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TreeTerminus —creating transcript trees
using inferential replicate counts

Moor Pratap Singh, -’ Midchae! . Love, - and Rob Patro

SUIN VLS R

A certain degree of uncertainty is always associated with the transcript abun-
dance estimates. The uncertainty may make mamy downstream analyses, sudch
as differential testing, difficult for certain transcripts. Comversely, gene-devel
analysis, though less ambiguous, is often too coarse-grained. We introduce
TreeTerminus, a data-driven approach for grouping transcripts into a tree struc-
ture where leaves represent individual transoaripts and internal nedes represent
an aggregation of a transcript set. TreeTerminus constructs trees such that, on
average, the inferential uncertainty decreases as we ascend the tree topology.
The tree provides the flexibility to analyze data at nodes that are at different
levels of resolution in the tree and can be tuned depending on the analysis of
interest. We evaluated TreeTerminus on two simulated and twe experimental
datasets and observed an improved performance compared to transoripts
{leaves) and other metheds under several differemt metrics.

INTRODUCTION

Transript abundanoe estimation s among the ey target applcations of RhG-Seq & gene can apress
multiple trarsoips dus 1o abermative splicng where a combination of exons and introns can be joined
in a diflerent mamner. The variation in rarscipt apremsion plays a ey rode in developmet ™ and
charactenzation of dsaases and fier subtypes " One approach 1o estimating farsoipt abundances s
1o probabilis fica By asshgn a gien fragmant to the Fansoripts usng madmon BoeBhood or Bayesian inler
wron  This hias o ba done since thene exdists an ambesguity toward finding the troe boous of orgin for a
gran seguencng frmgment when it can map eqgually wall 1o fe shared sequencas within franscripts.
Thik, a cortan degree of uncarainmy is asocatad with the pant estmates of Tmreopt abondance,
dapanding on the nature o the Fagments. This in urm maces Sownstream analyss, sody as Silferartial
mstimg, diHicult for mrain transoipts and mpack their aocumog. Uncertaty also exsts dor geme
wiprEs o s ima s since the sequencing Iragmens can comae fom e shamed sequenoes witken genes,
Fewencer, gane apresmon o5 tmates will b e ambiguows than ransoipts. The anoertainty of a tran-
sript/gena can be astrmated from tie inlerertial repficates generated aithar thraugh MOMC\GibRs
Sampling or trough a bootstrap sampling of the reads and rerurning fie abondanoe estimation
algariihm lor each bootstrap replcate.

The kighly uncertaim trarscipts/genes may become invisibde whan the nlerential repficates are noorpo-
mied into the dowrs treamn tashs. To crosmsent this probleam, soma maethods hawe gouped ransoipts’
g o distinct inferen tal units fhat share a kot of mutimapping mads. ” mmodipase  proposes o "Cinpar rmnd of Computer
goup trascips by computing the comelation betwesn awry par of ransoipts on the posterior Soance, Unikamisy of

. . . . g and, Collaga Far, MO,
replcates and the pair that has the most negative cormelation is gmuped. Ths process i repeated for uu.s.ﬁ_ﬂ s
multiphs teratiors urtll a stopping oriterion & macdhed, whera at eadh teration the comalation s recom. S .
puted for awery transoriptdgroup with the groue fom the predous teration and a rew grooe s ormed. u,.-:_-ydmc_mi:
Termirus  also prosides transoipt groups a6 an output bot emplys diference 0 indeemtial elatise Chapal Hl, FEC, USH
whance  between the group and fie mean of s underlying frarscripsfsubgroups as the statistc for ?P'h:ﬂf-lc::?
group CI"\I..'I'E:IH- It frst creates a graph on the ‘h"afu::r'pt:_. with an adge dancoting that 'ﬂ"!l ranscripts CL:EI.MIM,UH ra,
oxaonr inoat kast one ranga-factorizad eqgukabmoe dass  and aonly the ransoipts that are

ornected by a path on the graph ame conadered for grouping. Temmine first fimds groups aomss ::dm:

wach mdvidual sampie and Ee o commensls approach 10 OUpUE CONSEFGLE Qroups amoss samphes. FTmEEn e
Iotabdy, both mmoslapse and Terminus provice a snghe beeel of resolution for analyss, not pemitting

amabgis aToss diferant bevels.

"
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Sroter Bnitation with botihof the abose mathods s that the resolufon at wihidh grouping is stopped is
gowermed by a tireshold determined heuaristcally that does not take the downstream analysis nio ac-
codrt. 'Whan parforming downstream tasks such as dillerantial analysis, these methods can ether thus
amr-aggregate ransoripts, masking the signal in the process o under-aggregate beading to weakier sig-
maks, and am imabilty to make corfident calls. Since the gaal of these methods = o provide onoeta
groups a5 output without doimg mudy aggregation, fiey intoduce many filtedng corstaimts on ran-
sTipts in order for them 1o be onsdered for aggregation which might urther lead 1o missing good
carchda s

In this wadd, we imfroduce TreeTerminus, anew mathod fiat ams o address somae of the shortomings
martoned praviouly TreaTammine axpands upon fie dea of Termirus and groups tareripts in a
trae structure winere baaves represent ndiddual ransoripts and infermal nodes mpresent an aggregated
setod mal ransoipts. Across the samples inthe sgpenimae ., mlene rtial unoera oty decreases on aerage,
amcanding the traa topology TreeTemminus can ba runon a snghe sample and we prosice o dileremt
appraaches in order to edend it for the mul-sample settings. Tha free prosices the fledbdity o analyze
data at modas that are at diHarert braels of resolrtion in the tree and can be tumed dapending on tha
amalgis of mlerest Thiss, TreaTermimus prosdas the abillty 1o represant the struchora of the imderartial
uncertairty prasert in the data, and to coraey this struciure 1o mathods for dowrs ream analysis. 'Whils
this represertation of BhA-seq quantification data are quite new, we beleee that it will be mportart in
Fealpareg to e bop maore acourate approacnes for problems Bee difemential tes ting, whare testng proced-
ures may eventually chioose to convey results at a bevel that madmizes resalution while smulaneously
redicing e inkerentquartidfiaton imoertarty. The groups of trars oipts festadcan ba Bnled by biclag-
cally s ren gl ch aracie ristics, Bos sharinga parfoular s equenos olexors ora common framscripton start
site, though these annotations meed not be own or prosided as input B the metod. To dotain foed
groups for downstream analyss, we provede a dymamec programming (0P approach that can be wsed o
fimd a aut firaugh the tres that optmizes ona of sevaral differentobjectives. In addition, the DF appraach
bz tha ability to optmze for other wer-defned objactre unctiors provided they adhere 1o the
mogured constrant nemssary 1o ba aflicently optimized on a tea. Tha rmer nodes that are obtamed
from solvimg the DF might contam those transcripts which would ot hase been recoverable by doing
e analyss at the ransoipt level, but whose signal can be preseroed ata higher bevel that is prosscded
by fim e modes.

Ta the best of o kmowledge, this i the frst tme that ransoipts have been arranged in a ree-Be
struchora, that taain a data-driven marmer. Wa svaliated TreeTarminu on teosimulated and teo maeer-
imental datasets and obsered an mproved perlormance ompared 1o trarscrips leaves) and other
matheds under seweral Siferert metncs. TreeTerminus has been implemented in Bust. 'We have also
created an B Padoage beavel that parses e output of TreaTermirus, implenants 0P algoathms for
fimding an aptimal cut, and provides helper Junctiors 1o obtan el statstics lor subtrees witin the
TraaTerminus-denved tree struchras

RESULTS
Owverview of TreeTerminus

Wile b fhy escriben Tree Terminus pipalne as shown in - Usimg e abundance estmates andiniar-
wrtial replcates toran RhG-Seq experimen t that are generated by Sabmon, Tree Terminus outpots a fomest
of ek, whera beaves represent indid dual fmreoipts and intenal nodes represent an aggregation of a
transript set The tees are corstructad such that an average, te inleremtial uncertainty deceases as
we ascand the fres branches. To corstruct trees for a sngle sample, {rst, a graph & ceated on the set
o traremipts, with an adgae denating fiat they ooecour in at beast onae rangae - lactorized equisalbanoa class
for trat sample. The edge weight denotes the eduction im0 imlerential omoertamty (oo o0 in

b ]ﬂuthib-lubﬂmdﬂ'lhlmmmmhmm?mmmnbhmrg-iﬂu-ﬂgn
ﬂﬂungﬂ-ﬂ,’-:-:lﬂp:di’mhl graph creatng a forestol trees, each representing a tersoipt group.
The group consstof tram scripts, such that between any two trars orips fhere aists a path betve e them in
tha imital ransoript graph at teration b Tree Teminus prosdes two mades toouipata fomst of tramsoript
traess amass fie sat of samplas for an BRG Seg aqparimmant. The Meamn frees uses the meam reduction in
irferen tial warianoe across samphes a6 the e dge wsight for aggregatng nodes, whersas the Cors Tee ap-
Pl amapority rule edended corsenzus algorithrn on the indisddual trees obteined aorass sampdas fora
hEn TanSTipt group.
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Experimental setup

Da tasets

W ran TreeTarmirus on twe smulated and wo eqparenental buf BMA Seg datases. ' TPM (Tran-
scripts par Milon) estmates axiracad Fom GTEx VE fontal cortax datacet wara usad a5 an mput i

garierata the senulstadda meeats, comaning 12 samples in 2 condithons with & samples ineach Two smu-
fated data varsators wers craated and relermed 1o as Brimblom and BrSimlow, regeacivaly Tha frst

wpanenantal dataset s derred from twe dflerent mowse musde tisues, corsisting of & sampsas in
e and wa raler 1o as Mousablusda . The seacond eperimen aldamsets dbtamed for the brain tissues
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Takds 1. Paak s ory i s and rossiss tiew for the diflereat o tegs o f Ters i ased TrosT s it (both Meas
aife] Cosid Shsl ] & & BrSisnMorsn datidet

Termirus TreaTarminus (Mo TreaTarminus (Cons)
Methaod Group Consersus Group Group Comensus
Paak Ml armary (W) 234 | 3340 435 452
Twwe (RoiFoa) L2340 ez 2y CHOE-E a4 T35

o Chirmpanzes, conssting of a total 0 73 samples. The two groups for our analysis corsist of 5 amd &8 fis-
i, ragpe civeely. The resouroe usage and time perlormance comparing Terminus 1o Tree Terminus ane
prowidad in and L

Creation ofa baseline anti-cormelation tres

For comparizon with TreeTamminu, we are unawsae of any other exsting methads fhat creade trars oript
traes. Thus, to creade a baseline tree, wa craate a tree wing AntiCormelation (AC) (megative comalation)
bt trars Tipts compated on the inderertial replcates, which we alsoreler 1o 2 the A0 trea. Tha mot-
wation forsing AC comes Trom mmoollapss, | which was alsouse das a baseline math od for companson in
Termirus. Sinoe mmoollapse does not ooeate tees, we use UPGRME T UPRGMA appdes a erachical dis-
tmring procedure on the bral set o generate atres, wiech based on the carent impat, will group an ant-
corelated set of tfranscrips, kading to a reduced unaeraiety. We thus belawe the UPGAWMA tree is a fair
baza bme for comparison with the Tree Terminus trees where uncertainty dacreases as we accand e ree

Different tres methods that have been compared in this stedy

In s siudy, we haee used bath the wriators of TreeTemirus, whare a uridied fres i construcie d irom the for-
et of Core andl blaam raes Wa awaluate their pardormanos on seweral paamaeters. To sea i fare ame any ben-
wiits of remosing e corstran s mposed 0 Terminus, we ako compane with fe unified trees obtamed afier
mrring e corseras algoatimoon the samphe trees that wene construched widh the sariators of those con-
strairts feee 5100 Vot o csl inthe frs tariadon, e consen s teeappmach s appiedontees cbtaned wing
beth conistrairts Le. FltandES (Early Siop) which is relermedto by ConsRES. In e seoond varsrtion, we anlly
appdy tha corstran tFilftan d the coresponding mrseeas ree that is ceated s relerred toby ConsFilt The A0
e serdes 2 the bacelime tree_Wa creaie trees forall fie adoremen toned marfods forboththe simulaied and
woape irmaen tal das ek WWe also compane widh Termimus groups (Terrmll and transoips ( Tapdwheneoer possble.
The total rumber oftran soipts covered byditere m matnods across the ditferent datage 5 is prosededin w2
bdzam tree cosers e masttansoips ofowed dosely by Cors tree whils ConsRHES ree and Term cover tha
bazest murnber oftramsoipts. To dacilitats the compars on babwaan fia matads, we enaore fat alltress cwerfia
sama trars Tipds. & rarscript set is ooaated by takong the ureon of the tramscripts covered by e e s in e set
{ Mean, Cons ConsFilt ConsFHES AC), and groups in Term, with Taprefering tothat rarscriptset. To the chil-
e ol the rootnode of the abowe trees, we append any trarsoipts fatwere present in Toge butmissing in the
trarecripts oere dby the ndvidial trees. Smilarky, nodes in Temcorsist of allnodes oufputby Termirusalong
with any tramsoips presentin Top but rotoosered by Termirus groups.

TreeTerminus nodes have the lowest mean inferential variance
Thia wialin platin compares the distribution of kags MIRY (mae am inde reeial relativs varianca) for fia
e nodes across Tees stratified by thair haight for the Braimifdom dataset For comparison, g, MRY

Tabls 2. Total smsber of tramsoiph cove e by oJ lereat Svilen ch s rod e o atadets

Mizth od BrSimom BrSimLow Mouschusde ChimpBrain
Iy 135138 13508 SEF1 ITEEE

T 124377 12437 o730 347
Canalile 12178 128EET asdzs ITazs

- TIHE T3 EE0EZ IEN4
Cipalf| 855, ET1EE 2581 1=y 15773

Tarr 13812 13730 e o e
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Fgars 2 Dhatribetionol kg MRV b onsthel relative varins o) o oo s e bt n od e 1o r (e BrSaeha rm o alas o1, & tratif] e by D bedg bt
The k| Firdlad ol P ik bl gy B i i i i g i o g i M s o i Ol bl ol s o b e s 2 g o | e Hﬂ'-l"-lgfl.illl'-
chotribastion of Ly of MR for b i o s ared g

lor garms and tars il has beon plottad abong with tha taes at each haight. The ransoipts hawe the
heghest range ol variaton n tha MY and as epecied hava the Brgest values. Ganes hava tha lowest
BN witi tha magodty of genes having e lowest possible valua o1 001 that can ba cbtamed Eing tha
chafaniit trragholds (i 1 fmeang fie freas, tia nodes of Cors and Maosn tees haes the bowest
MY acoss differernt hebghs foflowad by ConsFilt and AC frees . Tha nodes babnging o CorsRHES
teahave tha highast MY, A& apacied, gong up the tree, MY deceases across he mathods getting

choser 1o gane MERY bavels. Thase trends are summarized by fia median walues of MRV in 10 = The
prEviolE pattern = ako repaated in-the Brimilow dataset|] | and A senidar trend
cbearsadior fia Mousabdusda datacat] Aand Tabk 1-Tha by changs = obsarved on fia nodas

at e bgint greater fan oregual to 5 jor tha ConsFltES trea which shows fia maost dovwrsand skl in MR
diEstributeon. i @ mpotantto note that aoross afl the datasets, ConsRHMES has te kowes tnumber of nodas.
Far theChimpliain dataset, a very similar distibotion & obsarvad for thetrees acras althe matods and a
madast downward shitt in e upper talis cbservad 2 the heigh tincraases, The MY though = very low tor
i haight2 mnee nodes 1o bagin with 70 Loamd 21 Moweser, a corsbderabla dowmisand sl i
tha distribuneon of MY & ol desarved for the innar nodes compared 1o the trars oips.

TreeTerminws nodes map to relatively fewer genes and gene families

Wik neet ook at e destribution ol fhe rumbe ot uniquely mappad gones at tha nnar nocas kboatad at
diflarent haigims acras the treas Tha mapped genes associated with a noda are found by mapping tha
descancdant leaves (fars oipds) for that nade 1o fie genes: © o0 %om6, 00 and Y plok this distribation
“ortha SHeant datasats. The popartan of nodas that map tomars than ona gane & oorsaderably heghar
for the AC traa comparad toothe s, with e umber of nodes at akhesgn two that map totwoganes, 10140
00 ot tirmees Bargar dor the AC trees. Thae incraase in tha nefativee mumba e of muoitgaene mapping nodas s
afen tha Feghest tor fie AC e and it has the Fghestmagniiude of the rumber of urigue genes 1o which
an mnar nada can map. With the exepisan of 2 AC tea, e paporton ofnades that map o anlyona
wnbque gena dominates nodes mappeng o muitpla geras acros different habgiis mtha othartreas: Tha
AT traa has tha gl strumbae of mne nodes that map tamaons than ana ionded genes aoros fie data
set (14 I Wo such modes axst 0 the other taes ocbimed aooss the datasats, barring e
Moo abduscha datasat, for whikdh tham adst a reasonabia rambaes of such imnar nodes, wiih soma sean
mapping o mane fian a thasand gene s, Whan ve loole dat fe genes mapping o thase nodas, we found

R s 24, TOEGE, e 16, 2023 5
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Fgars 3. Compadison of dilfermt sethads with repect bo e sembar of g o b wikhoh an bt er v @ s e ree mapi for the BeSimMNam
clatass T, stratified by e b b aicht

Thaii ' s Foprisert s o rornber of e cuse e 85 0 P s Bslarepreg 0o i Free Fo s iap 0o ard By ank repr e 1 neegasrey of anb
TR g P e g g B i s ool | e b o e g g e s o | e T, o ks o Lot Lok gl ez B e s iy e
et | LA B 2B IDTA EEIEA | winth the ir repr mserd reg 1 rursbse of urd s guers e thar o ol o the biv bid lang e thar thae b el s 6

that alargae proportoon of sudh genes wera aidhar predecied or peeudogen s, whikch wias not nooes sanly e
casa - for mastod such modas in the AC trea

W alo ewpiored e dstribuation of the romber of gene familes to wiech Fne nodes befongng o
dilerent fees map i oo 0 L Tha nombar of gena familles have bean binned into b numbars
{12,410, 100, 500, 1000 12000) 23 that aach bin rapmsents tee nombar of uregue gana familes bess
thian oregualito the ben bt angar than fom b badt todt. Forihe bous ebduscle damset, tha numbar of nodes
mappang 1o mam than one femidy s tha rgestlor the AC res and the diflerence in fia numbar of nodas
ncraasas batwean AC and tha remaning taes ac the magniuda of the ramber of gane families thaymap
o ncraased on the « aas . Whide tha AC traa has maore than 5000 nodes fiat map to (100100 gene tam-
e, i murnber = only 124 forthe Mean roae and much bess for fie other tees. Them are maore than 500
nacdas that map to mara than 100 gene femilles for the AC traa whils har Sy any such noda e o tha
ofier trees. & seniar trand = obsaried for fie Chimpdram dataset, whiles 1or fia AT free there am mora
than S0 nodes that map to mom than 10 gena familes, such rodas don’t exst Jor the other trees. Tha
rxcias balonging to the AC tree fius map 1o many mora gene famies. Whlls fha nodes balanging o
tha ofier treas map o lewar gene familles, we have not apdored them n tha current warls

Cuts obtained from TreeTerminaa trees are among the top pedomerns when optimizing for
the dif feront objective functions

b ordar o do ary dowrs tre e analys s and nterpeat s resuits, we raquine decate nilarantal unis Tha
discrete Fhre tial units @n ba obtamed by frding a it on the tree that solves for an obeectee Linction
vihich cptmizes a node metnc. The infemrhal unit that reprasents a Tansoipt group might mpresent a
stranger g al wrot anada matric that the and B = interes ted inoptimang as comnpa md o aggmgation
lor fiat metrecon e indvecdual franscripts comaned i that goup. Tha typa of objactve fnctae that wa
aptimiza & described i datall in 1 N and reguires & matrhs & input dor ecary nodain tha taa
Spacifically, m ths manuscript, we Fae s ed e mairecs todemon strate the bane fits of oo proposed taa
structura. For fa frstobjedeve funclion, wa wartt ta lind nodas that a2 bow MERY and at tha same tima
araat alewal cdoga 1o tie baatin ondarto provicde o fnest meclutan lor dowrs tream analyss_ Wa reler o
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iFrr Perchen e B B gere Rl es etk b ke g giver e ThE Fae Base: plofed for Mo sMusds ard ChimgBrain ot sts

s cbpactwe fumcon as iv_height_decizes - 700 Mool 1 cand 59 plots tre optenal values
and the cut szas abtane dby sabang forthe praecus abjactive Tuncton an the dbarant tees 1o asch data-
sat Ao ploted for comparison ara thesa valles when tha ot consis i ot anly the tarsoipts Ty

Tra ouls for differant Tees have boen obtaimed by usngy valsas Trom e set (0U05.07,051.5). howsing
v will prosada more wakgt to e haght baadmg o cuts with lowar haight nodes. Tha heghest dwarst)
aptimal value & e for e ol consisting of Tansomipts, wharass tha outs obtaimed for Cong, CorsiRit,
Moo treas conss ten iy have e lowastibest) optirmal values. The rolative SHerenoe 0 the optimal value
bartwsan fram = smalar companed 1o diHemnoes in gptimal sabies o the odts obtamed fom e othe
e fe yinoeases, the =za of the ant mcraases ac eepacte dalong with hha increasa n tha optenal vadue
Further, the dHarems in e optemal aiues andoutsizas batwesn tha mathods also decraaa, with thesa
wafues ndricua iy becoming comparabla at ¢ = 5 across the trees. We ato looke d at the deiribotion olthe
wabuas of tha matrecin the ans ior fie dfierant tes andthatereaiptsin 5 00 LA Lerga proparteon of
noches for tha Cons, Meon, CorsFilt tees show 3 wary bow wvadse for tha metic comparad 1o the other
mathods, srowing that fia net saboe ot the cbpective Lincton s ot dominated by st a law outher nodas.

Far the secaondabjective lunctean, we find nodes fiathava ahigh bog fold change andiow MY Wareler o
this abpectra function 2s Ho_descsea 57000 o s and plot fia optmad vafles and out sizes obtamed
for fhiis abgactve for the SHarat trees on aach dataset in Lfiza compared ara thavalues fial are
abviaimed whan the oot corsists of—Termins (Term) groups and the ransoipts Tapl The ool obtamaed
From the Cors troee hase the hichest (best) optimal vafue folowad dosaly by tha basn raa These ara
then toliowed by fha ons abtarmad for the Corsfilt and AC trea. The ons cbtamed for CondFiltES tae,
Term and Tap have e bwest worst) optmal values. An opposta trend = abserved {or tha on dizes,
with Top having the largest sza lo@cwed by cuts from Tamm and CorsRRES tma.

An optimal performance is observed for dif ferential exprossion analysis on the cuts obtained
from TreeTerminus trees

Wiie alzo svafuate tha padommance of doing differantial apresson analysis on e base mlerantial units
conssting of cuts obtamed Fom the Cona tree along with ganes, tramscripts and Taminus groups for
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ot il il cdfaired using Fardenp s (Tepd as o o,

fre BrSenlow and BrSmbdormdatasets (00 00 amd L For the BrSknlow datace 1, we chserve that fie
ganas aea the bowas 1 FD R (F alsa Des ooy Bata) and s kg TPR( Trua Posidea Rata ), whille tha o desc oot
s tha hisghest TPE. Siméarky tha oots abdained for ine_nabokit_desc at the varous. ¥ vaiues e compana-
ble FCE and higher TPR conpamed 1o Tap and Tarme For tha BrSmiblorm dataset. barming the 0.01 F0R
thires odd, o similar frend s observed arass the cus compared to Tem and Tap. it & important o note
that simca tha ralerencs units am different, fha metics are naot dractly comparable batwasn the methods.
Wa thus, next campanad tha numbar of fransopts balongeng 1o the sgnidicant nodes inthe He_desc ot
that are also tue posidves but are not covared by aithar Tap o transoripts belongimg 1o Tarm for the
0.1 FDR fireshold W find more than 290 sudh trarsmipts while only 278 true posiie franscipts ecst
n Tarn frat ara nat cowvenad by Ho_desc oul. These 2K tansoipts map 10 arcund B28 mner noedas inthe
o, which i total maps 1o mora fhan $8500 franscripts. Howeear, this cut aflows us 10 meower sigral wret
hese tua postive Tarsdipts at a highar bvalin tha ires which would hae bean kst by boling at just
i ransoripts

DiSCUSSOM

TraeTarmans organezae s fe frams cripds @ a tmee stuciure, with tha leaves rapesering the tamopts. Tha
traa accounts for egan ma - wickas i lera il uncertaEn ty and provides tha Hleckity to anafyoe data atno-
ches that are at difarentbawels of resobison thatam bestsupparted by data for the downsiream anadysis of
rtarast. Tha cutgivan by tha OP mpleme o on the objadive unctions usadin this paper provides ana
P iede way 1o gt a sat ol nodes fat can ba ead for dopwnistraam tasis. Tha DF & generakad and fia
basa mairic insida tha objectrae funchon can be eslyraptaced bya wser-dalined Junction. Furthermaons,
the end ser canalks dafme a complealy Stlerant approach 1o lind a ot from e rea.

Wiz have provdad two dierant appmadnias lor getting tha transcript trees 2 outpot fom an BJA Seg
asparmant, bean and Cons. Thaybath cowr a siméar rumb er of transcripts andhaa comparable paror
mance arass the diffaremt datasets dor tha various amalysas that have been ogpldared inthis paper. Thay
hae Suparar perionmancs compared to e conserscs tees that were obtamed whan the comstrants
wara hapt on the varous evaluation matics and cowar tha largest rumber of franscripts. Tha sub-par
prlormanca for tha other mathods, espacia iy CorsFRES and Term porn aps ndicats that these mafiods
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uncher-aggragate. Whils no other mathod oosts that arangs the ransopts | a tesBoe stuciure, for
Compans o wl alss prosida the A0 tres asa basaina, wihich s constructed usng UPGMA—a wall.kmown:
rmarthd for tree canstruction in pryfogenatics . Howeaer, comstructan of the AC tree |5 bath highly mamany
and tma Ftersra, with tha rae corstudon process not mkeng nto acount e eguivalanca clacs
rlormaton As aresuft, wa obserse that the nodes baonging 1o AC traa mapto a largs rumber of destinct
gz and gona families not offering much bidlogical infapratation. The noda: belonging 1o rees
omstructedirom TrmaTermnus mapto a snafar numbar of dstinctganes and gane miles, awen though
amatation of fie underking organEm was not a part of tha input.

Cifleren fial eprassion o differartial abundance analys i is an bnpordant downstrasm appdicaton of Bh

Sag and ofer sequencng-based datacets Varios ditlerenial tesing mathods fiat bverage a tee
struchra” ' have baan proposed, reparting an inceased powar. In microbioma arabsis, investigators
e 1ried to associate noces, bocated at debarart lavals on the thea bt though phyiogemetes anabysis,
with & responss anabde ofinterest,  with somae sing replcability & @ matric o deemine cptimal kvalks
ol aggregaton.  Wa babeve tiat the trea fundind) provdad by Trea Tarminus can ba used with thesa
mathods {or improwd diHeren fal araksis in BhA Saq While wa do pardormn diterential tetng on tha
odfs, fey am nat necasardy optmzed for that task. Further, TreaTerminwe in tha luiue can also ba
acteided 10 fappedand sofhld cag protocols whara tha trees vl ba constructad on geEnes rathar than
tramsTipts, owing toread mappeng ambaguity at the gene keselitsel since the awors of one gene can ovar:

Lo wivth @xors oF imrors of other genes, a5 these are - bissed, often snghe end mads:

Limi tations of the study

Thera dossist soma aress whara the underbing trea constructan maethaeds can ba improved further Taic
Ing tha maan of dflerenca in nleramisl relaten variano on afl sampbas for coretucing bean trea magt
prdant tramscrips drom aggregation that had Rgh uncartiny but wora eupresmed anly i the samplas
bafonging to a population fat was not in the maporidy 0 the axperiment. This can be repfacad by a
warigitba d raduction inindaren talralaties variance, whara fia maan is compated ovar the samplas inwhbch
e trarscrips ane apressed Further, in e oomantimplemantaion of Trea Terminus for tha. baan Tea, 2l
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samples’ inlarerial repficaies are loadedin the memaonyg, which mightnotscabes well foran B Seg apar
iment with larga rumber of samples. A Bnitation with the Cons tree s the corsensus tea abgoathm that
requiras all the underkgng inputiress o span the same beal set, causngus to madily the indiadual sampla
groupireas fiatwane provided = input. An atemative 1o corsenaus algontims cam ba supertrea mathods,
ouch s STELAR andFas#®FS which don't equire thatall the imputiress should coser the same beat set
Hower, STELAR i wery show for trees that span large beatl sets and Fas #1F 5 provides an urrooded tree as
arn autput, which malkees wsing them as a drect replacementnot rivial. Moddimtons to these approaches
car ba expdoned in the uhora

STAR® METHODS
Cwtailled mathods are prodded in the onlne version of this paper and induda the follosing:

o Laad contact
3 Materiaks avallabdity
2 Cats and coda availabdity

3 TreaTarmirds

2 Creatng a unified tree from the output of Tree Terminus

3 Soking objective functions 1o cbtain discrete mlerental units
O Datsets

o Sirmulated Foman dartae et

O Mouse miscde dataset

o Chimparees bram dataset

o Corstraction of amts-coma lation res

3 Mapping to gena familes

> Cilarertial apresson analyss

SUPFLEMENT AL INFORMATION
Supplernarntal inlormation can ba found anlne at 1 ] ; AL
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RESOURCE AVAILABRLITY

Lead contact
Further informaton and requests for resources should ba dimcted to and will ba ulliad by tha bead con
il Mloar Pratap Sngh( o jFrt i

Materiaks availabikty
This study dhd not gEnarabe new UNEgULE raa g .

Diata and code availabil ity

® Tha paper analyzas smulated and eosting pubbdy maillable data. Tha scipt 1o generate the smulated
cata has been uplcaded to Zanada with tha DO Ested i tha 1 Tha study acmesion ids
lor the exyparemental datacats ora afeo Bsiad intha . Ta obtaim the raw CRienpanzea
brain datasats, acoess has to ba raguasted fom the PeychEncada Portal

® TmaTaminus & publichy availlable online fom o oom
® Tha R Package baava® i publicly avalable online from oo 0 I PR

METHOD DETAILS

Wi {rstbrafly dasriba Taminws, | = adrmathod bulds on top ol it The gmoupstep of Terrminus taes as
imputan ndaidual Safmon’ guantied sampls Fom an RS Seq axperimaentand outpuis  setod framsonpt
groups. itmakes use ol tha vange - ac torizad aquivalenon casses &' and inderen fal replicates 7 obe
wmmedalter rurning Salmaon with the appropriats {lags. An aquinalence clacs denote s an amacaton Fama
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setol tarsoipts to aset of mads, fatare mapped toall the fransoipts inthat set b rangas= factorizal
e raberice dags in addition also encodes the mapping qualty, Wi a singhe dass corstiuting a set of
pars {t.w) rather than just set of t, whare t denotes the tanscript and w represents the aserage
conditional probabilidy with which the fragmentsinthe equikalence dass arose from that ranscript. The
Tarmimus groups corsist of transcripts fiat share large rumbeers of ambeguously-mappad fagmants_ Iten-
ploys a umiondind data structune, with the frst step being 1o scan ower § and group the ransoipts that
appesarin the same set of equisabenoe damses and havee mear e rtical conditional probabdity wectors sing
the ndlon opamion. Ths ensures fat these tarsopts will belong o the same partition, when deaeceed
tiraugh the Find aperation. it fien corstructs a graph with the rarsTipts 2 nodes, whera an edga be-
twmen any two nodes vy mples that they co-ocour i at least one equivalence dags and have e
adga soore s, W< r whera

;':\rl,‘1|;.-:| - -.TFE""IH-.' - m Ecpaﬁ:m 1]
ma| @ — u_ .0
Ry, = GRS {Equation 2)
Hg HpL

v ara thie pasterior (Gibbs) replicates for franscript | 8, and g ame the varianae and mean over the pas-
tmrior replcates, po s the peeudocount (delultis 5), d s a snall global shilt idefault s 00T and ris a
tireshold of diference n imlererial elative variance. A minheap H s onstructed ocer the edges beyed
b s{we. wh and ateach deration tan edga with fie lowest score is popped cuttill the heration H becomes
enpty. H fie parttion)group) of ary endpaint varax or the popped adge hos bean maodidfied bot s cor-
mgponding score was not updaied, fen the adge is called staba. I the edge is not stale then the core-
sponding nodes ¥, ¥ are grogpedusng fie Undon opemton and the pos eror sampbss for ware updated
with o = o+, amuming i<i Thre sore s{w.x} & recomputed for all the werfces
fxbe & adifw) UWadijw) = [w.w]] with adiw} denoting the neighbours of vertex | in the graph at
feration t. The adge with the updated sy, k) is pshad to M d slw.x) < =

The consersls step outpits aset of frarscript groups across sampbes sing the groups obtaimed for the
individual sampdes. The procedura invdlves ceatng a conmecied undirected graph on the transcipts,
with an edge batween ary pair of trarsopts denating that they co-ocour i a graup inany sampde and
tha adge waeight denodes the caunt of the iotal numbar of samples in which the pairco-ooorsinoa group.
Tor craate fie consarss groups, it finds the cormected componants on fie updated graph cbtained atter
only meping fie adges that ocour in atheast a certam proportion of samples. This proportion is a user
dalimed parametar and by default has beenset to L5

TreeTerminus

The trarscripts i a Termins goup consst of at beast two franscripts that hawe eads mul-mapped o
e, which i the source of unoertainty for Tansoipt adbundance estrmation. TreaTermings oulpats a
trae for each nded dual group, encoding e summarized order in which a set of tarsopts should ba
aggragated withim a graup, such that acrass the samples, average uncertarty decraases 2 we ascand
trie traa craated for fhat group.

TreeTerminus has a group step, that constructs transoript-trees for a single sample. B stars by creating a
srghe noda tree comesponding 1o each tramsoipt For any pair of ransoiptefsubgroups that are aggre-
gatad inthe group step of Tarminus, a bimary ree i ceated with its children baing e indeidual trees
corEpandng o the node-pairs fat are grouped. Tha prooess of tree ceation comtinues 1l e tme
e M b cormun s ermpty I addition, somae of the cors traims that Terminus mposed on rarsoipts’ goups
bl ey ool b @ corsidered Jor further grooping have also been relaoed. s nodonger necessary
thata node ¥, shoukdhae infRYv | = dicalled iftered or F116) andthat fora par ol nodes wov, s{y, v} = ¢
(called early stop o ES). For the Ngroups that will ke obtaimedirom a sampda moa orestol N rees T7 =
T ooe T} willl b2 generated, such that for a group g Mgl = AT} with A reprasenting the set of
tramsripts owerad by a trea or a group and A™ represants all the trees balonging to sampla mo Wa
reat propose and describae two different approaches to obtain tees, repesentative of all camplas inthe
e
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MMean troe

This is a simgha step prooedune where all the sampdss ame processed togetiher and a sngle tres i produ oed
trom all the samples wrta group. The steps in the tee construction Iollow dectly fFom what we have
s ik d above, with some modifications. Todind franscripts that have mear sdentical conditional proba-
bty waigh 1s across all the equivalence dacses, ta search spame i espanded 1o all scarmples mter thana
snghs sarmnpla. Later, when tha graph agoss ransoipts s constucied, an edge batsaen any two nodes
imples fiat they 0o-0oor i the samae aquvalancs class in oot beast one sample wihera the edge scora

v, w)is updated g, s} - m amd M rapraserts tia total numbar of samplas in the sgpari-
marit The mdicator fumction b} that datermines whethara trareciptis o good candidade for aggregation
whan corsaderad in sodation s akko updated as

g M M
h{'u;.j-{ll I‘FI;!'I_H:'!J-I-;E'|BI1C| |:r|-a;.l: "'FIEJ' qu-l son )
1] otheraise
whara gy = maarfog) and spyp = ﬂr;.;;?.ﬂl__m oy demating the postenaor replicates for transoript i in

sampde jand i s auser-defined parameter that ssat to L1 that serves 2 a freshold for pread.

Consensus tes

Construction of corseniaus trees is mare imobeed and takas asimpat the sampls group trea s obtained by
mFFiFg grodp siep on sach sample. Gen a set of teess for a given tarscipt group across samphes, we
wart to find a tree that summarizes the topologial structume of te pput ress. Such a free s aled
orsereus tee ¢ There eosts a wide varety of methods to getoonsersus trees, depen ding on the input
and dowrstream applcations. In this wolt wa have usad the magority rule ecended or gready
consarsus free algoriten © which we dasoriba balow.

Greer a ftree T, bt W{T) denote the set of all nodes and 49T | denodes the set of terscipts covemd by fie
traw T For any node as W{T), T s the subdee moted at g 4T} s the duster assod ated with it and
C{Th mpresent the sat of all dusters assocated with treae T. Let 5 denote the collection of fees {Th. Tz
Taah, with AT} = L Wiz {1...., M}, aka all trees haee e same bead set. Lat Xbe e set of all disters
tat acor in 5 sarted by e decreasing order of the fequencies widh which they acor in the treas
Construct aset Vol dusters 2 itialize ¥ = @ than fraverse X amd dor each cheter O encoumiered in
this ordar, dieck it © and ame parwise compatbde for ol T ¥, i s then ¥ = YIPIC)E & gready or
magaity eoended corsensus reeol Sisa tee Taud that AT = L and O(Th = ¥

A constramtof aconsersus tres algorithrm i tatit reqguiras alltha input rees shouldspan the same baaf set.
Ta abtain a conseres tae T; dor graup g inan experiment contairing M samples, we want 1o prowicds
group treas aass samphes &, = [Ta. .., Tu) & an input to the Majondty Rules Exendad Corsensus
Trae Algaritm, with T, represarting the Tee tor sample | for fie group gand Mgl = AT ). ¥is {1,
M A epresens the tarsoipts coverad by a Tee or a goup. Howeeer, a group covering a tramsaipt
satin one sampbe might rotbe presera din oter sampdes. We can have tres /s within a sampls thatoosers
a tramscript setthatoverlaps butis not the same 2 the ranscriptfieal) set ina fee fom somae athersampls
i tha axpeerimani t Thils i demors trated s the acarmps shown in & Farthie e Sfterart samplas,
v hiave trees that cover dileren t trarscript sets, cowenng owerlapping tramsorips . First sampde comtains
trie tree bt on 5 trars cripts. The seond and fitth samples span the same set of 4 transoripts bt are sub-
sok of the trarsoipts coverad by Thq. The third and fourth sampdes eadh have two trees contaiming tran-
soripts that are also a subset of A{Ty | Thus, we cannot diectly apply the corsensus tree al garithm on
tha rees obtamed by the group step of TreeTerminus.

Tor resoden this isoue, we s frst create a setotupdated groups &7 = (g ... gl ). with updated groupgf
mpresenting a ureon of all tareipts lor all tess aross sampless that comtain owerlapping transcripts.
Further, the ransoipts covered by ary such tree shoukd not comtan any oserlapping trarsoipts with the
ranscripts of any ather updated group gf o Algl) = Un . U A{Tam) where A{Tem)C Algl} and
A Tgmp Mg} = @ Wi (1, N}.j#®iTo ceate the updated group gf, we employ the union-fnd data
structhora. 'Wa scam firough the trees aoross all sampless and apply Union operation on the fareoipt sat
oo e by tha tree, winich willl group these tarsoipts covered . This enaums that the ransoipts belonging
o any two trees T, T; across fie samphes where AT 0064 T2 will b grouped togetier. For fe toy
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woarmphe in B, this beads toooreafon of the updated group spanning transoiptset {1,234.5). The
consarss free T will b craated for the updated group ol with AT, | = A{gl)

Wa net creade frees T dor every sample me {1, M) wrt each updaded group f & G such that tree

Tehmm:m:ItMMr:ahunﬂu updated group of or A Teom) = Agl) Tree Toom on the updated
group g for sampde mis ceated Eing the following steps

1. Foreach sarmpde mallthe trees Tom FomaMwhich cower fransoipts fiat oeed apwith the ranscipts
coverad by o are estractad 1o dorm i st Spm whera {Sgm = (Tim. o0 Tanf ©AT | A{Tgmb T A}
¥oc {1, ..d} & A{JNAT) = Em¥Tca™ = 5]

2 Atramsoriptset D s corstucie dthatconssts of ransoripts covered by tie updated group glbutnat
by tha treesin Agm Formally D = Afg.i) = U AT ), with T L

i Hihesethym corsists of only one ree Tm and D s empty, timples thatthe Tee Ty already covers
the sarmae tanscript set as gf and thus we can sadaly output Ton 2 T -

4. Crarwize, an empty tres is constrocted andadded toit's childmn are aBthe fees in Ay alongwith
tha frarscrips in the set D This newly creaxted tree forms Tgn

For each group g & (4 ..... gL ). hera nowexdsts asat of Mireas 8 = [Ta1. .. Typ). - one for evary sam-

ple. PHYLIF: - implemarrtation of Mapority Bubs Extended Consersus Algorithm is fan applad on the
sath togatthe corsensus tree T for the updated group gl The mativation behind wsing hie majority niba

ecter dad mmm:alguﬂﬁmutuprmﬂladmaltupunmatﬂpﬂhgypﬂnmtn st of sampde s that
mprasanta phanatyps not presant inthae magarity of samples, wiech woulbd have besan ignoned othansise.

Creating a unified tree from the output of TreeTerminaws

e e output of TreaTerminus 4 = :TEC.-'-'- Tﬂ':, aurilied rae Ty s oeated sich that s childmen
consst of all the thees i 4 25 showm in - This i done thraugh our B package beaval, which
alsy provides tie opton to append frarsoipts 1o the children of Ty that are not coverad by the trees in
A bt still should ba corsidered dor downstream analsis

Sobving objective functions to obtain disorete inferential wnits:

W provide a dymamic programming (OF) approadt that can be wed to optmize dflerent objactive
unctiors ona tree, ollowing @rain onstrans. The DF salving a given dejactiee unction aupais aset
irodas mthatres Torofd O = g, ...cz) whera O hias the following properties:

* Theunion of beat nodes baebonging to nodes inthe ot snoubd cover alithe bead nodes inthe tres T or
UL, Afc) = A{T)

* Tha imesection of keal nodes balonging 10 any two distinct nodes in the onts should lead 1o an
ampty setor Ag)iAfg) = E¥ijc{l..d).

Tha DF optimizes fie objective funcions of the lollawing form o obtan the optimal value and a ot O
m;l;ﬂirf{'i'}-:rﬂgznnﬂf}

wheref () = Eﬂ'lltl‘ic{r_:l
o

whare metric] ) repesants the metnc for node © 0 e tres T, whose sumowe want o optirmice ower all
reche s i thoe oot WWe sobee dor f{C) using fe procedure described in S t - Fora geeen maetic ofin-
tmrest, it outputs the ogptimal value forthe cegactive nction and a setof nodes (ouf), on which summing up
e maetnc provides e optirmal value. & 1 (CompOptial retorrs the optimal valu e for the abjec-
tve function at a geven moda and & i CompOptCut) mbrre e odt for a freedsubires for that
abpective fumction .

Wiz hava soked for fie chjacte fundions eamploying two dSiHlerent maetrics to obtaim ons on the free T,
whibch wa describa inthe section balow.
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Algeritts 1. Feling antisial vales of U ob jclive Tuselios asd e conipasdisg ol Tor 4 gives vl

Tt T vl by Or T i oo i, v rlinse i thimds sy 2 ool v sy oo v unse oo o it Mo | oo i o o o,
g Ml voobusit P 1o o o s oo e i e 2 v Bt o

DA pls il = [ .8
prachdurs BncCp il Cues
ol TareR ook (T ool B e do oo dspcrie i e B0 e no o ok in e B
A g ST O 1 nadies ane U Botal nurnber of focke in g Tres
et ||
Al _arre | Dt _fadas
Her i i DU ke
ey L | — CampOpaVal (T A el i, trped O Optasal walus &t all nodes Sor e obypec Sve | onction
wrie] M
Crom A T T ol ol el o Lo cul)
raturs Sl
st prracschor e

Minim ize mean infRY and height

-Wia rmimirmiza tha sum dorthe node matrec- sumoof mean nderential relative varianoe and Ralghtwaignted
by mcd e s Hiplie dl by 1w mumiber of dhes oo dam thea | modies . This me tricis calledine_eigit_descand
is dhe scribaed dormally b bow with foe abjectiee function as:

argcrhgnj-light_dln:{cj {Equation 4)
invheight.descic) = irv_heightic)+ |A{c)| (Equation 5)
irv_height{c) = mirv{c)+ vheight{c) (Equation &)

rmirsic] i the razan irderen tiad rel ative varian oa tor a node across sampdes, el givtilc) is defined as the numbaer
ol e s on e longe st path fromnode cto s desoendaet beaf, Afch represen ts fie descandan e aees for
agien node o, with [Afc)| = 1, cis a bmainode. The reason that the mumber of descendan ts of a node are
mutiphed s becase e wbie of the objectve unction is dependent on the number of nodesin the oot
and will ba biagad towards nodes with highar height as fey end up eplacng multiple kawer haight
dascendant modes. To get fie optimal wvallle and desred oot for the abowe obgectee unction we e
tie Procedure defned in & i 1 am:

opt_val,cut = FindOlptalCut( T, mv_height_dasc, rr-1.:| (Equation 7]

Al arithe 2 Fase tias o 1 sty an i al vabue o o b iee i sting d §ives sods
It T Aode mel_ad e

Tt put: op . val_nede
preacdrs crpCpal
il e o alleal ther
PR e e e
wred i
abiletrin e GoadThilaron T_nad|
child ante— ¥ ComOpkval famele trpe)
il Ty = i nha
PR Ak e L Aadlel chila, asl)
wal
LT O ] ol shilda gt
wreed i

C T
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Ay aritie 3 Fase tias Tar flahsg aptisal cots
Input T s, s L ol ag sl

Cutpts cul = [0 5]
pradedere Comp Cpaiu
il apnl_arefna o = mel_ard fodte] shean
ani_sutappend {aada)
FRALFT A sl
wreed i
ehidman— BadChilaran T_soade)
far child i childranela
rturm Corn popn Cuslahda oo, e ol e ol out)
wrel for
uriel prressedune

Maximize log fold charge

In this abjactive fumcton, we madmze the um of node metric - absobte log fold fange using CPR
lcoums per million) multiphed by the rumber of the descendan t beaves tor thatnade. This matic is called
He_dass and i dasoribad formally balow with the obgactive function as

ug:nz}rc_dm{c y {Equation )

e

We.descic) = wifec)-| Alc)] (Ecquation 9)
where 1 Ea is the bogy odd change_Asarming fe sampbes can be grouped imbo fwoocondidion s represerbed
byt sats mn and me, 182 & gven by

lfe{c) = median {Helc), }, ke {1.R]) (Equation 10

Heicy = log, +TM"1.FC) _h'Elz(EEIT I| e b "'F":) {Equation 11)
1

whera R repres ents the total rumber of inleren talreplcates, qomi{c) ; reprasents kth inlerarmial replicata’s

CPb or o © of sample | 'We againuse the procedure defined in & i 1 getihe optmal value

amd tia ot ass

opt.val, cut = Find OptvalCut{ Ta, wifc.dess, max) {Equation 12)

Catasets
T dhernorstrate the bemedits of TreeTe minus, we ran iton both smulated and egerirmen fal datasots span-
ring dierant organisms.

Simulated human datasets

Polyester  was usad to gerneraie simulated R seg data. TPM astimates wem exracted fom GTEx VE
tromtal cortes dataset with fie distribution of mean and dis persion values dansed from GELVADE sam.-
ple. The pooess of mad gemeration has been described in detal in.  'Wa generated 12 samphes with
& sarmpd e im @ach condition. All frarecrips were dillarerially expresed for 10% of the gemes with all kaw-
ing the same fobd change (DGE and genes had a single tarsomipt Sldereially espressad (DTEL Wa
created two waiations of fis smulaton by varying the ramge of obd drange - 0 te first variation we
osep fie same Iobd crange a5 0 and i the second variation, fe masmum range of 1ol d cdrange sl
wrad fomdto 3. The frst variateon s refemed to as Brambarm and second s relerrad as Brambow.

Moase musdle dataset

This datasetis taven from the soebetal musche stody GSET050E I fis paper, we have med 12 samplhes

with & samples belonging to Atria and & o Tikdals Amtendor, with e accession umbers provided in
- Al the samples balong 1o organism mus musoube. This dataset is relered as Mousabiscka.
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Chimp anzee brain dataset

Thia fimal da tset that Fos been analyzed inoursudyis the BA Seqgdata from, ' SyrnapselD - gy 067053
ool cted fom S Chimpanaees (Pan Troghodytel We reler to this dataset as ChimpBram. For sach spaec-
man, sampdes from 16 dileremt tsues reprasenting Rippocampds, amygdala, mrebaellar cores, maedio.
dosal nucabe of falamus, striamom and 11 areas of neacortex were sequencad. The samples belonging
o the madial dorsalnudes wera remaosed belore umning TreaTarmirus. Tha 182 change was computed
by tabimg 5 cerabalium sampdes 2a the first group and remaining 48 sampde s balon ging 1o other tissues as
the second group. Batch atfects were obsersed wor t specmen label and corrected using ava.

Construction of anti-correlation tree

Al ramscripts fat had 0 counts acoss e sampdes and O coumts across the imlemential replcates for any
samphe wara emaosed. For each sample k, Pearson correlation o5 was computed batwean aach pair of tran-
sripts across the imleren tial replcates. .lﬁ'u muitipled by = 1 toge #mﬁutar@'p&'mb’mmﬁut
had tha ighest megatiee correlation now have the large st postive come lation. Toconsert amijcorma ladion
intodistance, s ransformadas f = {1 =7} 2ard, = 1-‘_;_,"In.l.hl.h'\v-'jﬂidhi'lE;r\-:-l.p-l.l-l'llm-dl.h'i'ﬂﬂ.ﬂui'ﬂﬂ-
rrustis Bbaan (UPGRLA)  was used o craate the anti-corralation tee with tha mp bemen tation dervad from
fie A packags phangarn.  Tha mean 'h:r-d,-‘l-au:rm::amplu = computed and ded 2= imput o UPGMA in
ardartagetthe fmaltres. The AC ree could ales have be e created for ewery sample andthen prosdadas
rputto the corsen s e e algorithm togetthe fnalires, oweser corsenaus tres abgorithms donotsabe
well om e number of braves . Since for most cases foe rumber of leavesitrars o pts) on Tees woulbd ba i
te onder 10* = 10F, corsensus Tee abgorittms would have tken a kot of fme to comerge.

Mapping to gene families

The gene family labels for a gene were ecracied using B pacage bionaflt  wsing Ereembl version 101 We
vaart o edract the otal ramber of unigue gene lamiles 1o which an imer node maps . & gene can map o
rmarae tham ane gene Tamilly and wihan an mmar node maps to multipls genes; with atbhesst one gene mapping
o rmara than one familly, finding the uricue number of gane familles for that node i notinial. Semply, wong
a uream of game familles aovoss genes for an e noda s umda siimbla smoa thhis migh thesd to o stuation wihera
rnber of reported gene familbes are Larger than the number of mapped genes 1or some nodes. Batws on
differert trees, the inierpoeation of the dsinboton of the romber of geroe lamiles 1o which an Fmer node
maps will also ke b ed tovwards tha treethat has mone nodescontaming gen & mappng o muliphs genetam.
iz Thas, imonder 1o find the number o umsgue gene families acsociated with a node, we Tomulaie fis 2 the
rmirirnial hittng sat prablen. 'Wa warrt 1o find the mnrmum romber of gene familes fora nodein fie tnea,
whome imtarsaction with the gane fmilles ascociated with seery gene for that node beads 0o non-empty set-
Wiz use the mplenertaton proside dby foe Fython Beary FySET  tosobos the miremal hittng set probleme

QUANTIFICATION AMND STATISTICAL AMALYSS

For fie Chirmpan 2es dataset, onlybam files were svallable 25 the raw data which were comeerbe din o fastg
IEing hamToFaa tg imbedioods . The guality control analysis for Chimparess amd mice datasetwas done
wEing lastgr - and multige. Forcreating the salmon indeoes, genoods versions o2 6, MES and Pan_tro 30
wara usad for uman, mice and chimpanzes datase . Salnon was used for guartification and ganerating
100 Gibbs replicates or each sampla with a thirming factor of 100 A8 the pipalines ussd for srabsis in fis
papeer wane creaded usng Smakenalke

Differential expression analysis

Citeren tial epression amabksis s camedauton both the smulated datacets wsing Swish.  His perlormed
indiviciua By for the cuts abtained on the Cons tres by optimizng thie obgactive Junctiors dafned inthe sac
toom above. The e nocde s baebongimg 1o a ot are drectlyused s fe inderential units for the analyss, and
e underlying desceandant frarscrips are not consdered. The perlormance s saluated sing True
Positve and False Discovery mies compute datdifferent nominal FOR threshobds 0001, 005 001 )L The par-
ormance s alko evaluated whem the imlerertial unis corsist of gernes, ransoriptsTap), and Termirus
groups Tarml The true differentalstaius of a ransoipt graup s determinedby computng Hoon s aggre-
gated traremipt count wrt aach condition in fie 8im. counts . mat matia that s ceated duing fia
gemerating the input for Polyester ™ and chechng il | Hr) is beyond a thrashold. it is mportant 1o keep in
i that these avalsaton matrics are not drectly companable aoross the mathods 2 the base ralerence
unis ara differant.
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