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IJHIMZ SFHVMBUFE 7 % + SFDPNCJOBUIZFBA UT X% M N FIIURNEQ F
JODMVEJOH &3$ GPSNBUJPOJTIJHIMZEFQFOEFOU PO IJTUF
BWBIMBCIMIJMEBEJOHVTUPRVFTUJPO XIFUIFSQSPUFJO D
BMTPCFESIWFOCZFOWJSPONFOUBMMZ SFTQPOTJIWF TJHC
TUINVMBUFEDISPNPTPNBMDPQZOVNCFSWBSJBUJP® UIBU
JFSF XFEFTDSJCFUIFUSBOTDSJQUJPOBMMZ TUJRVWUBUFE
MPDVTBOEDIBSBDUFSJTFUIFNFDIBOJTNCZ XIJDIFDD%/"J

SHVXOWYV
5SBOTDSJQUIJPO QSPNPUFTFDD%/"BDDVNVMBUJ

&3$TBSFFOSJDIFEJOBHFE ZFBTU BOE XFTQFDVMBUFE UIE
FOSJDIFEEVSJOHBHFJOH 5PPCUBJOIJHIMZ QVSJGJFE BHF
FOSJDINFOU QSPHSBN .&1 DPNCJOFE XJUPDOGM 2 KXBMM™MMBN
HSPXUIBSFMBCFMMFE XJUIBDFMM XBMM SFBDUJWF CJPUJ
NPUIFSDFMMTCFDBVTFEBVHIUFSDFMM XBMMT>B &F OF B EIF
JTBEEFEUPBDUJWBUFUIF .&1 BGUFS XIJDIBMM OFXCPSO |
.PUIFSDFMMTBSFUIFSFGPSFUIFPOMZSFQMJDBUJWF DFM
XJUIPVUUIFDVMUVSF CFDPNJOH TBUVSBUFE UIFTFIJHIMZ
QVSJIGIHE

S5PUFTUUIFQPUFOUJBM GPS FOWJSPONFOUBMMZ TUJNVN
UIFMPDVT FODPEJOH UIF DRRIQ&S (BFFTMSEBO PP WREBSPONFOL
TUSPOHMZ JOEVDFT COR G TFODFIFUWIPIAOPEQDPEFE JOBO BSS
UBOEFN SFQFBUT PO $ISPNPTWBIECFMMKE DPIPSUPG DFMMT )
FODFPSBCTFODFPG N.$V40
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"JH (FOPNF XJEFRVBOUJUBUJWF NBQQJO#HDAENBDWDWID/ SFQBAFEMFBMWMPO PG MICSBSZ QSFQ
HFOPNJD %/"JTTQMJUJOUP TBNQMFTBOEEJHFTUFE XJUI EJGGFSFOUFOEPOVDMFBTFT U

BOE &YP*

"GUFS SPVOETPGUSFBUNFOU TBNQMFTBSFSFVOJUFE GSBHNFOUFE BOEB %/

%JTUSJCVUIJPO PG TFRVFOWPUWRBVBED BSPRNOETPINF 7*** BOE 4AVCUFMPNFSF 7*** - PCUBJOFE

DPOUBJQURKSPNPUFS BOEO03' CPUI PG XI1JPBd.B-SHABBIM¥ BV K
CVU QSFTPQQNM-IWPLUBMMIFMBPHH %"HBJO CZTDBUUFS QMPU |
FDD%/"BDDVNVMBUJP OPg5BNAUUE RMWMBEWFEXBT PCWJPVT XI
NBQQJOHUPP QBFPNPUFS BOE 03'UIBUBSF POM”PLSHSEIPEOU PO
BMMFMF XFSFOPUEJGGHRSEF®DBEIBEKEMIF FRIDHPFEBDDVNVMBU
CUPLMPDVT QSPNPUFECZUSBOTDSJQUJPOJT SFNBSLBCMZ N

3&&% TFRJIJTNPSFTFOTJUJWFUIBO 4PVUIFEOPC MPL%BMM P X
BDDVNVMBUJPOJOBTUSBJO XJUCBROMPDVBOEIRN BPQ3FT P(
HFOFSBM DBTFCFDBVTFMPDJDPOUBJOJOH TNBMM OVNCFS
PUJDHFOPNFFRD%/"C®ERIPBADDVNVMBUFE NPSFJO DEMMT BHF
UIFEJGGFSFODF BQQSPYJNBUFMZ GPME XBTTNBMMFS U
OPUVOFYQFDUFE HURV FO IMBAT DIFOYBJO GOWE 6HFXFS DPQ
HFOPNF XJEF QSPGIJMF PG FDD% /" XBTNPSFBGGFDUFECZELC
EVFUPHSFBUFSDPQQFSTUSFTT BOENBOZFDDB%/)PBDDVN
FWFS FEHF3BOBMZTJTPGEJGGFSFOUJBMBDDVNVMBUJPO
TIJHOJGJIJDBOU SFHIPOTNPTUPWFS SFQSFTFOUFE JO UIF DF
CUP1 MPDVH CMVFEPUT CZ &EHF3 "EEJUJPOBMMZ FDD%/" C
NFOUMPDJ XBTTIJHOJGIJDBOUMZ VOEFS BDDVNVMBUFE JO I
TPNFTVCUFMPNFSJD TIUFT XBTTJHOJGJDBOUMZ PWFSBDD
BWFSBHFVO MPH

5|lFSFGPSF FDD%/"BDDVNVMBUJPODBVTFECZUSBOTDSJ
PCTFSWBCMFFWFOJO MPX DPQZUBOEFNSFQFBUT

"TZNNFUSJD TFHSFHBUJPOJT OFDFTTBSZ CVUOP
BDDVNVMBUJPO

"TZNNFUSJD TFHSFHBUJPO PG SFQMJDBUJOH &3$TDBVTFT .
SFUFOUJPO PG &3$TJONPUIFSDFMMTEFQFOETPOBUUBDI!
UIF4"("DISPNBUJO NPEJGZJOHDPNQMFY BOE SBQJEQSPH
TPUIBU &3$TBSFOPUQBTTFE UP EBVH I&JFGC P\FMEBT 1B BFA/GV
UIF4"("DPNQPOFOU 4QUCDMR ® D B30 "GBEBEMEREBIT BGUHS " IPVS
BOE ##AWFOUIPVHIUSBOTDSJQUWIPPQBNNPENDXBBOPSNAEM .
DFMMTH8F PCTFSWFE B TJiNdM B SyUIF0G RWW BOUT UIBU BSF EF
&3$BTZNNFUSJD TFHSFHBUJPO EVFUP CVE OFDL GPSNBUJF
< >'JH " 5IFSFGPSF BTZNNFUSJD TFHKCEFRHBEDI®BO JT OFDFT
BDDVNVMBUJPO
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NBJOUFOBODBOE GFDBVTF4QU JTLOPXO UBPCR SPNBVFGHE
USBOTDSJQUJPOBM JOEGADUGBPNRPUKBEMMBHWHRPPSUIFIJT EJGC
TNBMM BQQSPYIJNBUFMZ GPME SFMBUJWF UP GUFIEJGGFS
FDD%/"JOUIFQSFTFODFPSBCTFODFPGDPQQFS BQQSPYJ
5PHFUIFSUIFTF FYQF SUMFDWRII'RIX UMBOKFDU UP BTZNNFU
CVUUIJTITJIOTVGGJIDIJFOUWCGR FNBIOUFOBRPD FE&GE DBIFTFUM
CUPL FDD%/"NVTUUIFSFGPSFCFGPSNFEBUBIJHIFOPVHI SB
UISPVHITFHSFHBUJPO UP EBVHIUFS DFMMT

$61 FDD%/"JT GPSNFEUISPVHI %4# QSPDFTTJOH

7BSIJPVT NFDIBOJTNTIBWFCFFO QSPQPTFE GPS FDD%/" GP ¢
TUSBOE CSFBLTPS %4#T UIBUBSF FJUIFS MJOLFE UP %/" SF(
CZ1BVMTFOBOEDBDPMMEBMYRIKUIFFDD%/"GPSNBUJPO NFL
FDD%/"BDDVNVMBUJPOJOBTFMFDUJPO PG %4# QSPDFTTJC
.BOZ %4# QSPDFTTJOHNVUBOUTIBWFTIPSUFOFEMJGFTQ
TIPXFDD%/"BDDVNVMBRIPWES XFDIBSBDUFSJTFEB TNBM
% 4# SFQBJSANWiUeBOWLd2T UIBUBHFEFGGFDUIJWFMAJIJO UIF . &
'JSTUMZ MPTTPG %OM BDSJUJDBM %/"MJHBTF GPS OPOIP
TVCTUBO WUBMNAMWDDODBMUFES &3$ MFWFMT DPNQBSF MBOFT BOI
BOE AFDPOEMZ MPTTPGFYPOVDMFBTF &YP XIJDIJT Ji
UJPOBT XFMMBTEFHSBEBUJPOPGTUBMMFE PSLBHWFSTFE .
FDD%/"CVUTVCTUBOUJBMMZJODSFBTFE &3$ MFWFMT DPN
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'JH 4BF BOE.SF OVDMFBTFBDUJWJUZ BSF SFRRVSFESCPCMBDUIRGBEFZITNBO®EPS /" EFSIWFE &3$T
dnl4i exoli BQ#E2i DFMMT BHFE GPS IPVSTJO UIFQSFTFQFrSBE SBKKFE G OGB MZWYHF®OG % /" BOE S%/"

EFSIJWFE &3$Fa820 RBM@EBHFE GPS IPVSTJOUIFQSFTFQPSBEBKFEBGDE RGBM.ZNREDBOUOGIDBUJIP
EFSIWFE GSPN TFQRBRUFIDRBPOGHFPFROU TFMFDUBCOPINESBL% STB OFE SOB MEFSTWE BmRIRTFI0 XU BOE
mrelli BHFE GPS IPVSTJOUIFQSFTEPOEPSNAE BOEOBOBMZTRE BR$SOTFR BOBMZTIT BHBNDBEVOH KB E
GPS IPVST 4BNQMFTXFSFEJHFTUFE XJUISFTUSJDUJPO FO[ZNFTUIBUMFBWFUIF " %/"JOUBDU |
FDD%/"BOENBUDIJOHUPUBM %/"MJCSBSJFTTVDIUIBUFDD%/"DPVOUTBSFSFMBUJWFUPBO FRVJ
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NVTUCFBDUJWFMZ QSPDFTTFECZ SFTPMWBTF FO[ZNFT UP
XIJDIPGUIF LOPXOZFBTUSFTPMWBTFFO[ZNFT .VT .NT
mus8li DFMMTBHFE JO DPQQFS | BEUEISBINIBY J0'DCBAMNMDZAB S - EEMUDPFEJ
XIFSEBT FDD%/" M FMEFMBIOGEDT NVUBOUT XFSFJOEJTUJOHVJIT!
UZQF JOEJDBUJOHUIBU .VT JTUIFQSJNBSZBFTHAW®RBBFG
MBOFT

BFEVDFE FDD%/" GRUSNIBARIPQBOMZ SFQSPEMPXEWFS XF B
PCTFSWFEB QSPOPVODFE SFEVMBI®ROT] 0'&B®OIEFONEFGNTE TDB
DPVOUJOH SFMEABMFEMMIBBHFE JODPQQFSBSFZPVOHFS UIB
$V
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'JH 1SPQPTFENFDIBOJTNTPG FDD%/" GPSNBUJPO GSPN % /"®BAM4HITBOE DIS
JOJUJBMMZ SFTFDUFECZ.SF TUJNVMBUFECZ4BF UIFOJOWBEFTBIPNPI
MPPQ GPSNFEJTDMFBWFECZ .VT BU TFQBSBUFQPJOUT XIJDI BGUFS M
NBUDIJOHHBQ # "GUFSFYDJTJPOPGFDD%/" BQBSUJBMMZ SFTFDUFE %/
DBO FJUIFSVOEFSHP )3 XJUIUIFTJTUFSDISPNBUJE SFTVMUJOHJOBDPOTI
UIGuUP1 MPDVT UIJTDBOBMTPCFSFQBJSFECZ 44" SFTVMUJOHJOBDISPNPT
%4# EPVCMFTUSBOECSFBL FDD%/" FYUSBDISPNPTPNBM DJSDVMBS %/" )
TUSBOEBOOFBMJOH
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FDD%/"GPSNBUJPO FOIBODFTHFOPNFQMBTUJDJ

5IFEFOPWP GPSNBUJPO PG FDD%/" QSPWJEFTWBSJPVT QB!
BCTFODFPG SFJOUFHSBUJPO BO FDD%/" XJUIBOBDUJWF S
QPQVMBUJPO UISPVHIBTZNNFUSJD TFHSFHBUJPO BOE TFM|
IFUFSPHFOFPVTMZEJTUSJCVUFE FDD%/"NFBOT UIBU BMM Q
FOUJOUIFQPQVMBUJPO TPJIJGTVSWIWBMVOEFSB QBSUJD
DPQZOVNCFST TPNFDFMMT XJUIJOUIFQPQVMBUJPO TIPVI
FOIBODFEBEBQUJCIJMJUZNVTUCFPGGTFUBHBJOTU OFHBL
HFOFTPOFDD%/"JOUIFBCTFODFPGUIFFOWJSPONFOUBM I

*OUIJTDPOUFYU JUJTJOUFSFTUJOHUIBUCVEEJOH ZFBT
FDD%/"JOUIFBHFJOHTVCQPQVMBUJPO UIFNBKPSJUZ PG Z
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DFOUSJGVHBUJPO GPS NJO SQNJO NMUVCFT BOE JI
FUIBOPMBOE TUPSFEBU ;| ,$
1FSDPMMHSBEJFOUT o QFSTBNQMFEFQFOEJOH PO GJO
NM1IFSDPMM 1 4JHNB "MESJDI 6, XJUl "M ./B$M
DFOUSJGVHJOH g NJO 8RIMMT XFSFEFGSPTUFE XBTIFE XJUI
SFTVTQFOEFEJOBNJOJNBMBNPVOUPG 1#4& BOE MBZFSFE

XFSFDFOUSJGVHFEgGPS NJOBU
SFNP~FEBOE
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XJul Y 44% 4%4BU ,$ 'PSQSPCFTZOUIFTJIT OH UFN(
EFOBUVSFE GPS NJOVUFTBU ,$ DIJMMFEPOJDF UIFO -~
"H NME/ ".E"51 E(51 E551 "M, MFOPXFYP . /FX &0
*QTXJDI .BTTBDIVTFUUT BOEWBEZ50B BRPEORGPEF JODV
UP IPVSTBU ,$ DMFBOJOHVTJOHBNJOJ2VJDL4QJO %/"D
"MESJDI 6, BOEEFOBUVSJOH NJOVUFTBU ,$CFGPSFBE
UIFDPVSTFPGUIJT XPSL XFMFBSOU «IBY B $BDIUBSEE/MNEIORHUI
MBCFMMJOH SFBDUJPO XBTDSJUJDBM UPPIJHIMFWFMT SF
UIWFPG XBTIDPOEJUJPOTBOE QSPCFQVSJGJDBUJPO 00 L
<1> E$51 /&( )1FSLJO&MNFS 8BMUIBN .BTTBDIVTFUUT
XBTEPVCMFEFWFSZ XFFLTQBTUUIFBDUIJWJUZEBUF *NB}
QIPSINBHJOHTDSFFOT (& BOEEFWFMPQFEVTJOHB '-" |
.BTTBDIVTFUUT

#BOET XFSFRVBOUJGJFEVTJOH*NBHF2VBOU WFSTJPO


https://doi.org/10.1371/journal.pbio.3000471



https://sequencing.qcfail.com/articles/deduplicating-ambiguously-mapped-data-makes-it-look-like-repeats-are-enriched/
https://sequencing.qcfail.com/articles/deduplicating-ambiguously-mapped-data-makes-it-look-like-repeats-are-enriched/
https://github.com/FelixKrueger/deduplicate_by_sequence
https://github.com/FelixKrueger/deduplicate_by_sequence
https://www.bioinformatics.babraham.ac.uk/projects/seqmonk/
https://www.bioinformatics.babraham.ac.uk/projects/seqmonk/
https://doi.org/10.1371/journal.pbio.3000471

VTFEGPS OPSNBMJTBUJPO CFDBVTFBMMPGUIFTFBSF DMF
HIWF WBSJBCMF TIBOBMBEREBEP G 6PNVEFE CFDBVTF UIJT
.&1 TZTUFNUP QSPEVDFBDJSDVMBS %/"JOEBVHIUFSDFMM
UIFQVSIJIGIJFENPUIFSDFMM GSBDUJPO <
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GJIJHVSF NBZ C# GBRGE BB X *NBRATNPUIFS FOSJDINFOU QSPH:
5*!

4 'JH /IPSNBMJTBUJPO CBTEBPRQBSSFBBTPG UPUBM % /" TFR\
XIJIME UZGF BEEMT TQMJIUJO CQCJOTBDSPTTUIFHFOPNF
BSFTIPXO POFBTBEFOTJUZQMPU MFGU UIFPUIFSIJHIM
CJOTSFQSFTFOUJOHHFOPNJD %/"BSFPOUIFDFOUYHE MJOF
MPDVTJT ®GETBEBMMDO “JTIJHIMZBCVOEBOUCVUJOUIJTDB
UIF XJME UZQFTBNQMF 5IFTVCUFMPNFSJD SFHJPOTBSF T
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