XVHU YHS KRPRBVDSLHQV  B*58&K

8VLQJ $3, YHWLRQ " % YHUVLRQ

SRO\ SKHQ YHUWLRQ

VLI W YHUVLRQ VLI W

8260, & YHUWLRQ

(63 YHUWLRQ

JHQFRGH YHUVLRQ * (1&2" (

JHQHEXLOG YHUVLRQ

++0' 38% , & YHULRQ

UHJEXLOG YHUVLRQ

DWHPEO. YHUWLRQ *58K S

&OLQODU YHWLRQ

GE613 YHUVLRQ

&ROXPQ GHVFULSW.RQV

8SORDGHGBYDULDW.RQ  , GHQW.I LHU Rl XSORDGHG YDULDQW

/RFDWLRQ /RFDW.RQ Rl YDULDQW LQ VWDQGDUG FRRUGLQDVH | RUPDW FKU VWMDUW RU FKU \WDUW HQG
$OOHOH  7KH YDULDQW DOOHOH XVHG WR FDOFXODWH WKH FRQVHTXHQFH
*HQH  6WDEOH ,' R DI | HFVWHG JHQH

)HDWKUH ~ 6WDECH ,' RI | HDWKUH

) HDWKUHBW SH ~ 7\'SH RI | HDWKUH  7UDQVFULSW 5HIXODVRU\ ) HDWKUH RU ORWLI ) HDWKUH
S&RQVHTXHQFH ~ &RQVHTXHQFH W SH

F' 1$BSRVLW.RQ  5HODWLYH SRVLW.RQ Rl EDVH SDLU LQ F' 1$ VHTXHQFH
& 6BSRVLW.LRQ  5HODW.YH SRVLW.RQ RI EDVH SDLU LQ FRGLQJ VHTXHQFH
3URVHLQBSRVLW.RQ ~ 5HODWLYH SRVLW.RQ RI DPLQR DFLG LQ SURWHLQ
$PLQRBDFLGY  5HI HUHQFH DQG YDULDQW DPLQR DFLGV

&RGRQV  5HI HUHQFH DQG YDULDQW FRGRQ VHTXHQFH

([ LMALQIBYDULDW.RQ , GHOALILHU V. R FR ORFDWHG NQRZQ YDULDQW/
([ WD FROXPQ NH\ V

,03$&7  6XEMHFWLYH LPSDFW FODWLI LFDWLRQ Rl FRQVHTXHQFH W SH

', 67$1&  6KRUWHVW GLVWMDQFH | URP YDULDQW VIR WUDQVFULSW

675$1'  6WIDQG RI \\KH | HDWKUH

)/ $*6  7UDQVFULSW TXDOLW | CDJV

8SORDGHGBYDULDW.RQ / RFDW.RQ $OOHOH  * HQH ) HDWKUH ) HDWKUHBWY SH
&RQVHTXHQFH
w * (16* (167 7UDQUVFULSW

W\ QRQ\ PRXVBYDUL DQW
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w * (16* (167 7UDQVFULSW
W\ QRQ\ PRXVBYDUL DQW

7KHO BNQARWY QZ LKV DUH KHDGHURUP HWB L ([RWP DW RO BNQ7KH AQDORQH RN WHVH KL BO K\BG L GORKDERYH JL MV \KH FROXQ
QP HV IRUWH CDW \WDWRO D\R7R VHH P RUH L [RUWP DWY R DERXW QVHP EQOD (3 V RXABXWRUWP DVWMHHWH ' DU [RUWP DWW SDIH

: HFDQVHH\ER O HMR RXASXWKHUH ERW IRUH XSO BEHG YDUL QALDP HG LY ,QP DQ FDVHV D YDUL QAZ L @OLOP RUH\KDQ
RQHWDQUALL B/7\ SL BO @KL V. \Z KHUH D VL G0 BIHQH KDV P XQL\® MSO L ©YDUL QN + HUH RXUYDUL QAKDV D FRQVHTXHQAH IRUKH
WDQUFL W/ ( 167 DQG( 167

,QWH FROHTXHQFH FRORXQ Z H FDQVHH \WH\MP Vi GRQ\ P RXVBYDUL Q7KL WP L VURP \WH 6 HTXHOFH 2 OROR. 62 & ZKLK
GHVALL BV \WWH SUHGL WG P ROFXOWHIHPAW Rl VHTXHQRH YDUL QN RQJHQRP L IFHDWUHV 6 HH RXUSUHCL WG COVD SDIH IRUD XL B\R \WH

FRQVHTXHQPH WSHV XVHG L @ QUHP ECB( 3

/ HWW VRP HKL ©D OVD\R RUH L @AV D 6,) 7 L \DQ DORUKR 1RUSUHGL W/ OZ KHKHUD JL MO FKDQIH L @ SURM. QHTXHQFH Z L &HD
GHOMUL RV \R \WH IXQPW R R WDVWBURWL.  QVHP ECB( 3 FDQJL M6,) 7 SUHGL W RV IRUP RWIR \WWH P L VHQVH YDUL QN L BXP DQDQG
RWHUKL BO VWG BVSHAL M 7R GR\KL WL S0 DGG_ \VLWE \WWH E P HDQV Z H Z DQWERW \WH SUHGL W/ R DQG WH VFRIH

YHS L H[ DPSOHV KRPRBVDSLHQVB*5&K  YFI FDFKH | RUFHBRYHUZULWH VLI W E

6,) 7 FDO GDUL QN HLKMU GHOWMUL RV RU \ROUBWG : H FDQXVH WH ACHW D\RROR AQG RQO WRVH WDV ,) 7 FRQUL BLY GHOMUL RV

| LOAHUBYHS L YDULDQUWBHI | HFVBRXWBXW WW | LOAHU  6,)7 LV GHOHMWHULRXV _ JUHS Y _ KHDG
Q

8SORDGHGBYDULDW.RQ / RFDW.RQ $OOHOH  * HQH ) HDWKUH ([ WD

w & (16* (167

6,) 7 GHOHWHULRXV

w & (16* (167

6,) 7 GHOHWHULRXV

w & (16* (167

6,) 7 GHOHWHULRXV

w $ (16* (167

6, )7 GHOHWHULRXV

1 RM\KDWKH 6 ,) 7 VFRUH DSSHDW/ L GH ( [\WD FRORXQ DVDNH YDOBKSDL UKL VROXQFDQFRQEL @ XA\® NH YDOKKSDLWJ
GHSHQA. QRQWH RSW RV\ RX JL MR ( QUHP ECD( 3 6HH\KH' DU IRUP DW SDIH IRUP RUH L [RUP DW R RQWH AHOAL. @XH ( [ WD
FROXQ

<RX FDQ DORFRQAIXUH KRZ ( QUHP ECB( 3 Z UMMV LWRXEXVWKVL Q\WH_ AHO\GAD)

<RX ODDRAHH WDWZ H KDYH P XQL\8 HHVXOANRUWH VDP HIHQH (16* / HWVD\ ZHUHRQO L WUHVMG L @ KDW. V
FRQVL BUHG WH FDQRQL BORDQVFUL BIRUWIL MHQH _ FDORCL BO DQG \WWDWZ H Z DQAR NQRZ Z KDWIKH FRP P RQO XVHGJHHW P ERO
IURP +* 1& L VRUWL JHQH _ V\PERO : HFDQDORXVHDS81,; SL BH\R SDW \WHRASXWURP ( QvHP ECD( 3 GLHAD L @& \WH ACHA
\WRO

YHS L H DPSOHV KRPRBVDSLHQVB*5&K  YFI FDFKH | RUFHBRYHUZULWH  VLIWE  FDQRQLFDO
W PERO WDE | LHOGV 8SORDGHGBYDULDW.RQ 6<0%2/ &$121,&%/ 6,)7 R 67'287 _ ?
| LOWHUBYHS I LOMHU  &$121, &$/ LV <(6 DQG 6,)7 LV GHOHWHULRXV

8SORDGHGBYDULDW.RQ 6<0%2/ &$121,8&%/ 6,)7

w &8&  <(6 GHOHVHUL RXV
w $598)  <(6 GHOHVHUL RXV
w $598)  <(6 GHOHVHUL RXV
w $598)  <(6 GHOHWHUL RXV
w 34) % <(6 GHOHVHUL RXV

6RQRZ Z H FDQVHH DORDWH YDUL QW \WDWKDYH D GHOWML RV HIHPWRQ FDGRQL BOADQVAUL W DQG \WH Vi P ERORUWHL UHQHV 1L A

) RUVSHEL MZ LRADO ( OVHP ECEDIWEDVH R YDUL OV ( QUHP ECD (3 FDQ EH FRQAIXUHG R DQQRBM \ RXUL §XWZ LKA BOW ALY DQG
IBHTXHQR GDWI IURP YDUL QW FR OFRWMG Z LKAV RXUL EXWEDWD ) RUKXP DQ ( QUHP ECB( 3 V FDFKH FRQBL QIUHTXHQR CDW IURP WH
* HQRP HV 3URVIRMDQG JQRP $' 6L BH RXUL BXWAO HWRP \KH * HQRP HV 3 URVIAMVO\AY DGG IUHTXHQR. DD XVL @

DB NJ
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YHS L H DPSOHV KRPRBVDSLHQVB*5&K YFI  FDFKH | RUFHBRYHUZULWH DIB NJ R 67' 287 _ JUHS
Y _ KHDG Q

8SORDGHGBYDULDW.RQ / RFDW.RQ $OOHOH  * HQH ) HDWKUH
([ LWALQUBYDULDW.RQ ([ WD

w * (16* (167 w
,03$&7 /2: 675$1' $) 5B%) $05B$) ($6BS) (85B%$) 6$6B$)

© HFDQVHH ILHTXHQR. CDWIRUWHS$) 5 $05 ($6 (85 DQG6$6 FRQI AQBCSRSXOW RJIURXSL OV \WHVH UHSUHVHQAKH
IWHTXHQR. R \KH DCHDW $/7 DO O HRP RXUL BXW* L GYHFDVHRI Y/ 1 RM \KDVWKH ( [ L W/ QBYDUL I R FRORXQL V
SRSXO\BIGE\ WH L BQWAUR \WH YDUL QWVRXQG L @H ( QUHP EQD ( 3 FDFKH DQG \WDW. FIRUMVSRQGY \R \WH L BOWEUILRP RXUL AW Q
8 SORHEBYDUL VR 7R UL ¥H RQD \KL . [RUP DU R DQG QRAKH IWHTXHQR GDW ZH FRXO BDYHXVHG FKHANBH LW D  DIB NJ
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) HDMUHWSH WSH R THDMUH & XUWHQ® RQH R 7UDQUALL /5 HIXO\BW ) HOWWUH 0 RW) | HDVMUH
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3RVIMRQIQ&' 6 UHOWWM SRVLIVRR EDVH SDL U GRAL {VHTXHGFH
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17521 \KHL QRQQXP EHU RX\WR \RBOQXP EHU
(;21 \WHH RQQXP EHU RXAWR \RBOQXP EHU
'20%$,16 \WHVRXUHDQGL BOMUR DQ RYHDOSSL OSIRM. @RP DL Q@

' 67$1&( 6KRUMME WQFH IURP YDUL QARWDQFUL W1 RM ' 67$1&( R L \BRWL B HRUL QHWY RV KDSSHQL OMWEHRUH RU
DIMUD \WDQVRUL BEHFDXVH YDUL QWARRUEL QMY DUH FRQUL. BUHG \R EH \WH ADQNL D EDVHV Z KHUH L QHWY R KDSSHQY

1' LG IYRDODP H
=<*  J\JRVL\WVR L Q. IYEDOI HQRISH DVWKL \DFRV

69 ., VR RYHDSSL QWKFMIDO/DU QN

)5(46 ) WHTXHGFL MR RYHDSSL O YDU QV XVHGL QCHA @

$) YWHXHRA RHLWOYDL DN Q  * HRPHV

$)5B%) )UTXHOA RHLWQOQYDL QAL Q  * HQRP HVFRP EL BG$ UL BQSRSXOWR

$05B$) ) WHTXHQA RHLWOYDL QA Q  * HQRP HVFRP EL BG$P HIL BQSRSXOWR

$61B$) )UHTXHQA RHLWOYDUL QA Q  * HQRP HVFRP EL BG$ WL QSRSXOWR

(85B%) )WTXHA RHLWOYDL QA Q  * HQRP HVFRP EL BG( XURSHDQ SRSXOWR

($6B$) )WTXHQA RHLWOYDUL QA Q  * HQRP HVFRP EL BG( DW$ WL QSRSXOWR

6$6B$) ) UWHTXHOA RHLWOYDL QA Q  * HQRP HVFRP EL BG6RX\K$ L QSRSXOWR

JQRPS$' HBS) ) UHTXHQR R HLWOYDW QN QQRP$' H RP HVFRP EL BGSRSXOWR

JQRP$' HB$)5B$) ) UHTXHGR R H LW QYD QA QQRP$' H RP HV$IUW BQ$P HIL BQSRSXOWR
JORPS$' HBS05B$) ) WHTXHQR R HLWQYDUL QA QQRP$' H RP HV$P HIL BQSRSXOW R

JQRP$' HB$6-B$) ) UHTXHR R HLWQOYDL QY. QQRP$' H RP HV$VKNHD] L- HZ L K SRSXOW R
JORPS$' HB($6B$) ) WHTXHQR R HLWQYDL QN QQRPS$' H RP HV( DW$ L QSRSXOWR

JQRP$' HB),1B$) ) UWHTXHQA R HLWQOYDW QY. QQRP$' HRPHV) L QL K SRSXOWR

JORPS$' JBO, B$) ) UHTXHQR R HLWOYDL QA QQRPS$' H RPHVO L GDUMDSRSXOWR

JQRP$' HBL) (B$) ) WHTXHQR RIHLWQOYDW QX QQRP$' HRPHV1RQ) L @ K/( XURSHDQSRSXOWR
JQRPS$' HB5(0$,1,1* B$) ) UHTXHQA RIH LWQYDU QN QQRPS$' H RP HV FRP EL BG UHP DL ROFRP EL HG SRSXO\W RV
JORPS$' HB6$6B$) ) WTXHQA R HLWQYDL QN QQRPS$' H RP HV6RX\K$ VL. QSRSXOWR

JQRPS$' JB$) ) UHTXHQR RH LWQOYDL QA QGQRPS$' JHQRP HV FRP EL BG SRSXOWR

JQRP$' JB$)5B$) ) UHTXHQR RIH LWOYDW QA QQRP$' JHQRP HVS$IW BQ$ P HIL BQSRSXOWR
JQRP$' JB$0 ,B$) ) UHTXHQR R H LWOYDU QA QQRP$' JHQRP HV$P L K SRSXOWR

JORPS$' JB$05BS) ) UHTXHR R HLWOYDL QY. QQRP$'  JHQRP HVS$P HUL BQ SRSXOWR

JQRP$' JB$6-BS$) ) UHTXHQR RIH LWQOYDU QX QQRP$' JHQRP HVS$WKNHQD] L- HZ L K/ SRSXOW R
JQRP$' JB($6B%) ) UHTXHQA R HLWQOYDU QX QQRPS$' JHQRP HV ( DW$WL QSRSXOWR

JQRPS$' JB),1B$) ) WHTXHQR R HLWQYDUL QA QQRP$' JHQRP HV) L QL K SRSXOWR

JQRPS$' JBO, B$) ) UHTXHQR R HLWQOYDU QA QQRPS$' JHQRP HVO L GDWMQSRSXOWR

JQRP$' JBL) (B$) ) WHTXHQR R HLWQOYDL QN QQRPS$' JHRP HV1RQ) L Q K/( XURSHDQ SRSXOWR
JQRP$' JB5(0$,1,1* B$) ) UHTXHGR R H LWOYDL QA QQRP$'  JHQRP HV FRP EL G UHP DL QOFRP EL BG SRSXOW QY
JQRP$' JB6$6BS) ) UHTXHQA R HLWQOYDL QN QQRP$' JHQRP HV6RXW$ V. QSRSXOWR
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s * 9(1B5() SHHHEFHDO O HRP L 8XW

® 86(' B5() 5HHHIHDO O BV XVHG\R JHWFRQUHTXHQFHV

® 5()6(4B0$7&+ WH5HG6HT WDQURLL BP DK WINYY FRQBL @D QXP EHUR ADIV L G B OZ KHKHUKL 8 H6 HT WDQUALL &/
P DWKHV \KH XQGHUDI\ @ UHHIHGPH VHTXHQFH DQG RUDQ ( QVHP EORDQURLL /P RUH L P DIV R

WHTB SBP L WDWK WL QL AV DP L B DK EHEHHQ\WH 5 H6 HT WDQURLL BDQG \WH XQGHDL OSW W JHQRP H DWHP EO \
VHTXHQFH 6 SHAL FDO ORHWHL WP LRDRKL ¥H 875 R \KH5 H6 HT P RGH LKABHVSHRVWR \WH SUL DU JHQRP HDWHP EO \
HJ *5&K *5&K

WHTB SBP L RDWK WL QL A DP L B DWK EHE HHQ\WH 5 H6 HT WDQVAUL BDQG WH XQGHDL QS Y JHQRP HDWHP EO \
VHTXHQFH 6 SHAL FDO QRHMHL WP LR DARKL GWH 875 R \WH 5 H6 HT P RGHX LRAHVSHRWR \WH SW. DY JHQRP HDWHP EO '\

WHTBFGVBP L R DWK WL QL AV D P L B DWK EH\E HHQ\KH 5 H6 HT WDQVFUL BDQG WH XQGHDL QS Y JHQRP HDWHP EO \
VHTXHQFH 6 SHAL FDO QRHMHL WP L FDRKL @WHE&' 6 R \KH 5 H6 HT P RGHZ LKAHVSHAWR \WH SUL DY JHQRP HDWHP EO \

WHTBHQVBP DRKBFGY WL QL AV \KDWRUWH 5 H6 HT \WDQVALL BAHUH 1V DQ RYHDSSL O( QvHP ECP RGHOXDW. V. BN BEADFIRW WH
& 6 WILRRWD$ & 6 PDWK L \BHAQHGDVIRO D\RWH &' 6 DQG SHSW BVHTXHGFHY DUH L BOWBCDQG\WH JHQRP L F
FRRUEL QMV R HYHY \WDQVOABEO H RQP DIRK 8 VHXOUHOBIG DWW KMV DUH WHTBHQVBP DVRKBZ WDQG YHTBHQUBQRBP DWRK

WHTBHQVBP DRKBZ WL @L A \KDWRUWH 5 H6 HT WDQVRUL BKHUH IV DQ RYHD SSL O QUHP ECP RGHOKDVL. . BQW BCDFURW \KH
ZKRO KDQUAUL 88 Z KRO KDQUFUL 8P DWK L VBHAQHGDVIRO D\R ,Q\WH FDVH WDVWERW P RGHO BUH FRGL © \WHWDQUALL 88" 6
DQG SHSW B VHTXHQRHV DUH DOLABQW BODQG \WH JHQRP L FRRUEL MV R HYHY H RQP DWK ,Q\WH FDVH \KDWERW WDQURUL W
DUH QRQ FRGL O\WH WDQURUL BYHTXHQRHV DQG \WH JHGRP L FRRUEL QAMV R HYHY H RQDUH L BQWEO1 R FRP SDUL RQL W DCH
EHEHHQD FRA. HDQG D QRQ FRAL QWDQVALL B/8 VHIXOHOBIG WL B\MV DUH WWHTBHQUVBP DIRKBFGY DQG WHTBHQUBGRBP DK

WHTBHQUBQRBP DK VL @L AV \WDWRUWH 5 H6 HT WDQUALL SHUH IV QR RYHD SSL @ ( QUHP ECP RGHOKDW. V. BQW BODFIRW
H_KMUWH Z KRO RDQVAUL BRUKH &' 6 7KL W WVDXVHG B\ GLIHIHQFHY ERA HHQ WH WDQVFUL B/&' 6 RUSHSW B VHTXHQAHV RU
EHE HHQWH H RQJHQRP L FRRWEL QMV 8 VHXOHOWBIG DI KMV DUH WHTBHQVBP DWKBZ WDQG WHTBHQVBP DWKBFGV

WHTBP WGDBP DWK WL QL AV DQH DPWP DK EHE HHQ\WH 5 H6 HT \WDQVRUL BDQG \WH XQGHDL QS A JHQRP HDWHP EO \
VHTXHQFH EDVHG RQD P DK EHE HHQWH WDQVALL SYADEO H BQG DQ DFFHWL RL @H5 HEHT P51 $ A0 H$ QH DPWP DRK
RAFXWY Z KHQ WH XQGHDL {J HQRP L FHTXHQFH R WH P RGHOFDQ EH SHUHA® DO QHGWRWH P 5 1 $ VHTXHGFH SRAMBROS
FO BISQ

WHTBP WDBQRGP DWK VL QL AV D QRQ P DWK EHEHHQWH 5 HI6 HT WDQURUL BDQG \WH XQGHWDL OSUL Y JHQRP H DWHP EO \
VHTXHQRH $ QRQ P DWRK L \BHHP HG R KDYH RAFXUHG L WH XQGHDL §JHQRP L FRHTXHQFH GRHV QRWKDYH D SHUHPWDO QR HOAR
\WHP 51 $ VHTXHQFH SRABRO$ FO BLSD ,WFDQ DORAL L\ WDWIR FRP SDUL RQZ DV SRAWL B BV \WH P RGHOABEO H® D\ CRW
KDYH KDG D FRUMVSRQGE. OHQN L G¥H5HEHT P51 $ AO FURP HW PV KDSSHQV Z KHQ DFFHMVL BV DUH UHVHIG RUFKDQIHG @ KHC
D QRQ P DK RFFXWY RQH RUVHYHIDCR! WH IRO DLRDWDQVAUL B B\MV Z L OGIVEH SUMVHQAR SURYL BP RUH GHVBL. RD \WH CDMUH
R WHQRQP DK WHTB SBP L FDWK WHTBFGVBP L RDWK WHTB SBP L WDWK WHTBQRADQBP L W DWK WHTBQRBFRP SDUL RQ

WHTBQAUDGBP L DK VL QL AV D P L B DWK EHE HHQ\WH 5 H6 HT WDQVFUL BDQG \WH XQGHWDL QS AW JHQRP HDWHP EO \
VHTXHQRH 7KL . \D FRP SDUL RQ EHE HHQ \WH HQWHUXQGHDL DJHRP L FRHTXHQFH R \WWH 5 H6 HT P RGHORWHP 51$ L GKH
FDVHR! 5 H6 HT P RGHO WDVWDUH QRQ FRAL @

WHTBQRBFRP SDUL RQ VL @L AV \KDWIR DO (R HQAZ DV FDUL 8 RXAWEHE HHQWH XQGHDL OSW. Y JHQRP H DWHP EO VHTXHQAH
DQG D FRUMVSRQEL Q5 HEHT P51$  7KH UDVRQIRUKL . \THQHUDO GRDWIR FRUMVSRQGL O XQYHWA RHG DFFHWL RZ DV IRXQG

L @¥H5HBHT P51$ AO HRUMH WDQURLL SYAEO H G7 KL WRP HW IV KDSSHQV Z KHQ DFFHWL RV DUH UWHIG RUIHSO MG $
VHARQG SRWL E © IL WDVWKH VHTXHQRHV Z HIH \RR O@  DQG SUREORDWY IR DO Q MRXIK \KL . DU

® 2 YHUDS%3 1XPEHUR EDVH SDLURYHDSSL {Z LKMWH FRUHVSRQGEL O\MKRXUDOYDUL I R IHDWUA

® 2YHDS3& 3HFHQMUHR FRUMVSRQG. OWKRXUDOYDUL IV R IHDWUH RYHDSSHG B\ \WH JL MQL §XW

&+ (& B5() 5HSRUW YDUL QN Z KHUH \KH L EXWIH HUHQFH GRHV QRWP DVRK \IH H SHRWG UH HUHQFH

* $0%*8,7< ,83$& DO O BP EL JL\WRCH
([DP SO R ( QUHP EC®( 3 GHDXORMEXWRIP DV

B B& $ $ (16* (167 7UDQUVFUL SW
PLVVHQVHBYDUL DQW 7 1 D&F DSF 6,)7 GHOHWHULRXV 3RO 3KHQ XQNQRZQ
B B& $ $ (16* (167 7UDQUVFULSW
BSUL PHB875BYDUL DQW
B B& $ $ (16* (167 7UDQVFULSW

GRZQVWUHDPBYDUL DQW
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2XWBXW SURGXFHG DW

&RQOHFVWHG WR KRPRBVDSLHQVBFRUHB B RQ HQVHPEOGE HQVHPEO RUJ
8VLQJ FDFKH LQ KRPHV XVHU YHS KRPRBVDSLHQV ~ B*58&K

8VLQJ $3, YHUWLRQ ' % YHUVLRQ

SRO\ SKHQ YHUWLRQ

VLI W YHULRQ VLI W

8260, & YHUVLRQ

(63 YHUVLRQ

JHQFRGH YHUVLRQ *(1&2' (

JHQHEXLOG YHUWLRQ

+*0' 38% , & YHUVLRQ

UHJEXLOG YHUVLRQ

DWHPEO. YHUWLRQ *58K S

&0LQODU YHUWLRQ

GE613 YHUWLRQ

&ROXPQ GHVFULSW.RQV

8SORDGHGBYDULDW.RQ  , GHQALI LHU Rl  XSORDGHG YDULDQW

/ RFDALRQ / RFDW.RQ Rl YDULDQW LQ WDQGDUG FRRUGLQDWH | RUPDW FKU VWWDUW RU FKU VWDUW HQG
$OOHOH  7KH YDULDQW DOOHOH XVHG WR FDOFXODWH VWKH FRQVHTXHQFH
*HQH  6WDECH ,' R DI | HFWHG JHQH

YHDWKUH ~ 6WDECH ,' RI | HDWKUH

) HDWKUHBW SH 7\ SH R | HDWKUH  7UDQVFULSW 5HIXODWRU\ ) HDWKUH RU ORWLI ) HDWKUH
&RQVHTXHQFH  &RQVHTXHQFH W SH

F' 1$BSRVLW.RQ  5HODWLYH SRVLW.RQ Rl EDVH SDLU LQ F' 1$ VHTXHQFH
& 6BSRVLWRQ 5HODW.YH SRVLW.RQ Rl EDVH SDLU LQ FRGLQI VHTXHQFH
3URVHLQBSRVLW.RQ ~ 5HODW.YH SRVLW.RQ RI DPLQR DFLG LQ SURWHLQ
$PLQRBDFLGV  5HI HUHQFH DQG YDULDQW DPLQR DFLGV

&RGRQV  5HI HUHQFH DQG YDULDQW FRGRQ VHTXHQFH

([ LVALQIBYDULDW.RQ , GHQALILHU V. RI FR ORFDWHG NQRZQ YDULDQW
([ WD FROXPQ NH\ V

,03$&7  6XEMHFWLYH LPSDFW FODWLI LFDWLRQ Rl FRQVHTXHQFH W SH

', 67$1&(  6KRUNHVW GLVWDQFH | URP YDULDQW VIR WUDQVFULSW

675$1'  6WJUDQG R VKH | HDWKUH

)/ $*6  7UDQVFULSW TXDOLW | ODJV
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Using a cache is the most efficient way to use Ensembl VEP; we would encourage you to use a cache
wherever possible. Caches are easy to download and set up using the L Q V \WRollow tHé) W X Wferld L D (
simple guide.
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( QMWL G¥H* ) ) DUHH SHAMG\R EHO NG XVL QDN QDP HG SDUHQWRU 3 DUHQWL GH DML BV W FROXQR WH* ) )
8 QO NHBHQMWM LH WRVH Z LKAQR SDUHQN RUFKL @HG DUH GL RDUBHG
6L © 1 BQMVM \WRVH \KDVWAKDUH \WH VDP H SDUHQAVP D\ KDYH RYHWDSSL QFRRE. QMY HJ IRUH RQDQG &' 6 HQMWMA

& EIRWSH

7WDQVALL W UHTXL KD 6 HTXHQFH 2 QROR EL WSH \R EH GHAQHG L ®UEHUR EH XVHG
7KHWL FSOWZ D\ \R GHACH \KL . WWL DDQ DWW R QDP HG ELRWSH  RQWH WWDQVRUL BHQMW \WHUFRQAT XUDW BV DUH VXSSRWNMG L G
REBHUIRU( QHP EOD( 3 RXVH* ) ) AOHURP 1 &% DQGRKHUVRXUHV

+HHL\DQH DP SO H

JI1 YHWLRQ
VHTXHQFH UHJLRQ
( QVHPEO JHQH ' JHQH  1DPH *(1(
( QVHPEO WUDQVFULSW ' WUDQVFULSW 1DPH *( 1(

3DUHOW JHQH  ELRW SH SURWHLQBFRGLQJ
( QVHPEO H RQ ' HRQ 1DPH *(1( B 3DUHQW WUDQVFULSW
( QVHPEO H RQ ' HRQ 1DPH *(1( B 3DUHQW WUDQVFULSW
( QVHPEO H RQ ' HRQ 1DPH *(1( B 3DUHQW WUDQVFULSW
( QVHPEO & 6 ,' FGV 1DPH & 6 3 DUHQW WUDQVFUL SW

*7) IRWP DAH SHRVEMRQV

7KHIRO DLRD* 7) HQMWSHY Z L GHCH WDRMG
& FG/ RU&' 6

* \ARSBFRGRQ

* HRQ

s JHH

= DOV @/

( QMVYWIDUH O NG B\ DQ DWW B QDP HG |RUH SDUHQAHQMWSH HJ  H RQL D NG \R WDQVALL BF\ WDQVAUL L GADQVALL B \D NG \R
JHHE JHQBL G

7WDQVALL BEL WSHY DUH GHAQHG L @WIL BV QDP HG EIRWSH  WDQVFUS\BEIRWSH RU WDQVFUS\BWSH | QRQH R WHVHH L W
(QHPE®( 3 ZL OVBP SWR L BASUHVWNH VRXUFH AHO G QGGFROXQ R \WH* 7) DV\WHEL WSH

+HHL\DQH DP SO H

( QVHPEO JHQH JHOHBLG JHQH  JHQHBQDPH  *( 1(

( QVHPEO WUDQVFULSW JHOHBLG JHQH  WUDQVFULSVBLG WUDQVFULSW  JHQHBQDPH
*(1( VWUDQVFULSVBQDPH  * ( 1( VWUDQVFUL SVBELRW SH  SURVHLQBFRGLQJ

( QVHPEO H RQ JHOHBLG JHQH  WUDQUFULSWBLG WUDQVFULSW  H RQBQXPEHU
H RQ H RQBLG  *(1( B

( QVHPEO H RQ JHQHBLG JHQH  WUDQVFULSWBLG WUDQVFULSW  H RQBQXPEHU
H RQ H RQBLG  *(1( B

( QVHPEO H RQ JHOHBLG JHQH  WUDQVFULSVBLG WUDQVFULSW  H RQBQXPEHU
H RQ H RQBLG  *(1( B

( QVHPEO & 6 JHOHBLG JHQH  WUDQUFULSWBLG WUDQVFULSW  H RQBQXPEHU

HRQ FFGVBLG & 6

&KUWRP RVRP HV\ QRQ P V

| WH FKURP RVRP H QDP HV XVHGL QRXU* ) ) * 7) GLIHUIRP WRVH XVHG L QKH) $67$ RU\RXUL V@ &) \RXP D VHHZ DL VO HKL \
ZKHQUXQQL O( QHP ECR( 3

©$51, 1* &KURPRVRPH  QRW I RXQG LQ DQQRWDW.RQ VRXUFHV RU W\ QRQ\ PV RQ OLQH

7R FLRXP YHQAKL VRX P D\ SIRYL B( QUHP EQD( 3 ZLRMD WV QRO P VAO 1$ VM QRQ P AD HV. BDGHGL Q QUHP EQD ( 3 VFDFKHAOWHWRL |
\ RX KDYH RGH Rl WHVH |RU\ RXUVSHFL W\ RX FDQXVH L B IRO D\R

YHS L LQSXWYFI FDFKH JIl GDWD JIl J] |IDVWD JHQRPH ID J] WM QRQ PV
a YHS KRPRBVDSLHQV B*5&K  FKUBW QRQ PV W W
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)$67% AGNV

% SRLWQ( QHPE®( 3 \RD)$67$ A0 HRUGLHARY FRQBL ROVHYHIDOIOW L WERAL B HR UL ¥H UH HHQRH VHTXHQRH OFRO @ KHQ
XV @ FOFKHRU_RIAL B 7KL VIQDEOW QHP EQD( 3 R

® S5HU MH+* 96 QREWRY _ KIYW

& &KHANWH UHHUHQPH VHTXHQFH JL MQL Q XAWEDW _ FKHENBLA

s &ROAMKPMIDQVAL 8P RGHO MRP D* ) ) RU* 7) AO BLRRXVWDFFHWL QD GCDWEDVH VSHAL D GVHXARUSHURWP DQFH BHDVRQVRUL |
XV QCOW IRP VSHAL W DWHP EO CRWEDWR ( OvHP EO/SHEL MO WV

)$67$ AOHURP ( QUHP EGFDQEH VHVXS XWL DWH L QIO 0 ADVAVHKS XVL O\WH L QRO O0HH DXVRP DWW BO GMWMAMG Z KHQXWL @ FDFKH
RU_RAL B \ RX VKRXO GRAQHHG\R XVH__ DD \R P DQXDO OSHAL\I \WHP

7KH RO DLRDSOM. QR UHTXL HWH DB AO ¥R EH H SO LORBDWHG DV D FRP P DQGO HQUXP HQVLH | DVWAD
9(3B', 5 \ RXUBGRZQURDGHG | DVW\D

* &61
* * HQ6SOHF
s 0D (QEFRQ

7R HQDEO ML M QHP EO ( 3 XVHVRCHR R P RGXOW

® TKHY. R % +76: 3HO 6 PRGXO BLRNV 760 LKL W RGXO MVHV FRP SL @ Bl FRGH DQG FDQ DFFHW FRP SIHWHG EJ] L SHG RU
XQFRP SUMVHG) $6 7$ AOWH W WHWXS B\ WH L QO O H

e 7TKH%. R % ) DMK PRGXO HKL WD\ EHXVHGROQVWWMP VZKHHL QO WRR WH%. R % +76 P RGXO KDV (RMEHHQSRWL 8 H
FDQ DFFHW RQO XQFRP SURWHG) $6 7$ A0\, W. \DORAMHVKS B\ \WH L QIO 00GG FRP HV DV SDWR \WH %4 BRHOSDRNDIH

7KH AU P\ RX IXQ( QUHP ECB( 3 ZLKADVSHAL R) $67$ A0 HDQL GH ZL GHEXL OPWL VDQ\BNH D IHZ P L KMV GHSHQE. QRQWH WL H
R WH) $67$ A0 BQG\WH VSHHG R \ RXUM VWP 2 Q VXEVHTXHQMNXQV \WWH L GH GRHV QRAGHHG \R EH UHEXL 0LWKH ) $67$ A0 KDV EHHQ
PRAAG ( QHP ECD( 3 ZL ORGH D UEXL CROKHL GH

th )$67% ) 73 GLHARUHY
6 XLOWO HHHWHGRH ) $6 7% AOVHDUH DYDL GDKR GRZ QOB ILRP \WH ( QVHP EQ) 73 VHYHU 6 HH\WH ' RZ CO 5/ SDIH IRUGHEL O V

<RX VKRXO SUHHDEO XVH \WH L @BO 0N GHVRUL BG DERYH \R THWK \WHVH AO\H P DQXDQL QIKFWY B DUH SURYL BG IRUMHHUHQAH ,QP RWY
FOVHV L WEEHWAR GRZ QOB WH WL 0 BUBH  SUL WY BDWHP EO \AO HRU\ RXUVSHAL 1 <RX VKRXO &VH \WH XQP DVNHG  Z LKRXVWBUP RUBVP

L QHQDP H VHTXHQFHV

1 RMWDW QVHP ECD (3 UHTXLHY \WDVWAH AO BHHLKMUXQ L SHG %R ' % ) DVWAD RUXQ L SHG DQG WHQ UHFRP SUWHG ZLKAEJ] L S
WR '% +76 )DL \RXQ ZKHQXJ L SHG\WHVHAOWWDQEHYHY OBH  * %IRUKXP DQ $QH DP SO MWR FRP P DQGV IRU
VH QXS WH GDW IRUKXP DQIRO D\R

FXUO 2 KWABV | WS HQVHPEO RUJ SXE UHOHDVH
| DVWD KRPRBVDSLHQV GQD +RPRBVDSLHQV *5&K  GQD SULPDW BDVVHPEO | D J]
J]LS G +RPRBVDSLHQV *5&K  GQD SULPDUW\ BDVWHPEO | D J]
EJ] LS +RPRBVDSLHQV *5&K  GQD SULPDW BDWHPEO | D
YHS L LQSXW YFI R1TOLQH  KIYV | DWD +RPRBVDSLHQV *5&K  GQD SULPDW BDVWHPEO | D J]

' DWEDVHV
( QHP EX (1 3 FDQXVH UHP R RUO FROCEDMMEDVH VHYHY/ R UHWE. ¥H DQCRBWY B

o 8VLO FDFKH ZLKRXW RIAL B XVHV \WH OFRAFDAKH RQ GL N\R HWK P RWMDQRRBAY Y EXVWDO D\REDWEDVH FRQQHAW RV IRUVRP H
IHDWUHY VHH FDEKH O LB 8V

s 8VLO COWEDVH WO QQHP ECO( 3 R UHL ¥H DODQCREAW BV IURP \WH GDWEDVH 3 BDVH RQD XVH KLY |RUVP DIQSXWAGN RU
Z KHQ XVIQJ D GRFDOGDVIEDVH VHYYHU
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3 XEQF GDWEDVH VHYYHY/

% GHDXO ZWQUHP EQD ( 3 L VRQAIXUHG \R FRQQHPVR \WH SXEO 10K 64 / L \QBQFH DWHQUHP EOFESHQWP ECRU | \RXDUIHL @WH86$ RU
JHRIWSKL BO GORIMR \KH HDWFRDWIR \WH 8 6 $ \KDQ\R \WH ( QvHP EQEDW FHQWHL @DP EW BH 8. D P LUBUVHWYHUL \DYDL GDEW
XVHDWEE HQHP ECRU 7R XVHWH P LBU XVHWH ADI  KRVW XVHDVWEE HQVHPEO RUJ

' DWW IRY( QP EG' HQRP HVVSHAL W HJ SO@WV IXQIL P L BREHV L \DYDL BOMURXIK D GLIHHQABXEO 10K 64 / VHYHU 7KH DSSURSUL 1
FRQCHAW R SDUDP HWAY FDQ EH DXVRP DWVEO OBRHGE\ XL QWHADI_ JHORP HY

JVRXKDYHDYHY WP DO@WWHW VR YDUL QN XV QWH SXEO ICBMWWEDVH VHYHY VKRXO SURYL B DGHTXDW SHURWP DQFH 1 \ RX KDY
OWHUCOW VHW RUZ L KR XVH ( QvHP EO® ( 3 L @ EDWK P DQQHU FROWL BURCH R WWH DOHWDWY MV EHOR

8 VIQJ D ®RFDOGDWEDVH

W \BRAL B W] VHVXS D ORRAD \ 64/ P LUBUZ LKAWH GDEDVHV IRU RXUVSHAL MR L BIUHWE. @BO G HRUL @IKFW BV RQL @BO O D QRRC
P LUBUVHHKHH <RXZL QBIGD0 \ 64/ VHYHMDW RX FDQ FRQQHPWR IURP \KH P DFKL BZ KHUH\ RX ZL OXQ( QHP ECD( 3 WL VDQEH
WH\DP HP DFKL B ) RUP RAMDQGREBA R IXQRW RDO\L VRX Z L B QHHG\WH &R GDWEDVH HJ KRPRBVDSL MBFRUB B LQEO G
,QREHNR AQG FR OFRWMG YDUL QN RARXVH6,) 7 RUBRO3KHQ L DOR/QHFHWDW \R L \QIUOVEH UHO YDQAYDUL TN R GDWEDVH HJ

KRP RB\DSL BVBYDUL IVEB B

1 R \KDWKQOW \ RX KDYH PXMRP GDW R L QHW. GKH GDWBEDVH L @ RWWDVHV L 2L GHEP XFK P RUH HIAFL B8R XVH D SUH EXL BIFKHL Q
SORH R D ORCEDMWEDVH

7R FRQEHAWR \ RXUP LUBU\ RX FDQ HKMUVHWIH FRQCHAW R SDUDP HWMY XV @ KRWY SRW XVHUDQG . SDWZRG RUXVHD BHIL W AO +
S5HILW AOWFRQEL @OWH FRQCHAW R SDUDP HMY IRUN RXUGDWEDVH DV Z HOOY DQ. VSHAL W DO WY\ RX Z L K\R VHWXS

XVH %R (QV(0% ' %4/ ' Y$GDSWRU
XVH %AR (QV(0% ODULDW.RQ ' %4/ ' %BGDSWRU
XVH %R (QV(0% SHILVWA

WR (QV0% '%4/ ' YSCDSWRU | QHZ

VSHFLHV |  +RPRBVDSLHQV

JURXS ! FRUH

SRUW !

KRVW | HQVHPEOGE HQVHPEO RUJ
XVHU | DQRQ PRXV

SDW !

GEQDPH ! KRPRBVDSLHQVBFRUHB B

%R (QV(0% 9DULDW.RQ '9%64/ '%HGDSVRU ! QHZ

VSHFLHV |  +RPRBVDSLHQV

JURXS ! YDULDW.RQ

SRUW !

KRVW | HQVHPEOGE HQVHPEO RUJ

XVHU | DQRQ PRXV

SDW !

GEQDPH | KRPRBVDSLHQVBYDULDW.RQB B

%R (QV(0% 5HILVWAWA ! DGGBDOLDV +RPRBVDSLHQV  KXPDQ

) RUP RUH L [RUP DW R RQWH UHIL Wi DQG UHIL W AOWH VHH KHUH

&DFKH WFKQFDOQIRWP DARQ

$' 9$1&(" 7KHFDFKHFRQL W R FRP SUIHWHG AOWHFRQBL QOO WAV R VHUL D HEREMAW 7 KHVH REMAW DUH L QWD GUHDWG IURP \WH
CGDWEDVH DV L XML QWH ( QvHP EGE 3, CRUP DA OQ RUEHUMR UHGXFH WH WL H RN \WH FDRKH DQG DO © WRH VHUL D DW QW RFFXU VRP H
FKDQIHV DUH P DGH \R \WH REMAW EHRUH WH  DUH GXP SHGWR GL N 7KL WP HDQV \WDWKH Z L QRWEHKDYH L ®f DR® WHVDP HZ D\ DV DQ
REMAVHWL. MHG IURP  \WH CDWEDVH Z KHQ Z WLV® IRUH DP SO HD SO GMDWKVHV \KH FDFKH

7KHIRO DLRPKDVK NH V DUH GHOWNG [URP - HDFK \WDQVRUL BREMAWY

e DQDOVIY
e FU-DWGBGDM
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o GEHQMHV KL VRQEL QWH H WLDOH HIHQRHY UL MHG Z KHQFDO O L\IPQUALL B JHBDO 0% QUL W KHQPH \KL VFDORI D FDFKH
REMPZ L CHBAD QR HOAL W

s GHVFUSWRQ

* GVSO B H

» HGIWBHQDE®G

* H WUDBCE

= H WUDBGYSD\ BQDP H
* H \WLDBQDP H

o H WLQDBWDXY

® LVBFXUHQW

* P RGAHGBGDW

s AV

* WDQUVFUS\BP DSSHU XVHG\R FRQYHWEHE HHQ JHQRP L FFGQD FGV DQG SIRM. GRRUE. DMV $ FRS\ R WL V. VDFKHG VHSDUDMO B\
(QHPE®(3 DV

VWUDQVFULSW ! ABYDULDW.RQBH! | HFWBI HDWKUHBFDFKH™ | * PDSSHU'

$VP HQV RHGDERYH D VSHAL CKDWK NH - BYDUL TV £BH HRBIHDWUHBFDRKH L VAUHDWIG RQ WH WDQVRUL BREMAMDQG XVHG R FDRKH WL @V
XVHGE\ ( QHP EO( 3 L QUHEL W @ FROVHTXHQAHV WL @V ZKL K P L BWRKHZ L M KDYH R EH |HWKHG [URP \KH GDIWEDWH 6 RP HRI WHWH
DUHWRUHG L GO Rl HTXL BO@WH V WDWDUH GHOWMG DV GHVRUL BG DERYH 7KH IRO DLRDNH V DQG GDUY DUH WRUHG

s IOARQV OWW R L QRQREMAW IRUKH WDQURUL B/7 KH DEDS\RU DQDOML VGE,'  QH WSUHY DQG VHTGDP HNH V DUH WL SHGIURP HDFK
L RQ REMAW

s WDQVOWDE®BVHT DV UHMUHG B\

WUDQVFUL SW ! WUDQVODWHDECHBVHT

& P DSSHU \WDQVAULL 8P DSSHUDV GHVAUL BG DERYH
® SHSWGH WHWDQVOBIG VHTXHQRH DV D WAL ) DV UHMUHG B\

WUDQVFULSW ! WUDQVODWH | VHT

= SIRMOBIHDWHY SUIRM. @RP DL QIRUWH WDQVRUL B/ WDQVOW R DV UHMUCHG E\

WUDQVFUL SW ! WUDQVODWLRQ ! JHWBDOOB3 URVHL Q) HDVWKUHV

( DFK SURWL QHDMUH L WAL SHG Rl DONBA V EXWMBIWHQG DQDOML VKVHTQDP H
® FRGROBWE® WHFRGRQWEO H XVHG\R WDQVOE WH WDQUALL B/DV UHMUOHG B\

WUDQVFULSW ! VOLFH ! JHVWBDOOBSWAULEXWHV ~ FRCRQBWDEOH !> @

*  SIRMOBIXQFURQBSUHGIFWRQY D KDVKUH FRQBL ROWH NA V VLWDQG SROSKHQ  HDFK RQH FRQIL @D SURM. QKGRI R SUHGL W/ R
P DAL [DV UNAGHGE\ HJ

SURWHL QBI XQFW. ROBSUHGL FW.RQBPDWUL[ BDGDSWRU ! | HWFKBE\ BDQDO\ VLVBWUDQVODW.RQBPG VLI W
PG BKH  WUDQVFULSW ~BYDULDW.RQBHI | HFWBI HDWKUHBFDFKH™ ! A SHSW.GH'

6L R QIDVRP HIXUKHUCDW L VDFKHG GLHA® RQ WH WDQVFUL BREMPKQGHUWH RO DLRDNA V

* BIHQH JHQH REMAW7 KL REMPKDV DONBA V EXVWKH IRO DLRDGHOWG WIWHQG VDQG \WIEOBH. G
s BJHQHBW P ERO WHJHQHW P ERO

e BFFGV WH&&' 6 L BONAJIRUWHWDQAL &/

® BIHVHT WH 10 5H6HTP51$ L BQWAUIRUKHWDQUAL B/

s BSIRMQ \KH( QMHP EOAEO HBQIAUR \KH\WDQOWR



® BVRXUFHBFDFKH \WH VRXUFH R \WH WDQVFUL BREMAYV2 QO GHAQHG L @XH P HJHG FDFKH YDOBK/ ( QUHP EO5 HBHT RUZ KHQ XL DD
*)) * 7) AO FYDOBK VKRWCDP H RUAOGDP H
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7KH ( QvHP EQ® ( 3 SDANDJH L BDGHV D \RROACHIBYHS R ACHAUAVXOAADVHRQ D YDUL W R DML R\MY

VWRSHIDIMY RQWEQEDUG WE GHO ILRERU9 &) IRUP DIWHG RX\EXW1 %RQO 9 &) RXABXWBURGXFHGE\ ( QvHP EQ ( 3 RUL GH VDP HIRWP DW
FDQEH XVHG

5 XQQLQJ AGMUBYHS

5XQDVIRO D\R

YHS L LQ YFI R RXWWW FDFKH HYHUW VWKLQJ
| LOAHUBYHS L RXWWW R RXWBI LOMHUHG WW | LOWHU > LONHUBWH W@

ACHBYHS FDQDORMDGIWRP 67' ,1 DQGZUMWG67' 287 DQGVRPD EHXWHGL @81,; SLB

YHS L LQ YFI R WGRXW FDFKH FKHFNBH LVW.QJ _ | LOAHUBYHS | LOMHU QRW ([ LVWL.QIBYDULDW.RQ
R RXW W W

7KH DERYH FRP P DQG UHP RYHV NQRZ Q YDUL QW IURP \KH RX\8XW

2 SWRQV

) @ $ OMODWM ' HVFUSWRQ

K 3W KVDIHP HWDIHDQGH L W
KHOS

L 6 SHAL\I WH L WO HH \KH ( QUHP EQD ( 3 UHVXOAAD H,| QRL X\WAO HV
LQSXW VSHAL AG ACHBYHS Z L OVBP SWRUDGIWRP 67' .1 ,QG8XWP D\ EHJ]L SHG R
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>| LOH
@

- 6 SHAL\I L &X\WO HRWP DW
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>| LOH
@

- ) RIFH DQ RX\V@XWAO RI \WH VDP H QDP H \R EH RYHLZ WL\MD
| RUFH
BRYHU
ZULVH

I $CCAHYVHHEHOR 0 XAV | LOWHU ADIVP D\ EHXVHG DQG DUH WHDWG
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9D QN QRWSDWL DJL MQACHW Z L GHOADIJHGL @H) ,/ 7( 5 FROXQR! \WH

VRI V\B 9&) A0 HDQGZ L QFWEH UHP RYHGILRP RX\VEXW
| LOMH
u

(e} / L YWDO DHS AHO\AURP \WH L &X\WAO H
oLVW

F 33U QRQO D FRXQAR P DIWKHG O H\WQ
FRXQW

= ,Q9&) AOHWH&64 AHO BDWARQBL Q\WH FRQUHTXHQFH GDW Z L BIBIQ FRQIEL Q
RQO\ B P RMHWDQRH EOMI R FROWMHTXHQFH GO Z KHUH HDFK EOFRI FRUHVSRQGV \R D
PDWFK YDU. QVHDWMHRYHOD 8L RQO\ BPDWFKHG Z L GHR RYH EORRY \WDWER QRW
HG SDW WH ACHWY %4 GHIDXO YWHBYHS SUL @ RXVWKH HQMHO &) O HRDQ R \WH

EORRV SDW \WH ACHW

- © LK&) L XWAOWE GHDXOATHBYHS H SHAW \R AQG ( QUHP ECD( 3
YFI BL DQCRIMY Y HFRGHGL @H&64 ,1) 2 NH ( QUHP EQD ( 3 LWWORDQEH
Q RBI FRQATXUHG \R Z WHWR D GLIHHQMH  Z LRAWKH HTXL BO®V YFIBL [BRBAHO ADJ
LHOG
SNH @ 8 VH\KL VADJ \R FKDQIHWH ,1) 2 NH ( QUHP EQ® ( 3 H SHAW \R GHFRGH

HJ XYHWHFRPPDQG  YFI BLQ RBI LHOG $11 LWH( QHPE®( 3
DQCRIW BV DIHVRBHGL @¥H,1) 2 N $11

\ 8 VH 6 HTXHOH 2 ORORE W P DK FRQVHTXHQFH \MUP V' 8 VH Z LKARSHIDRU LV
RQWRO \R P DK DJ DL QADORBL OMEP VR \ RXUYDOBK HJ & RQUHTXHQRHL V
RI\ FRGL QBVHTXHQFHBYDUL QAZ L © DIRK P L VHQUHBYDUL QAM QRQ P RXVBYDUL QW
HW 5 HTXL Ky CDIWEDVH FRQQHAW R GH DXOAWR FRQQHAW D\R
HOMP EOBHQMHPECRU 8V  KRVW SRUW XVHU  SDWZRUG
YHUVLRQ DV SH. YHS \R FKDQIH FRQGHAW R SDUDP HWY/
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VRROKDVIKVHY QDWUDCD @ XDJ H SURFHWL M\R DXVRP DWEO @ BQMI  [es)ifpee
SDWRIHQ. BHQHW DU QAHYL BQFH L QXOVE[ VBUL DY OHLERKUH FABARQY
DERXWP RQRIHQL FEL. MDVH DQG FRQYHWAL \R JHQRP L FFRRUE. DMV

30MVH FLAVWH$9$' $ SXEO DIFRDO@ WL B( QHP ECR( 3 L1RX
XVH WL VBVRXUFH _KWBV  SXEP HG QFEL QO L KIRY

1% 7KH SON. GXWHQ® CRHV CRADQCRIBMM [RU
GRZ QAWDP BIHQHBYDUL QADQG XSVWHDP BJ HQHBYDUL QW

3 UH BHTXL MWV

$9%' $ COWL WDYDL BOHRU* 5&K  DQGFDQEH GRZ QOIBEHG
IRP
KWB EHVBBOR WIQRGHGX $9$' $ DYDADBY B YA J]

ZIHW
KWAS EHVHUDOR WWDQ RUG HGX $9%' $ DYDGDBY B
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https://ftp.ensembl.org/pub/release-75/fasta/ancestral_alleles/
https://ftp.ensembl.org/pub/release-75/fasta/ancestral_alleles/
https://ftp.ensembl.org/pub/current_fasta/ancestral_alleles/
https://ftp.ensembl.org/pub/current_fasta/ancestral_alleles/homo_sapiens_ancestor_GRCh38.tar.gz
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https://ftp.ensembl.org/pub/current_fasta/ancestral_alleles/homo_sapiens_ancestor_GRCh38.tar.gz
https://ftp.ensembl.org/pub/current_fasta/ancestral_alleles/homo_sapiens_ancestor_GRCh38.tar.gz
https://ftp.ensembl.org/pub/current_fasta/ancestral_alleles/homo_sapiens_ancestor_GRCh38.tar.gz
https://github.com/Ensembl/VEP_plugins/blob/release/115/AVADA.pm
https://pubmed.ncbi.nlm.nih.gov/31467448/
http://bejerano.stanford.edu/AVADA/avada_v1.00_2016.vcf.gz
http://bejerano.stanford.edu/AVADA/avada_v1.00_2016.vcf.gz
http://bejerano.stanford.edu/AVADA/avada_v1.00_2016.vcf.gz
http://bejerano.stanford.edu/AVADA/avada_v1.00_2016.vcf.gz
http://bejerano.stanford.edu/AVADA/avada_v1.00_2016.vcf.gz
http://bejerano.stanford.edu/AVADA/avada_v1.00_2016.vcf.gz
http://bejerano.stanford.edu/AVADA/avada_v1.00_2016.vcf.gz
http://bejerano.stanford.edu/AVADA/avada_v1.00_2016.vcf.gz
http://bejerano.stanford.edu/AVADA/avada_v1.00_2016.vcf.gz
http://bejerano.stanford.edu/AVADA/avada_v1.00_2016.vcf.gz
http://bejerano.stanford.edu/AVADA/avada_v1.00_2016.vcf.gz
https://metacpan.org/pod/List::MoreUtils
https://metacpan.org/pod/List::MoreUtils
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7KHAO BHHGV \R EHWBEL [L GH HG <RX FDQGR WL A\ IRO DIRD
FRP P D&V

J]LS G DYDGDBY B YFI J]
EJ] LS DYDGDBY B YFI
WDEL[ DYDGDBY B YFI J]

$V\ RXKDYHDOHDG QRWHG \BEL [XW © B YWWEH L QO GLHQ
\ RXUSDWK R XVH WL \BOX. Q

7KH SO ®DQWHQEH XQW UHWL ¥H$9$' $ DQLREW BV %
GHDXO WH YDUL QN DUH P DIMKHG Z LKWH +* 1 & JHQHW P ERO

YHS L YDULDW.RQV YFI SOXJILQ
$9%'$ | LOH SDWK WR | LOH

7KHRX\SXWDO A VL BDGHV RCH R WH 1RO DLRDFROXQV GHSHQGL @
RQWH RSW R SDWHG

= $9%' $B30," 3XEO HG," HYL BOFH IRUWH YDU QADV UHSRUMG
B $9%' $

= $9%' $B30, ' B:, 7+B9%$5, $17 3XE0 HG," HYL BOFH IRUWH
YDU QADV UHSRUMG E\ $9%" $ DO@ Z LKAWH R 1 QOYDUW QN
WL @

® $9%' $B30, ' B:, 7+B) ($785( 3XEO0 HG," HYL BOFH IRUWH
YDU QADV BHSRWMGE\ $9$' $ DO@® Z LKNHDWUH L G

s $9$' $B30,' B, 7+B) ($785(B$1' B9$5, $17 3XE0 HG,'
HYL BQFH IRUKH YDUL QADV UHSRWWG E\ $9$' $ DO®@ Z LKV
IHDWUH L BQG RUL 1 QOYDUL QWA @

7KH SO GDQRSW DO GH XQE\ VSHRL\IL O\KH IHDWUH \R P DIRK
ZLRV

L QREHUWRPDRKE +* 1& JHCHWP ERO
YHS L YDULDW.RQV YFI SOXJILQ

$9%'$ | LOH SDWK WR | LOH | HDWKUHBPDWFKBE\  JHQHBV
\ PERO

,QREHUMR P DWK B\ ( QUHP EQIHQH L BQW AU

YHS L YDULDWRQV YFI  SOXILQ
$9%'$ | LOH SDWK VR | LOH | HDWKUHBPDWEKBE\ HQVHPE
OBJHQHBLG

,QREGHUR P DIRK B\ 5H6HT L BQW AU

YHS L YDULDW.RQV YFI SOXJLQ
$9%' $ | LOH SDWK WR | LOH | HDWKUHBPDWFKBE\  UHI VHT
BLG

7KH SO @DQ DOR/EH XQ W UHSRWYKH RUL 1 QOYDU QAN @
UHSRUMG L GH SXEO DI R

YHS L YDULDW.RQV YFI  SOXJLQ
$9$'$ | LOH SDWK VR | LOH RULJLQDOBYDUL DQABVUL QU
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YHS L YDULDWRQV YFI  SOXJLQ
$9%'$ | LOH SDWK WR | LOH

YHS L YDULDWRQV YFI  SOXJLQ
$9$'$ | LOH SDWK VR | LOH | HDWKUHBPDWEKBE\
JHQHBW PERO_HQVHPEOBIHQHBLG_UHI VHTBLG

7KL\ \D SO QRUWH ( QvHP ECODUW QW ITHAVBUHGL WU 9( 3 \WDW ]l =3[z 0l= 11
DGGV WH %D\ HV  HOFRUHV R ( QUHP EQD ( 3 RXVBXW SHARIRQY

YD\ HV HOL \D GHO\MUL RVGHW P H VFRUH FRP EL ROP XA\® H

GHO\MUL RVQHW SUHGL YRY \R FUDW DQ RYHIDOVBRUH W RUW IRU

FRA. HDQG QRO FRA. QYDUL QN L Q0 BXFORMY B YDUL QN DQG

P DOLOZHW R GHOW BV 7KH IDQIH R \WH VFRUH L WURP R
7KH KL BHOWH VFRUH WH P RUH O HOWH YDUL QAL V

SDXRIHQL F) RUP RUH L [RUP DIV R SOVH YL VW

KWBV_IHQI OBFKSFE XWBK HGX %D\ Y HVD\ VY _HCKWR O

3 OMVH FLHWH %D\ HY  HCBXEO DI RDO@WL. B( QP E (3 LIRX
XVH KL VBHVRXUAH
KWBV RQO HQLE Z1L O FRP CRLIXO O KXP X

YD\ HV HOBUH FRP SXWG VFRUAV FDQ EH GRZ QBDGHG [URP
KWBV QU MJRRIO FRP G MIROMEY . /. =6\B* 9%+ R&K8 W&
_EJ&WKEA O $ RM 7 KHVH AOVHRQD FRQEL BUH FRP SXWIG
%D\ HV HO/FRUAV IRUP L VHQUH YDUL QN IRUDWHP EO § 5 &K

) RU- 5&K
VWU ][ Y1 %D\ HV' HOB BDGG$) W]

UP  J] VEL

IXQLS  J]

IRU | LQ %\ HV HOB BDGG$) BFKU GR JUHS Y
A 1 Il 9D\HV HOB BDGGS) WW GRQH
FDW 9%\ HV' HOB BDGGS) WW _ VRUW N

N Q! %\ HV HOB BDGGS$) BVRUWHG W W
JUHS A 9B\ HV' HOB BDGGS$) BFKU |

9D\ HV' HOB BDGGS$) BDOOBVFRUHV W W

FDW 90\ HV' HOB BDGGS$) BVRUWHG W W ! !

9D\ HV' HOB BDGGS$) BDOOBVFRUHV W W
EJ]LS %D\ HV' HOB BDGG$) BDOOBVFRUHV W W
WEL[ V E H

9D\ HV' HOB BDGGS$) BDOOBVFRUHV W W J]

YRUF58&K 5HPDS*5&K AOH

7KHWWEL XW © B YVAWNEH L QRO GIHQRXUSDW W XVH KL \BOIL Q

8 VDIHH DP S®&V

PY %D\HV HO SP a YHS 30XJLQV
YHS L YDULDWRQV YFI  SOXJLQ

YD\ HV HO | LOH  SDVWK VR %D\ HV' HO %D\ HV' HOB

BDGGS$) BDOOBVFRUHV W W J]

7KL V. \D SO QRUWH ( QVHP ECODUL QN ITHAVB UHAL YRU 9( 3 WDW
ORVXSWH% 2680  VXEVMXW QP DAL [VFRUH IRUWH UH HUIHQFH

DQG DOHAZDW M DP L R DFL @ SUHGL WG IRUD P MHQUH P X\ R W
DGOV RQH QHZ HOW \R\KH RXABXWo4 2680  ZKL KL WH
DWRAL MG \VFRWH
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https://github.com/Ensembl/VEP_plugins/blob/release/115/BayesDel.pm
https://fenglab.chpc.utah.edu/BayesDel/BayesDel.html
https://onlinelibrary.wiley.com/doi/full/10.1002/humu.23158
https://drive.google.com/drive/folders/1K4LI6ZSsUGBhHoChUtegC8bgCt7hbQlA
https://drive.google.com/drive/folders/1K4LI6ZSsUGBhHoChUtegC8bgCt7hbQlA
https://github.com/Ensembl/VEP_plugins/blob/release/115/Blosum62.pm
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PY %ORVXP  SP a YHS 30XJLQV
YHS L YDULDW.RQV YFI SOXJILQ YORVXP

$Q( QHP EC( 3 SOM. GNDWHL MHV&S' ' VFRUHV IRUYDU QN 3 DWRIHQEW
IRP RCHRUP RUIH\BEL [L GH{ HG&S$' ' CDWAOW SUHARIRQY

SOMHHANWH&S' ' SXEO DWRDO@W. B( QHPEM®( 3 LIRX
XVH WL VIHVRXUAH KWBV ZZZ QFELQO KL KIRY SXEP HG

7KH\BEL [XW © P XWWEH L QIO G IHQRXUSDW \R XVH \KL \BOX. Q

7KH&S$' ' 619 DQGL GHO ¥DW AO\H DQG UMVSHRWM 7DEL L GH
AO\H FDQ EH GRZ QOIREHG | IRP
KWB_FDGG JV Z DKL DRQHEX GRZ QOIRG

7TKH&S$' ' 69 CDW AOWH DQG UHVSHRAW M 7DEL [L GH AOWH FDQEH
GRZ OIHGIRP _KWBY N FRKHOPEL KDKWRU GRZ QOBG&$"
69 Y

% GHDXOWH SON. @ \BHVL QHG\R GRADQCRIAM 69 YDUL QAL D619
DQGRUL GHO ¥$' ' DQURIAW RAO HBURYL BG %HFDXVH L FIDQ
UHVXOAN @RR P DQ. O KNP DIWKHG IURP \WH DQQRIBMY R AO\HDQG

L BHDVH LXQW P H SRQHQWY D GeRX FDQRYHULL BWL \EHKDYL BE\
SWRYL GOIRFHBDQORIM  ZKL K Z L GREH \WH SO @R DQQRIMM
ZLKAWH H SHOH R L BHDVL QUXQI P

7KH SO @RIV Z LRNDOYBWL RV R DYDL GBDEI$' ' AOWH7KH
SO GQO WHSRWV VFRUHV DQG GRHYV QRWFRQGHUDQ. DAALLVRDO
DQCREW RV ILRP D&$' ' A HW. WHUHIRUH VXIAFL B8R XVH &$'
AOWZ LIKRXVWNH DOALLVEDCDQORBW &V

8 VDIHH DP S®&V

PY &'' SP a YHS 30XJLQV

YHS L YDULDWRQV YFI  SOXJLQ
&' VQY )8//B3$7+B72B&S$' ' B),/( ZKROHBJHQRPHB6
19V WY J] LQGHOV )8//B3$7+B72B&$' ' B),/( ,Q HO
vV WY J]

YHS L VMUXFWKUDOBYDULDWLRQV YFI  SOXJILQ
&'' VY )8//B3$7+B72B&S$' ' B), / ( * BSKDVH B69
vV WY J]

YHS L VMUXFWKUDOBYDULDW.RQV YFI  SOXJLQ
&'' VQY )8//B3$7+B72B&S$' ' B),/( ZKROHBIJHQRPHB6
19V WY J] LQGHOV )8//B3$7+B72B&$' ' B),/( , Q HO
V WY J] | RUFHBDQQRVDWH

$Q( QUHP E®( 3 SOM. QDWW MV &$3,&( VFRUVIRUYDW QN BB Te= T
IURP RQHRUP RIHWBEL [L GH HG&$3,&( CDWAOWL REHUWR SUHGFIRQY
SUHGL WKH. BDWRIHQL BW

3OMVH FLWWH &$3,&( SXEO DWRDO@W. B( QHP E®( 3 L1RX
XVH KL VBVRXUFH _KWBV  SXEP HG QFELQOD L KIRY

7KHDEL [XW © B YWWEH L QIO GIHORXUSDW VR XVH WL \BOX. (7 KH
&$3,&( 619V ,Q HO QGUAVSHAWML G{ 7% AOWRU* 5&K
FDQEH GRZ QOIRHG IURP_KWBY ] HORCRRU UHFRLEG

7R ACHAHVXOMBO IYH XVH ACHBYHS Z LKAKH RXASXWAO RUMBIQEDLG
RXSXW REXP HQBW R RQ ACHBYHS L \DYDL EMBEW
KWBV ZZZ HOWHP ECRU L R GREV\RRO YHS VUL BYHSBACHAK\WE O

) RUBHFRP P HQGDW RV RQ WUHVKRO @HOMIY R SOMVH UHDG \KH
&$3,&( SXEODER
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https://github.com/Ensembl/VEP_plugins/blob/release/115/CADD.pm
https://www.ncbi.nlm.nih.gov/pubmed/24487276
http://cadd.gs.washington.edu/download
https://kircherlab.bihealth.org/download/CADD-SV/v1.1/
https://kircherlab.bihealth.org/download/CADD-SV/v1.1/
https://github.com/Ensembl/VEP_plugins/blob/release/115/CAPICE.pm
https://pubmed.ncbi.nlm.nih.gov/32831124/
https://zenodo.org/record/3928295
https://www.ensembl.org/info/docs/tools/vep/script/vep_filter.html
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PY &3,& SP a YHS 30XJLQV
' RZQORDG &$3, & 619V ,Q HOV DQG LQGH 7%
| LOHV WR WKH VDPH SDVK
FDSLFHBY  BEXLOG BLQGHOV WY J]
FDSLFHBY BEXLOG BLQGHOV WY J] WEL
FDSLFHBY BEXLOG BVQYV WY J]
FDSLFHBY BEXLOG BVQYV WY J] WEL
YHS L YDULDWRQV YFI  SOXJLQ

&$3, & VQY ) 8//B3$7+B72B&S$3, & B),/( FDSLFHBY
BEXLOG BVQYV WY J] LQGHOV ) 8//B3$7+B72B&$3,
&B),/( FDSLFHBY BEXLOG BLQGHOV WY J]

| LOAHUBYHS L YDULDQUBHI | HFVBRXWSXW W W
I LONHU  &$3, &( B6&25( !

$Q( QHP E®( 3 SON. GDNDOXO\BV WHERP EL EGSQRIWR BRIt O0DK &' )&
VRSL QW2 / &$52/ VFRM  IRUDP L VHQUH P X\BW REDVHGRQ [RETTel:) 2oy TZ SRP
\WH SUH FDOXO\BIG6,) 7 DQG3RO3AKHQ  VFRUWVIURP \WH TQRWP

(QHPEGH3,

MDGGV RCH QHZ HQN VR \KH RXABXWE $5 2/ ZKL K L WH FDOXO\BIG
&$52/ VFRWH 1 R WDWKL VP RGXO H\D SHOH. FSOHHQIW RR
WHRUW 0 Q3 VAL BDOYDL EOBWKWEY VD] HUDE XN WRAFDURO

, EHO YHRKDWERW YHUL &V L FSOHHQWKH VDP H DORWRR  EXW. |
\KHUH DUH DQ. G MUHSDQAL MWH 5 YHIAL R VKRXO EH \WHDWMG DV \WH
UHHUHOQFH L FSOHHQBWY R %0<J WHSRWV DUH Z HORP H

5 HHUHQRHV

/RSHVO & -RFH& SLAKL M 56 -RKQ6/ &XQQL QKDP )
$WLR W=HIJLZ $ FRP EL BGIXQRW EDADQCRBW R VFRWH IRU
QRO QRQ P RXV YDUL QW + XP DQ+ HIHGL\W

R &

. XPDU3 +HQLRI6 1J3& 3UHA WOWHHIHFWR FRA. Q
QRO QRQ P RXV YDUL QV RQ SURM. QXQRN R XVL D\WWH 6 ,) 7
DORUKR 1 DU 3 IRRFRO V
R BRW &

$GKXEHL,$ 6FKPL@ 3HWKN. @ 5DPHMWN 9(

* HDVL RYD$ %RIN3 . RQGIDWKRY$6 6XQDHY65 $ PHKRG
DQG VHYYHUIRUSUHGE. W @ CDP DIL QP L VHOVH P X\BWY &V 1 DUH
0 HKRGV R QP HW EY

) OHR3 HWDO( QUHP EO 1 XFOLHS$ FL 65 HVHDUFK
o ' GRL QDUINJ

8 VDJHH DP SV

PY &DURO SP a YHS 30XJLQV
YHS L YDULDW.RQV YFI SOXJLQ &DURO

7KL\ \D SO QRUWH ( QUHP ECODUL QW ITHAVB UL WRU 9( 3 WDW BT el
DGGV SUH FDOXO\BG VFRUAV IURP &0 BIBIG &CRUHGL DSHALWR  [REtrel= 6]
\RROR L BOMI GL MDVH UHO YDQALRQA GRQ P RXV YDUL QW

3 OBVH FLYWH &O B (BIG SXEO DWRDO®@ WL B( QHP E( 3 L1RX
XVH WL WHVRXUFH
KWBV ZZ7 VAL EFHGLWPWRP VAL EFHDWO B 6

&0 B IBG VFRUHV FDQ EH GRZ QOBRHG IURP
KWBY VLW JIRRIO FRP VLIWFO BURG GRZ QOB

7KH RO DLRDWMSV DUH QGHFFHWDW R WDEL [WH &O B ®IG\WAI] A0 H
EHRUH XQQL QWH SO Q
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https://github.com/Ensembl/VEP_plugins/blob/release/115/Carol.pm
https://sanger.ac.uk/tool/carol/
https://doi.org/10.1159/000334984
https://doi.org/10.1038/nprot.2009.86
https://doi.org/10.1038/nmeth0410-248
https://metacpan.org/pod/Math::CDF
https://github.com/Ensembl/VEP_plugins/blob/release/115/ClinPred.pm
https://www.sciencedirect.com/science/article/pii/S0002929718302714
https://www.sciencedirect.com/science/article/pii/S0002929718302714
https://sites.google.com/site/clinpred/download
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| LOH

FDW &OLQBUHG WW _ WU 2W !
&OLQBUHGBWDEEHG WY  FKDQIH VR WDE GHOLPLWHG
| LOH

VHG L V &OLBUHGBWDEEHG WY
FRPPHQW WKH | LUVW OLQH

VHG L V &KU FKU &OLQBUHGBWDEEHG WY
FRQYHUW &KU WR FKU

EJ] LS &OLQBUHGBWDEEHG W/Y

WEL[ | V E H &OLQBUHGBWEEHG WY J]

) RU*F 5&K

JJLS G &OLQBUHGBKI WWJ]  XQ LS VKH WH W

| LOH

DZN BWDULW _  a A> @ "~SUQW
&OLQBUHGBKI W W!

&OLBUHGBKJ BWDEEHG WY  UHPRYH SUREOHPDWLF

v

VHG L V &OLQBUHGBKJ  BWDEEHG WY

FRPPHQW WKH | LUVW OLQH

VHG L V &KU FKU &OLQBUHGBKJ BWDEEHG WY

FRQYHUW &KU WR FKU

AKHDG Q &O B®IGBKJ BWEEHGWY \IL @

&OB@®CBK) BWEEHGWY VRWN 9 N 9 !

&OB®CBK] BVRWCBBEEHGWY VRWO B\ FKURP RVRP HDQG
SRLIVR

EJ] LS &OLQBUHGBKI BVRUWHGBWDEEHG W/Y
WDEL[ | V E H
&OLQBUHGBKI  BVRUWHGBWDEEHG WY J]

7KHWUEL [XW © P YWWEH L QIO GLHYRXUSDW \R XVH WL \BOIL. Q
&KHANKWBY JLKME FRP VDP RO KIWO LE IRUL QKR RV

8 VDIHH DP S®&V

PY &OLQ@BUHG SP a YHS 30XJLQV
YHS L YDULDW.RQV YFI SOXJILQ
&OLQBUHG | LOH &OLQBUHGBWDEEHG WY J]

$Q( QHP EX( 3 SON. GKDWDOXO\BV \WH & RQUHQUXV 3 DRI HQFIW

' HOWMUL RYGHW &RQGHOVFRIH  IRUDP L VHQUH P XWDW REDVHG  [REITel= oY
RQWH SUIH FDOXO\BG6,) 7 DQG3RO3KHQ  VFRIAVILRP WH
(QHPEG3,
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&RQGHOFRMH 7KL WHYL RR &RQGHY DV GHYHORIGE\ \KH

% RHA. BO' HQRP L #* URXS R \WH 8 QL MYLDWB RP SHX ) DEWD DW
\WH YDUFHO® %4 R HAL BC5 HVHDUFK 3 DUN DQG DYDL GO EW

KWBV _EJ XS HGX FROCHO7KH FRGH L @KL \B0X. @ \EDVHGRQD
VAL BBURYL BGE\ \KL \JURXS DQG VO K\® UHRUP DIWHG \R AV I \WH
(QHPEGH3,

7KHSOM. @NHV FRP P DQGO HQUXP HQVE\ \KL \REGHU

3 DI \R D & RQGHOFRQAJ XUDWY R GLHARY Z KL K FRQOBL QFXRIV
DQGWH G ML KW RAO\H HW
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https://github.com/samtools/htslib.git
https://github.com/Ensembl/VEP_plugins/blob/release/115/Condel.pm
https://bg.upf.edu/condel
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9HW. RR &RQGHORXWH HKMU RULOIDQOMHW R RU QHZHU
YHWL R L WHGHDXODYGL WHRP P HQGHG W DYRL @0OH/

SRVLIVM SUHGL W/ BV IURP &RQEHAL QRP H FLRXP ABGFHV

$QH DP SO BIRQGHIFRQAIXUDW RAO BQGD VHWR G W RW RAOWA
FDQEH IRXQGL GWH FRQI LI &RQGHO GLHARY L QKL WHSRVLRY
<RX VKRXO B8G. WHFRQ LJ &RQGHO FRQ LJ FRQGHOB63 FRQ
AO BQG VHWKH FRQGHO GLU SDUDP HWUWR \KH | XOSDW iR \WH
OMWRR WHFRQ LJ &RQGHO GLHARY RQ\ RXUV VWP

5 HHUHQRHV

* RQDOJHBHIH $ /RSH % DV1 ,P SURYL QWH DWHWP HQW
R WH RXWFRP HR QRQW QRQ\ P RXV 61 9V Z LRAD & RQHQVXV
GHOWMUL RVGHW VFRIH &RQGHOS$P - +XP * HQHW

R MMXK &

. XPDU3 +HQLRI6 1J3& 3UHAL WOWHHIHAWR FRAL @
QRO QRQ P RXV YDUL QV RQ SUIRM. QXQRW R XVL Q\WWH 6 ,) 7
DORUKR 1 DU 3 IRIRFRO V
R BRV &

$GKXEHL,$ 6FKPL® 3HWKN. @ 5DPHOWN 9(

* HDVL RYD$ %RIN3 . RQGGIDWKRY$6 6XQDHY65 $ P HKRG
DQG VHYHUIRUSUHGL W @ CDP DIL QP L VHOVH P X\BWY &V 1 DUH
0 HKWRGV R QP HW EY

) OH¥R3 HWDO( QUHP EO 1 XFOLH$ FL 85 HVHDUFK
R QUINJ &/

8 VDIHH DP SOV

PY &RQGHO SP a YHS 30OXJLQV
YHS L YDULDW.RQV YFI SOXJILQ

&RQGHO SDWK WR FRQI LJ &RQGHO FRQ LJ E

7KL V. \D SO QRUWH ( QVHP ECODUL Q] I1THAVB UHAL YRU 9( 3 WDW 1 HW) 7387
UA MHV D FRQVHYDW R VFRIH IURP \WH ( QVHP EGR.RP SDID

GDWEDVHV IRUYDUL QABRVLLVRY <RX FDQVSHAL\I WH P HKRGO NQ

WSH DQG VSHAL MVHW DV FRP P DQG O HRSW RV \KH GHDXOIVWR

IHFK * (53 VFRUAVIWRP WH (32  ZD P DP P DO QDO QRHQW

SOBYH UHHUWR \WH & RP SDUD GRAXP HQBW R IRUP RUH GHEL GRV

DYDL & BQOVHV

,| DYDU QADITHRW P XQL\® XFORIY BY \WWH DYHUDI H VFRUH IRUWH
SRULIVRZ L GHOMHMUWCHG DQG IRUL HWY &V \WH DYHIDIH VFRUH Rl \KH

ADQ\. QEDVHV Z L GHOUHAMUGHG || WHO $;  SDUDP HWUL XVHG \KH
PDLRXP VFRHR DQ R WH DIHRWMG EDVHV Z L GHOHSRUMG
L @QMDG

7KH SO QVHV \WH HQWHP ECFRP SDUD$ 3, P RGXO HRSW RDOVHH
KWB_ZZZ HOMHP ECRU L IR GRAVDSLL GH_ KWW O RURE\IL QDWW

QLHAD \RP % J L AOWH RSW RDOVHH

KWBV _I\8 HOVHP EQRU, SXE FXWHQBFRP SDUD FROVHLYDW EBVFRIHYV

8 VDIHH DP S®V

PY &RQVHUYDW.RQ SP a YHS 30XJLQV

YHS L YDULDWRQV YFI  SOXJLQ
&RQVHUYDW.RQ PDPPDOV

YHS L YDULDWRQV YFI  SOXJLQ
&RQVHUYDWLRQ SDWK VR ELJZLJI LOH EZ

YHS L YDULDWRQV YFI  SOXJLQ
&RQVHUYDWLRQ SDVK VR ELJZLJI LOH EZ 0$;
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https://doi.org/10.1016/j.ajhg.2011.03.004
https://doi.org/10.1038/nprot.2009.86
https://doi.org/10.1038/nmeth0410-248
https://doi.org/10.1093/nar/gkr991
https://github.com/Ensembl/VEP_plugins/blob/release/115/Conservation.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/Conservation.pm
http://www.ensembl.org/info/docs/api/index.html
https://ftp.ensembl.org/pub/current_compara/conservation_scores/
https://metacpan.org/pod/Net::FTP
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CEWUHY

YHS L YDULDW.RQV YFI SOXJLQ
&RQVHUYDW.RQ GDWDEDVH * (53B&216(59$7, 21B6&25( P
DPPDOV

YHS L YDULDW.RQV YFI SOXJLQ
&RQVHUYDW.RQ GDWDEDVH * (53B&216(59$7, 21B6&25( P
DPPDOV 0%;

CE16) 3&¢ $Q( QUHP EM®( 3 SON. GMDWIHWL MHV DI IRUP L VHQVH YDUL QN hlreiz0 ) L OXDVHCDP  ( QHPEO
IRP DWDEL [L G{HGGE16) 3 AOH SUHARIRQY H
TZ EDVHQDP H

3OMNHHAHWHCGEL6) 3 SXEO DWW R/ DO®@W. BWH I ( 3 LY RXXWH
WL VBVRXUH $ XL BIRUYHWYL RVSHFL AFLIW &V L \DYDL BDRQ
\WH. BHEMLNKHWH KWBV 72727 CEOMS RU SXEO DIl &V

<RXP XWKDYHWH%.R ' % +76 P RGXO RUWH WEL [XW © P XYW
EHL @QEO GIHQRXUSDW W XVH KL \BOIXL Q

YWRP Y REDWBY GE16) 3 DUHN. GO KRW O( QUHP EC( 3 DG
AO\H Z KL K DUH DYDL BM HRUGRZ QOIS | URP
KWBY 777 GEOS RU GRZ QOIS

7KHL [®P DW REHORSHWIL QR BOWHV S BMRY  21/<
5(48,5(' )25 /(*$&<"' $7% 9(56,216

$ERXWEEL 6) 3 G AOW

s ' RZQRDGGEL6) 3 AOHWRP
KWBV VLMW JIRRIO FRP L WWIFSIHOGEL 6) 3

& 7KHUHDUH &R G W BAEIDGRKHV RN \WH AOWHSURYL BGIRU
DFDGP L PQG-FRP P HUFL OXVDIH 3 OPVH XVH WH DSSURSUL B
AOHRU\ RXUXVH FDVH

® 7KHAO AXWEH SURFHWHG GHSHQGEL DRQGEL 6) 3 UHOVH
YHWL R DQG DWHP EOA VHH FRP P DQBVEHOR : HUWHRP P HQG
XVL @D 7 RSW RZ LKWH VRWWRP P DQG -\ VSHFL\I D \MP SRUDY
GLHARY Z LRAXIAFL BVW/SDFH

s 7KHUHVXQ\RAO A XWNEH L GH HGZ LKMBEL [EHRUH XVHE\ \KL V
SON. @ VHHFRP P DQGV EHOR

) RUBHODVH  F

YHWLRQ F

ZIHW

KWABV  GEQVI S V. DPD| RQDZV FRP GE16)3 ~YHUVLRQ
LS

XQ LS GE16)3 ~YHWLRQ ]LS
] FDW GE16) 3 ~YHUVLRQ BYDULDQW FKU J] _ KHDG
Q ! K

*5&K K COW

JJUHS K Y A FKU GE16)3 ~YHUWLRQ BYDULDQW FKU
_ VRUW N N Q _ FDWK _ EJJLS F!
GE16) 3 "YHWLRQ BJUFK  J]

WEL[ V E H GE16)3 "YHWLRQ BIUFK J]

*5&K KI COW

JJUHS K Y A FKU GE16)3 ~YHUVLRQ BYDULDQW FKU
_ DzN _ VRUW N N Q _ FDW
K _ EJJLS F ! CGE16)3 "YHWLRQ BJUFK J]

WEL[ V E H GF16)3 "YHULRQ BJUFK J]


https://github.com/Ensembl/VEP_plugins/blob/release/115/dbNSFP.pm
https://www.dbnsfp.org/publications
https://www.dbnsfp.org/download
https://sites.google.com/site/jpopgen/dbNSFP
https://dbnsfp.s3.amazonaws.com/dbNSFP$
https://dbnsfp.s3.amazonaws.com/dbNSFP$
https://dbnsfp.s3.amazonaws.com/dbNSFP$
https://dbnsfp.s3.amazonaws.com/dbNSFP$
https://dbnsfp.s3.amazonaws.com/dbNSFP$
https://dbnsfp.s3.amazonaws.com/dbNSFP$
https://dbnsfp.s3.amazonaws.com/dbNSFP$
https://dbnsfp.s3.amazonaws.com/dbNSFP$
https://dbnsfp.s3.amazonaws.com/dbNSFP$
https://dbnsfp.s3.amazonaws.com/dbNSFP$
https://metacpan.org/pod/File::Basename
https://metacpan.org/pod/File::Basename
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: KHQWXQQL QWH SO QRX P XWAD YWD INVMWRCH FROFXQ W
UL MH IURP WH GE1.6) 3 AO W/SHFL IAG DV SDUDP HWAY \R \KH SO Q
VXFK DV

SOXILQ
GE16)3 SDWK WR GE16)3 J] /57BVFRUH *(53 B56

<RXP D\ L BDGH DOFBOXQV Z LR/ /WL VHWKHY D OUPH DP RXQW
Rl GDWW SHUYDUW QW

SOXJLQ GE16)3 SDWK WR GE16)3 J] $//

7DEL [DOR/DO D\RKH GDWB AO bRt EH KRWMG RQ D UHP R VHLYHU 7KL V
SOM. @ VXO GRP SDW B ALKNWXFK DVHXS W SO XWHWH85/ R
\KH UHP R AO H

SOXILQ
GE16)3 KWAB P\ | LOHV FRP GE16)3 J] FRO FRO

7KH SO QHSOMN RFFXWHGFHVR ZLKV DQG_ ZLKNV  +RZHYHU
VRP H GDWD AHO BROXQV HJ , QWHUSURBGRPDLQ XVH \WH

UHSOMP HQNFKDUDRMY : H DGGHG D AO BLRAHSOMP HOMDR. FRU
PXARP L IV QWH UHTXLHEG UHSOMP HOWR  DQG_ L @E16) 3 CDW
FROXQV ,QDGALIVRR WH GHDXOWSOMP HOV  \R  DQG_ R
XVHWY FDQ DGG FXVRP L MG UHSORBP HQN 8 VHY FDQ HLKMUP RGL\I
\WH AO BE16) 3BUHSODFHPHQMBORILF L @XH 9 ( 3BSOM. @

ALHARY RUSIRYL B\WH. BZ QA0 BV VHFRQG DUIXP HOAZ KHQFDO O L Q
WH SOM Q

SOXILQ
GE16)3 SDWK WR GE16)3 J] SDVWK WR GE16) 3BUHSCD
FHPHQMBORILF / 57BVFRUH * (53 B56

1 RM WDVWDQVAUL BYHTXHQFHY BHHUHGW L @E16) 3 PD\ EHRX\WR
W QF Z LKWRWH L GKH O\BMAHOIVH R ( QUHP EOWL W D\ OBG W

QL MUHSDQFL M Z LRAVFRUAHYV UL MHG TURP RIWHUVRXUFHV

JWHGEL6)3 5($' 0( A0 HVRXQGL G¥H VDP HGLHARY DV \KH
GDWY AO HFROXQ GHVFUL W/ RV Z L BHIHDG IURP KL \DQG L ERBRIDNG
L & \WH RXASXWAO KHDGHU

7KH SO @ DWKHV URZ VL GKH WBEL [L GH{ HGGE16) 3 AO RQ
& JHQRP L BRVULLVR

= DODD OH

s DDUH WHHHFHDPLRDA G

= DDDOVN DOHMDWMDP L RDFL G

7R P DK RQD RQWH JHQRP L ISRVLIVIR DQG \WH DOR® O MvH
SHSBPDWFK

SOXJILQ
CE16)3 SDWK WR GE16)3 J] SHSBPDWK FRO FRO

6 RP HAHO\GFRQIL @ XQA\® MDOBY RQH SHU( QUHP EORDQVAUL B/
% GHDXODMDYDOBK/ DUH UMMHG VHSDUDMGE\. L GH GHDXO 3
RXBXWRUP DW7R UMD YDOBK RQO IRUWH P DIRKHG ( QUHP EO
WDQUALL B/  XVHWUDQVFULSWBPDWEK 7KL \EHKDYL RURQO \
DITHAW WDQVRLL BYSHAL A AHOG QRQ WDQVALL B/SHAL A AHO\GDUA
XQDIHPWNG
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http://my.files.com/dbNSFP.gz
http://my.files.com/dbNSFP.gz
http://my.files.com/dbNSFP.gz
http://my.files.com/dbNSFP.gz
http://my.files.com/dbNSFP.gz
http://my.files.com/dbNSFP.gz
http://my.files.com/dbNSFP.gz
http://my.files.com/dbNSFP.gz
http://my.files.com/dbNSFP.gz
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SOXJLQ
CGE16) 3 SDWK WR GE16) 3 J] WIDQVFULSWBPDWFK  FR
O FRO

1% 8WL QWL VDU P D\ FDXVH QR YDORR UAMD L WH YHWL RR

\WH ( QvHP EORDQUALL BHWELIHY EHEHHQ ( QUHP ECD ( 3 DQG
GF16) 3

1% 0 X\BMY R7DWMUHQRAL W DUH NH HG RQ D GLIHHOWHWR
WDQVFW B/ V 8 WL OWH WUDQVFUL SWBPDWFK ADJ Z LKADQ

0 X\BMY 7 DWMUAHO @HORMG Z L ®EYH QR HIHFW.H DOHID. W DUH
UHMUHG |, QRWP DW R RQFRUAVSRQGL QWDQVAL BY IRU

0 XVBAY &7 DWMUAHONGFDQ EH IRXQG XL

KWB 777 P X\BW RDMMUR &KIB RV KW O

8 VDIHH DP SOV

PY GE16)3 SP a YHS 30XJLQV
YHS L YDULDWRQV YFI  SOXJLQ
GE16)3 SDWK WR GE16)3 J] FRO FRO
YHS L YDULDWRQV YFI  SOXJLQ
GE16)3 FRQVHTXHQFH $//  SDWK WR GE16)3 J] FRO
FRO
YHS L YDULDWRQV YFI  SOXJLQ
GE16)3 FRQVHTXHQFH BSULPHB875BYDULDQW LQWRQB
YDULDQW SDWK VR GE16)3 J] FRO FRO

$Q( QHP E®( 3 SON. GMDWIHML. ¥HV CDW IRUVSO L B YD QW ILRP iR 5te)
DWEL [L G{ HGGEW619 AO H SUHARIRQY

3OMVH FLWWH GEVF6 19 SXEO DIERDO® WL B( QUHP E( 3 L1RX
XVH KL AVRXUFH _KWB CDURY IRUEVDRODO R FROMON

TKHUW R % +76 SHOD WDH RUWEL [XW © B YVAWEH L QO GIHQRXU
SDIW \R XVH WL \BOX. 7 KH GEVF6 19 DB A0 FDQ EH GRZ QOIFEHG
IRP _KWBY MLAWJIRRIO ARP VLWWIFSJHOGEL6) 3

7KHAO A XWW¥EH SIRFHWHG DQG L GH HGE\ WBEL [EHRWHXVHE\ KL V
SON QEEVW619 KDV FRRWG. DMV IRUERK * 5 &K DQG

*5&K  \WHAO A XWEH SURFHWHG GLIHIHQ® DFFRWE. O\ \WH
DWHP EO \ RX XWH

ZIHW

IWs  GEQVI'S GEQVI S#GEQVI S VRIWIHQHW FV_FRP GEV
F619 1LS

XQ LS GEVF619  ]LS

KHDG Q GEVF619 FKU ! K

*5&K

FDW GEVF619 FKU _ JUHS Y AFKU _ VRUW N

N Q_ FDWK _ DzN _ EJ]LS F!
GEVF619 B*58K W WJ]

WEL[ V E H FF

GEVF619 B*58K W WJ]
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http://www.mutationtaster.org/ChrPos.html
https://github.com/Ensembl/VEP_plugins/blob/release/115/dbscSNV.pm
http://nar.oxfordjournals.org/content/42/22/13534
https://sites.google.com/site/jpopgen/dbNSFP
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
https://www.ensembl.orgftp//dbnsfp:dbnsfp@dbnsfp.softgenetics.com/dbscSNV1.1.zip
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VDLW Z LKVF WL WP D\ FKDQIH VR \WH GHDXORV L QXA
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SOJL @ VXO GRP SDW B ALRNWXFK DVHXYS W SO XVHWH 85/ RI
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SOXJILQ
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1 R \WDVWADQVRUL BYHTXHQRHY BHHUHG W L @EVF619 P D\ EHRXW
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GL FUHSDQFL MZ LRAVFRUHV U MHG TURP RIHUVRXUAHV

8 VDIHH DP S®&V

PY CGEVF619 SP a YHS 30XJLQV
YHS L YDULDW.RQV YFI SOXJLQ
GEVF619 SDWK WR GEVF619 B*5&K W W]

$Q( QHP E( 3 SOMN. WDW. BOW AV GHQRYR YDUL QN L @ 9&)
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* SDMIDQ'
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s SKHCRWSH RSW DO

;. WHMOWH. @HSRUBA. LRSW RDO
UHSRUW
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| XOOBU 6HWR R UHSRWDOWEHYV R YDUL QN RSW DO %
HSRUW  GHDXO WH SO &®QO UHSRW GH QRYR YDUL QW

7KH SO @DQWHQEH LXQ

YHS L YDULDWRQV YFI  SOXJLQ
' HLRYR SHG VDPSOHV SHG
YHS L YDULDWRQV YFI  SOXJLQ
' HLRYR SHG VDPSOHV SHG UHSRUVBGLU SDWK WR GLU
YHS L YDULDWRQV YFI  SOXJLQ
' HLRYR SHG VDPSOHV SHG UHSRUVBGLU SDWK WR GLU |
XOOBUHSRUW
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" HLIRYR SHG VDPSCHV SHG
YHS L YDULDW.RQV YFI SOXJILQ
" HLRYR SHG VDPSCHV SHG | XOOBUHSRUW

~ RVDJHE HOVIW $Q( QUHP EQD ('3 SO QDWIHAML ¥HV KDSOIRQUIAFL BR DQG
LYW WL ©\RIQVLIVMVBUREDEL. © VARUAY IRUDIHRWNG JHQHV IURP D GRVDIH
VHQULIVIAVIFDMBIO JXH SXEO KHG L @DSHU
KWBV 777 VAL EFHG HFWRP VAL EFHDWE B 6

3 OBVH FLIWH DERYH SXEO DW R DO® WL B( QMHP EQD ( 3 L1 RX XWH
WL BHVRXUFH

7KL \BON. @HMQY \X R VFRIHV

& S+ DSO RFRUHJL MV \WH SUREDEL © R\ JHQHEHL @
KDSOLRQXIAFL BWGHO\M R L BOWBQW

s S7U © RFRUHJL MV \WH SUREDEL © RN JHQH EHL @
WL SIRGHQLLVM GXSO D R L @OUBQN

3UH UHTXL MW <RX QHHG WH FRP SUMWHG WY A0 ARQIL RO\WH
GRVDJ H VHOLLIMMAWFRUIH 7KHAO H

&RO OBLEL 9B GRVDJ HBVHQULIV\BVFRUHV WY J] FDQEH

GRZ OIFEHG IRP KHUH

KWBV ] HORGRRU WHRG AOWR RO ORIZI 9B QRVDIH
BVHOVLIVIA\BVERUAV WY J]

2 SW &V DIH SDWHG R \WH SONX. @V NH YDOEXSDL\W

$U ' HVFUSWRQ
XP
HQW

ILC PDQEDWRY FRP SUIHWWHG WY A0 FRQIL ROGRVDIH
H  VHOLIWMWRIAV

FRY VHAWDOBKWR E\ GHDXO W WHSRW/HFRUHV RQO L IKH

HU  YDU QAFRYHY WH DIIHAWMG IHDUH FRP SOWO \HJ  D&19
\KDWGEXSO DMV \WWH JHQH 7 KH THDWUH L \D JHOH L KM @
CDWEDVH RKHZ L M L MAD WDQVAUL B/

8 VDIHH DP S®V

PY ' RVDJHGHQVLWLYLW SP a YHS 30XJLQV
YHS L YDULDWRQV YFI  SOXJLQ
' RVDIHBHQVLWLYLW | LOH ) 8// B3$7+B72 &ROOLQVBU&
19B GRVDJIHBVHQVLW. YLW BVFRUHV WY J]
YHS L YDULDWRQV YFI  SOXJLQ
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https://github.com/Ensembl/VEP_plugins/blob/release/115/DosageSensitivity.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/DosageSensitivity.pm
https://www.sciencedirect.com/science/article/pii/S0092867422007887
https://www.sciencedirect.com/science/article/pii/S0092867422007887
https://zenodo.org/record/6347673/files/Collins_rCNV_2022.dosage_sensitivity_scores.tsv.gz
https://zenodo.org/record/6347673/files/Collins_rCNV_2022.dosage_sensitivity_scores.tsv.gz
https://github.com/Ensembl/VEP_plugins/blob/release/115/Downstream.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/Downstream.pm
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https://www.ensembl.org/info/docs/tools/vep/script/vep_cache.html#fasta
https://www.ensembl.org/info/docs/tools/vep/script/vep_cache.html#fasta
https://github.com/Ensembl/VEP_plugins/blob/release/115/Draw.pm
https://metacpan.org/pod/GD
https://metacpan.org/pod/GD::Polygon
https://metacpan.org/pod/GD::Polygon
https://github.com/Ensembl/VEP_plugins/blob/release/115/Enformer.pm
https://www.nature.com/articles/s41592-021-01252-x
https://www.nature.com/articles/s41592-021-01252-x
https://console.cloud.google.com/storage/browser/dm-enformer/variant-scores/1000-genomes/enformer
https://console.cloud.google.com/storage/browser/dm-enformer/variant-scores/1000-genomes/enformer
https://ftp.ensembl.org/pub/current_variation/Enformer
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https://github.com/samtools/htslib.git
https://github.com/Ensembl/VEP_plugins/blob/release/115/EVE.pm
https://www.nature.com/articles/s41586-021-04043-8
https://evemodel.org/api/proteins/bulk/download/
https://evemodel.org/api/proteins/bulk/download/
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https://evemodel.org/api/proteins/bulk/download/
https://github.com/Ensembl/VEP_plugins/blob/release/115/FATHMM.pm
https://github.com/HAShihab/fathmm
https://raw.github.com/HAShihab/fathmm/master/cgi-bin/fathmm.py
https://raw.github.com/HAShihab/fathmm/master/cgi-bin/fathmm.py
https://raw.github.com/HAShihab/fathmm/master/cgi-bin/fathmm.py
https://raw.github.com/HAShihab/fathmm/master/cgi-bin/fathmm.py
https://raw.github.com/HAShihab/fathmm/master/cgi-bin/fathmm.py
https://raw.github.com/HAShihab/fathmm/master/cgi-bin/fathmm.py
https://raw.github.com/HAShihab/fathmm/master/cgi-bin/fathmm.py
https://raw.github.com/HAShihab/fathmm/master/cgi-bin/fathmm.py
https://raw.github.com/HAShihab/fathmm/master/cgi-bin/fathmm.py
https://raw.github.com/HAShihab/fathmm/master/cgi-bin/fathmm.py
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
http://fathmm.biocompute.org.uk/database/fathmm.v2.3.SQL.gz
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https://github.com/Ensembl/VEP_plugins/blob/release/115/FATHMM_MKL.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/FATHMM_MKL.pm
https://github.com/HAShihab/fathmm-MKL
https://github.com/Ensembl/VEP_plugins/blob/release/115/FlagLRG.pm
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://ftp.ebi.ac.uk/pub/databases/lrgex/list_LRGs_transcripts_xrefs.txt
https://metacpan.org/pod/Text::CSV
https://github.com/Ensembl/VEP_plugins/blob/release/115/FunMotifs.pm
https://www.biorxiv.org/content/10.1101/683722v1
http://bioinf.icm.uu.se:3838/funmotifs/
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https://github.com/Ensembl/VEP_plugins/blob/release/115/G2P.pm
https://doi.org/10.1038/s41467-019-10016-3
https://www.ebi.ac.uk/gene2phenotype/downloads
https://www.ebi.ac.uk/gene2phenotype/terminology
https://metacpan.org/pod/List::Util
https://metacpan.org/pod/FileHandle
https://metacpan.org/pod/Scalar::Util
https://metacpan.org/pod/Scalar::Util
https://metacpan.org/pod/Text::CSV
https://metacpan.org/pod/Cwd
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https://storage.googleapis.com/gcp-public-data--gnomad/release/3.0.1/coverage/genomes/gnomad.genomes.r3.0.1.coverage.summary.tsv.bgz
https://storage.googleapis.com/gcp-public-data--gnomad/release/3.0.1/coverage/genomes/gnomad.genomes.r3.0.1.coverage.summary.tsv.bgz
https://storage.googleapis.com/gcp-public-data--gnomad/release/3.0.1/coverage/genomes/gnomad.genomes.r3.0.1.coverage.summary.tsv.bgz
https://storage.googleapis.com/gcp-public-data--gnomad/release/3.0.1/coverage/genomes/gnomad.genomes.r3.0.1.coverage.summary.tsv.bgz
https://storage.googleapis.com/gcp-public-data--gnomad/release/3.0.1/coverage/genomes/gnomad.genomes.r3.0.1.coverage.summary.tsv.bgz
https://storage.googleapis.com/gcp-public-data--gnomad/release/3.0.1/coverage/genomes/gnomad.genomes.r3.0.1.coverage.summary.tsv.bgz
https://storage.googleapis.com/gcp-public-data--gnomad/release/3.0.1/coverage/genomes/gnomad.genomes.r3.0.1.coverage.summary.tsv.bgz
https://storage.googleapis.com/gcp-public-data--gnomad/release/3.0.1/coverage/genomes/gnomad.genomes.r3.0.1.coverage.summary.tsv.bgz
https://storage.googleapis.com/gcp-public-data--gnomad/release/3.0.1/coverage/genomes/gnomad.genomes.r3.0.1.coverage.summary.tsv.bgz
https://storage.googleapis.com/gcp-public-data--gnomad/release/3.0.1/coverage/genomes/gnomad.genomes.r3.0.1.coverage.summary.tsv.bgz
https://storage.googleapis.com/gcp-public-data--gnomad/release/3.0.1/coverage/genomes/gnomad.genomes.r3.0.1.coverage.summary.tsv.bgz
https://metacpan.org/pod/File::Spec
https://metacpan.org/pod/File::Basename
https://metacpan.org/pod/File::Basename
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1 HFHWDY EHRUH XWVL Q\WH SOX. (RIBWHPEO ¥ 5&K  7KH
IRO DLRDWMSV DUH CHFHWDW \R DEL. [WH J CRP DG JHCRP HV

FRYHIDIH AO H

IJXQ LS F

JQRPDG JHQRPHV FRYHUDJH VXPPDU\ WY EJ] _ VHG
\Y; I JORPDG JHQRPHV WDEEHG W/Y

EJ] LS JQRPDG JHQRPHV WDEEHG WY
WEL[ V E H
JQRPDG JHQRPHV WDEEHG W/Y J]

7KHIRO DLRDWMSV DUH QGHFFHWDW W \WREL [WH JQRP DGH RP HV

FRYHUDIH AO H
IXQ LS F
JQRPDG H[ RPHV FRYHUDJH VXPPDUW\ W/Y EJ] _ VHG
\Y I JORPDG H RPHV WDEEHG W/Y

EJ] LS JQRPDG H RPHV WDEEHG W/Y
WEL[ V E H
JQRPDG H[ RPHV WDEEHG WY J]

IRBWHPEO ¥ 5&K  7KHIRO DLRDWMSV DUH CHFHWDW VR \DEL [
\WH J QRP DG JHQRP HV FRYHIDIH AO H

IXQLS F
JQRPDG JHQRPHV U FRYHUDJH VXPPDU\ WY EJ]
VHG V ! JQRPDG JHQRPHVY WDEEHG WYY

VHG V ORFXV FKU?VSRV V  2WJ
JQRPDG JHQRPHVY WDEEHG WY !

JORPDG FK JHQRPHVY \ADEEHG WY

EJ] LS JQRPDG FK JHQRPHVY WDEEHG WY
WEL[ V E H

JQRPDG FK JHQRPHVY WDEEHG WY

7KL \BON. @ORA. W\R EH EDFNZ DUBY FRP SDW B BLKAROHE)
YHUL RV R WH FRYHUDIH VXP P DY AOVH L BDGL QUHOVHY

DQG 7 KHVH BHOVHV SURYL. B RQH FRYHUIH AO BHU

FKURP RVRP H DQG WHVH FDQEH XVHG DV L VZ LKRXWHTXL LU DQ,
SUHSUIRFHWL @

1\ RX XVH WL SO QSOMVH VHH \WH WP V DQG CDWI L [RWP DWW R
KWV JQRP DG EURDGL QA RU \MP V/

<RX P XWWDYHWH % R % +76 P RGXO RUWH DEL [X\W © P XWWEH
L Q@QBO GLHYRXUSDK \R XVH KL \BOX. Q

8 VDJHH DP SV

PY JORP$' F SP a YHS 30XJLQV
YHS L YDULDW.RQV YFI SOXJILQ
JORP$' F SDWK WR JQRPDG W/Y J]

2 $Q( QUHP E®( 3 SOM. DWW MHV* HOH2 QROR * 2 \MPV
hnzomey  DWRFLIBIGZLKMDQAL W HJ * 5&K  RUKH WDQOWEY HJ
*5&K  XVL OFXRP * )) DQQRIMW RFRQEL RO* 2 \MPV

7TKHPEXMEP * ) ) AOVHDUH DXVWRP DWW BO GUHDWG L IKH L &X\WO BR
CRWH L VE\ TXHY L QWH ( QvHP EGFRUH GDWEDVH DFFRUGE. D\R
CDWEDVH YHWL R VSHAL WMDQG DWHP EO XVHGL Q QHP EQD ( 3

1 R \WDWDXWRP DWV WL ¥DODL Q. WKWV QWH  RAL BRSW R

( QHPEO

7KH* )) AOWFRQDL ROWH* 2 \MIP V DUH VDYHG \R DQG O BEHG
IURP \KH Z RI\L DCLHARY E\ GHDXO WR FKDQIH \KL VSURYL BD
GQLHARY SDW DV DQDUXP HQW


https://gnomad.broadinstitute.org/terms
https://github.com/Ensembl/VEP_plugins/blob/release/115/GO.pm
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' HVFUSWRQ &DWIRY

SOXJLQ *2 GLU ~+20(° JRBWHUPV

JVRXU* )) AO KDVDPXMRP QDP H SOBVH SURYL BWH AOGDP H
GLHAD \

SOXJILQ *2 | LOH ~+20(° FXWARPBIRBVWHUPV JI | J]

TKH* 2 \WWUP V FDQ DOR/EH IFWKHG B\ JHQH P DWK - H-.RMUJ HCH
(QMHPEQ" RUJHQHW P EROL @MDG

SOXJLQ *2 PDWFK JHQH
SOXJLQ *2 PDWFK JHQHBW PERO

7R FUDW XVH D PXMRP * ) ) AO BiHVH SURJUDP V P XWEH L @O G H
L QRXUSD

® 7KH* 18 ]JBHS DQG* 18 VRWWRP P DQGV R FUHDM\KH* ) )
AOH

® 7KHWEL [DQGEJ] L S\W Q YW FUHDW DQG HDGWH* ) ) AO H
FKHANGKWBY  JLRIE FRP VDR RO KIWO LI E IRUL QO @ R
L QUKFW &V

$ CHEDW MO IRUFRP SDW E © SIERVHY WH SO @O D\RR XVH D
UHP RM FRQQHAW R\R \WH ( QUHP ECB3, B\ XVL © WP RM DVD
SDUDP HWMU 7KL WP KRG UL MAV* 2 WWMUP VRGHE\ RQH DWERW WH

WDQVALL BDQG WDQVO\W R OYHO 7KL . \CRWRP SDW/ B ALKADQ. RWHU
SDUDP HMY/

SOXJLQ *2 UHPRWH

8 VDIHH DP SG&V

PY *2 SP a YHS 30XJLQV

DXWRPDW.FDOO\ | HVWEK *)) | LOHV ZLWK *2 WHUPV
DQG DQQRAWDVWH LQSXW ZLWK *2 VHUPV

QRW FRPSDW.ECH ZLWK Rl | OLQH RSW.RQ

YHS L YDULDW.RQV YFI  SOXJLQ *2

VHW GLUHFWRU  XVHG WR ZULWH DQG UHDG *))
I LOHV ZLVWK *2 WHUPV

YHS L YDULDWRQV YFI  SOXJLQ
*2 QLU ~+20(° JRBWHUPV

DQORWDWH LQSXW ZLWK *2 WHUPV | URP FXVWRP *))
I LOH

YHS L YDULDW.RQV YFI SOXJILQ
*2 I LOH 7~+20(° FXVWARPBIJRBWHUPV JII J]

DQORWDVH LQSXW EDVHG RQ JHQH LGHQALI LHUWV
LQWMHDG Rl WUDQVFULSW/ \WUDQVODWLRQV
YHS L YDULDWRQV YFI  SOXJLQ *2 PDWFK JHQH

XVH UHPRWH FRQOHFW.RQ DYDLODEOH | RU
FRPSDW.ELOLW SXUSRVHV
YHS L YDULDW.RQV YFI SOXILQ *2 UHPRVWH

([ WO
QEWDUHY

' HYH&RSHU


https://github.com/samtools/htslib.git
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$Q( QHP EM®( 3 SON. GDNHM. ¥HV BHOYDQM. +* 5, (% * : $6
&DWWORGDW JL MQWH AO H

7KL \BON. @XSSRWV ERK \WH FXUDWG CDVD WDW. VRXQG L. GH
GRZ OBGVHAWRR WH1+* 5, (% * : $6 &DWORZ HEVLWDQG
\WH VXP P DU VABAWWY/ A 196 GHIDXOWH SOX. @WXP HV\WWH A0 H
SWRYL BG L WH FXUDWG A0 BXW RX FDQSDW WSH \AMBMM \R VDA

\ RX Z DQ/YR DQQRIEAM Z LKAD VXP P DY AW W/ ¥ AO H

3 OMVH FLHWH IRO DLRDSXEO DWW RDO®@WL. B( QHP E (3 LIRX
XVHWL VHVRXUAH _KWBV  SXEP HG CFELQO ). KIRY

3 UH UHTXL MW

) RUFXIDMG 1 +* 5, (% * : $6 &DWORAO H* : $6 AOWWFDQEH
GRZ QOIRHG IURP
KWBV 777 HELDF XNJZ DV DSLVHDUFK GRZ QO BBV DCHAIDW M

) RUVXP P DIV ABAY W/ AO H7 KH SO @DQ SURFHW \KH KDUP RQL NG
YHUL RR WH VXP P DU WIWW/¥AO H KL K FDQEH GRZ QOIRHG
IURP \KH) 73 VLIW

KWB_1\8 HELDF XN SXE GCDWEDVHV JZ DV VXP P DY BAIW W/ ¥

7KH DUH XQEHUGLMARY Z LRNVHOBIG \R \WHL MSHFL A* &67 L G RU

HDPSOH

KWB_1\8 HELDF XN SXE GMJEDVHV JZ DV VXP P DY BWDW W/ #* &67
* &67 * 867 KDUP RQL NG

* &67 ()28 K WY J]

3 OMVH NHHS \WH AOGDP H IRWP DADV L MWEHFDXVH AOGDP H L \BDWHG
RJIHW. [RP DIV R

: KHQ XQIRUWH AWMLY FH I RUHLKRMUWSH R AO RiYH SO @ L GUEDWM
D SURFHWHG AO WDVWKDYH JHQRP L OFRW RV DQG L GH HG DQG SXW. W
XQGHUWH Q. OFDWRGHMP L BGE (QHPE®(3 IGE RSWR

L WVHG GHSHQAL. QRQWH AO M. [H L VL BVWIINH KRXUV \R FUHDWM \KH
SURFHWHG AO Hp XEVHTXHQWXQV Z L BHODWMUDV \WH SOX. @ L 6HD
XVL OWH DOHDG. JHCHUDWG SURFHWHG A0 HKL YRSW R L \CRWKVHG

E\ GHDXODYG \WH YDUL QA [RWP DW R L HQHDO GBNHQ GLHA® \

IURP WH AO BURYL BG

2 SW |V DUH SDWHG \R \WH SO @V NH YDOEXSDL\W

$U ' HVFUSMRQ
XP H
0%

ILO PDQCDWRY 3DWWR*: $6 FXUDWMGRUVXP P DY ADW W/ V7
H  AOH

WS WSHR WHAO DO LYBOK/ DUH FXUDNWG DQG \AARAM
H VXP P DY DWW ' HDXOIMYFXUDWG

YHU Q. SO\DL R OWHCOP HAWDIHV 9D0 LYBORW/DWH RU ' HDXO W
ERV LV

GE  JHWDUW QA RP DWW RIWRP ( QuHP ECCDWEDVH GXUL
FUDW RR SURFHWHG AO 19DO LYBOBYDUH RU ' HIDXOIW
YDUL QAL [BUP DW RL WL MHGIURP FXUDWG A0 H

8 VDIHH DP SOV

PY *:$6 SP a YHS 30XJLQV
YHS L YDULDW.RQV YFI SOXJILQ
*:$6 | LOH )8//B3$7+B72 JZDVBFDWDORIBY

([ WLQDO " HYHBRSHU
CEWDUHY

o swWpEQE (QHPEO
TZ GFO@®

s )L ODHD
PHY


https://github.com/Ensembl/VEP_plugins/blob/release/115/GWAS.pm
https://pubmed.ncbi.nlm.nih.gov/30445434/
https://www.ebi.ac.uk/gwas/api/search/downloads/alternative
http://ftp.ebi.ac.uk/pub/databases/gwas/summary_statistics
http://ftp.ebi.ac.uk/pub/databases/gwas/summary_statistics/GCST000001-GCST001000/GCST000028/harmonised/17463246-GCST000028-EFO_0001360.h.tsv.gz
http://ftp.ebi.ac.uk/pub/databases/gwas/summary_statistics/GCST000001-GCST001000/GCST000028/harmonised/17463246-GCST000028-EFO_0001360.h.tsv.gz
http://ftp.ebi.ac.uk/pub/databases/gwas/summary_statistics/GCST000001-GCST001000/GCST000028/harmonised/17463246-GCST000028-EFO_0001360.h.tsv.gz
https://metacpan.org/pod/Storable
https://metacpan.org/pod/File::Basename
https://metacpan.org/pod/File::Basename
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+* 96, QARQ?2
[HVH&

Q8P

" HVFUSWRQ

DVWRFLDW.RQVBH  BU WY
YHS L YDULDWRQV YFI  SOXJLQ
*:$6 W SH VWMDWH | LOH ) 8// B3$7+B72

* 867 ()2B K WY J]

$Q( QHP EX (3 SONK QRUWH ( QvHP EDUL QN 11HAVB UHAL YRU

9(3 WDWHMWOQV+* 96 L QRQWIWDQG HQGRIVHW 7R EH XVHG
ZLRNV KIWRSW R

8 VDUH H DP SGV

PY +*96, QMURQI | VHW SP a YHS 30XJLQV
YHS L YDULDQW YFI  KJYV  SOXJILQ
+%96, QMRQ2! | VHW

$Q( QHP EX® ( 3 SO GKDWHWL ¥HV P ROFXO W WADRWY R CD\W IRU

YDUL QN DV UHSUMG E\ |, Q& PNVEDWEDWH

30MVH FLWWH , Q&/PWBXEO D R DO@ WL B( QUHP EC( 3 LY RX XVH

KL VBHVRXUAH _KWBV  SXEP HG QFELQO R KIRY

3 UH UHTXL MW

, Q& PWAOWWFDQ EH GRZ QOIRHG [URP
_KWBV_1\8 HEL DF XN SXE CDWEDVHY L WRWEXWHOADUL. RV

7KHJHQRP L OFRW RP DSSHG A0 BHHGV R EH\BEL [L GH HG
<RX FDQGR KL B\ IRO DLRDFRP P DQGV

D ACHUAVRWDQGWHQ] L S

JUHS Y H A H A>? @ PXWDW.RQ@BJIFBPDS W W

_VHG V _DZN ) W %*, 1 A
2)6 W AL ! AD D
SUUQW  °  _ VRUW N N Q N Q_ EJLS

I PXVWDW.RQBIJFBPDS W W J]

E FUDW\DEL [L G{ HGAO H

WEL[ V E H | PXWDWRQBIJFBPDS W W J]

$V\ RXKDYHDOHDG QRIVAG WBEL [XW © B XYWEH L QRO GLHQ
\ RXUSDK R XVH WL \BOX. Q

2 SW |V DIH SDWHG \R WH SO @V NH YDOEXSDL\W

$UXPHON ' HVFUSWRQ

PDSSLQIBI L P DQEDWY 3DW\RWEL [L GH HGIJHQRPL F
CH OMDW RP DSSHGAO H

PXWDW.RQBI P DQEDWRY 3 DWW \R, Q& PWEDWD A0 H
LOH

% GHDXOWH RXA\SXW L O V FRQEL CHDWUHBWSH DQG

&DWIRY

) XQRIRQDO

HIHFW

L BIDRWY §BDF IURP \WH , Q& PWEDW A0 KRX FDQ DOR/DGG P RUH AHOG

XWL OWH IRO DLRDNH  YDORKRSW RV

$ W XP HQW ' HVFUSWRQ

| HDWKUHBDF 6 HAWDOBKWR  \RL BDGH) HDMUH$& L Q
\KH RXABXW

( [ WLQDO " HYHBRSHU
QEWDUHY

6 \MSKHQ

. D/ D\RII

( QHPEO


https://github.com/Ensembl/VEP_plugins/blob/release/115/HGVSIntronOffset.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/HGVSIntronOffset.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/IntAct.pm
https://pubmed.ncbi.nlm.nih.gov/24234451/
https://ftp.ebi.ac.uk/pub/databases/intact/current/various
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/ IQNDUH
" WHTXITEUXP

" HVFUSWRQ &DWIRY
$UWXP HQW ' HVFUSWRQ

| HDWKUHBVKRUWBOD 6 HWDORKWR R L BDGH ) HDWUH VKRW

EHO OO QH RXABXW

| HDWKUHBDQORVWDW. 6 HWDOBKWR R L BDGH ) HDWUH
RQ DQORIMY R L GKH RXSXW

DSBDF 6 HAWYDOBKWR R L BDGH $ IIHRMG SIRM. Q
$& L QH RABXW

LQAHUDFW.RQBSDUW 6 HWDOEKWR R L BDGH ,QMDRWY R

LFL SDQW\/ SDUV E BOV L GH RXBXW
SPLG 6 HWDOEXW R L BDGH3XEO0 HG' L GKH
RX\BXW

7 KHUH DUH DORAR R RIWHUNH  YDOEXRSW &V IRUPXRP L [ ©\KH
RX\BXW

$UX ' HFUSURQ
P HQW
DOO  6HWDOBKWR \R L BDGH DOVEH AHO\G

PLQLF 6 HAWDOB\R \R RYHZ ULWEH DXOBMKDYL BDQG L BDGH
DO RQD L BADFW BBDF L GH RX\SXWE\ GHDXO W

6 HH Z KDWKHVH RSW &V P HDQ
KWBV ZZZ7 HELDE XNL WRWERZ QOB COMWVHW P XMWY &V

1 RM \WDWL BADRW R DFFHWL R FDQ EH XVHG R O N& IXOGMIL 0RY
\WH L \BUDRWY R Z HEVLIW) RUH[ DP SO K KHUH \WH RXASXWIHSRIW DQ
L @UDRW RBDF R ( % \WH85/ ZRXO EH

KWBV 777 HELDE XNL WAL O X\BADRW R (%

8 VDUH H DP SGV

PY , OMFWSP a YHS 30XJLQV

YHS L YDULDWRQV YFI  SOXJLQ
, OWBFW PXWDW.RQBI LOH ) 8/ / B3$7+B72B, QW$FVB) , / (
PXWDW.RQV WY PDSSLQIBI LOH ) 8// B3$7+B72B, QNSFW
B),/( PXWDW.RQBJFBPDS W W J]

YHS L YDULDWRQV YFI  SOXJLQ
, OWBFW PXWDW.RQBI LOH ) 8/ / B3$7+B72B, QWSFVB) , / (
PXWDW.RQV WY PDSSLQIBI LOH ) 8// B3$7+B72B, QA\SFW
B),/( PXWDW.RQBJFBPDS WW J] PLQLPDO

$Q( QHP EM®( 3 SON. GMDWAQGY YDUL QW L @ NIQH GL MTXL QULFE

ZLRADQ RYHOSSL OH LW QYD QN IURP \WH ( QUHP EODUL IV R
GDWEDVHV

<RX FDQ FRQAIXUH WH SRSXOMU R XVHG R FDOXO\BI\WWH U YDOBK DQG
WHU FXWRI XVHGE! SDWL ODUXP HQN R WH SO QL DKH

FRP P DQGO HQHSDUIDWGE\ FRPP DV 7KL \BOX. @GGV/D WL @O H
QHZ HOWN VR WH ( [ WD FROXQZ LKAD FRP P D VHSDUDIMG O WWRY O N
YDU QN VDQG\WH DWRFL MG U YDORY/

/ L HGODU QN Y/ W

,I CRDUXP HQN DUH VXSSO G RiH GHDXOSRSXOW  XVHG L WH
&( 8 VDP SO HRP \WH * HCRP HV 3 UIRVIFMBKDVH  DQG \KH
GHDXOWFRXWII XVHGL V

© $51,1* &DOXOW®/' L \DUHOWMO VORSURFHGXWH VR\KL ZL O O
L BHDVH LXQWY A FRQUL BIDEO ¥ KHQ XQQL RQOUDH QXP EHY R

([ WO
QEWDUHY

' HYH&RSHU

( QHPEO


https://www.ebi.ac.uk/intact/download/datasets#mutations
https://www.ebi.ac.uk/intact/details/interaction/EBI-12501485
https://github.com/Ensembl/VEP_plugins/blob/release/115/LD.pm

3AJIQ ' HVFUSWRQ

YDUL QN & RQUL BUKQQL QYHS IRO DHRSE\ ACHBYHS \R JHVWD
VP DO OLHXKWHW

YHS L LQSXWYFI FDFKH YFI R LQSXVBYHS YFI

| LOAHUBYHS L LQSXWBYHS YFI | LOAHU
&RQVHTXHQFH LV PLVWHQVHBYDULDQW !
LQSXWBYHSBI LOAHUHG YFI

YHS L LQSXWBYHSBI LONMHUHG YFI  FDFKH SOXJLQ
/

8 VDJHH DP SOV

PY /' SP a YHS 30XJLQV
YHS L YDULDW.RQV YFI SOXJILQ

/" *(120(6 SKDVHB &8
YHS L YDULDWRQV YFI  SOXJLQ
/' SRSXODW.RQV *(120(6 SKDVHB &(8 (1
20(6 SKDVHB 385 *(120(6 SKDVHB 678
| RFDQ & 7KH/ RFDO , SO @O D\R RX \R XVH YDUL QN VDV L §XWZ LKRXW
P DN_ (OD GDWEDVH FRQGHAW R
5 HTXLHY VTOHL W

$ OFRO/TOH. VEDMWEDVH L SVHG\R ORI XS YDUL QN V WL V. V
JHCHIDWG HLRMUIURP ( QUHP EQ/ SXEO IGBWEDVH YHIY VOR EXW
L BDGHVM QRO PV RUIRP ( QuHP EQD ( 3 FDFKH AO HDWMU

H FOGHVVI GRQ PV

1% WL \BON. Q L2 7 FRP SDW © ALKMH HOVHP EORRO V
YOUL QBHIHABSUHGEL WRUSOYHIL RR ( QUHP EXD( 3

8 VDOHH DP S®&V

PY /RFDO,' SP a YHS 30XJLQV
I LUVW UXQ FUHDWH GDWDEDVH

(, 7+(5 FUHDWH | URP ( QVHPEO YDULDW.RQ GDWDEDVH
9(5< VORZ EXW LQFOXGHV YDULDQW WA QRQ\ PV LI
QRW UHTXLUHG VHH QH[ W FRPPDQG
YHS L YDULDQOWBLGY WW  SOXJLQ
/ RFDO,' FUHDWHBGE VDI H

25 FUHDWH | URP FDFKH GLUHFWRU\

| DVWHU EXW GRHV QRW LQFOXGH W\ QRQ\ PV

SDUDPHWHU SDWWHG WR | URPBFDFKH PD\ EH | XQO
SDVWK WR FDFKH H J

+20(  YHS KRPRBVDSLHQV  B*58&K

FDFKH PD\ EH WDEL[ FRQYHUWHG RU LQ GHI DXOW
VVDVWH

KWAB  ZZZ HQVHPEO RUJ LQ R GRFV WWRROV YHS VFU
LSW YHSBFDFKH KWPO FRQYHUW

YHS L YDULDQOWBLGY WW  SOXJLQ
/RFDO,' FUHDWHBGE | URPBFDFKH VDI H

VXEVHTXHQW UXQV
YHS L YDULDQNBLGY WW  SOXJLQ / RFDQ, '

GE | LOH FDQ EH VSHFLI LHG ZLWK GE >I LOH@

GHI DXOW | LOH QDPH LV

+20(  YHS >VSHFLHV@8>YHUVLRQ@8>DVWHPEO @ YDULD
QMBLGV VTOLWH

&DWIRY

| RRNXS

([ WO
QEWDUHY

' HYH&RSHU

( QHPEO


https://github.com/Ensembl/VEP_plugins/blob/release/115/LocalID.pm
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/ RWR IXGAIRQ

" HVFUSWRQ &DMIRU ( [ WALQDO
CEWDUHY

YHS L YDULDQWBLGY WW  SOXJLQ
/ RFDO, " GE P\ BCEBI LOH WW

7KL W \D SO QRUWH ( QUHP ECODUL QA I1HPVB UHAL YRU 9( 3 \WDW
DCGVWH/ 2 (8) VFRIAV\R9( 3 RABXW 2 ( 8) BQGV IRUWH O/
R IXQRW R REVHYHG H SHAMG XSSHUERXQG I IDFW R

7KH VFRUH FDQ EH DCGHG P DWKL QE\  HLRMUDQVFUL BRUJ HCH
: KHQP DWKHGE\ JHQH || P XO\8 RDQVAUL & DUH DYDL @@ HRUD
JHH WH P RWWHYHUH VFRUH L \BHSRUMG
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https://metacpan.org/pod/Scalar::Util
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https://metacpan.org/pod/DBI

3AJIQ ' HVFUSWRQ &DWIRY ( [ WDO ' HYH&RSHU
CEWURV

/ R) \RRCBURYL BV D DDQN R JHQL . WO UBQRH DQG FRQVHTXHQW
VXVFHSWY E © \R\GL MDVH EDVHG RQ\WH DIV R / RW R IXFWR / R)
R QRQ P RXV P X\BAY R IRUHDFK JHQH L Q L @ IYRDO NRP
([$& DAVIVKY DIRUIKH JHQH GH QRYR P XWBAY R UDW DQG

HYRO\W RDUY SURM. GROMHYDW R 7KH ORHUWH/ R) \RRQJHQH VFRUA
SHUFHQWY O P RWIL O UBQA. WH JHQH \R IXGRW RDOYDUL IV R ) RU
P RUH GHVIL CSWIVH VHH ) DAL WB- HADO 30,

7KH DXWRWY Z RXO G H R \WDQN\WH ( [ RP H$JJ UHI DW R & RQRWY R
DQG \WH JURXSV \WDVBURYL BG H RP H YDUL QACDWY IRUFRP SDIL RQ $
IXOWWRY FROL. RW §JURXSV FDQ EH IRXQG DW

KWB_H DF EURDGL VX RU DERXW

7KH/ R \RROBRUAV WO HVRXQG DO@ WL BWH SOX. @ GkH
9( 3BSOXL @* LWXE WHSR

7R XVH DQRMHUVFRUHV A0 HDGG L IV D SDUDP HWULH

YHS L YDULDQW YFI SOXJILQ
/ R V\RRO VFRUHVBI LOH WW

8 VDOHH DP S®&V

PY /R)WRRO SP a YHS 30XJLQV
PY / R)WRROBVFRUHV WW a YHS 30XJLQV
YHS L YDULDQW YFI  SOXJLQ / R) WRRO

[29' & $Q( QHPEM®( 3 SON. GNDWHM. ¥HV/ 29" YDUL IV R CDWU IURP /: 3 8VH$IH (QHPEO
Heo2sn KB ZZZ OYSQO fo.’;

SDIDIRQ 3OMVHEHDZDUHWDW 2 9" L \D SXEO LAVRXUFH Rl FXUDWMG YDUL QN
\KHUHRUH SOMVH UAVSHRWKL. WHVRXUFH DQG DYRL G @IV MTXHUL @
R WHL GDWEDVHY XL QWL \BOL DV L AL © FSDFVWH DYDL GLOD L W
R KL VHVRXUFH IRURKHY

8 VDIHH DP S®&V

PY /29" SP a YHS 30XJLQV
YHS L YDULDW.RQV YFI SOXJLQ /29

0 DAMP 10GF 7KL . \D SOX. QRUWH ( QUHP ECODUL QW ITHAVB UL WRU 9( 3 WDW BT e =T (QHPEO
XVHV \WH O DWMP L Q* HQRP L 6 HDUK ( QIL B W DG
KWBV 777 JHORP HCROFRP P DWMP L G \R UHSRWWDIL QVWDV [z e
KDYH FO L BOHYL BOFH FLIG L WH P HGL ECOHLENAUH ,W. \DYDL BDH
IRUERK* 5&K DQG* 5&K

3OMVH FLHWH 0 DWMUIP L QSXEO DWW RDO®W. B( QHPE® (3 L |
\ RX XVH WL VHVRXUFH
KBV 7277 [ROWVEL ®J DWO H 1IJHCH

5XQQL ORSW R 7KH SON. @DV P XA\® BDUDP HMY/ \WH AVMRCH L V
H SHAMG\R EH \WH AO BDP H SDW! Z KL K FDQ EH IRO DHIS E\

RSW EDOADIV ' HIDXO WH SO @ DWRKHV \KH FLINY R DY Z LKAWH
VSHAL AP X\DW R 8 VL QAVWADD  UHMUQV \KH FLIWY & IRUDO O

P X\ &V WDQUFUL W 8 VL OWH VHFRQGADD  RQD UHMDY WH

0 DWMP L GYDU QA BOVAUV 8L QWHWLGAD]  DORUHMDY
\WWHO DWMP L G85/

2 XM@XW7 KH RAVSXW. BD GV WUHH XQL XHFRXQW 0 0 &1 7
00&17 00&17 DQGRQHLBQWAI0,' WEHXVHGWEXLO G
DQ85/ ZKL RWKRZVDOMIVEWHWRP 00 &17

s 00&17 L WHFRXQAR 0 DAMP L QDWBWZLKF 1$ P DIRKHV
IRUD VSHFL A YDUL QW


http://exac.broadinstitute.org/about
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http://www.lovd.nl/
https://metacpan.org/pod/LWP::UserAgent
https://metacpan.org/pod/LWP::UserAgent
https://github.com/Ensembl/VEP_plugins/blob/release/115/Mastermind.pm
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https://www.frontiersin.org/article/10.3389/fgene.2020.577152
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https://github.com/Ensembl/VEP_plugins/blob/release/115/MaveDB.pm
https://www.mavedb.org/
https://ftp.ensembl.org/pub/current_variation/MaveDB/MaveDB_variants.tsv.gz
https://ftp.ensembl.org/pub/current_variation/MaveDB/MaveDB_variants.tsv.gz
https://ftp.ensembl.org/pub/current_variation/MaveDB/MaveDB_variants.tsv.gz.tbi
https://ftp.ensembl.org/pub/current_variation/MaveDB/MaveDB_variants.tsv.gz.tbi
https://doi.org/10.1186/s13059-019-1845-6
https://metacpan.org/pod/File::Basename
https://metacpan.org/pod/File::Basename
https://metacpan.org/pod/Bio::SeqUtils
https://metacpan.org/pod/Bio::SeqUtils
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https://github.com/Ensembl/VEP_plugins/blob/release/115/MaxEntScan.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/MaxEntScan.pm
http://hollywood.mit.edu/burgelab/maxent/Xmaxentscan_scoreseq.html
http://hollywood.mit.edu/burgelab/maxent/Xmaxentscan_scoreseq.html
http://hollywood.mit.edu/burgelab/maxent/download/
https://metacpan.org/pod/Digest::MD5
https://github.com/Ensembl/VEP_plugins/blob/release/115/MechPredict.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/MechPredict.pm
https://metacpan.org/pod/Data::Dumper
https://metacpan.org/pod/Data::Dumper
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https://doi.org/10.1371/journal.pone.0307312
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https://github.com/Ensembl/VEP_plugins/blob/release/115/MPC.pm
https://ftp.broadinstitute.org/pub/ExAC_release/release1/regional_missense_constraint/
https://ftp.broadinstitute.org/pub/ExAC_release/release1/regional_missense_constraint/
https://github.com/Ensembl/VEP_plugins/blob/release/115/MTR.pm
http://gnomad.broadinstitute.org/
http://genome.cshlp.org/content/27/10/1715
http://biosig.unimelb.edu.au/mtr-viewer/downloads
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https://github.com/Ensembl/VEP_plugins/blob/release/115/mutfunc.pm
http://msb.embopress.org/content/14/12/e8430
https://ftp.ensembl.org/pub/current_variation/mutfunc/mutfunc_data.db
https://ftp.ensembl.org/pub/current_variation/mutfunc/mutfunc_data.db
https://metacpan.org/pod/List::MoreUtils
https://metacpan.org/pod/List::MoreUtils
https://metacpan.org/pod/DBI
https://metacpan.org/pod/Digest::MD5
https://metacpan.org/pod/Digest::MD5
https://metacpan.org/pod/Compress::Zlib
https://metacpan.org/pod/Compress::Zlib
https://github.com/Ensembl/VEP_plugins/blob/release/115/NearestExonJB.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/NearestExonJB.pm

3XJQ

1 HDUHWW HO

' HVFUSWRQ &DWIRY

$UX ' HFUSWRQ
P HQW
PD[B POLAP VHDUK DQIHL @S GHDXO W

ubQ
H

LOAL VHWR  \R FKHAN GHDUAWH RQV IRUL @RQL FYDUL QW
RQLF  GHDXO W UMY \WH QHDUAMAH RO XSWHDP DQG
GRZ QAWDP Z LKRXWARQUL BUL Q\WH P D] BIDQIH

3 DUDP HWY DUH SDWHGH J

SOXJLQ 1HDUHVW( [ RQ % PD[ BUDQIH
SOXILQ

1HDUHVW( [ RQ % PD] BUDQIH LQWIRQLF
SOXILQ 1HDUHVW( [ RQ % LQARQLF

8 VDIHH DP S®&V

PY 1HDUHVW([RQ % SP a YHS 30XJLQV
YHS L YDULDWRQV YFI  FDFKH  SOXJLQ

1HDUHVW( [ RQ- %

7KL W \D SO QRUWH ( QUHP ECODUL QY I1HAVBBHAL YRU 9( 3 WDw [IETTSTS
AQGV WH QHDUAVWIHQH V \R D QRQ JHQL FYDUL QA RUH \WDQRCH IHDWUA
JHQHP D\ EH UHSRUMG L WWH J HQHV RYHD SWH YDUL QARUL I HQHV

DUH HTXL GMBQARUL RSW R ERWKBGL UHFW.RQV L XVHG

9D RVNH  YDOBKSDUDP HWAY FDQ EH DCHMGE\ SDWL Q\WWHP \R
\WH SO GRP P DQG

$SUXP ' HVFUSWRQ
HQW

OLPLW O LLR¥H QXP EHUR JHCHV UIHMUHG GHDXO W

UDQUH L QWDVHDUWK IDQIHL @S GHDXO W

PD{BU PD[LRP VDUKWDQJHL @S GHDXO W
DQIH

ERVKB UMD \WH QHDUAA HQHV XSVWHDP DQG GRZ QUWDP R

GLUHF  \WH YDU QWKL RSW R RYHZ UV WH O LA QRWM \KDW

W.RQV \KH P D[ BUDQIH DIIHAW WH VHDUFK IDQIH L @RK
QMW RV

3 DUDP HWMY/ DUH SDWHG H J

SOXJILQ 1HDUHVW HQH OLPLW  PD[ BUDQIH
SOXJILQ
1HDUHVW HQH PD[ BUDQIH ERVKBGL UHFW.RQV

7KL \BON. @HTXLHY D GDWEDVH FRQCHRW R, WADQQRWEH LXQL Q
RAL BP RCHLH X\ OWH RAL BAD)

8 VDOHH DP S®&V

PY 1HDUHVW HQH SP a YHS 3O0OXJLQV
YHS L YDULDW.RQV YFI FDFKH  SOXJLQ

([ WO
QEWDUHY

' HYH&RSHU

( QHPEO


https://github.com/Ensembl/VEP_plugins/blob/release/115/NearestGene.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/NearestGene.pm
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https://github.com/Ensembl/VEP_plugins/blob/release/115/neXtProt.pm
https://www.nextprot.org/
https://doi.org/10.1093/nar/gkz995
https://snorql.nextprot.org/
https://metacpan.org/pod/JSON::XS
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https://github.com/Ensembl/VEP_plugins/blob/release/115/NMD.pm
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https://github.com/Ensembl/VEP_plugins/blob/release/115/OpenTargets.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/OpenTargets.pm
https://genetics.opentargets.org/
https://ftp.ebi.ac.uk/pub/databases/opentargets/genetics/latest/OTGenetics_VEP
https://ftp.ebi.ac.uk/pub/databases/opentargets/genetics/latest/OTGenetics_VEP
https://doi.org/10.1093/nar/gkaa84
https://metacpan.org/pod/Bio::SeqUtils
https://metacpan.org/pod/Bio::SeqUtils
https://metacpan.org/pod/File::Basename
https://metacpan.org/pod/File::Basename
https://github.com/Ensembl/VEP_plugins/blob/release/115/Paralogues.pm
https://metacpan.org/pod/File::Basename
https://metacpan.org/pod/File::Basename
https://metacpan.org/pod/List::Util
https://metacpan.org/pod/File::Spec
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&RO@VHSDUDMG O WA/ L [RUP DW RIURP SDUDEJ XH YDUL QW
R RABXWGHDXO W

LGHQWALI LHU DOOHOHV FOLQLFDOBVLJIQLI LFDQFH

NH\ Z RUB DOO FDQ EH XVHG R SUL QDOABIOG DYDL BDEHONG
L BDGH LGHQALI LHU FKURPRVRPH VMDUW DOOHOHV
SHUFBFRY SHUFBSRV DQGFOLQLFDOBVLJIQLI LFDQFH L |
FOQVLJBFROL \BHAGHG IRUPXRP 9&)  DGALWVRDOMHONG
DUH DYDL B®BHSHQGE QRQ YDUL QURXUH

e ( QP E®( 3 FOFKH HQG DQG\WUDQG

s (QHPEG3, HQG WWDQG VRXUFH FRQVHTXHQFH
DQG-J HQHBW\ PERO

s &XWRP 9&) TXDOLW | LOMUDQGQPHR ,1) 2
AHO\G

Q5 -


https://ftp.ensembl.org/pub/current_variation/Paralogues
https://metacpan.org/pod/Bio::SimpleAlign
https://metacpan.org/pod/Bio::SimpleAlign
https://metacpan.org/pod/Compress::Zlib
https://metacpan.org/pod/Compress::Zlib
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$U ' HVFUSWRQ
XP
HQW
& 0 DIWKHV AO HFKHFN FROXQQDP HV L @O KHDGHU

&0 L BD/L @l FDQFH \MP \R ACHAYDUL QV GHDXO W
FO SDWKRIHQLF XVHLJQRUH R IHWK DOSDUDOJRXH YDUL QN

QY WIDWBOWR FO L BDL QL ADQRH
LJ

FO 7\SHR P DK Z KHQACHW O YDUL QN EDVHG RQRSW R
QV FOQVLJ SDUW.DO GHDXO W[ DFWRUUHJH[

LJ

BP

DW

FK

FO &ROXQQDP HFRQEL ROFO L BDA QL FDQFH L GXRP 9&)
QU WHTXLMBZ LKAYFI RSWRDQGL FOQVLJ L \QRW.J QRUH

LJ

BF

RO

PL OLDXP DO CRHMBHFFHQMIH R WH SHSW B DWRFL 1BIG
QB ZLRWH L §XWDUW QNVGHDXO W

SH

UF

BF

RY

PL OLDXP SHFHQMHR SRULIMWM. R QLWVEHE HHQ ERW
B KRPROXHV GHDXO W

SH

UF

BS

RV

UH  %RRO DD YDO KR UHMLQ UHI L BV XVHG\R ORI XS SDUDORXH

JL
RO YDULDQW/  GHI DXOW
\%

7KH\BEL X\W © B YWMEH L QEO GIHQRXUSDW \R UHDG \WH SDUDO JRXH
DQORIW R WH PXWRP 9&) AO BQG\KH P DWKHV A0 H

8 VDIHH DP S®&V

PY 3DUDORIJXHV SP a YHS 30OXJLQV

) LQG SDUDORIXH UHILRQV R DOO LQSXW YDULDQW

XVLQ) ( QVHPEO SDUDORIXH DQQRWDW.RQ
DXWRPDW.FDOO.  FUHDVWHG LI QRW LQ FXUUHQW

GLUHFWVRU\  DQG | HWFK YDULDQW/ ZLWKLQ

WKRVH UHILRQV | URP ( QVHPEO 9(3 FDFKH DQG
ZKRVH FOLQLFDO VLJQLI LFDQFH SDUW.DOO\

PDWEKHV ~ SDWKRJHQLF

YHS L YDULDWRQV YFI  FDFKH  SOXJLQ
3DUDORIXHV

) LQG SDUDORIXH UHILRQV R LQSXW YDULDQW

XVLQ) ( QVHPEO SDUDORIXH DQQRWDW.RQ
DXWRPDW.FDOO.  FUHDVWHG LI QRW LQ FXUUHQW

([ WO
QEWDUHY
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QEWDUHY
GLUHFWRU\  DQG | HWEK YDULDQW ZLWKLQ
WKRVH UHJILRQV | URP D FXWWRP 9&) | LCH
UHJDUGOHW Rl WKHLU FOLQLFDO VLJQLI LFDQFH
YHS L YDULDWRQV YFI  FDFKH  SOXJLQ
3DUDORIXHV YFI  SDWK WR | LOH YFI FOQVLJ LJQRUH

6DPH XVLQ D FXWARP 9&) | LOH EXW | LONHULQJ
IRU SDVWKRIJHQLF  YDULDQW

YHS L YDULDW.RQV YFI FDFKH SOXJLQ
3DUDORIXHV YFI  SDWK WR | LOH YFI FOQVLJBFRO & 1
6, *

6DPH EXW RXWSXW GLI | HUHQW | LHOGV

YHS L YDULDWRQV YFI  FDFKH SOXJLQ
3DUDORIXHV YFI  SDWK WR | LOH YFI J] FOQVLJBFRO
& 16,* | LHOGV LGHQALI LHU DOOHOHV &/ 16, * & 19, *
(1(,1)2

8VH D | LOH ZLWK UHILRQV PDWFKHG WR SDUDORJXH
YDULDQAW | DVWAHVW PHVKRG

GRZQORDG PDWEKHV | LOHV | URP
KWABV | WS HQVHPEO RUJ SXE FXUUHQWBYDULDW.RQ 3
DUDORI XHV

YHS L YDULDWRQV YFI  FDFKH  SOXJLQ
3DUDORIXHV PDWFKHV 3DUDORJXHV SPBKRPRBVDSLHQVB

B*58K BFOLQYDUB WY J] FOQVLJ LIQRUH

6DPH XVLQJ D PDWKHV | LOH EXW | LOMHULQI | RU
SDWKRIJHQLF  YDULDQW  GHI DXOW
YHS L YDULDW.RQV YFI FDFKH  SOXJLQ
3DUDCRIXHV PDWFKHV 3DUDORIXHV SPBKRPRBVDSLHQVB
B*5&K BFOLQYDUB WY J]

) HWFK DOO ( QVHPEO YDULDQW LQ SDUDORJXH
SURVWHLQV XVLQJ RQO\ WKH ( QVHPEO $3,

UHTXLUHV GDWDEDVH DFFHW

YHS L YDULDW.RQV YFI GDWDEDVH  SOXJLQ
3DUDCRIXHV PRGH UHPRWH FOQVLJ LJQRUH

3KHORWSH? IV $Q( QVHP E( 3 SO GRDWIHL M-V SKHQRIVSH L [RP DWW/ R
KRBIRXVE  DWRFL G Z LKARIKRO JFRXV JHQHV IURP P RGHCRUDQL RV

( QHPEO

7KH SO QQCRIEMN KXP DQ YDUL QN DQG UHSRWW RWRO FRXV
L ®P DWRIRP IVWDQGP RXVH 7KH SO @ YRQO DYDL BDHRU
* 58K

7KH 3 KHQRIVSH2 RO FRXV AO FDQ EH GRZ QO IBEHG IURP
KWBV _1\8 HOVHP ECRU SXE FXUWHQBYDU. TV R 3 KHORWSH? WKRO HRXY

7KH SO @DQEH XQ

YHS L YDULDW.RQV YFI SOXJLQ
3KHORW SHZUMKRORIRXV | LOH 3KHQRW SHV2 UNKRORJI RXV
BKRPRBVDSLHQVB ~ B*5&K  JI1 J]

7KHAO RSWRL VY DQEDRY \R LXQWL \BOX. Q

7R UHMUD RQD VHVXOANRUIDW

YHS L YDULDW.RQV YFI SOXJILQ
3KHQRW SH2ZUWKRORJIRXV | LOH 3KHORW SHV2 UVKRORIRXV
BKRPRBVDSLHQVB ~ B*5&K  JI'1 J] PRGHO UDW

7R UMD RQO UHVXOAMRUP RXVH


https://github.com/Ensembl/VEP_plugins/blob/release/115/PhenotypeOrthologous.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/PhenotypeOrthologous.pm
https://ftp.ensembl.org/pub/current_variation/PhenotypeOrthologous
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YHS L YDULDW.RQV YFI SOXJLQ
SKHQRW SH2ZUWKRORIRXV | LOH 3KHQRW SHV2 UVKRORI RXV
BKRPRBVDSLHQVB ~ B*5&K  JI1 J] PRCGHO PRXVH

7KH\BEL [X\W © B YWWEH L QIO G IHQRXUSDW \R XVH \KL \BOX. Q
&KHANKWBY  JLKME FRP VDP \RRO KO LI E IRUL QKR RV

8 VDIHH DP S®&V

PY 3KHQRW SHZUWKRORIRXV SP a YHS 30XJLQV

YHS L YDULDW.RQV YFI SOXJILQ
SKHQRW SH2ZUWKRORIRXV | LOH 3KHQRW SHV2 UVKRORI RXV
BKRPRBVDSLHQVB  B*5&K  JI1 ]

3KHORWSHW  $Q( QVHP E( 3 SO GDWIHL M-V RYHDSSL O SKHQRWSH 3KHQRWSH ( QHPEO
L RPDWR AW DQG

2 QWH AVMIXQIRUHDFK QHZ YHWAL RVSHAL MDWHP EO YL O O
GRZQOBED*)) IRPDAGEP S\Ra YHS 30X @

( QUHP ECBURYL BV SKHQRIVSH DQQRIA R P DSSHG \R D Q<P EHUR!
JHQRP L FHDWUH WSHY L BDGL DJHGHV YDUL QVDQG4 7/ V

7KL BON. @ EHWKVHGZ LKV 62 1 RAGXWRIP DWKH RXASXVZ L BHD
P RUH YHIERVH DQG L BDGH DORYDL G BKHQRIWVSH DQQREAY R CDWI
DQG P HUCDWD

) RURKHURXBXWRIP DV RQO D FRGFDIMCDIMG O WAV SKHQRIVSH
GHVAL & QWL OV L VHXUHG

6 HYHUDCSDUDP WY FDQ EH VHAKVL QD NH - YDOBXW VAP

$U ' HVFUSWRQ
XP
W

GLL 3DW\RGLHARY Z KHUH\R ORI IRUSKHQRWVSHY DQCRIWR ||
\WH UHTXL B AO BRHV QRWA L WAWKH A0 H \ERZ QOIREHG DQG
VDYHGL @XH SURYL BG GLHARY  GRZ QOIBG UHTXLHY XV @
GWEDVH RUFDFKH P RGH

I LC ) L CSEAM \R SKHQRWSHV DQQRIAY R | \WH AO BRHV QRWH L W/
H  \WHAO H\BRZ QOIREHG DQG VDYHG Z LKL \DP H GRZ QOIS
UHTXL Y XL O GDWEDVH RUFDFKH P RGH

H FOGBWRXUFHY  VHSDUDWG O WRY SKHCRWSH VRXUFHV W H FOGH
% CHDXOW 0' 38% ,& DQG&2 60 ,& DQORIW & DUHH FOGHG
6 HH

KWB 777 HOVWHP ECRU L (R JHORP H YDU. IV R SKHORWSH VRXUFHVBS
KHORWSHBGREXP HOMWY R KW O

L BEDGBVRXUHY  VHSDUDWMG O YWRY SKHORWSH VRXUFHV W L BDGH
| GHAQHG H FOG-BVRXURHV L L QRUHG

H FOGHBWSHY  VHSDUDWMG O WWRY [HDMUH WSHV \R H FOGH * HH
DU WR 47/ 6WKAMDOBL IR 6 XSSRWY 06 WKRXUDO B IV R

5 HIXO\B) HDWUH 98 GHIDXO BWMKFUMUDOBUL I R DQG

6 XSSRUY {5 WKFWUDO UL WY R DQQRIMY R DUH DO & V H FOGHG GXH
\RWL HL VXHY DQG9DU WY RL W FOGHG Z KHQ DQQREW O \AKFMUDO
YDUL QN \R J HARHVH DQQREAY RV L QORDVHY X\VH

L BDGHBWSHY 6 WKRXWDOBUL IV R 6 XSSRWY {06 WKFMIDOBUL IV R 9
DU WK

L BDGHBWSHY  VHSDUDIMG O WRY HDVWUH WSHV \R L BDGH |
GHACHG H FOGHBWSHV L V. QRUIHG


https://github.com/samtools/htslib.git
https://github.com/Ensembl/VEP_plugins/blob/release/115/Phenotypes.pm
http://www.ensembl.org/info/genome/variation/phenotype/sources_phenotype_documentation.html
http://www.ensembl.org/info/genome/variation/phenotype/sources_phenotype_documentation.html
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H SDQGEBUL BW &DFKHWL HL @S % GHDXO DCRBW RV ES
NE GRZQAWDP R WH L QUDDRRXS DUH FDFKHG

SKHQRWSHBIHDWUH  %/RRO B W UHSRWAKH J HCH YDUL IV Q DWRFL TBIG
Z LKAKH SKHCRWSH VXK DV RYHOD $5L () J HOH RIMRKRMUDO

YDULDW.RQ DQG DQQRWDW.RQ
VRXUFH  GHI DXOW

FRO V' VHSDUDWG O YWR/ FROXQ DQG RUDWEL. KM QDP HV W RXAVBXW
IURP \WH JI1 A0 H KH RXVBXWAHOE L BHCRWEHUHG L GH VDP HZ D\
JL MQL GRO BUXP HQWV GHDXO 8KHQRW SH RU

VRXUFH SKHORW SH LG L Y RX VHWBKHQRWSHBIHDWUH

L BP DWK 5 HMUQ UHVXOARQO L WH L BQW ALY P DWKHV Z LRAKH

YDULDQW RU WKH JHQH GHSHQGLQJ
RQ WKH W SH GHI DXOW

([DPSOH

SOXJLQ
3KHQRW SHV | LOH ~+20(° SKHQRW SHV JI1 J] LQFOX
GHBW SHV * HQH

SOXJLQ
3KHQRW SHV GLU 7+20(° LQFOXGHBW SHV * HQH

8 VDJHH DP SV

PY 3KHQRW SHV SP a YHS 30XJLQV

$XWRPDW.FDOO\  GRZQORDG SKHQRW SH DQQRWDWLRQ
| LOHV LI QHHGHG DQG DQQRWDVH

YDULDQW/ ZLWK SKHQRW SHV

YHS L YDULDWRQV YFI  SOXJLQ 3KHQRW SHV

) FWFK RQO\ JHQH DVWRFLDVWHG SKHQRW SHV
YHS L YDULDWRQV YFI  SOXJLQ
3KHQRW SHV L QFOXGHBW SHV * HQH

6HW GLUHFWVRU\  ZLWK SKHQRW SHY DQORWDW.RQV
SKHQRW SH DQQRWDWLRQ | LOH LV

DXWRPDW.FDOO\  GRZQORDGHG LI QRW DYDLODEOH LQ
VKLV GLUHFVRU

YHS L YDULDWRQV YFI  SOXJLQ
3KHORW SHV GLU ~+20(" LQFOXGHBW SHV * HQH

6SHFLI\ D | LOH ZLWK SKHQRW SHVY DQQRWW.RQ
| LOH LV DXWRPDW.FDOO

GRZQORDGHG DQG VDYHG ZLWK WKLV QDPH LI LW
GRHV QRW H[ LVW

YHS L YDULDWRQV YFI  SOXJLQ
3KHQRW SHV | LOH  ~+20(° SKHQRW SHV JI1 J] LQFOX
GHBW SHV * HQH

S/ & $Q( QUHP E®( 3 SON. GDWDGGV \WWH SUREDEL O RADWHGH EHL @
OW R IXQAW RL OWBQNS , \R WH RX\EBXW

o % (QHPEO

* /LWORUIBW
/ HNHADO HAY WG S/ , XV Q\WHH SHABWRP DL R VR OWTZILS
(0 DORUKR DQGCDW IRP LQIYEDO NRP ([$&

KWB_H DF EUIRDG. QMK R 7KHFORUS/ , L VR \WH P RUH O HON\
WHIHHL OW R IXQAWR /R L @OWBQWN

1RM \WH S/, Z DV FDOXOBG XVL D UHSUHVHOBWY M WDQUALL BDQG L V
UHSRWWG B\ JHQHL @XH SO Q



https://github.com/Ensembl/VEP_plugins/blob/release/115/pLI.pm
http://exac.broadinstitute.org/
https://metacpan.org/pod/DBI
https://metacpan.org/pod/List::MoreUtils
https://metacpan.org/pod/List::MoreUtils
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7KH CDW IRUMWH SOJL Q \BURYL BGE\ . DLOM6QP RFKDDQG' DQL 8
0 DFSUMXUBHHKWBY 777 CFELQO R KIRY SXEP HG IRU
D GHVAL %/ R R \KH CDWVHWDQG DQDOML V

7KHS/ ,BYDOBK/ \MMO HVRXQG DO@ WL BWH SOX. @ QKH
9( 3BSOMN Q* LAXE UHSRVLRY 7KH A0 FRQIBL QWH AHONGI HQH
DQGS , H WDRMGIURP \KH A0 BW

KWBV 1\8 EURDA. QX R SXE ([ $&BUHOMNVH BHOMVH  IXQRW ED
_OBQHBFROMDL GRE. WFOBOHGEBH DFBU  BP DK B] BSO HBBQ
X0 Gy

) URP WL VO HH WDPWI HQH RUWDQVAL 88/, VFRUHV 7R H WDRPWI HQH
VFRHV

DZN ~SULQW
| RUGLVVBFOHDQHGBH] DFBU  BPDUFK ~ B] BSOLBUHFBQXQO
BGDWD WW ! SO BIHQH WW

1% 7KH JHQH VFRUHV A0 FDQ DOR/EH IRXQGL GKH 9 ( 3BSOXN @
GLHARY

7R H WDPWMDQUALL BVFRUHV

DZN ~SULQW
| RUGLVVBFOHDQHGBH[ DFBU  BPDUFK ~ B] BSOLBUHFBQXQO
BGDWD WW ! SO, BWDQVFULSW W W

1% 8 WL QWL VO H RWDQVALL B/FRUH Z L BHOMUHG
7R XVH DQRIWHUYDORK/ AO HDGG L W D SDUDP HWMULH

YHS L YDULDQW YFI SOXJILQ
S/, YDOXHVBI LOH W W

YHS L YDULDQW YFI SOXJLQ
S/, YDOXHVBI LOH W W WUDQVFULSW ~ WR FKHFN | RU
VWKH WUDQVFULSW VFRUH

JQRPS$' Y UHOMVH H SDQEHGWH VFDO Rl S/, VFRUH FDOXOW R
7KH A0 FDQ EH GRZ QOIIHG IURP

KWBV_ JCRP DG EURDGL QXM R GRZ QOB Y FROMBDL @Y
&RQMDL QP HM. ¥769 7R XVH\KH GDW\ RX FDQIRO D WH VDP H
SURFHGXUH DV DERYH EXVWHHGY R FKDQI H WH FROXQ QXP EHUMR
DFFRWE. @0\

8 VDIHH DP S®&V

PY S/, SP a YHS 30XJLQV
PY S/, BYDOXHV WWa YHS 30XJLQV
YHS L YDULDQW YFI SOXJLQ S/,

$Q( QUHP E®( 3 SOM. QDWW M-V 3 ROZKHQDQG6,) 7 soarIHrw [ ( QHPEO
SUHEL W RV IURP D OFRO BROMKRMG 64 / LIWEDWEDVH ,\WFDQEH SUHGRIRQY —
XVHG Z KHQ\ RXUP DL RXUFH R WDQVRLL BDQQRIAW R HJ D* )) AO s ' LBV
RU* ) ) EDVHGFDFKH GRHV QRWFRQIL GMHVH SUHGL W/ RV _&
TZ PG BKH

<RX P XVWWFUHDW D 6 4 / LIWGEDWWEDVH R \WH SUHGL W RV RUSRL QiR \KH
64 / LIWEDWEDVH AO BOHDG FUHDWG &RP SDW B Bi4 / LEDWEDVHY
EDVHG RQ SDQJ HGRP H GOV DUH DYDL B EW

KWB1\8 HOMHP ECRU SXE FXWHOBYDU. I R SDQIHORP HV

<RXP D SRL@®RWHAO B\ DAGL O'SDUDP HMUGE >| LOH@ ,1 \WHAO H
L \ZRV. @20(  YHS \ RX FDQ DOR/XVH SDIDP HMUGLU >GLU@WR
L G BW L\WSDW


https://www.ncbi.nlm.nih.gov/pubmed/27535533
https://ftp.broadinstitute.org/pub/ExAC_release/release0.3/functional_gene_constraint/fordist_cleaned_exac_r03_march16_z_pli_rec_null_data.txt
https://ftp.broadinstitute.org/pub/ExAC_release/release0.3/functional_gene_constraint/fordist_cleaned_exac_r03_march16_z_pli_rec_null_data.txt
https://ftp.broadinstitute.org/pub/ExAC_release/release0.3/functional_gene_constraint/fordist_cleaned_exac_r03_march16_z_pli_rec_null_data.txt
https://gnomad.broadinstitute.org/downloads#v4-constraint
https://github.com/Ensembl/VEP_plugins/blob/release/115/PolyPhen_SIFT.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/PolyPhen_SIFT.pm
http://ftp.ensembl.org/pub/current_variation/pangenomes
https://metacpan.org/pod/DBI
https://metacpan.org/pod/Digest::MD5
https://metacpan.org/pod/Digest::MD5
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SOXJLQ 3RO 3KHQBG, ) 7 GE > LOH@
SOXJLQ 3RO 3KHXB6, ) 7 GE >l LOH@ GLU >GLU@

7R FUDW D 64 / LWEDWEDVH XV 3 RO3KHQ6,) 7 DM ILRP \KH

( QVHP EGEDWIEDVH \ RX P XWKDYH DQ DRW M GDWEDVH FRQQHFW R
LH GRAXVL® Rl 1 OLQH DQGDGG SDUDP HWUFUHDWHBGE 7KL V
ZL GUEDM D64/ LMAO BDP HG>VSHFLHV@ 3RO\ 3KHQB6, ) 7 GE
SOMIGL GH GLHARY VSHAL G E\ \WH GLU SDUDP HMU

SOXJLQ 3RO\ 3KHQB6, ) 7 FUHDWHBGE

SOXJLQ
3RO\ 3KHQB6, ) 7 FUHDWHBGE ~ GLU VRPH VSHFLI LF GL
UHFVRUA

1% WL \Z L @iSH VRP H KRXWY

: KHQFUDW QD 3RO3KHXB6,) 7 B\ WL BSO XWL QO FUHDWHBGE
\ RX GR QRWHHG W VSHAL\I DQ' SDUDP HWAY/ R O [R5 WH DSSURSUL 1B
AO BDVHG RQ\WH VSHFL W

SOXJLQ 3RO\ 3KHQB6, ) 7

%4 GHDXO WL \BOM. QL MV 6,) 7 VFRUH DQG SUHAL W/ R 3ROSKHQ
KXP YDUDQG KXP GL. YFRUH DQG SUHGL W/ R <RX FDQP DQL XO\BI Z KDW
\ RX Z DXL DWH IRO DLRDRSW R

VLWS VE R@URYL BV 6,) 7 SUHGL W RWP VFRIH RUERW L IWH
YDOBKL VHVSHRWMO § V' RUE | \KH YDORKL YR WHQ GR QRVBLRYL B
6,) 7 SUHGL WRRUVFRIH ' HDXOYNOKL \E SROSKHQS VE R@
SWRYL BV 3 RO3KHQKXP YDUSUHGL W R\MP VFRUH RUERW L KH

YDOXH LV UHVSHFWLYHO S V RU E
, I VKH YDOXH LV R WKHQ GR QRW

SIRYL B3 RO3KHQKXP YDUSUHGL W/ R RUVFRUH ' HDXOXBOHKL \E
KXP GL ¥5 VE R@URYL BY 3RO3KHQKXP G BUHGL W R\MP \VFRUH
RUERWK L \WH

YDOXH LV UHVSHFW.YHOL S V RU E
, I VKH YDOXH LV R WKHQ GR QRW

SURYL B3 RO3 KHQKXP G BUHGEL W R RUVFRIH ' HDXOYDOEKL \E

8 VDOHH DP S®&V

PY 3RO\ 3KHXB6,)7 SP a YHS 30XJLQV

5HDG GHI DXOW 3RO\ 3KHQ 6, )7 64/ LWH | LOH LQ
+20(  YHS

YHS L YDULDWRQV YFI FDFKH  SOXJLQ
3RO\ 3KHQB6, ) 7

5HDG GDWDEDVH ZLWK FXVWRP QDPH DQG RU ORFDVHG
LQ D FXWRP GLUHFVRU\
YHS L YDULDWRQV YFI FDFKH SOXJLQ
3RO\ 3KHQB6, ) 7 GE FXW\RP GE
YHS L YDULDWRQV YFI FDFKH SOXJLQ
3RO\ 3KHQB6, ) 7 GLU VRPH FXWARP GLU
YHS L YDULDWRQV YFI FDFKH  SOXJLQ
3RO\ 3KHQB6, ) 7 GE FXW\RP GE GLU VRPH FXWWRP GLU

&UHDWH 3RO\ 3KHQ 6, )7 64/ LWH | LOH EDVHG RQ
( QVHPEO GDWDEDVH

([ WO
QEWDUHY

' HYH&RSHU
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YHS L YDULDWRQV YFI FDFKH  SOXJLQ
3RO 3KHQBG6, ) 7 FUHDVWHBGE

2Q0. JHW 6, )7 SUHGLFW.RQ DQG VFRUH
YHS L YDULDW.RQV YFI FDFKH SOXJLQ

3RO 3KH@BG6, ) 7 GE FXVWRP GE SRO SKHQ R KXPGLY R

7KL SO QRU( QvHP ECODUL QN ITHRAVB UHGL YU 9( 3 FRP SXWV WH [Slio =il E o =11

SHGLWRVR 321 3 |RUDP L RDFL GXEVIMXW BV L GXP DQ
SURM. Q@

321 3 L\GHYHOSRGDQGP DL QL BGE\ 3URM. @ WKFMUH DQG

% RIRWP DIW¥Z* URXS DW XQG 8 QL MYL\VIDQG LV DYDL G BEW
KWB WWKRMMHEPFO ¥H321 3

VA RXXVH WL \EDVB SOVH FLIWH 1RO DLRDSXEC DWW R 1 LRXO
9LKHQ O +DUP IXO/RP DW IBP L RDFL GXEVMMXW | DIIHRNH

SDKZ D\ VL GDOFHY %0 & 0 HG* HORP L ¥
KWBVY GRLRU Vv [

7KHHDUIHWR Z D\ VR XQWH SO Q

TRFRP SXW WH SUHAL W RVIRP WH321 3 $3, XVHS\WRQ
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https://github.com/Ensembl/VEP_plugins/blob/release/115/SpliceRegion.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/SpliceRegion.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/SpliceVault.pm
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https://pubmed.ncbi.nlm.nih.gov/36747048
https://pubmed.ncbi.nlm.nih.gov/36747048
https://ftp.ensembl.org/pub/current_variation/SpliceVault/SpliceVault_data_GRCh38.tsv.gz
https://ftp.ensembl.org/pub/current_variation/SpliceVault/SpliceVault_data_GRCh38.tsv.gz
https://ftp.ensembl.org/pub/current_variation/SpliceVault/SpliceVault_data_GRCh38.tsv.gz.tbi
https://ftp.ensembl.org/pub/current_variation/SpliceVault/SpliceVault_data_GRCh38.tsv.gz.tbi
https://ftp.ensembl.org/pub/current_variation/SpliceVault/SpliceVault_data_hg19.tsv.gz
https://ftp.ensembl.org/pub/current_variation/SpliceVault/SpliceVault_data_hg19.tsv.gz
https://ftp.ensembl.org/pub/current_variation/SpliceVault/SpliceVault_data_hg19.tsv.gz.tbi
https://ftp.ensembl.org/pub/current_variation/SpliceVault/SpliceVault_data_hg19.tsv.gz.tbi
https://www.ensembl.org/info/docs/tools/vep/script/vep_filter.html
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https://github.com/Ensembl/VEP_plugins/blob/release/115/StructuralVariantOverlap.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/StructuralVariantOverlap.pm
https://ftp.1000genomes.ebi.ac.uk/vol1/ftp/phase3/integrated_sv_map/ALL.wgs.mergedSV.v8.20130502.svs.genotypes.vcf.gz
https://ftp.1000genomes.ebi.ac.uk/vol1/ftp/phase3/integrated_sv_map/ALL.wgs.mergedSV.v8.20130502.svs.genotypes.vcf.gz
https://storage.googleapis.com/gcp-public-data--gnomad/papers/2019-sv/gnomad_v2.1_sv.sites.vcf.gz
https://storage.googleapis.com/gcp-public-data--gnomad/papers/2019-sv/gnomad_v2.1_sv.sites.vcf.gz
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https://github.com/Ensembl/VEP_plugins/blob/release/115/SubsetVCF.pm
https://metacpan.org/pod/Storable
https://metacpan.org/pod/Data::Dumper
https://metacpan.org/pod/Data::Dumper
https://github.com/Ensembl/VEP_plugins/blob/release/115/TranscriptAnnotator.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/TranscriptAnnotator.pm
https://metacpan.org/pod/File::Basename
https://metacpan.org/pod/File::Basename
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https://github.com/samtools/htslib.git
https://github.com/Ensembl/VEP_plugins/blob/release/115/TSSDistance.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/TSSDistance.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/UTRAnnotator.pm
https://github.com/Ensembl/VEP_plugins/blob/release/115/UTRAnnotator.pm
https://github.com/Ensembl/UTRannotator
http://sorfs.org/
https://metacpan.org/pod/List::Util
https://metacpan.org/pod/Scalar::Util
https://metacpan.org/pod/Scalar::Util
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https://doi.org/10.1038/s41467-019-10717-9
https://github.com/ImperialCardioGenetics/UTRannotator
https://academic.oup.com/bioinformatics/advance-article/doi/10.1093/bioinformatics/btaa783/5905476
https://academic.oup.com/bioinformatics/advance-article/doi/10.1093/bioinformatics/btaa783/5905476
https://github.com/Ensembl/VEP_plugins/blob/release/115/VARITY.pm
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8715197/
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
http://varity.varianteffect.org/downloads/varity_all_predictions.tar.gz
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https://github.com/Ensembl/VEP_plugins/blob/main/GeneSplicer.pm
https://ccb.jhu.edu/software/genesplicer/
https://www.ensembl.org/info/docs/tools/vep/script/vep_plugins.html#GeneSplicer
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https://projects.ensembl.org/hprc/
https://github.com/Ensembl/VEP_plugins/blob/main/HGVSIntronOffset.pm
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_hgvs
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_hgvs
https://github.com/Ensembl/VEP_plugins/blob/main/LoFtool.pm
https://github.com/Ensembl/VEP_plugins/blob/main/MaxEntScan.pm
http://hollywood.mit.edu/burgelab/maxent/Xmaxentscan_scoreseq.html
http://hollywood.mit.edu/burgelab/maxent/download/fordownload.tar.gz
https://github.com/Ensembl/VEP_plugins/blob/main/NearestExonJB.pm
https://github.com/Ensembl/VEP_plugins/blob/main/NMD.pm
https://github.com/Ensembl/VEP_plugins/blob/main/Phenotypes.pm
https://projects.ensembl.org/hprc/
https://github.com/Ensembl/VEP_plugins/blob/main/pLI.pm
https://github.com/Ensembl/VEP_plugins/blob/main/PolyPhen_SIFT.pm
https://ftp.ensembl.org/pub/current_variation/pangenomes/Human/homo_sapiens_pangenome_PolyPhen_SIFT_20240502.db
https://ftp.ensembl.org/pub/current_variation/pangenomes/Human/homo_sapiens_pangenome_PolyPhen_SIFT_20240502.db
https://github.com/Ensembl/VEP_plugins/blob/main/ProteinSeqs.pm
https://github.com/Ensembl/VEP_plugins/blob/main/SingleLetterAA.pm
https://github.com/Ensembl/VEP_plugins/blob/main/SpliceRegion.pm
https://github.com/Ensembl/VEP_plugins/blob/main/SubsetVCF.pm
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https://github.com/Ensembl/VEP_plugins/blob/main/TSSDistance.pm
http://variantstudio.software.illumina.com/
http://gemini.readthedocs.org/
https://www.deciphergenomics.org/
http://bib.oxfordjournals.org/content/early/2014/03/12/bib.bbu008.full
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http://gnomad.broadinstitute.org/
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https://www.ensembl.org/info/docs/tools/vep/script/vep_download.html#download
https://www.ensembl.org/info/docs/tools/vep/script/vep_cache.html
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_database
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_database
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_database
https://www.ensembl.org/info/docs/tools/vep/script/vep_cache.html#limitations
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_check_existing
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_af
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_af_1kg
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_filter_common
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_everything
https://www.ensembl.org/info/docs/tools/vep/script/vep_cache.html#convert
https://www.ensembl.org/info/docs/tools/vep/script/vep_cache.html#fasta
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_fasta
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_hgvs
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_check_ref
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_fork
https://www.ensembl.org/info/docs/tools/vep/script/vep_plugins.html
https://www.howtoforge.com/storing-files-directories-in-memory-with-tmpfs
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_hgvs
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_everything
http://search.cpan.org/~benbooth/Set-IntervalTree/lib/Set/IntervalTree.pm
https://github.com/Ensembl/ensembl-xs
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_no_stats
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https://www.ensembl.org/info/docs/tools/vep/script/vep_download.html#installer
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_assembly
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_format
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https://www.ensembl.org/info/docs/tools/index.html
https://genome.ucsc.edu/util.html
http://www.ncbi.nlm.nih.gov/genome/tools/remap
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$VDERYH EXWADJV RCH EOFRISHUDO O BQGJHCH FRP EL QIVR

P RWBVHYHH

7KL VADJ UHSRW RQD \WWH FRQUHTXHQFH WSH Rl \WH EOFRI Z LRAWH KL BHVWADCN DFFRWEL QR \KL \WIEO H

H DP SO FRP P DQG DQG RABXWZ LKMH P RWBVHYHIH RSWR

YHS FDFKH L LQSXW YFI R RXWSXWW W  PRWBVHYHUH

uv PLVWHQVHBYDUL DQW
YDUB PLVWHQVHBYDUL DQW
s VXPPDUY

7KL VADJ UHSRW RQD D FRP P D VHSDUDWG O YWRY \WH FRQUHTXHQPH WSHVY SUHG. WG IRUWL. WDUL QN

H DP SO FRP P DQG DQG R\BXWZ LKMEH  VXP P DY RSWR

YHS FDFKH L LQSXW YFI R RXWSXW W W  VXPPDU\
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+* 96 QRWMRQV
2 XVBXW

+* 965 QREW BV FDQEH SIRGXFHGE\ ( QHP ECD( 3 XVL OWH_ KIYWAD) &RA. Q F DQGSIRM. QS QREW RV JL MQDJDL QN QuHP EC
L BOW LY XVH YHYL BHG L BOWV ALY \KDWI XDUDQMH WH L B AUUHHY DO BV \R \KH VDP H VHTXHQRH


https://www.ensembl.org/info/docs/tools/vep/script/vep_filter.html
https://www.ensembl.org/info/genome/variation/prediction/predicted_data.html#consequences
http://varnomen.hgvs.org/
https://www.ensembl.org/info/docs/tools/vep/script/vep_options.html#opt_hgvs
https://www.ensembl.org/info/genome/stable_ids/index.html

* HORPLF* 96 QRIWRVP D\ EHWHSRUMGXVL @ KIYWJI 1 RM \KDVWKH QDP HG UHHUWHQRH IRU+* 963 CRBW RV Z L GHOKH FKURP RVRP H
QP HIUWRP \KH L XWDV RSSRVHG \R \WH RIAFL D @HFRP P HQGHG FKURP RVRP HDFFHWL R

+* 96 QR RV IRUL QHWY BV RUGHOWM B DUH E\ GHDXOWNSRUMG L GH P RAW SUL FH UHSUAVHQIBMY R L QFFREDQFH Z LKM-* 96
VSHAL FDW RV 7KL W D\ OBG\R Gl FUHSDGAL W EHE HHQ \WH FRRUEL QMY UHSRUMG L GKH +* 96 QRP HQFO\BIUH DQG \WH FRRUGL. QM FROXQV
UHSRWWGE\ ( QHP ECB( 3

5 HHUHQPH VHTXHQFH XVHG DV SDWR ( QVHP ECB( 3 V+* 96 F FDOXOWW RV L WINHQIURP DJL MQ) $67$ AO HIDWHUWDQ WH YDUL QW
UHHUHQRH +* 96'S L VFDOXOEIG XVL \KH J L MQ YDUL QWH HUHQRH

QBXW

( QUHP ECB( 3 VXSSRW XVL D+* 96 QRIEMY RV DV L §XW7 KL VHDWUH L VEXUHQ® XQEHUGHYHO SR HOWDQG QRADOT 96 QREAN R WSHY DUH
VXSSRUNMG 1 R RV BHOWMRJHQRP L FJ RUFRGL @ F VHTXHQRHV DUH IXO ®XSSRUMG SUIRML Q5 GREA RV DUH VXSSRUWNMG L @ LLAG
IDVKL R GXH \R \WH FRP SO[H\VL gRONG L @HWMP L ROWH P XO\® BRAL B MQGHDL QJIHQRP L FHTXHQRH FKDQIHY \KDWARXO SURGXFH D
WL Q0 BURM. GKDQIH $ Z DL OZL GHIL MQL D SDWY RO BRRBMY R FDQQRWEH SDWHG

% CHDXOMVHP EQ (3 XVHV ( QvHP EORDQVRUL B/ DV WH UH HUIHQFH IRUGHWMUP L RO FRQVHTXHQAHY  DQG KHCFH DORARUA* 96 QREAY &YV
+RZHYHU L WSRWL B BB SDUH +* 96 QRIEW &Y \KDWKVH 5 HI6 HT WDQVFUL W DV WH UHIHUHQRH VHTXHQFHE\ XL QWH_ UHVHT ADD 6 XFK

QR RV P XWY. BDGH WH YHYL R QXP EHUR \WH WDQVFLL BH J

10B F &7

ZKHH GIRMVWDWAL V WHUL R R WHWDQUHILL 810 B 6 HH EHOZRIRUP RUH GHWBL GRYKRZ ( QvHP EXD ( 3 FDQXVH5 H6 HT
WDQVALL W/

5 H6 HT WDQVFUSW

1\ RX SUHHUWR H FOGH SUHGEL WG 5 HI6 HT WDQVALL W \WRVH Z LKA BOIVALY EHIL Q. @ZLKV; 0B RU; 5B XVH__H FOGHBSUHA. WG
: HGER CRWXSSRWEUHAL MG 5 H6 HT WDOQVAUL &/ IRU* 5 &K

,GHQWAHY DQG RWHUGD\®
7KH 5 H6 HT FDFKH OV P DO FOMMHV R GOV SUVHOAL GRH ( QvHP EONDQVALL WFDFKH

» ,QFOGHGL @H5 H6HT FDFKH
» * HHW P ERO
' 6,)7 DQGG3RO3KHY  SUHAL WRY

* 1RW BDGHGL GH 5 H6HT FDFKH
» $335,6 DQARIW R
» 76/ DQQRODW R
» 8Q BRW. BQWALY
» &&' 6 L BQIVAY
» 3IRM. @RPDLQ
»* HQH SKHQRWSH DWRFAL IV R GDW

" UTHHQFHYV VR WH UH HUIHOFH J HORP H

5 HI6 HT WDQUALL BYHTXHGFHV P D\ GLIHUILRP \KH JHQRP H VHTXHQRH W Z KL KWH DUH DO QG ( QUHP EOY$3, DQG KHQRH ( QUHP EOD( 3
FROAKFW WDQVALL 8P RGHO YW \WH JHCRP L FBH HUHQPH VHTXHQRH 7 KHVH GLIHUHGPHY DUH DFFRXQIMG IRUXVL Q%60 HEL NG WDOVALL B/
P RGHO \L GXP DQFDFKHAOWURP BHOMVH  RQZDWEY 3UW BVRUHOMWH  DQG L @RQ KXP DQVSHAL WM GLIHHQAHY EHE HHQ\WH 5 H6 HT
VHTXHQPH DQG WH JHQRP L FHTXHQFH DUH QRWDFFRXQIMG IRU VR VRP H DQGRBMY BV SURGXFHG RQ\WHVH WDQUFLL %/ P D\ EH L QFFXUDM

0 RWELIHIHQRHV RFFXUL @RQ FRA. QUHIL RV WSL BO @ 8 75 V DWHLKMUHQG R WDQVAUL W RUL GH DGGLIVRR D SRO $ \BL BDXWL O

P L QAL FSDRWRQ DQCRIWY R

) RUKXP DQ( QuHP EQ ( 3 FDFKH AOVH HDFK 5 H6 HT WDQVAUL B \DQQRIAG Z LKWH 5 () 6( 4 B0 $7&+ ADJ L G BW QZ KHWHUDQG KRZ
\WH 5 H6 HT P RGHOGLIHWY IURP \KH XQGHWDL QIHQRP H

&RUHAWQI WDQVFUSWP RGHY Z W %50 ANV
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P RGHOGRHY QRAP DWK \WH RUL 11 Q5 H6 HT VHTXHQFH L GMH %50 \WWH FRUMAMG P RGHOL VAL RDUGHG 7 KH VXFFHW RUIDL @R \WH %50
HGL WHRGHGL QMH %650 B( ' ,7 AHO B \WH ( QVHP EOD ('3 RXABXW) DL G HELWIDUH H WHP HO D RWDQAL W EXVDQ
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DO O HR\ HQDEO 1 QX\VHBUDOVFLL BUH  Z KHQ FDOXOWW O FRQMHTXHQRHY DQGWH* ,9( 1B5 () DQG86( ' B5 () AHOVA @H RX\EXW

L G PMDQ FKDQIHP DCH | WH UHHUHQRH DO G BHUL MG IURP \WH WDQVRUL 8P DWWKHV DQ. JL MQDCHADW $/7 DO O RMHQGR
FRQVHTXHQFH GDWI Z L GBHCBURGXFHG IRUWL O O BV L L. BHIFRQUL BUHG QRQ YDUL QAL RIM \WDVWAKL \BURFHW P D\ DORFONIK Z LKADQ,
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IURP WHWDQVRW BA RX P D\ XVH__ XVHBJ L MCBUH
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Z KHUH DO QR HQW DUH DYDL @@HRUZ KHQ XVL {5 HEHT * ) ) AOH UDKHUKDQ \KH FDFKH
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8 VHWH_ FKHENBH L W DAD] \R L BOMI NQRZ Q YDUL QN FROFRWG Z LRV EXWDUL QA7 KH ( QUHP ECD ( 3 NQRZ Q YDUL QWFDFKH L \BHUL MG
IURP ( QUHP EOYDUL TV R GDWWEDVH DQG FRQBL QYDUL QW IURP GE6 1 3 DQG RKHUVRXUFHY

% GHDXOMCRUYP DO DW R EDVHG DO O A DWKL DDORUKE L \XVHG\R L BOMI NQRZ Q YDUL QI \KDVWP DIRK L EXWDUL QN 6L BH ERW L &XW
DQGNQRZ Q YDUL QNP D\ KDYHP XQ.\8 BCHEDM $/7 RUYDUL QADO O\ HDFK SDL B BHHIHQRH 5() DQG$/ 7 DO OHDUH QRUP DO HADQ
FRP SDUHG L GHSHQGEHQ® R DULL M DWBRMQWY TP DWKHV 9&) SHUP LWP XL\ BO O WSHV \R EH HQFRGHG RQ\WH \VDP HO H @ KL GGE61 3
DWL @V VHSDUDM Y, L BOW ALY \R GLIHHQADO O W/SHY DWKH VDP H OV 7KL W HDQV GLIHHQAWDO O\HURP \KH VDP H L §X\WDUL QAP D\
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ATGGACAAC
ATGGA-AAC
ATGGGCAAC
ATGOGACTA AC

#CHROM POS 1ID REF ALT

chrl 5 varl AC A,GC,ACT

ENEINEY

5 AC/AR = 6 C/- | 1:TrimAfrom left > deletion of Catpos6 |

5 AC/GC = 5 A/G |  2:TrimC from right > AIG SNP atpos5 |

5 AC/ACT = 7 -/T

Matching

rsl01112
5 A/C

, @VWDWRQRI ( QVHP EQ9( 3 V DB P DWKIQJ DORUMP UHVRQOTQJI ROH9&) @OHZ IW P XGE®I$/ 7V R WUHH G T HIHQWYDUDQWA/SHY DQG FRRUGLODWV
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1 RUP DOMQJ & RQVHTXHQFHV

,QUHWY R DQG GHOM RV L @HSHWMVM VHTXHQRHV FDQ EH RIWMQ GHVIFUL BIG DWELIHIHQAHTXL BOGNDRRW R DQG P D\ WHUIHRUH EH DWL QHG
QLIHHQNFRQUHTXHQRH SUHAL W Y ( QUHP ECB (3 FDQRSW BDO GRQYHWYDUL QADO OHRWH. B RW  UHSUMVHQEAWY R EHRUA
FRQUTXHQFH FDOXOWD R

,QWH H DP SO BHOR ZHL QHWD* DVWKHWBWWR WH UHSHDMG UL R © LKRXWKH VKLVB SUL P AD) ( QUHP ECR( 3 ZL CODXO\E
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VLWADV VSO HBRHI L RBYDUL QW
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YHS FDFKH LG $ $* VKLI VB SULPH
8SORDGHGBYDULDW.RQ | RFDW.RQ $OOHOH *HQH ) HDWKUH ) HDWKUHBW SH  &RQVHTXHQFH
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B B * * (16* (167 7UDQVFULSW
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SO VKLBIHQRP L Z L OWRXSEOW WH OFRMWY RAHO G- RZHYHU  VKL\BJHCQRP L Z L O@RAMKLW. B HQL DL QV ZKL K FDQOBG\R D
UHGXKRWY QL @GHURWP DOFH

YHS FDFKH LG $ $ VKLI VBJHQRPLF
8SORDGHGBYDULDW.RQ | RFDW.RQ $OOHOH *HQH ) HDWKUH ) HDWKUHBW SH ~ &RQVHTXHQFH
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Genes -
(Comprehensive set... gﬁxi‘ﬁgéj"g

CCR2-201 >
el

G A C T - - - - - -~~~ === "==="=="==""7=7sseeseeeennsonsiosionoees
gf;s;n Léoding ‘
Seauence. I c A G A A G G T A
Contigs.
Seauence G T = T T c c A T
YHS FDFKH LG $ $*$& VKLI W\B SULPH
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8SORDGHGBYDULDW.RQ | RFDW.RQ $OOHOH *HQH ) HDWKUH ) HDWKUHBW SH ~ &RQVHTXHQFH
F' 1$BSRVLW.RQ & 6BSRVLWLRQ  3URVHLQBSRVLW.RQ $PLQRBDFLGV &RGRQV ([ LVW.QIBYDULDW.RQ
([ WD

B B *$& *$& (16* (167 7UDQVFULSW



LQ UDPHBLQVHUW.RQ 5 55 DID D* $&JD
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( QVHP ECO DUDQW( I THFWB LHGIFVRU @ ) $4

- le.’u

) RUDQ TXHWY BV QRWFRYHUHG KHUH SOBVH VHQG DQ HP DL & \WH ( QUHP EQEHYHO SV P DL () LOWSXEO LRUFRQIEPAKH ( O/HP EO
+HOGAN SUL DWW $ORA RX FDQUHSRWLL VXHV \KURXJ K RXU SXEO L*FLRXE UHSRVLRWL. M ) RUJHQHID QVHP ECB (3 L VKHV\ RX VKRXO BVH
HOVHP EOYHS UHSRVLRY DQG IRUVSHAL RSO @\ RX VKRXO ®BVH 9 (3 BSOJ. QUHSRVLRY

* HOHUDOT XHVMRQV
4 : K\ KDVP\ LQVHUARQ GHOMRQ YDUDQWHQFRGHG LQ 9&) GLVDSSHDUHG ILRP WH RXVBXW

( QvHP EONHDW XQEDO@HG YDUL QW GLIHIHQ® W 9&)  \ RXUYDUW QWKDVOWAL BSSHDUHG L D\ KDYH MWXVKDQI HG VO KM \<RX FDQ VROF
WL B\ JL YD\ RXUYDUL QA D XQL XH L BQYAUL GKH WL GFROXQR WH9&) A0 Hp HH KHUH IRUD IXO® RXWL R

4 : K\ GRQW VHHDQ FR GRFDWMG YDUDQW Z KHQ XVIQJ VSHFLHV ; "

1 RADOVSHAL MKDYH YDU QW DQG CRWDOVSHAL W WWDWER DUH L GWH ( QvHP EOYDUL TIY QUHVRXUAH - VHH \KL \EREXP HONRUGHWBL OAKH
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