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Alevin efficiently estimates accurate
gene abundances from dscRNA-seq data
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of Crll Emoper; doopFal, mod zzadve, which disrend oosds
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oacirs i geors. which ece iomfice ol yooigoe (Le, which
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[12, 20]. Dur to theic lower oolqoeors catio, Cell Bsoger
spprers o exhibit o bis anrh ml i
exprrmion, s poedicted by alevio, s ully bighrc
ﬁ.ﬁ}.hmﬂd#.w:ﬁnmﬂmllﬁd.hlﬁ:lmmm
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eve ot vely semoesee- ooique geoes, e YTPPS, that we
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sioo m poedicted by Cel Beogee (Fig. 5). Becsosr the
hh‘hl-m-mﬂpm[mh&nhmﬂﬂ
-ﬂ.-mnqpﬂnlmth_#mﬂﬂwiﬂi
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lqnu!nlﬂ.ﬂ!l:l:.n:ﬂ.ﬂ:‘m:ﬂ:nﬂl.hlﬁnﬂmm
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n method devise s B = pomible ooder the By
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piog ~ DUIL% moo coeds. The oomber of bomen geoes
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mhﬂlﬁrﬂﬂlﬂ-‘u-:ﬂ.ﬂﬂﬁr*ﬁ.nﬂ:ﬂl
thfEmFm.thlhdh hdhn-l.ﬂ:upn
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pipdir. For the snsllesdt debsert (900 oo el
cells}, slevio was ~ 5 Hmes Geber then radve mel ~ T1
oo by than Cell This diffrorery oo
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thai bodh soennts, o reecyipi=-leve]. cosbiots, oo howr
TIviTn wy bhanve been peorermie] mel that sllowe

the prirniisl ooigio of s TTMI even when e conospon d-
iy ormds mep betywern ocooliphe geoes.

Chor -ﬂ.r-l. demomebreir Hhat, ul:n[-zll o Cdll
BEmoper (noxd z2advgy slevio schieves o bigher scoooec g io
put bersnsr of coosidedog s sobsteotislly legter oom-
bex of ormis. Foxthes; shevin is ool eosbly st nod oo
s ooy than thear other sppmaches. These spend
impryements, mr doe o s combioetion of te Gt et
*ihn-lhqnhﬂ.pdﬁmﬁrm-ﬂ.mﬂ:ﬂtﬂll-
ey oo betin, el T
» oolfied ool for performiog sl of e ioliel proeesiog
srpm, the orrd o orwd moed e becge inbeome-
dimir Ales oo disk. Thesr optimbsticos meke # pomible

mouentificelion sml

eyl berhimeks, oekys the masanent of ey mrthe
o difinl. We sho hopr v explocre slieostive ol
baroele whitdistiog sal PG rodotion sbstrgie—
hmﬂqd@qlpﬂtmﬂdﬁrn-ﬂ.
zlp.uti‘:urnr-ﬂ. -:H.:‘:l mexomm Bkedhnnd
mtber than owximom pesimoopbessd cadotion of
the FLIGs
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miooo oo evelsble st bitpe- fyithob.comf COMBINE-
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Maderinls nnd mathode

Inkiia | suhiial b ng aned Barenis: Fmrtinn

Aftry shwalerd gos Bty contodl pocednees, the Bt step of
exiatiog siogle- ool BN A-ary poocrssiog plpelioes. [1-3] is
ezt cell barrode sl TIAT eegoe oees, sl o sds] his
infoometing b the hewler pfihe wmesred cewd o e i
hhn.p_rﬂn.mwjﬂikmﬂihmnm-
I:m—rﬂrnﬁdzﬂnmﬂikhﬁdhﬂpnm-q.
which cen be Hioe - sl ypecr-roonoming.
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It xmickly ibrirs. over the Gle the e
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oinll oherrved herndem e [f iovoke s deber.

whirh of them I:Innﬂ.u.m.lrhn! deviver] Eom
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by miher piprlioe, » whitdiist oy shesly be sailsbie
o devin o o When » whitelist is oob sveileble, levin
s byo-siep poeeinee b e poe Ao il
donft whitrlist is prodoced oslog e proce doce explhel oed
oy, o eedext CHa foc indlisl goeotificstion. This List
ia fined sl peocdl-level moentificstion estiosies ==

Fagm1 el

wullablr (e “Fiml whitelstiog (opticoel)” wcbioo} o
poainee u Bosl whiteliet

To groemir » puistivr whibeist, we follow the spprosch
mmnlwive dishribotinn of berode fegoesries sod God
iy the ko e io this cocve [1, 1. Thoes beneode s ooonoriog
after the kpre combiintr the whitdial, denied W W
e » Canasieo ko o stimetr the pobuehility deoliy
octinn e the beonde mml ardect the oenl
mismnm o the k" In the mere of &
umﬂd“ﬂtﬁhtﬁ:pﬂ&ﬂw in nerd mn e
Byl ol whibebind

Next, we comider thoar beoodes o £ = B Wi
determine, for rech oon-while labed barende, whe ther (s}
i coorspooding oemis shook] be ssigoe] o ume b
coile in W o (b this beooole copursrnts, sime oiher brpe
manrisir] cwls shookd be divrended The sppmach of
skevin i bo detromins, e cach baeode by £ £, the art
of whitelisterl I-.'mﬂ.uwlh“ﬂnhkjmnﬂh:-md-
miml We ol thewr e pointhe bbeds of
i) Pdhﬂl‘ﬂ!mhhnldhrm#in
[2]s we commider m whilke buied baoode wj b be  poistive
Inbrd foc aooor Erooornos beocod e ly i &y coo be obisloesd
Eom w4 by w sobutiintion, by siogle iowrdioo (eod dip-
midition of  vulid ooceotide o the ood of &), Buther
than spplyiog brsdiionsl or the
v sl alit-dibeecrs, diccily sod e Glieciog e
mrch poroesees, we exploit e Gt thet berodes me o
stbrdy shoct. Theofoor, we con explici yiterstr ovecsll of
tl::tﬂ.H.wiE W ol ennevsibe @l seoeeeno s e e
for which this might be 0 pobstive bl Tet Qwy, ) be
the et of bernde from £ that sdberr in e modiiom
eyl whovey then, foc eech By € Qwi ST we sppeod wy
m prtntive bl foc the Poroo eoo beocode .

Docesll whitrlisie] barodes, hanve been pocessed, esch
:hnui:hEnil.l:n!mmnrmp.Hi\!HIf
we priocitiz mbsliintiooe pver mertioos. sl deletioos.
If this dors oot yiedd s siogle b, Ges o bokm
ominmly f oo cemlidetr & diseves] o ;o oo-
oroos beroode, then thisn berndr & comidere] * ooder)
] s menrisiey] ol = diswrdey] Noie hai,
Hal whitrlistioy procem. i desigoed bo colpot s beeger
mnmber of CHa

AR NG N, st LM chaiaplies o
Aftrr Lnbreliogy eech: be ooodd e, either s ooiee o s el oogioy
ceads o the ngyet breoardpiome [10, 11]. Brsds oep-
piog o = gbro reecdpt (oc ooltmepping o s et of
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thae kel of Hherie coorespood oy collober baroode, sod Hen
b po therde mime moken e identifier (TTMT) A Hhis
point, i & then pomible o dedoplicsts cecs el oo
theic msppioy sod 1751 infoonstion.

The provrm of emd dedopliretinn inohes the iden-
tfiretinn of doplicetr eels bael oo ther TTMTe el
sligomrnt poaitios. Most soplificstion oeeors prioe b
Eomgoenistinn o Bhrecy coostroction e 108 Choominm
pooineenls [15]. Bevsnar ofths, the sligooent poaition of »
phveo romd i oot strsightioowend b iotrerpert with cospect
yickl crmda with Aot aliporet conliosies’. 77
mﬂmmdﬂ:lqnmm'l‘hﬂ.l.ld:hvi‘ﬂtmn
mert dedoplicelion ramices. poper comeidemstion of the

O mpyerrmc b for o oyt seymencio g e oo sl PCE,
oo jo e T I is motiveted by *dicectionsl” spprosch
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olarcved or geoe L A spedific TMI a, € Hy obaosd
n_ﬂ.unlnFmLhnnHEdhhn! -.'hml:erl:E,
o muenr aox § ther edebs @, € mch that
dia a2, ) =1 el g, = I, + 1, whee dfs, <) is the Fam-
okl oot heve sden = o sroc omler this oode =e
¥ therr ecais, mvidess Bt i.nih:'[.]'.HIl.l:Lr_.'[.]HIl.i:
» Hemmiog distsoce of 1 oc k) oowy bave scisen Bom
diffroent b oecvipits wmd, heoee , distiort ookermbes. Moo
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o oo then cor oowd, ceosio # bo lowr o sobabeotiel
mﬂﬂiﬁmﬂnb&r::mh#i‘hm
dednplicsling proecrss

As previoody poposd o sddoss the poblem of
cell costrring [M], mo eqolveleoce ces [11, 18, 15-29]
ool e pradti ol inomstion, by oo of eocod-
iy the wrt of brsoscr pis. bo which = Gregoeot is ospped.
Specifically thewr eqoivalroces desrs oo cocode coo-
sirsinis, shoot which T.]llIl.m.lrl:.r:-.im om He
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mme moat bne dexived Eom disbioct pee-PCE,
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ﬂﬂmll-hm::ﬂtmthm s B
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with the wame TTM], oo glve ciar o diffeont Soive-
enr cears, o that cenberbdp io s diffeont egoive-
e dam is ood, nlooe, wnfficient evidess thelt 5 sl
ot heve decver] from e disfioet (pEre-PCE) mobenle

'I‘:iﬂ.:ln'lnlﬁnmﬂ.i‘uﬂrnli‘.mhlﬂ!ﬂl—mlqﬂ:‘:
[ F!-Evﬂ.mnd:.ﬂmn*lmlrh
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dminplicetinn, we popoes, iiesl, 8 vl TTMD o=
ntion thai ikrs inio socoood sy pis el
evidroer when it exists, whike sooolbeeood y evoidiog e
poblem of o that ren ooeor i e goi vele oee
clemrs s o bresirsd iodepen dendl y for the pocpoars, of TIMI
deinplicetinn

LI I ricund wtioey i iger M

A potrntil deewbeck, of the gene-level, deinplicstion i
thet # disrenls bescriphbed sddese In this e,
urh sdewe s eoded in e apivsleere deees
Thos, geor-level dedoplicstion poovides 5 comervative

sppoach sl smomoes thet @ i bhighly oolicrly for
molembes that wr dstioct rescipts of e =me geoe

o b gl with w sioolber TTMT (withio so edit dishees
of 1 fom soother TIAT fom the meme geore). Hopeves
e TIMT eollininm o s ﬂ.:':u!.:\mﬂ'l:ﬂ:ll:l:ﬂ:i
dirert eviderss that similler 7T most heve sriaen fom
dintiort bremcvipis. For exmmple, i sholbee T8 T sppeesr
in esuript-disjoint emivelesr deses gven i sl of
the brecripts ebeliog both cheers belong o e e
pex )y then they corzat bave wisen Gom the sme pere-
PCEmoernle Arcoooti o ioe soch ceses is rnpecislly boe
wheoosiog s eroeeyeoe ded oplicetino spprosch sod =
serorociog depth iocremes.
simrtings perskmooions AT poph (PTG, & = [V.Ek
bx mch ol where ech v, = {@, T)) i & ople comisl-
iog of TTMI soeocr o mod o ard of breoacsipts, T; =
{ql.ﬁ,...-.ﬁ-}.'lﬁnzlllmnﬂ-mdﬂ“ﬂh_:hm
lﬂmﬂliﬁdn{w]—qhtﬁ:mnﬁu::fﬂnnﬂﬂlmﬂ
equbsleoce chas puir is chweryed. & coobsios bvo bppes
of mlges: dicected sod e dioecie]. There edsin o dioecied
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19— 1, |[TiNT| *» 0wl domi{whomiiy)) = 1 Foc
n!tr[ﬂ:nfruﬂmﬁrﬂ'ﬁﬂ:lﬁu:hmﬂ]mlﬂlui‘q
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ilividosl TTMI exivele e s, peirs.
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m sdbooarese yood be 8 mobel e i the
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whorrsr e is oo wherre e wrt of
mhnnfth:m&nﬂﬂnth:-ﬁnmmhr:-mu—
mll inbeertinn e, e, e shoowssss o be
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coopoent o the pgoaph, we om God dilferent e of
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mazachromaiis arborscrorems is ND-complain
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Ty U | i € B
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ool e in {7 dominedr ¥, Hre sdoorserrsrys, will cove el of V-

d—IEE'hllmmi‘nfl;mnndrnniin-'hmn-
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i‘lﬂ:fEHmfhm.!l‘.‘l:rﬂmlﬁﬂ.‘:
me  soch oodes that woe part of the ek, mwl
bersner the oo s cover sl of 7, e wdle ol
ol s, Elrwiar, dominstr 7 |

Phhmmhhw‘#unm!ﬂ.mnpmﬂ:nfﬂ
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oy vedtrr W) W coopote the s of the
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e, the ol of pomible bsecipt lnbel s that oo bd bae
ooloed it (Le., e o the ot oo of the e goiveleoee
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covexing this echooareoes beloog o the ssme groe, o
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hlm.uin“:rllnl:h:lﬂin‘l-.ﬂtmnh:nl:-ln-
rinted with the srborsarsrsr s miders] o

mciar B moy of Hhe greoes writh which it cools] be ebele]
Sobwrnently, sn EM slgodibun s ound o disivibobr Hae
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e pu i rella B e, we
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“n:hlu':unﬂ,ﬂtrmlrml: be snitubie i:rﬂ.ll:ﬂr-
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