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WHAT ARE HIFI READS?

—They are long
—Upto25kb

—They are accurate
— Long reads with 2Q20 (99%) accuracy

—They have single-molecule resolution
— Sequence DNA or RNA

—They have little bias

— No DNA amplification, least GC content and sequence
complexity bias

(>99% Accuracy)
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HOW ACCURATE ARE HIFI READS?

>m64039 191020_002935/346/ccs
CCGETC TAC GCACTGACTCTCGTAAGAATGAGCT- ARACAAATAARA ATTTARAATCG! TATAGCTA T GAACTCTCCGAAATCGTCTGTTGTTCT TTTTARA. TTGTTATTACATAAATAAGCGGT CGATGOCTAATACCCAT TGATT TTGTAGTAAATACA
TATMTAﬁmTAWAmmTA1'r'rM:rM:M:\xrM‘Tr'rcuecmmccccTcxr'rr'ru'rrol:GrcrcrmmrrrATmccTcATmTATcATmATATDecmccﬂ\'rrol:A‘rGATrAcJ\Tr'rrxrm‘ccccrnTATGATocMcAcrcmTMcrmemﬂmTAGMTcrm'rr)\TTATGAGA'ITMTAMN:TMATMM:Mcrumcr'rrml\'rMTTannTwmmeT

CAATTCAAT TAGGTGCAGCCTAT TAAARACTAAGT TTTTAGT TTTTCACAGT CTATT CCTATT AT AR AGAA CAAGC TG TG AATARATTACAGT AGTT TCOC TT TCCTAAACT GAAAAT ACA CA CART TATAAT CT TAT GAAA AACATAAATTCGT TT CATAAA GCTT AT CGCT TTGT TTCTT TT TAGAAAATT TACT

ACTGGAC GTTCTGOGCATGT CCGT TTATATAT AGGTAGC CTAT TGATAT TTTGT TATGACTT TCGTATGTCCT TAGCTACACCGGCTT T GCAGTT TTATGCACT CCTGGTAGTATAT AAAAACAT GT GACTGCGCC GT GC GT CAGAT G TT AT GAAAGC TGAT. TATGTC. AR TGCOGOCTGCTAACACTATGTGCAAT
T T T T T T A T T A T A B G T R T T T T AT A T e T AT T T T S T T R T B A T O T G T TG T T B B T T T T G T T B T T T T T A T AT T T T A o T TG A AN G2 AG A6 TT AT CT AT CoA TC TA TE T AS T ToC CEOT ST TTAGAC TT COGAGGAAC CGOTCCAAC S
T AN AGAG A AT T CC TATAG GAGATT TC CT GANAT AT TT TG TG TANC A TAA TG TT TT TATT AT GCANCACAATACCTTAGCTAGATAT TGTATATATTTGTCTTTTACCTTAT TTTGGATTTGTAC TGOGTGCCAACTTTT T TTTT
AARGGAAA( TTTTATTGTGT TATGAGT TGTTAT GG ATTTTTAATGGT GACGGT TAACAGCAATGAGTCATT R AAAAADGGT CAA TA G CT AT AGAGTT TANT ARGATTAGT CT-T0 TOGT COACAGT AN TCCARRA A O A ARNT AL AGT OC 0L GF CC TAGG AR TCTAG GANT 1T AT GT ATT CARCAT TARA CGCGEAT CACT ACAC GCCT CGAC
OO TAAA TO T TA GOE AC C8 TAAT T T GT ATT TAAA CACT TC OT CACAT TA GAAAAT AR AR TAA AR TA AR TT G CT ATT TA TT GG TA TARACA AMC ACAT AT TA TT AT ATGTA AL AT TT AR AT AR ART TGOS AT CATT AAAMSTT T GT TATT GA CT AST T CA S CA GACC ART G5 TAGE GA TG T TTT TCTE AT AT CT GOSCA TGOC TOAT GA T AAC AL AT G CA GEOE AT AT TTAC TG TTAT TTATA GO TT AT GAAT GSGAGE
GTCOGTAGCAACT GCACT TCCT TCAATACT GTGCATT CCTGGTAGTTGAT TTTGCACAS A TTGCCA AAATTAATCAAT TAGT TTTCAATTTTT TT TTCACAGS. TAAAAACTATTGATTAATTACAATTTAATCTCTAACGACGTC
A TATTGATTTATT AT TCCATACT TT CTAARAC AT TAMGTT AG TOTOT GTARCT TC TOCAAA GAC AR AR AR TAAT AAATA AR ARAT AAAA TT COAACTT CEAR ca ACTTCTTGTACACTATGAGTCCCT GGTACCC CATC GTATAGAGAAC GT GACT TAGAC GG GG TT CCAAGT TTTCAACAATGTT TGCT TAT TTGT TTATTTAT TTAT
TAT TAATCACTGT Y w'rrm‘rmGA'rrGrATM:.\TGNM:ACcl:‘N;moccrM'M:m.\'rM‘xrm‘rTATMTA'r'N;GM:mc.)\ocGccc'r)\crTM:11'Mm’rTATATAAM:'rrxr'rr'n'MATTAmTrrn\'rMocucm‘MM'rm'r'N:rM'rAcrcGTA'rrM:ruc.\MerrMc.wMMc.mmTGAGATcmTWTmTTATrTAchATATAcG
TAACTT AT CTACCTT TTAA T AC AR AR AT TAT TATA TAGT GG AR GTT AT TC GT T TC GAAA ANT TC CT TT AAAC T TAR AAAC AT TT CT CEAT CAA GAAC TT TT TTAAGTGCT. TCAAAGTTTTT TOGTT ATATATTTITAT AGATGAGACTAATTTTAAT TT TGTAAAAGGAATT TTAAG TT TATT TAAATATCTGTCATT TCTT TTGATTTT
TTATTT T TG AT OT 7T TCT GG CAAA TTTA CA TOC TT CTAATATG TAAA TOGAT GT GAGT GT TAATATT CT T T TT GA TAAAG TG AG GT CT GO AT GAT TCCATT TG T CT AT ATT TG TE AATA TT T CAAAC AT CT CT T TG CAATATAAATAAT TTAT CTATT CTTACCOCAT ATGCATAAGCATAGTAT GCTGAGAGAGCTGTT TGAAAGTTTGTA
ACGCGTTTCARGT OO CTASTICATATA TTATGT TCTACT TTTT TAATATGCT GCTTCCAGTT TAAAT GT GAATCTAG TTGCT GTGT TCACTGTT TCT AR TT TTAT AT TT TTATAAC AATATT GTACCTG TAAT GAACTT TT TTGATAGGGCT TAAATT GGAT TAAT TT GGT TT TT TT AA GG TT TAGTT GGAGAT TATG TG TTT CTAGCCAGTT CGTAATG TT GTCTARAATAAAGT
A AANTATCN ACCTTGAGSTA' ca ATGTGATCA ARAG ATTTCAACGTA’ TTTGGAATTATTTAGTAGTAT TTGGAAGT
AT TG ANT TG TT CARAC CART ARAT AAARCTT AT ARAATC CT TATTC TACT T CTACCa: AAC: TAGATGGCC AT TAAT CGAGATTACATAGTA GAT AT TATATC TAGACT AAC COCE TT ACTAAT ARAAT AMTARARAT. T TATAAATCTCT TCAAAATTT ACGT CAAATGTGARAA
mATmwnwmTAWW'rGA'rA'rTATGATGTrxr'rrm'rmm'rurcc11:M:GATGM\.\ecTr'rcc.McGcrxrGM'AMGCTM:AoGr'ruTTA'rr1'r'N:ToG'rc'nucGGm"N:GA'rrcccea1'rcJuu:MTGrM'rrxr'rrm‘rM'crA'rcMTGcam"rrm'rAGrTrcrGAMTrGAMTmGrcrrcr1'rc.\m'MMoGTN:TAM:TGTMTAT'rrmcru:rrw:mwmAnﬂwnwATmc
CAATTAATTA TCAAATARTAA A AATAATTATAN TA AR TTAAAA ACAAAATTGTA
muxnmnmmnumnmmmxmwuﬁm AAAAGTGTCTACGTGATTAACT TGTCGT € O O TATARTT T CT CT CCTATT CTATA GART TTTCAGTT GTT GTAT A TG TARATACOC TG G CATARA GTATATT GAARAAGAC TAT T CT-TTTATARTT TT-TC ACTAGA TCCT CAN TARAAL ACCART GG TT T TT ANTATT AARAATATT TACT ARTAGTTG
TTCCATTCCAGAT TAACTACAA BT R A TG AT e T A ST A T T A T A A e A A A T A S T A T T o e T T A o e A e AT e A T A T A ST S ST oA T G A o T e T T o2 AT AT SR A A AR O3 AT AT AT TATT T 03 AT CGACC TS OO AT CGAT GACEAAAACTT TS TSATTIC S
CACTGTGCTTTGGAA TTAATGTGT] Ca AC TTATATGTT TTT
AT CT T T AT PO TAC AT CT 0 OT AT CT TO TAARAAT AR AGTANTT TORATATT GAAT TTTCT TAGCAGTGTAAAT TGARAGAAACTCGATAATTACAT GCTACTGACAGGGTGGGAGATCG

19,820 bp HiFi read, predicted QV: 33 e e
19,812 bp correct, 8 errors
B T e oo 99.96% accurate QV34

TTTTTANGCCTACTUTACCT

ST CANMETATCAGTE

TAAAA
TCCAAGTCT ATCTCTTT ACAGT" GGG
AGTATCAAGTGTTGTATTCCAAGAGACT CCTAARACCTTAACGCT GTCATCT T TCTACGTT. CATC |u\wmnlu\l\.\_4\TATMTGG\'WNMTGATTACATTAG:GGCTTTWGMG‘GTDCWATGC
TGCTCAGCATTCAGGT TCA] GAGGT AAATCAT AAT TA TTATCTGAGGGTACATCT AATAT A3 AAGGGAGT
TTAAGCT TACT CCTTGAGCC TT TGCT GCGCAAT CGTGAACAACCC TAAGC TT TT TC TTCT GT CTATG GACAACACCAAAR ACCATTT TCAGCGTGT um:w:ocu:rw:w:m::\Tucncrmw:-rmcmmcrmmATTAcrmmemmﬂccmAmrcecw:crTAencxrirrmrrr:rmmusTmmmocmmcrmmccumvmnecmecmmm
ATTAACAT AGCCCTGTCTCARAT AGGGAGTCTGCGTGTGT T AAATATCATCCTTGT TCTCTCCTA’ TGACTCTAGT TTARAAT TT TCTCGAATAAGAT TCTC TAGAGAAT TATCTCGTACG TGAT ACTC TCTACTT

TACGACATGCCACAGGCT GAGC GCGT GAGATGE GCCT AAS Can- A1 Ga: cac AAAATGCTCCARAT TAGTA' A1 A2 ACAA AR AAAGCTAACATACTCCA
TACTCGCTTTTCTAGATT ‘GAGATGATAACACTCTTTTT AACCTTAGCGTCTAT TT GAACOCTCATC CA GAAG GG CARA GIAAT CT AT GETGCCACT TGACGGT CTTAAGAAGTGGT CT GGAATCTT GCTGCT TACAT TGAT CGCCATCTGTT TGTC GAGTAA TTGAGGAGTCGACT
TTAGACCTATCGT AGTTCGGTAGTCGGTT TT TCGACATTGGTAGCTGCTT AGAGAGA TGGTGACGTTTACGT TTACAACATTTCTTGCAGT TTCTATAGET TTTCOCTCAAGCAT TTGAAGCARATARAATT GTCTCT TCAATCGTTTTT TGACACTTCTGGATTT
ca T AG. GAACTTTAC! cT A GITCCAGTCARA CAAGAGTT GCTGAAG ATGAGCATGAGACCTATCTGACTTAGG
TTTAAAATCTGTCAGGATACCATATCTTAAGTGCAATAAAGCT TTTT TTATTTTCATGCTCT TTCT GAAAGGCAAAC GCCAACCACT TCTCCCT AAGCTTT TGCACAGTTCAGGGTTAGCTAAAT GGACTTGCTGCT GAACGGTACT TATGCAGTT GCGTACCT TGCAT AR TTAGCTCCTGTGCATOGTACC
©GCTT TC TTGGTGGOGACTGAATTACCGCTT CACCT GCGCCCTT TGCT TCGAACGTGACGT GGAT T TATCCG TAGCCTGCTGETT AT T T TGTTAGGTAT

TTGAATARA TCGTAMATATTTTTAAGACGTTGTTTCARACCATCG
CGTTTGAATATAACGTATCATCGT TTGACACCCTT! AATATTT GAGTCTT TCGACT GAGAT GTATACCATGGE ARAAGATACTGA CGAAAAAAAAAAT CGGCAT T AACGCTAT GCAGCAGTCTC T TCAGA AARA CT GCATC CTAAT AXTACT COTAT AXTAGAAAAART CARTC CT TACACA CT TATIT TCAAGAACAT TT GTATCATAT AT TT CTAAATAT
TCTTTTTTATATT GCAAGAT CATT TCTTAGTTATT GT TAAATGGT TGT TCCTTT TTCAATGTCT TCACCAGTOGACCGTTGT T TATOGTTGGAATAACT GACATAT TACTTGTAC. TATA’ TCTATTGTGATAGT TTTTTT TAGT TACAATTAACCG
TATTTTAACAGAATTAAATT CAAATAAATAAGT GTGCCTAT TAGTATT TTTATTAGTTACTAGTGGCTT A NT GG GANT ATOGBOATANN AR GT AT T AT TC TO TATACEAAATT TCANTT AKAT-TOOTT CATAGT T TGADGTRAAAGET: ACTTTCGCATTTAT TAT TANG TATGGATT GT TATTATTTT AT TT TARTTT
ATTTACTTGGAAGAAT CGTTCACT CAGG TT GAACG TAGAAC CCTAATGGACC AT CGAT TTGTARAAT AATAAT AATAATAAT AT CCTCAGACAT TCAACTAGCCCCATTT GCTGCTTGTGT AGAT GACOOAT AAAT AT AT TTANT AGAT AMTART ARTART AN TAAT A TAR TAAT TT AT TT GO AT AACTTAGTCTACAAT TACAAAT TARA TG TEOEATC T CETT TTAGGC ARGA
CATCSCCTATAGATAANTACATATAAATAACCAGA ATATATA TGCCT GAAAAT TCATCACCCAA TT TCTCGAGA' CGTCARA TT TGCT TAGAGAAT TGGAGAT CCTTATGGGAGG
CTTGTATTGTA’ T T CT GT CAC T GATATG AC AT ATT GG 06 AG TT TA GS TC AT ACCT TGGT TTTACAT ACAAAT AR COTATACTC TAAG GT TC OT GARTC TATA TART TTAATT ATGARAATT AT CGCATTC GTCTCT ATTACCAATCAAACAAT TCCAATCCTTAGCATCCT TTAAT GATC TGGT CCATACCCATT TCCT TCAT CT TTGACTCCTTCCT TGCAGTTTTOGC
PRLEIb LR et et bac e e L s e b et s L b o as s asp ATT ACTA
TATTTCTGT TT TAATTAGTT GCAATARAGAATT TTAT CTAT CT AT CTATT GCOGAT AACT TTCAT GAAGAATT TTCCTAT TCAT AACCTA TTCT CACTCAAGT TAACTTAT GCCAACT ATAAAT AATAAAAATARACGA TTATGATTGTG mwmrmwm—rxr-rrcrxrmcrmecccocw\c.wwmmocrrrrcrmmmmmcreucv
TG TACTATAT CTAATTGTTACTTCTGAAT AATTTCTACAGCC! TTGTGGATAAT TTTT CGACT GTATCCAACGTT GTAGT TCCT TTACAAGAATACAAAAAGCTCTT TAAACCT AT TATGAG TTTCGGAATTTCGAGT TGOGT TC TTTACCAGGAAGTTATT GTAGGGAT GACT GTAAT TATGATACARACAT
T G T T A A A A A O T T e A S AT T TG A A A T AT A T AT T T T AT T T AT AT CA G AT TTC T T T T TT T AT AT TT TACAAT ACAT CTG oG TT TT AT TATC TTAAC OC Co TS TS GAAGACT O OO AACT GAAACGACG TTAGAC GAT oCT TTTTTCGTTACGGAATT TCTGGATTCGGT

TARARA TTATTOCATATT T TTTTACATATT ATT GTAAAT GGACA CCGT TTGTAC! TCGTCATTTT
AT T TOAT T € OO TONTT TATT T CT ARAACTT ATAT OF AT TGANTAT TA TG OBOCCT OO CACOGAANG TAGETT ACATATT TARANT AGAT ANATT TACA TAANGOAC TARCT TETG 71T TART ANT TAME ATARCT GATCTETCM AT AAANTART TG TTAGACA TG 1T TAAANCOTANNGE TT ANTARRGAANT TARNTT TTCAAE RNT GALT TARTCGOT TAG T
GGAAT’ S s by b e e L b e L gy gt AL, i pryiafar Ao dtppet et psal b e iy

TAAGCTGCTTATTTTAGSCTACTT GATACGTSARARA TTACATTCA TTCACGCCTCTTT TACAGATCTGCACTTGCTACGATCCT GCAT TGTCTCTACCCTCATTACTAACT TAATTTTAATAAT TATTTAT TAGAAT AT TAAGCTT TATT AT GATT AATAG CGAT GG CAAT TCGT TAGCT TATAGGOGCCATT T
TCTTTATCCTCTACTTAAGTAG TGACCT: MmancrmﬂAmTrrranu:eecxrmncauccnnnom—recmm-rucccfecmmm-rrmmcrrrccocxrcxrmmmﬂmmTAmmecmuTecrnmcrmmcrnmcsmncna—run11cucTTAncTTAmneca\cmcrcrnmmwnrmT
R e et e g ot b o A et eas e e g et L P o o apat il b gt e by b bpure g
AAGCAAGCAATAT TAACAAT GAACTGTACATAACT TT TAAT TCARACT AGAACT AAT T TGTCOCAATT CAGCTAAGGAATAGT CA TACT TATT TAAACCGT TTGAATCAT GCAT TAAT ARRA TATA
GAGGGGT CATGAT TTT TGTAAT CTAACAAT GTATGTT TGTATT TTAAATT GATAAT CCAGAC TTATT AT AAAT GCGAAAG TAAC TC TG TC TG TC TGT CT CGCT TT CACG TCAAAAC TACT GAACCAATT TAACCGARAT TT TCTAGAACC' TACCATTTAT OCCGAT AT TACCA TG GO AR OO GO TG OC ATA GO GO TAAA TG TAARAAC AT TT AL AT A COOCT OC CAGA AARA TG ARG
ACARATT T3 CGCCACT AT GAAC TT TGCT TCTAATAATAGAG TAGGAGT AAAT TT TCAATT CCACCAATT GAGGCTACGGT TCTTAT TT TAAARAAATC TT TCAG TG TT CAATA ATTTTT ATAGGT T TATCT CARAGT CACTATTCT AAGTT AGTTGATARATTCATTGAT GTAT TGATAAT A2
AAAAARANY T T TAAAA GCCTCAAAAAMANTTATAT 2N ATGCT GGTGGL! ARAA AGCCTAATATTTTAA ACT CATTATA GAAA AAATACTAACA I TAATAATATTTGGCATGTATTAT
GCAATATGT TGAT m-rnwwmecrrrru-mrmmocmvmmn,m.. TAACGTTTAA TATGTT TG TCCACTGOT GO AC AT AGGOT TA CC CT A TG CATC GAGAG T TATT GO ARAGA TTAATT GO TG T TTA GO T AAAGGT ARATT GT GAAA TC AR TC TAG TT TC AR GAAATTARC TGTT TATCCT AT OT GGA GT TATC AGTARAATGT
-rrrwcacrmvm-racrvmxr-rrncu:mmrccmuvucrcrrcn\crunocaecmm-rcmnm TTTGT TGTTTCGCAATT TTTACAACATTCARA TCATTTAAACT ACACTACATCAAATT GTCACGTTAAATTTAT TACAAT AGAGT TGCT TT TTGT TACAAAAACCT TTAAAAAT GTATAGT TT TACGATAT TGAACTT TAAAGC GG TAAT
TARAG! AGTTACATT GATCCAAT TAATATGAAAACT TATA T GTACTAAGCTTAT TACATAAAAGGCCAAATAGTGTTATAAT TGTT TG T TTT GACAAT CACT GAT GARACT TTGATATA’ AATA
AT T AC TAAAAT OTT CTTEAT TOTAGT AN TTATC GG TATT TC T TTOANTEANAAAT TT AR TANTATT ANCO OO ACOTT TEOCGATC AC OE TATAT TCCEGART GOGT NGT T TANT CT GAGCANCTT TACKAT AN TANC TTT-TT AT CATAGT T ATT AN TARA TARNTTATT CARANAARNNT ACAANTT TANGAC TAANAAT A TT-AAGACANNNTT AT ACTTACAGACT TT T AT TATEATTT




@ FacBio
HIFI READS FOR IMPROVED ASSEMBLY

Contiguity Correctness
- Resolve Repetitive @8 -Base QV AGTTTCGATAGA
Regions

, , -Phasing accuracy AGTT-CGAAAGA
=High Contig N50

-CPU / Wall Time
-RAM
- Disk Storage

Completeness g Compute

- (Gene Space
- Repetitive Regions
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ASSEMBLY METHODS FOR HIFI READS

FALCON-Unzip HiCanu Peregrine

i Adam Phillippy v
High-quality human genomes achieved through HiFi sequence data and FALCON-Unzip Assembly.| 7 @aphi\lippy
@ roso "HiCanu: accurate assembly of segmental duplications, Jason Chin v
satellites, and allelic variants from high-fidelity long @infoecho

HIFI Assembly Statistics

reads" inc. draft assemblies of 9(!) human centromeres,
with @sergeynurk @sergekoren @ArangRhie @mrvoliger
@glennis_logsdon @khmiga biorxiv.org/content/10.110

If you are not in #SFAF2019, here is my slide deck for a
new genome assembly approach implemented in the
Peregrine assembler: speakerdeck.com/jchin/assembli...
Exciting to talk about it in 20 minutes....

B-satellite D19227
X}

Wi D19Z1 D19Z3
RepeatMasker
. 20! 606 Kbp] 3.96 Mbp 30.5 Mbp
hifiasm —
D19Z27
D19Z1 D19Z3

. Heng Li v
@lh3lh3 o
« ‘ u Assembling Human

@ChengChhy from my group developed hifiasm, a new . .

#Hifireagds as);emblerilhit preserves local phasing. Genome in 100 Minutes
Human asm in 1/2 day. Tested on non-humans. ::::::; ::‘;:::g‘?:ﬂﬁ:::i’mce il
Comparable asm quality to others. Features in plan: ] 240 =0 250 Sequencing, Finishing and Analysis in the Future Meeting, May 23, 2019
consistent primary asm & global phasing. Feedback ]

[Twitter Web App Pull requests Issues Marketplace Explore

welcomed!
[Jfenderglass / Flye O©Wwatch~ 21 st
chhylp123/hifiasm ) )
Hifiasm: a haplotype-resolved assembler for accurate Hifi FI <> Code Issues 7 Pull requests 0 Actions Projects 0 wiki Security insights fSHIMMER" indexing
reads - chhylp123/hifiasm ye nost unbiased way to ...
& github.com De novo assembler for single molecule sequencing reads using repeat graphs
1,592 commits 115 branches (0 packages ©19 releases 2210 contributors
https://github.com/cschin/Peregrine 8:58 AM - Jan 14, 2020 - Twitter Web App
https://github.com/chhylp1 23/hifiasm Branch: fye v New pull request Createnew file  Upload files  Find f
https:/IQ|thub.com/fenderqlass/FIye [ fenderglass Merge branch 'flye-devel into flye Latest

https://www.biorxiv.org/content/10.1101/2020.03.14.992248v3
https://www.pacb.com/proceedings/high-quality-human-genomes-achieved-through-hifi-sequence-data-and-falcon-unzip-assembly/



https://github.com/cschin/Peregrine
https://github.com/chhylp123/hifiasm
https://github.com/fenderglass/Flye
https://www.biorxiv.org/content/10.1101/2020.03.14.992248v3
https://www.pacb.com/proceedings/high-quality-human-genomes-achieved-through-hifi-sequence-data-and-falcon-unzip-assembly/
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IMPROVED AND PHASED ASSEMBLY (IPA)

CHIMERA
AND REPEAT
FILTERING

BUILDING
SEQ. DB

FAST PHASE
OVERLAP SEPARATION

—Goals:

Fast assembly and quick turnaround time
High contiguity

Fully phased haplotigs

High per-base quality of polished assemblies
Ease of use

ok oObdb-=
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IMPROVED AND PHASED ASSEMBLY (IPA)

CHIMERA
AND REPEAT
FILTERING

BUILDING FAST PHASE
SEQ. DB OVERLAP SEPARATION

—Work in progress
— Currently in Beta
— Rapidly being updated
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IPA METHODS
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IPA WORKFLOW

CHIMERA
AND REPEAT
FILTERING

BUILDING FAST PHASE
SEQ. DB OVERLAP SEPARATION
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IPA WORKFLOW 'y

BUILDING
SEQ. DB

L=

—Sequence Database



IPA WORKFLOW

CHIMERA
AND REPEAT
FILTERING

BUILDING

SEQ. DB

—Sequence Database
— Converting one or more input files into a unified database format
— SeqDB - database of all input reads, for fast random access
— SeedDB - database of seeds (e.g. minimizers) precomputed from the DB

@ PACBIO"
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IPA WORKFLOW = E i

BUILDING
SEQ. DB

—Sequence Database

— Supported formats: FASTA, FASTQ, BAM, XML and FOFN (including gzipped FASTA and
FASTQ)

— Compression

— Arbitrary method for seed generation in SeedDB
— Minimizers
— Full set of dense k-mers
— Spaced seeds
— Other approaches are trivial to add
— Other features:
— Fetching sequences in original or homopolymer compressed space
— Converting headers to IDs
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IPA WORKFLOW \ E i

FAST

OVERLAP

I_ Pancake _I

—Pancake



IPA WORKFLOW

CHIMERA
AND REPEAT

= o FILTERING

OVERLAP

I_ Pancake _I

—Pancake

— New overlapper
— Extremely fast and accurate
— Can overlap a 30x NA19240 (18kb) dataset in 20 CPU hrs
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IPA WORKFLOW

CHIMERA

AND REPEAT

IO FILTERING
OVERLAP
I_ Pancake _I
— Pancake . Chaining and alignment
L
. Narrow diagonal §
— Runs on a pair of blocks from the SeqDB (query and target) _ b +
—_— Algorlthm §- Spurious seed hits 4
— For each read in the query block collect all seed hits in the target block §
— Sort and bin the seed hits in narrow diagonal bins g
— Initial seeding of potential local alignments ]
(o]
— For each candidate diagonal, perform fast alignment computation and ,5
alignment extension to form dovetail overlaps
— Filter low quality overlaps ,:/,A‘I/ignment
and extension

0 Query position [bp] 9t
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IPA WORKFLOW

CHIMERA
AND REPEAT

SEPARATION FILTERING

OVERLAP

I_ Pancake _I

—Pancake

— Spaced seeds (minimizers)
— Novel adaptation in combination with minimizers

— Seeds are constructed by skipping zero or more bases after every 1 2 3 45 6 7 8 91011121314 1516
inclusive base Querybases: | | | [ | | [ ] 1 [ 1101 1F.:
. . R lar (d
— Efficient to compute peanslonibadl Y F1 I (1B G 1 B
— Seeds cover larger regions e, BB T BT s
— Increases specificity

— Minimizer approach applied on spaced seeds

— By default, spacing of 1 is used
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IPA WORKFLOW

SEPARATION

I_Nig hthawk_l

—Nighthawk



IPA WORKFLOW

CHIMERA
AND REPEAT
FILTERING

SEPARATION

I_Nig hthawk_l

—Nighthawk

— New phasing tool
— Novel approach based on the de Bruijn graph!

— Works directly on overlap piles!




IPA WORKFLOW

CHIMERA
AND REPEAT
FILTERING

SEPARATION

I_Nig hthawk_l

—Nighthawk

— |dea:
— Discover and remove overlaps between reads coming from different haplotypes
— Phasing before layout — unlike FALCON-Unzip
— Goal: Natural phase separation at the layout stage

”’
————

- -

-_—”
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IPA WORKFLOW

AND REPEAT
FILTERING
SEPARATION “Overlap reads (overlap pile -m)
I_nghthawk_l B G
— N i g hth aWk ) 2::2 read-colored de brt:iyj;ctirjph\_\
— Algorithm: = 3"{
— Builds a de Bruijn graph for each overlap pile Aco <
— Analyzes the bubbles : >
— Computes a Read Similarity Score for each pair of reads
— Phases bubbles in the de Bruijn graph C_Q'Bi“‘ - Nbubbles - 0508
— Performs transitive inference ﬁ:iii'i::ya:o:g')aps-per e
— Finally — filters cross-phase overlaps

8
—(_:h
AD =-1, avg. transitive inference (A:C, C:D).
A——C—
c-———0——
—eo—

A J
"Filter overlaps and run std. assembly

SNV sV
A B
— o0
¢ D

°




IPA WORKFLOW

AND REPEAT

CHIMERA
FILTERING
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@ FacBio
IPA WORKFLOW

CHIMERA
AND REPEAT
FILTERING

SEPARATION

I_Nig hthawk_l

—Nighthawk —

_ _ _ Direct Phased Genome Assembly Using
—More info on Nighthawk in our blog post: Nighthawk on HiFi Reads

Monday, January 13, 2020

- httDS ://WWW- DaCb -CO m/bIOQ/d i reCt_Dhased-qenome- By Zev Kronenberg, Senior Engineer of Bioinformatics at PacBio
assembly-using-nighthawk-on-hifi-reads/

Since the introduction of HiFi reads the community has embraced these long and highly accurate
reads for human genome assembly and paralog resolution [1-5]. At PacBio, the assembly team
(Figure 1) is working to build on the accuracy of HiFi data for direct phasing during assembly.

Figure 1. The PacBio assembly team. From
left to right, James Drake, Zev Kronenberg
(@ZevKronenberg), Derek Barnett
(@DerekWBarnett), Chris Dunn, and Ivan
Sovi¢ (@IvanSovic)



https://www.pacb.com/blog/direct-phased-genome-assembly-using-nighthawk-on-hifi-reads/
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CHIMERA

AND REPEAT

I FILTERING

IPA WORKFLOW

—Chimera and repeat filtering
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IPA WORKFLOW

CHIMERA

AND REPEAT
FILTERING

—Chimera and repeat filtering

— Small fraction of HiFi reads are molecular chimeras
— Filtering improves contiguity and reduces misassemblies Overlap pile demonstrating chimera detection

E

Visualization of chimeric joins in an
assembly graph

&
E
\
Query mappings

000 -
8000

o
S
=3

\
2000 -

< ©
Target position [bp]



IPA WORKFLOW

—Layout



@ PACBIO"

IPA WORKFLOW y = Ei

—Layout
— String graph based String graph for a Drosophila HiFi dataset
— Polyploid aware
— Primary and associate contig sets

— Phase-aware read tracking
— Reads assigned to contigs based on phased overlaps ~0
— Important for polishing , (



IPA WORKFLOW

—Polishing



IPA WORKFLOW

CHIMERA
AND REPEAT
FILTERING

PHASE
SEPARATION

—Polishing

— Consumes read-to-contig assignment

[ isovic / racon @uUnwatch~ 22 % sStar 165  YFork 33
P h ase-awa re <> Code Issues 68 Pull requests 1 Actions Projects 0 Wiki Security 0 Insights Settings
ASSIQnment-based mapplng USI ng Pbm m2 Ultrafast consensus module for raw de novo genome assembly of long uncorrected reads. Edit

http://genome.cshlp.org/content/early/2017/01/18/gr.214270.116

Manage topics

- Raco n -0- 567 commits 15 branches 3 0 packages © 16 releases 42 9 contributors s MIT

- Possibility of GPU aCCeIeration Branch: master v New pull request Create new file Upload files Find file

https://github.com/isovic/racon



https://github.com/isovic/racon

@ FacBio
IPA WORKFLOW

—Full workflow with phasing and polishing

CHIMERA
AND REPEAT
FILTERING

BUILDING FAST PHASE
SEQ. DB OVERLAP SEPARATION




@ FacBio
IPA WORKFLOW

—Haploid workflow — phasing can optionally be switched on/off

CHIMERA
AND REPEAT
FILTERING

BUILDING FAST
SEQ. DB OVERLAP




@ FacBio
IPA WORKFLOW

—Polishing can optionally be switched on/off
—Fast draft assembly

Phased workflow

BUILDING FAST PHASE
SEQ. DB OVERLAP SEPARATION

CHIMERA
AND REPEAT
FILTERING

CHIMERA
AND REPEAT
FILTERING

BUILDING FAST
SEQ. DB OVERLAP
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RESULTS



RESULTS: HUMAN ASSEMBLY IS VERY FAST

@ PACBIO"

HPRC HG002 34x Dataset — Haploid workflow without polishing

| FALCON | __IPA

N50 [Mbp] 31.37 38.81
Max length [Mbp] 110.15 110.72
Total length [Gbp] 2.96 3.06
CPU time [h] 2767 46

60x Faster!

3000

2500

2000

1500

Hours

1000

500

CPU Time

2767 h
L

m Assembly

H Overlap

46 h

FALCON IPA
Assembly tool
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RESULTS: LONG PHASE BLOCKS IN HUMAN, HIGH BASE QV

HPRC HG002 34x Dataset — Phased workflow with polishing

CPU Time
6000
, 5102 h
|| FALCON-Unzip IPA (Phased) 5000
primary haplotigs primary haplotigs
N50 [Mbp] 3140  0.191 3375  0.352 00
Max length [Mbp] 110.12 1.62 110.94 2.30 § 3000 Polishing
T Phasing
Total length [Gbp] 2.95 1.99 3.02 1.85 u Assembly
. 2000 M Overlap
CPU time [h] 5102 590
8.64x Faster! 1000 590 h
0
FALCON+Unzip IPA

Assembly tool



@ FacBio

RESULTS: LONG PHASE BLOCKS IN HUMAN, HIGH BASE QV

HPRC HG002 34x Dataset — Phased workflow with polishing

|| FALCON-Unzip IPA (Phased)

N50 [Mbp]

Max length [Mbp]
Total length [Gbp]
CPU time [h]

primary haplotigs primary haplotigs

31.40
110.12
2.95

5102

0.191 33.75 0.352

1.62 110.94 2.30
590

8.64x Faster!

—Primary contig pile is slightly
larger than expected haploid
genome size

—Fully phased regions of the graph
can appear as separate graph
components
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RESULTS: LONG PHASE BLOCKS IN HUMAN, HIGH BASE QV

Purging “duplicate” haplotigs from the primary contig set

— Common expectation when phasing contigs

(a) FALCON N (c) FALCON-Unzip
Initial assembly graph
sV sV Haplotype-resolved assembly graph
SNPs SNPs SNPs ~ -
e e SNPs sys SNPs SVs SNPs Example of a phased assembly graph
NS N =

~Cz >

Associate conti? 2
(Alternative allele)

Primary contig o~ - /
~ Primary Contig N
Associate contig 1 ~—— N\ g
(Alternative allee)\/ — T
haplotig1 haplotig2 haplotig3
(b)
— — -

= “haplotype switch”
Primary Contig ——

Phase heterozygous SNPs and
identify the haplotype of each read

haplotig1 haplotig2 haplotig3
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RESULTS: LONG PHASE BLOCKS IN HUMAN, HIGH BASE QV

Purging “duplicate” haplotigs from the primary contig set

Fully phased graph component Artifacts in the graph - spurs

/.

7N
N
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RESULTS: LONG PHASE BLOCKS IN HUMAN, HIGH BASE QV
Purging “duplicate” haplotigs from the primary contig set

— Happens to all current assembly tools

— Remedy — publicly available tool “purge_dups”

Search or jump to. Pull requests Issues Marketplace Explore
& dfguan/purge_dups ® Watch ~ 7 V¢ Star 57
<> Code Issues 32 Pull requests Actions  [71] Projects 1 Wiki ) Security |+ Insights

¥ master + ¥ 6branches © 3 tags Go to file Add file + About

haplotypic duplication identification

€ dfguan v124-master: update readme fesdce2 12 days ago D 77 commits tool

scripts V124-master: a bug in run_purge_dups.py, input filenames with sam... 23 days ago M Readme

src V123-master: print wrong peak numbers (not affecting results) 3 months ago & MIT License
[ LICENSE Update LICENSE 12 months ago
[ README.md v124-master: update readme 12 days ago Releases @
D purge_dupspipeline.png v3: update purge_dupspipeline 14 months ago © Z:.?;Fe:a@)

+ 2 releases

README.md

Languages

Purge_Dups

® C863% ® Python113%
purge haplotigs and overlaps in an assembly based on read depth Shell 2.0% ® Makefile 0.4%
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RESULTS: GREAT HAPLOTIG SEPARATION WITH PURGE DUPS

HPRC HG002 34x Dataset — Phased workflow with polishing

FALCON-Unzip IPA (Phased)
+ Purge dups + Purge dups

primary haplotigs primary haplotigs

N50 [Mbp] 33.25 0.195 34.48 0.353
Max length [Mbp]  110.12 1.62 110.94 4.12
Total length [Gbp] 2.87 1.98 2.88 1.94
Base QV 50.6 49.9 50.6 50.2
Phase accuracy 0.706 0.997 0.720 0.980
BUSCO of primary C:95.1% C:95.2%

S:94.2%,D:0.9% S:94.2%,D:1.0%
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RESULTS: GREAT HAPLOTIG SEPARATION WITH PURGE DUPS

HPRC HG002 34x Dataset — Phased workflow with polishing

FALCON-Unzip IPA (Phased)
+ Purge dups + Purge dups
primary haplotigs primary haplotigs

N50 [Mbp] 33.25 0.195 34.48 0.353
Max length [Mbp] 110.12 1.62 110.94 4.12

Total length [Gbp] 2.87 1.98

Base QV 50.6 49.9 50.6 50.2

Phase accuracy 0.706 0.997 0.720 0.980
5 0, . 0,

BUSCO of primary C:95.1% C:95.2%

S:94.2%,D:0.9% S:94.2%,D:1.0%
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RESULTS: HIGHLY ACCURATE CONTIG ASSEMBLY

Atlantic Bluefin Tuna — Phased workflow

_ IPA (Phased) IPA + purge_dups

primary haplotigs primary haplotigs
N50 [Mbp] 9.34 3.70 13.80 3.83
Max length [Mbp] 39.38 13.95 39.38 19.49

Total length [Gbp] 1.26 0.280 0.791 0.744

C:97.4% C:97.7%

BUSCO of primary  q.44 6% D:52.8%  S:95.1%.D:2.6%

* Credit for the ABFT data, reference assembly and scaffolding: Paul Peluso!, Greg Concepcion’, Jay
Ghurye?, Nathan Truelove? and Barbara Block*

1Pacific Biosciences, 2 Dovetail Genomics, 3 Monterey Bay Aquarium Research Institute,
4Hopkins Marine Station

4746M  5537M  6328M

1582M  2373M  3164M  3955M

791 M

SCAFFOLDS
feh...J..|chr... chr.. chr... jeh... eh... chr... [chr. Jehr..| chr...[chr... |chro... chr... phro...\ch...Lchr...v [chr...chr...jchr... ch...|chr.. |chr...Jchr...

10T - -0l

I

el | I Ho\ \;'I":Q\TI'"O\ \fﬁ;ol\i ImIH bl |

;

AR R AR

: I M
86M 172M 258M  3439M  4209M  5159M  601.9M  687.9M  7739M

* Cabanettes F, Klopp C. (2018) D-GENIES: dot plot large genomes in an interactive,
efficient and simple way. PeerJ 6:4958 https://doi.org/10.7717/peerj.4958

vl


https://doi.org/10.7717/peerj.4958
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RESULTS: HIGH PHASE ACCURACY ISO1 A4

Drosophila melanogaster F1 — Phased and polished ~m,

FLYBASE

126M

Hifiasm IPA
+ purge_dups + purge_dups

12M

primary  haplotigs  primary  haplotigs
N50 [Mbp] 22.55 1.28 13.49 242

98 M
| 1000000 | [ll-39-006

84M

Max length [Mbp] 28.13 6.81 23.47 12.48

70M

Total length [Mbp]  160.19 149.87 134.19 115.26

56 M

Base QV 48.1 47.4 47.97 46.87

42M

28M

Phase accuracy 0.788 0.998 0.826 0.999

C:98.5% C:98.7%
S:98.0%,D:0.5% S:98.2%,D:0.5%

14M
I

P H ' £
gyl 00060 |11 11 00060 |-l |1 4000000

BUSCO of primary

N [ (. I | | 0T [ 1"
14.4M 287M 431M 575M 719M 86.2M 100.6 M 15M 1294M

* Cabanettes F, Klopp C. (2018) D-GENIES: dot plot large genomes in an interactive,
efficient and simple way. Peerd 6:e4958 https://doi.org/10.7717/peerj.4958


https://doi.org/10.7717/peerj.4958
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RESULTS: BUG GENOMES

Testing on real-world samples - butterflies, moths & mosquitoes
Darwin Tree of Life, Sanger

https://www.darwintreeoflife.org
https://github.com/darwintreeoflife/darwintreeoflife.data



https://github.com/darwintreeoflife/darwintreeoflife.data

@ PACBIO"

RESULTS: BUG GENOMES
ALL SAMPLES: IPA vs. FALCON

Primary Haplotigs
# contigs Contig N50 (Mb) Size (Mb) BUSCO C Qv # contigs Contig N50 (Mb) Size (Mb) BUSCO C Qv

Species Falcon IPA Falcon IPA Falcon IPA Falcon IPA Falcon IPA Falcon IPA Falcon IPA Falcon IPA Falcon IPA Falcon IPA
ilAutoGam1 85 79 10.97 12.01 381 368 99.0% 99.2% 47.1 47.1 378 1613 6.98 9.09 330 379 93.8% 97.9% 46.3 449
ilCosmTral 2173 1924 0.79 0.88 872 862 97.9% 97.5% 44.4 45.3 3932 3505 0.27 0.32 717 742 85.6% 89.8% 44.1 43.3
ilCranLigl 220 267 7.32 3.50 438 436 99.0% 98.9% 46.1 46.8 4218 1241 0.07 0.42 246 266 57.3% 67.7% 39.1 45.6
ilEndoFlal 623 489 1.46 1.92 492 489 98.6% 99.2% 46.5 45.9 2110 1587 0.29 0.56 375 418 82.7% 89.0% 45.9 46.3
ilLymaMon1 251 301 10.31 5.77 917 912 99.2% 99.2% 46.5 46.8 5525 3162 0.17 0.47 610 633 64.6% 66.4% 41.6 43.8
ilNoctFim1 382 307 3.12 3.75 576 572 98.2% 98.9% 47.6 46.3 1493 1152 0.86 1.62 514 545 83.9% 94.9% 45.1 48.1
ilNotoUdd1 1128 809 1.52 2.07 829 814 98.9% 98.3% 45.5 46.8 4115 2791 0.26 0.69 629 780 75.3% 94.0% 42.8 45.6
ilParaStrl 218 129 4.42 6.92 480 481 99.4% 99.4% 48.0 47.4 1166 1309 0.64 1.78 413 431 84.3% 84.7% 47.1 46.9
ilRecuLeul 1268 1247 1.09 0.98 748 746 98.5% 98.2% 44.4 45.1 4890 4029 0.12 0.23 416 534 54.1% 70.4% 42.0 43.4
ilThyaBat1 186 88 3.29 7.15 316 316 98.5% 98.9% 46.2 47.0 650 1073 0.89 2.77 296 327 91.6% 96.0% 46.9 45.3
ilvaneAtal 80 48 10.13 12.12 368 368 99.1% 99.3% 47.9 48.3 2185 1444 0.14 4.80 205 369 60.1% 97.7% 45.3 46.9
idAnopAqu88 260 79 18.22 15.05 188 181 99.2% 97.8% 49.5 50.6 1056 1833 0.11 4.02 90 211 432% 94.2% 48.9 43.8

idAnopCol22p13 272 189 5.48 5.01 260 260 99.4% 99.2% 49.4 495 1112 2474 0.12 0.23 77 148 27.1% 52.5% 439 403



RESULTS: BUG GENOMES

ALL SAMPLES: IPA vs. FALCON

Primary
# contigs

Species Falcon IPA
ilAutoGam1 85 79
ilCosmTral 2173 1924
ilCranLigl 220 267
ilEndoFlal 623 489
ilLymaMon1 251 301
iINoctFim1 382 307
ilNotoUdd1 1128 809
ilParaStrl 218 129
ilRecuLeul 1268 1247
ilThyaBat1 186 88
ilVaneAtal 80 48
idAnopAqu88 260 79
idAnopCol22p13 272 189

within 10%

>10% better

>25% better

worse

Contig N50 (Mb)
Falcon IPA
10.97 12.01
0.79 0.88
7.32 3.50
146 | 1.92
10.31  5.77
3.12 3.75
1.52 2.07
4.42 6.92
1.09 0.98
3.29 7.15
10.13  12.12
18.22 15.05
5.48 5.01

Size (Mb)
Falcon IPA
381 368
872 862
438 436
492 489
917 912
576 572
829 814
480 481
748 746
316 316
368 368
188 181
260 260

BUSCO C

Falcon
99.0%
97.9%
99.0%
98.6%
99.2%
98.2%
98.9%
99.4%
98.5%
98.5%
99.1%
99.2%
99.4%

IPA
99.2%
97.5%
98.9%
99.2%
99.2%
98.9%
98.3%
99.4%
98.2%
98.9%
99.3%
97.8%
99.2%

Qv
Falcon
47.1
44.4
46.1
46.5
46.5
47.6
45.5
48.0
44.4
46.2
47.9
49.5
49.4

IPA
47.1
45.3
46.8
45.9
46.8
46.3
46.8
47.4
45.1
47.0
48.3
50.6
49.5

Haplotigs
# contigs

Falcon IPA
378 1613
3932 3505
4218 1241
2110 1587
5525 3162
1493 1152
4115 2791
1166 1309
4890 4029
650 1073
2185 1444
1056 1833
1112 2474

Contig N50 (Mb)

Falcon IPA
6.98 9.09
0.27 0.32
0.07 0.42
0.29 0.56
0.17 0.47
0.86 1.62
0.26 0.69
0.64 1.78
0.12 0.23
0.89 2.77
0.14 4.80
0.11 4.02
0.12 0.23

Size (Mb)
Falcon IPA
330 379
717 742
246 266
375 418
610 633
514 545
629 780
413 431
416 534
296 327
205 369
90 211
77 148

@ PACBIO®

BUSCO C

Falcon
93.8%
85.6%
57.3%
82.7%
64.6%
83.9%
75.3%
84.3%
54.1%
91.6%
60.1%
43.2%
27.1%

IPA
97.9%
89.8%
67.7%
89.0%
66.4%
94.9%
94.0%
84.7%
70.4%
96.0%
97.7%
94.2%
52.5%

Qv
Falcon
46.3
44.1
39.1
45.9
41.6
45.1
42.8
47.1
42.0
46.9
45.3
48.9
43.9

IPA
449
43.3
45.6
46.3
43.8
48.1
45.6
46.9
43.4
45.3
46.9
43.8
40.3



RESULTS: BUG GENOMES

ALL SAMPLES: IPA vs. FALCON

Species
ilAutoGam1
ilCosmTral
ilCranLigl
ilEndoFlal
ilLymaMon1
iINoctFim1
iINotoUdd1
ilParaStrl
ilRecuLeul
ilThyaBat1
ilVaneAtal
idAnopAqu88

Primary
# contigs
Falcon IPA
85 79
2173 1924
220 267
623 489
251 301
382 307
1128 | 809
218 129
1268 1247
186 88
80 48
260 79
189

idAnopCol22p13 272

within 10%

>10% better

>25% better

worse

Contig N50 (Mb)
Falcon IPA
10.97 12.01
0.79 0.88
7.32 3.50
1.46 1.92
10.31  5.77
3.12 3.75
1.52 2.07
442 | 6.92
1.09 0.98
3.29 7.15
10.13  12.12
18.22 15.05
5.48 5.01

Size (Mb)
Falcon IPA
381 368
872 862
438 436
492 489
917 912
576 572
829 814
480 481
748 746
316 316
368 368
188 181
260 260

BUSCO C

Falcon
99.0%
97.9%
99.0%
98.6%
99.2%
98.2%
98.9%
99.4%
98.5%
98.5%
99.1%
99.2%
99.4%

IPA
99.2%
97.5%
98.9%
99.2%
99.2%
98.9%
98.3%
99.4%
98.2%
98.9%
99.3%
97.8%
99.2%

Qv
Falcon
47.1
44.4
46.1
46.5
46.5
47.6
45.5
48.0
44.4
46.2
47.9
49.5
49.4

IPA
47.1
453
46.8
459
46.8
46.3
46.8
47.4
45.1
47.0
48.3
50.6
49.5

Very similar in size,
completeness & accuracy

Haplotigs
# contigs

Falcon IPA
378 1613
3932 3505
4218 1241
2110 1587
5525 3162
1493 1152
4115 2791
1166 1309
4890 4029
650 1073
2185 1444
1056 1833
1112 2474

Contig N50 (Mb)

Falcon IPA
6.98 9.09
0.27 0.32
0.07 0.42
0.29 0.56
0.17 0.47
0.86 1.62
0.26 0.69
0.64 1.78
0.12 0.23
0.89 2.77
0.14 4.80
0.11 4.02
0.12 0.23

Size (Mb)
Falcon IPA
330 379
717 742
246 266
375 418
610 633
514 545
629 780
413 431
416 534
296 327
205 369
90 211
77 148

@ PACBIO"

BUSCO C

Falcon
93.8%
85.6%
57.3%
82.7%
64.6%
83.9%
75.3%
84.3%
54.1%
91.6%
60.1%
43.2%
27.1%

IPA
97.9%
89.8%
67.7%
89.0%
66.4%
94.9%
94.0%
84.7%
70.4%
96.0%
97.7%
94.2%
52.5%

Qv
Falcon
46.3
44.1
39.1
45.9
41.6
45.1
42.8
47.1
42.0
46.9
45.3
48.9
43.9

IPA
449
43.3
45.6
46.3
43.8
48.1
45.6
46.9
43.4
45.3
46.9
43.8
40.3



RESULTS: BUG GENOMES

ALL SAMPLES: IPA vs. FALCON

Species
ilAutoGam1
ilCosmTral
ilCranLigl
ilEndoFlal
ilLymaMon1
iINoctFim1
iINotoUdd1
ilParaStrl
ilRecuLeul
ilThyaBat1
ilVaneAtal
idAnopAqu88

Primary
# contigs
Falcon IPA
85 79
2173 1924
220 267
623 489
251 301
382 307
1128 | 809
218 129
1268 1247
186 88
80 48
260 79
189

idAnopCol22p13 272

within 10%

>10% better

>25% better

worse

Contig N50 (Mb)
Falcon IPA
10.97 12.01
0.79 0.88
7.32 3.50
146 | 1.92
10.31  5.77
3.12 3.75
1.52 2.07
4.42 6.92
1.09 0.98
3.29 7.15
10.13  12.12
18.22 15.05
5.48 5.01

Size (Mb)
Falcon IPA
381 368
872 862
438 436
492 489
917 912
576 572
829 814
480 481
748 746
316 316
368 368
188 181
260 260

BUSCO C

Falcon
99.0%
97.9%
99.0%
98.6%
99.2%
98.2%
98.9%
99.4%
98.5%
98.5%
99.1%
99.2%
99.4%

IPA
99.2%
97.5%
98.9%
99.2%
99.2%
98.9%
98.3%
99.4%
98.2%
98.9%
99.3%
97.8%
99.2%

Qv
Falcon
47.1
44.4
46.1
46.5
46.5
47.6
45.5
48.0
44.4
46.2
47.9
49.5
49.4

IPA
47.1
45.3
46.8
45.9
46.8
46.3
46.8
47.4
45.1
47.0
48.3
50.6
49.5

Very similar in size,
completeness & accuracy

Haplotigs
# contigs

Falcon IPA
378 1613
3932 3505
4218 1241
2110 1587
5525 3162
1493 1152
4115 2791
1166 1309
4890 4029
650 1073
2185 1444
1056 1833
1112 2474

Contig N50 (Mb)

Falcon IPA
6.98 | 9.09
0.27  0.32
0.07 0.42
0.29 0.56
0.17 0.47
0.86 | 1.62
0.26 | 0.69
0.64 1.78
0.12 0.23
0.89 2.77
0.14 4.80
0.11 4.02
0.12 0.23

Size (Mb)
Falcon IPA
330 379
717 742
246 266
375 418
610 633
514 545
629 780
413 431
416 534
296 327
205 369
90 211
77 148

@ PACBIO"

BUSCO C

Falcon
93.8%
85.6%
57.3%
82.7%
64.6%
83.9%
75.3%
84.3%
54.1%
91.6%
60.1%
43.2%
27.1%

IPA
97.9%
89.8%
67.7%
89.0%
66.4%
94.9%
94.0%
84.7%
70.4%
96.0%
97.7%
94.2%
52.5%

Qv
Falcon
46.3
44.1
39.1
45.9
41.6
45.1
42.8
47.1
42.0
46.9
45.3
48.9
43.9

>90% haplotype resolved

IPA
449
43.3
45.6
46.3
43.8
48.1
45.6
46.9
43.4
45.3
46.9
43.8
40.3

Improved haplotype separation
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RESULTS: BUG GENOMES
ALL SAMPLES: IPA vs. HICANU'

Primary Haplotigs
# contigs Contig N50 (Mb) Size (Mb) BUSCO C Qv # contigs Contig N50 (Mb) Size (Mb) BUSCO C Qv
Species HiCanu IPA HiCanu IPA HiCanu IPA HiCanu IPA HiCanu IPA HiCanu IPA HiCanu IPA HiCanu IPA HiCanu IPA HiCanu IPA

ilAutoGam1 128 79 12.17 12.01 375 368 99.1% 99.2% 47.1 47.1 643 1613 8.14 9.09 356 379 97.0% 97.9% 46.5 44.9
ilCranLigl 211 267 4.94 3.50 435 436 99.1% 98.9% 48.7 46.8 2268 1241 0.36 0.42 425 266 95.2% 67.7% 46.6 45.6
ilEndoFlal 662 489 1.56 1.92 488 489 99.3% 99.2% 46.8 45.9 2155 1587 0.39 0.56 442 418 95.0% 89.0% 46.1 46.3
ilLymaMon1 157 301 13.59 5.77 912 912 99.2% 99.2% 47.3 46.8 4208 3162 0.57 0.47 950 633 96.3% 66.4% 45.7 43.8
ilNoctFim1 783 307 1.88 3.75 577 572 98.8% 98.9% 48.2 46.3 1258 1152 0.69 1.62 530 545 96.8% 94.9% 47.6 48.1
ilNotoUdd1 1147 809 1.56 2.07 826 814 99.1% 98.3% 46.1 46.8 3193 2791 0.49 0.69 802 780 95.4% 94.0% 46.2 45.6
ilParaStrl 105 129 11.77  6.92 482 481 99.1% 99.4% 48.3 47.4 789 1309 1.94 1.78 465 431 95.5% 84.7% 47.5 46.9
ilThyaBat1 214 88 3.31 7.15 319 316 98.4% 98.9% 44.3 47.0 900 1073 0.81 2.77 318 327 97.4% 96.0% 43.7 45.3
ilvaneAtal 242 48 12.18 12.12 372 368 99.1% 99.3% 48.6 48.3 769 1444 431 4.80 357 369 97.7% 97.7% 47.8 46.9

within 10% Very similar in size,

completeness & accuracy
>10% better Improved haplotype separation
>25% better .—y 2, >90% haplotype resolved
ST
worse /\\/

Thttps://github.com/darwintreeoflife/darwintreeoflife.data/



https://github.com/darwintreeoflife/darwintreeoflife.data/blob/master/species/Vanessa_atalanta/Vanessa_atalanta.md
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UPCOMING FEATURES



@ FacBio
UPCOMING FEATURES

—Integration of “purge_dups” into the workflow

CHIMERA
AND REPEAT

BUILDING FAST PHASE

SEQ. DB PURGE_DUPS
Q OVERLAP SEPARATION FILTERING

—Phasing improvements
—Read tracking improvements for better polishing
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AVAILABILITY, INSTALLATION AND USAGE



AVAILABILITY

—|PA available on Biocondal!

—More details and documentation available here:
— https://github.com/PacificBiosciences/pbbioconda/wiki/Improved-

Phased-Assembler

— https://github.com/PacificBiosciences/pbipa

— https://github.com/PacificBiosciences/pbbioconda

€)) rrceio

Ivan Sovic @IvanSovic - May 28 v
Proud to announce the team @PacBio and myself are working on a new
Improved and Phased Assembly method for HiFi reads called IPA!

Fast, contiguous, runs locally and on a cluster!

Early version now on Bioconda, package "pbipa".
github.com/PacificBioscie...

@zevkronenberg @drsarahdoom

%\ IFR /?

IMPROVED
PHASED
ASSEMBLY

Q6 11 66 O 130 & i


https://github.com/PacificBiosciences/pbbioconda
https://github.com/PacificBiosciences/pbipa
https://github.com/PacificBiosciences/pbbioconda
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INSTALLATION AND USAGE

—|nstallation

conda create -n ipa -c bioconda -c conda-forge -c defaults
conda activate ipa
conda install pbipa

—Run assembly on a local machine:

ipa local --nthreads 24 --njobs 1 -i <reads.fasta>

—Run assembly on an SGE cluster:

ipa dist --nthreads 24 --njobs 40 -i <reads.fasta> \
--cluster-args 'gsub -S /bin/bash -N ipa.{rule} -cwd -q default -pe smp {params.num threads} -e
gsub_log/ -o gsub_log/ -V'



@ FacBio
SUMMARY

— IPA delivers highly accurate and contiguous assemblies, with high speed and accurately phased haplotig regions
— Generates true haplotigs constructed through a phasing process

— Polishes the phased genome to achieve >Q50 accuracy!
— Further evaluations and developments ongoing
— Potential for IPA & HiCanu to learn from each other
— Ease of use!
— Work in progress:
— Integrate "purge_dups” directly into the workflow

— Improve contiguity of the phased assembly
— Optimization of all stages
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THANK YOU!
IPA TEAM

Ivan Sovi¢

Zev Kronenberg
Christopher Dunn
Sarah Kingan
Derek Barnett
James Drake
Jonas Korlach
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Greg Concepcion
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Jay Ghurye

Nathan Truelove

Barbara Block

Mara Lawniczak

Darwin Tree of Life Project
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PUBLIC HIFI DATA

HG002 Human Pan-Genome Reference Consortium
— 4 cells: 2 cells 20kb and 2 cells 15kbp
— ~34x coverage
— https://github.com/human-pangenomics/HG002 Data_Freeze v1.0

Sequencing Data

The annotated table of sequence data can be downloaded here.

HGO002 Data Freeze (v1.0) Recommended downsampled data mix

We encourage assembly groups to use as much of the data from the HG002 freeze as possible to get the best assembly they

d human—pangenomlcs / HG002_Data_Freeze v1.0 Oatchigll © Kster | 26 ¥rork | 3 can. However, as no two groups are likely to use exactly the same subset of data, making comparison more difficult, and the
size and variety of the HG002 freeze is not representative of what is likely to be available in future freezes, we recommend
<5 Code lssues @ Pull requests 0 Actions Projects 0 Wiki Security Insights that assembly groups also run their pipeline on the following set of 4 downsampled datasets from the HG002 (NA24385)
human cell line:
Human Pangenome Reference Consortium - HG002 Data Freeze (v1.0) PacBio HiFi:
~34X coverage of Sequel Il System with Chemistry 2.0
-0~ 32 commits ¥ 1 branch 3 0 packages © 0 releases 22 2 contributors
15kb:
Branch: masterv  New pull request Create new file ~ Upload files | Find file « https://s3-us-west-2.amazonaws.com/human-

pangenomics/HG002/hpp_HG002_NA24385_son_v1/PacBio_HiFi/15kb/m64012_190920_173625.Q20.fastq
* https://s3-us-west-2.amazonaws.com/human-
pangenomics/HG002/hpp_HG002_NA24385_son_v1/PacBio_HiFi/15kb/m64012_190921_234837.Q20.fastq
20kb:
* https://s3-us-west-2.amazonaws.com/human-
pangenomics/HG002/hpp_HG002_NA24385_son_v1/PacBio_HiFi/20kb/m64011.190830_220126.Q20.fastq

* https://s3-us-west-2.amazonaws.com/human-
pangenomics/HG002/hpp_HG002_NA24385_son_v1/PacBio_HiFi/20kb/m64011.190901_.095311.Q20.fastq


https://github.com/human-pangenomics/HG002_Data_Freeze_v1.0

PUBLIC HIFI DATA

CHM13 data from the HiCanu preprint

— 5 HiFi datasets
— https://www.ncbi.nlm.nih.qgov/sra/?term=PRJNA530776

w N =

>0

o

WGS of CHM13 with PacBio CCS
1 PACBIO_SMRT (Sequel Il) run: 1M spots, 21G bases, 15.7Gb downloads
Accession: SRX7897688

WGS of CHM13 with PacBio CCS
1 PACBIO_SMRT (Sequel Il) run: 1.4M spots, 28.7G bases, 21.7Gb downloads
Accession: SRX7897687

WGS of CHM13 with PacBio CCS

1 PACBIO_SMRT (Sequel Il) run: 1.6M spots, 25.6G bases, 16.3Gb downloads
Accession: SRX7897686

WGS of CHM13 with PacBio CCS
1 PACBIO_SMRT (Sequel Il) run: 1.6M spots, 25.1G bases, 16Gb downloads
Accession: SRX7897685

WGS of CHM13 with PacBio CCS
4 PACBIO_SMRT (Sequel Il) runs: 6.9M spots, 75.6G bases, 47.3Gb downloads
Accession: SRX5633451
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New Results © Comment on this paper

HiCanu: accurate assembly of segmental duplications, satellites, and allelic
variants from high-fidelity long reads

Sergey Nurk, © Brian PWalenz, ® Arang Rhie, © Mitchell R Voliger, © Glennis A. Logsdon, Robert Grothe,
Karen H. Miga, ® Evan E. Eichler, © Adam M. Phillippy, © Sergey Koren
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PUBLIC HIFI DATA

'

HG002

15 kb + 20 kb library
6 SMRT Cell 8M
Data: PRUNA586863

Oryza sativa indica MH63
17 kb + 24 kb library

2 SMRT Cell 8M

Data: PRINA573706
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Drosophila melanogaster F1
19 kb + 24 kb library

2 SMRT Cell 8M

Data: PRUNAS573706



https://www.ncbi.nlm.nih.gov/bioproject/PRJNA586863
https://www.ncbi.nlm.nih.gov/sra/PRJNA573706
https://www.ncbi.nlm.nih.gov/sra/PRJNA573706

PUBLIC HIFI DATA
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New Results

Highly accurate long-read HiFi sequencing data for five complex genomes

© David Kudrna, Michael A. Hardigan,@ Cynthia C. Steiner, © Steven J. Knapp,@ Doreen Ware,
© Beth Shapiro,@ Paul Peluso, (2 David R Rank

doi: https://doi.org/10.1101/2020.05.04.077180

https://www.biorxiv.org/content/10.1101/2020.05.04.077180v 1

Ting Hon, Kristin Mars, Greg Young, © Yu-Chih Tsai, Joseph W. Karalius, Jane M. Landolin, @ Nicholas Maurer,



https://www.biorxiv.org/content/10.1101/2020.05.04.077180v1
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