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PacBio long-read sequencing:

How It works
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PACBIO LONG-READ SEQUENCING

Underlying technology: Single Molecule, Real-Time (SMRT) Sequencing

Long Reads

—Tens of kilobases Uniform

Coverage

—Sequence from 500 bp to >50,000 bp inserts

Long Epigenetics
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—Achieves >99.999% (Q50) consensus accuracy Molecule

Advantages W

Single-Molecule Resolution
—Sequence DNA or RNA
—Long reads with 2Q20 (99%) single-molecule accuracy

Uniform Coverage
—No DNA amplification
—Least GC content and sequence complexity bias

Simultaneous Epigenetic Detection
—Characterize epigenome
—No separate sample preparation required
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FROM SAMPLE TO SMRT SEQUENCING
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OUR CORE TECHNOLOGY
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GENERATE HIGHLY ACCURATE LONG READS

{

Long reads space large regions for improved assembly,
variant detection and haplotype phasing

{

Polymerase read

High

Sub reads Accuracy

Calling consensus from

Uniform J ‘ subreads increases accuracy
Coverage

Uniform sequencing coverage ‘J\
through low-complexity regions

with no amplification bias Highly Accurate Long Read
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THE OLD PARADIGM:

DNA Sequence Reads are Long OR Accurate

100%

Accuracy

80%
0 Read Length (kb) 50
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THE NEW PARADIGM:

HiFi Reads are Long AND Accurate

100%

Accuracy

80%
0 Read Length (kb) 50




€D raceio

HOW LONG ARE HIFI READS?
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Data shown above from a 20 kb size-selected human library using the SMRTbell Template Prep Kit on a Sequel Il System (2.0 Chemistry, Sequel Il System Software v8.0, 30-hour movie). Read lengths,
reads/data per SMRT Cell 8M and other sequencing performance results vary based on sample quality/type and insert size.
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WHY DOES ACCURACY MATTER?

>m64089 191020 002935/346/ccs

GAGTCAACCGCTCTACGCACTGACTCTCGTAAGAATGAGCT TC GAGAACAAAAC AAATAAAA AGA GACA GACA GCAAATT TAAAAT CGGARA CCAGGAGAAAA AA TG GC( AATGACAGC: TAATATAGCTA’ CAACGTGAACTCTCCGAAATCGTCTGT TG TTCT TT TTAAAATAGTT GT TATTACATAAATAAGCGGT CGATGCC TAATACCCAT TGATT TTGTAGTAAATACA
TATAATACTCGTATTATGAGTATT TACTACACAATAT TT TCAACGACATGGCCGTCAT TT TAATT CCGT GT CT TGGATTTAT GACG TCAT AAAT ATGAT GAAAAGAT AT CGC TGGG TATT CCAT GATTAGATT TTAT GT GCGCT TT TATGAT CCAAGACTC CAAT AACT TCGAAGAAT TCTTAGTAGAAT CTAG TTAT TATGAGA TTAAAA TAAAAC TAGAT AAACAACT AAGTTGT TTGAAATAAT TAATT TTATTCAGCAATTTTT
GGCTTTCCAAT TCAAT TAGG TGCAGC CT AT TAAAAAC TAAG TT GCAGT ACGCCACCAC TT TTAGT TT TTCACAGT CTATT CC TATT AT AAAGAACAAGC TG TGAATAAA TTACAGT AG TT TCCC TT TCC TAAACT GAAAAT ACACACAAT TATAAT CT TAT GAAA AACATAAATTCGT TTCATAAAGCTTAT CGCT TTGT TTC TT TT TAGAAAAT TCTCGGGCTACTT. 'GTACTCAGTACCT. 'TGCTGG
ACTGGACTGOGCGATGCAAT GT TCTGOGCATGT CCGT TTAT AT ATAGG TAGC CT AT TGAT AT TTTGT TATGAC TT TCGTATG TCCT GGAG TAGCGTCCC TAGC TACACCGGC TT TTGCAG TT TTAT GCACT CC TGGTAG TATAT TCCAAAAAAC AT GT GAC TGCGCC GT GC GT CAGAT CG TT AT GAAAGC TGAT AAGC GACTGAGCGAATATG TCAT TAT TAAAGAAACT CCGCCAT TT TGCT GCOCGCC TGC TAACACTATG TGCAAT
GTGCATTCT TCTT CGATT TTCCGATT TTCATTT AT GAGT GT AA AATTT TTAT TT TGCGAT GT AAT GAAACT TCTT AATTAAT TGAAAT TAAACATAT GTAT AAAGCT GGGGAAGCT CCGT GGG TCGTGGT TTGAACGATT TGG TT TT GATG TT AR AA ANA GC TG TT TATT TT TACATAT TT TT TTATGG TATGGT GAAC AAT GAAGAG TTATCTATCCATC TATC TTACTT TCCCCGT GT TTAGAC TTCGGAGGAACCGGT GCARC G
ATATTTACAATCATTGAAACACAT TTAATACAAAAAAAAGT TCTTAAAAGAGACAT TTCCTATAGGACATT TCCT GAAAT AT TT TG TG TAACAC TAATG TT TT TATTAT GCAACACAATACC TTAGCTACATATTATAAAAAMA CT CACAGATATT GTATATATT TGTC TT TTACC TTATATAACGC. TGTTTGGATT TGTACTGAAGCCATGCGTGCCAACTTTT 'GACAT TTGACAGCCGTTTT
TAACGATGAAATAAAGGAAAGAAAAATT TTAAT TTTATTGTGT TATGAGT TG TTAT GGGC TTAAAAAACATAT TATT TTTAATGGT GACGGT TAACAGCAATGAG TCAT TTGGGACCCCATAAAAAAGGGT CAAC TAGCCTATTAGAG TT TAAT AAGATTAGT CT TG TGGT CGACAGT AATC CAAAAATACCAAAAATACAGT CCGCGT CC TAGGAATCTAGGAAT TTAT GTATT CAACAT TAAAGGCGGAT CACTACACGCCTCGAC
COGTAAATGTGTAGCCACCGTAATGT TTGTATT TAAACACT TCGTCACAT TAGAAAAT AAAA TAAAATAAATT GCCTATT TATT CGTATAAACAAACACAT AT TATTATATG TAAAAT TTAAAT AAAAT TGCGAT CATT AAAAG TTGT GT TATT GACT AGT TCCACGCAGACCAAT GG TAGCGATG T TTT TCTCATAT CT GOGCATGCC TGAT GAGT AACAAAT CAGAGGCCAATAT TTACTG TTAT TTATACG TTATGAAT GGGAGC
GTCCGTAGCAACT GCACT TCCT TCAATACT GTGCATT CCTGGT AGTTGAT GGACAAAGGC AACGT GG TT TGCACACT GGG TCACGC CCGAAGAACTATT TTAT TATT TG TCCGC TG TT GAAT TGGT CAGAT TG TT TTAT TTAGAACAAACGATCCT GT TGCCATGCACCGGGCAAAGC GT AAAT TAATCAAT TAGT TT TCAAT TT TT TT TT CACAGG. "TAAAAACTATTGATTAATTACAATTTAATCTCTAACGACGTC
ATATTGATT TATTGAT TCCATACT TTGTAAAACAT TAAGTTAGTGTGT GTAACT TCTGCAAAGACAAAAAATAAT AAATAAAAAAT AAAATTCGAAC TTCGAATGTAGATGG TGCACGTT TT TCTT TGGTT "CCGTAACA ACTTCTTGTACACTATGAGTCCCTGGTACCCCATCGTATAGAGAACGT GACT TAGACGGGGTTCCAAGT TTTCAACAATGTT TGCT TAT TTGT TTATTTATTTAT
TTATTTGCATGTCACATAATCACTGTACAGAM TACAAAGG TC TTAAAAAATAGGATT GTATACATG TGACACCC TGCAAGGGT AT AGCAATATATAAT TATAATAT TGGACCAGAGGGCCC TAGT TAC TTAACAAT TATATAAAC TTAT TT TTAAAT TAAAATT TTATAAGCAACGT AAAATAAAT TCTAATACT CGTATTACT AACAAAAT TTAACAGAAACAAGAAAAACAT GAGATCAAAT TTTAMAT TATT TACT TATATACG
TAACGTTATCTACCTT TTAATT ACAA AN AT TAT TATATAGT GGAAGTTAT TCGT TT TCGAAAAAT TCCT TT AAAC TG TAA AR AC AT TTCT CGAT CAAGAAC TT TT TT AAGTGCT CAGT AR AA TT CGGGAGT TT CT CAAAGT TTT TGAT GT CG TT TGGGATATGGT TATATATT TTTATAGAC AT AAAATATGGACT AGAT GAGAC TAAT TT TAAT TT TGTAAAAGGAATT TTAAGTT TATT TAAATATC TGTCATT TCTT TTGATTTT
ATTATTTGGTGAGAAAAATT CT TGAT GT TT TCT GGCAAA TT TACATGC TT CT AA TATG TAAA TGGAT GT GAGT GT TAATATT CT GT GT TT GATAAAG TGAGGT CTGC AT GAT TCCATT TG TT CTATATT TG TCAATATT CTCAAACAT CTCT TC TGCAATATAAATAAT TTATCTATT TTA 'AAAACGA AAGAATGGAGTATGCATAAGCATAGTATGC TGAGAGAGC TG TT TGAAAGTTTGTA
ACGCGTT TCAAGT GGTGTAGTGCATATATGAAA GATGAT AATT TATGT TC TACT TT TT TAAT ATGCT GC TT CCAG TT TAAAT GT GAAT CT AG TT CAA TG CC CAAC AGGG TTGCT GT GT TCAC TG TT TCT AR TT TTAT AT TT TTATAAC AA TATT GTACCTG TAAT GAAC TT TT TTGAT AGGGCT TAAATT GGAT TAAT TTGGT TT TT TTAAGG TT TAGTT GGAGAT TATG TG TTTCTAGCCAGTTCGTAATG TTGTCTAAAATAAAGT
TTAATTTAGTTTTAAGTTCCGATGAGTT AGAGATAAGC] ‘GTCATCAGCAAACAATACACACAGATTATCAAAAATATCAGGTAGAT TATT TATATAAAT GAGGAATAAGAC AC ATCCT AGAACGCT ACCTTGAGG TATT GATC CGGTAAC TT GGAT GGCATTAGATC TGGT GTATGT GATCAT TCCT GTC TC AAAG TC TG TATT TTG TATT TCAACG TATTT GGAATT TGGAAT TATTTAGTAGTAT TTGGAAGT
ATTTGGAAT TGTTGAAACCAATAAATAAAACTTATAAAATCCT TATTC TACT TTCTACCATT TCGTGAAACAAACAGTAGAT GGCCGATG TT TT TGT GT TCTAGGCCCACTT AAAT TAATGGAGATTACATAGTAGATAT TATATC TAGACTAACCCCCTTACTAATAAAATAATAAAAAT! CCGCAAGT TTCT TATAAATCTGT TGAAAATTTACGTCAAATGTGAAAA
T ATGGTCTT TCTTT TATT TC TGAT AT TATGATG TTAT TTAGTAAAGAATAAT CCTCACGATGAAACC TT TCGATCGGT AT GATAAAGC TACAGGT TAAT TATT TT TC TCG TG TAAC GGGT TCGATTC CC GG TT CAAC AA TGT AA TT AT TTAAAT AT CTATGAA TGCAGT TTAAA TAGT TTCT GAAATT GAAATAAAGT CTTCT TTCAGT AAAACGTTC TAAC TG TAATAT TTAAGGTACTT TCTGTGGTACT TTCCCT TCATGTGG
CATAGCCGT GGGACGGCC TG TATATT GCTGOGT ARAT AR AT AT CT TGC TGOC CAAT TAAT TATTG TGCT GATC AR AT ART AA TG TT GC TGOC CARAT AATT AT TATG OC GOC CARA TAAT TATAAT GCT GACAAA GT AT TT GTT TGCT GCACAAAT TATTT TT CG GG TTACCT TTT TG TT GC TGACCAMA TAAT TAAGAGACT GCCTAATT AATTAC TTCCCGT TTAAAAAA CCT OGGAGT AAACAGAACAAGT CCTACARAAT TGTA
TTGAACGTTCATT TTCGATTCACATT AAAGCAAAGGGGC GT TCCACTAAA AA TA AR AG TG TC TACGT GATT AACT AGATGGC GC TG TC GT AC AC CTA AA TCGT G TA TAAT T TTCT CT CC TA TT CT ATACAAT TT TCAG TT GTT GT AT CATG TAAATACCC TGGT CATAAAGT ATA TT GAAA AAGAC TAT TTGT TT TATAATT TT TCACTAGATCCT CAATAAAACACCAAT GGG TTGT TTAATATTAAAAATATT TACTAATAGTTG
TGAACATAAGAGCTTCCATTCCAGAT TAACTACAAACATACTC TTGCAAATATGGGAT CCTGGTAGC TC TCOGCAGT TTG TCAA TG TGACAAAA TGAGGACAC TAGT TTGTAGT TTCATTGT TTCCTAGTT TATTAGGC CACGCCT AATCGTAT GCCATGC CACT CCACGTACGCAGT CATT GATAACCG TC TGGT TTCGATAAT GAAAACAAGGATACTAT TATT TT GGAT GGACC TCGGAT GGAT GACCAAAAC TT TGTGAT TTCG
ACTTCCACTGTGCTTTGGAAGCTGTTGATCTCGGT GTGTCC

ATCCTTTCTATTCTACATCTCCGTATCT TCTAAAAAT!

ey 19,820 bp HiFi read, predicted QV: 33
19,812 bp correct, 8 errors
99.96% accurate (QV34 =

JAGAGATCCGGAGGAGATGATCAGACCTAACAATGAGTGATACA

 TAAAATCTGCAACTACGGGTACAATAGAMATTAGTACTTGAC

TTTCAGACGAACAATGAACCATTT! CAAAGGAAATGACACTT GGGGT TCCT TGGGCC AATCA GAAT TAGAAGCC AGG AA TG AT GG CC CT AR GAA CC AGCG GG AR AT TTT GA AT TTGT TG TC TGGTC TC GT AGCG TCGT COGCC AC AT TT TG TGCT GAAGT CACA TAAT GCCAATCCGAGAC AT TAGT TATT TCAG TAATT TCCCCAACTC TAAGAGC CACAAA GGCT TTCAGTGAGCGGGCG TCGC TACGTATCCATCT TAAMAC
GGTCAAACTATCAGTCCAAAAGTAAATT TTGAAGGTT TTCGTC GG TGACAGT TTAGAATG TAGGCACCGAGACGAGCAGCGATTAACGCAGC TT GCAAT TC TAACCGCGGAATT GTCG TTAG TT TGAGC GG TGCT GAGC GAGTC TT TCCGGCGATCAACGATATC TTAAAAGT CTGAT CT GAATACACAAAACGCCAG TATGC CACACACGAATAGGCAAGC TCGC TT GCAT COGCAAAAA CGTGGAGC TCAACCT CTGAAAAGGCAG

M:'I'OGCTGAMTJ\GCAMGAGGTATATTGACATGI'(xMCATC"NGGTC"TAMWMADGTAWMMGGCTGATMMT\" AGGC TCCCAA’ GA TTCCAAGTCT TTTGAAAAAGTATTT TACCCT TGACTGTAATAGGAC TTAGGAGACCTAGAGGATCATAGACGC TCAT CAACCTT GACAAT ACATATCTCTT TG TTAGGATGCGAGGGACAGT TACAGT TAAAT TTCGCGTAGGGT GAAT
AGTATCAAGTGTTGTATTCCAAGAGACT CCTAAAACCTTAACGCTGTCATCT! ACTCTCCC TCTACGTT ACCCA 'CATCTCAAA. \GAATGAACGTCAA CCCTAGCCAGA’ AACATCATTAACCGACGTTACGAGATCATCCATATAATGGT CCTGAATGATTACAT TAGCGGCT TTCGGAAACCT GTCCTTATGC
TGCTCAGCATTCAGGT TCATTAGATAGAGAGCCGT GAAA TCGAGGT AAAATCAT CATTCGGTAATGACATAAGGGCT GAGCGTCACGATCTAACATGCGGATT TT TATC TGAGGGT ACAT CTCCCTAATATCGGCGT TTAGGGCTATCAGTCCTTC AA 'AAGGACCTCAAGA TGAAGTAGG' CAACAAAAGGGAGT

TTAAGCT TACTCCTTGAGCCTT TGCT GCGCAAT CG TG AACAAC CCTAAGC TT TT TC TTCT GTCTATGGACAACAC CAAMA TG TGGC AAAT ACCATTT TACCGGAG TATC AGC GT GT GGCATC TCGCACT TC TCAGCA TAAC CCT TG TC TATC AT GGCT TGAAT AT TACT ACGATAC TGAG TT GCAT ACTC TGGG TCCT TAGCCAT QI TT TG TTCTAGAGAAG TAAMA TC TGOGACG TGCT AGAGCG TAAC TAT TAGGAAGC TGTCCCAA
ATTAACATCTGACCGCCATAGTAGCCCT GTCTCAAAT CGACCAGAAGGGAGT CTGCGT GT GT TGACACGAAGGGT TTCTATGGC GAAAAT AT CATCC TTGT CAAG TC GC TCT CTCC TATC AATACC AAT TGAC TC TAGT TTAAAAT TT TC TCGAAT AAGAT TC TC TAGAGAAT TAT CTCG TACG TGATTGACAG TAGAGT CTGACCGGAAAAC TC TACTACAGACG TTCTAC TTG TCGGGAAACCGTAAACTACCCATCCTAAAGGAG
TACGACAT GAGATGCGCCTAACT GCCAATTGTCCATGCCGACTAGAATTGATGGT TCCACGT CCGAGT AACT GCACAAATTAAGACCGT TAAAATGCT CCAAAT TAGTATC GCATCTCGATAAAGACT! GA CGCACATGT TTCAAAACATGTGGTTGACAAGT CT TATCATGACCT TTAATTGTAAAGC TAACATACTCCACGTC
TACTCGCTTTTCTAGATT GAGATGATAACACTCTT TTTTAGCCCCGTAACACCGATAGCAGAC GAAACCT TAGCGT CTATGAACGTAGCAGTTGAACCC TCATCCAGAAGGGCAAAGGAAT CTATGC TGCCACT CGGACCAC TGACGG TTACC GGCAARAT CT TAAGAAG TGGT CTGGAATC TT GC TGCT TACAT TGAT CGCCAT CTGTT TCCAAAAC TG TC TGCCCCAAC GAGT AAACCTGGG TTGAGGAGTCGACT
TTAGACCTATCGTGCAACGCATCGAGTTCGGTAGTCGGTTCT GAAAATTGAGA TCGACATTGGTAGCTGCTTCATGCAAGAGAGAAT GG TGGT GACGT TTACGT CGGCAACCGACGACC TTACAACAT TTCT TGCAGT TTCTATAGC TGTGACCACC TTTCCTCAAGCAT TTGAAGCAAA TAAAATT GTCTCT TACCCAAC TCAAT CGTT TT TC TGCAACCAAAT CACGAAACATC TGACACTTCTGGATTT
CATGCGTAGCCTTACAATAAGCACAACCAGGTTCGCTAGAGGT GT TATCT GTGT GACT TGGAAACGATGAC TTAGGAACT TTACCT GG TTGT TCGAAGCCT TCTT TG TG TCTCT GTCCATAATT CA TCCAGTCAAAGTCGTT GT ‘GCTGGTCAAGAGTTGCTGAAG' 'CAGCCTGGACAAAATGAGCATGAGACCTATCTGACTTAGG
TTTAAAATCTGTCAGGATACCATATC TTAAGTGCAATAAAGCC "AAGAAATCAGAMAGCTTTT @GMAC”ATWWATWTWWCTGAMGGMMCA}CCAC\"WWW\"CAGGMMGA\GTWCTTT GATAACGTTGCACAGTTCAGGGTTAGCT AAAT GGACTTGC TGCT GCAGAAGCT GAACGGTACT TATGCAGTT GCGTACCT TGCAT GCAAAAACAT TTAGC TCCTGT GCATCGTACC
CGCTTAACAGCGTAGCCOGCT TCTGCGCAAGAAC GGAAGAACAT TTGGT GGCGAC TGAATTACCGC TTGAGGAACT CACCT GCGCCC TT TGCT TCGAACGTGACGT GGAT TATCCGTAGCGGAGT TAGCCTGCTGC TT TGCGAT AGCA! TGATCA’ CTTTTAAATAACTTC’ GAAACTGTTAGGTATCGGAGATAAATAAGAAGCCGA
GCTTC MWTmmﬂWMTMTTAmMTm'R:MTGTCAMMTGGCMGAMAGAATATMGI'C\M.\ATTAMGAMACATMATGTATCMMAGTAT@T.\G:TAQ\.\TGTGTCTATGmCAGA“:‘RSTABDCMC\ATAGC'TATTAATI'1’|'1'|'m'n'GAATmATACTAQ\CATCTAC')'CI'TAxMM'R:OGACCC'KIADATATGGTmmMOGmeTAWﬂTmmﬂmﬂmmlmG
CGTTTGAATATAACGTATCATCGT TTGACACCCTT GAAAAATATTT GGGAGTCTT TCGACT GAGAT GTATACCATGGC TGAAAAAAAGATACT GAATAAGAACACT CGAAAAAAAAAAT CGGC AT TCGGC GATC TTAACGCT AT GCAGC AGTC TC TT TCAGAAAAA CT GCAT CGTAAT AATACT CG TAT AATAGAAAAAAT CAATC GT TACACAGT TATTT TCAAGAACAT TTGTATCATATAT TTGTAAATAT
TCTTT TT TATATTGCAAGATCATT TCTTAGTTATT GT TAAATGGT TGT TCCT TTGCGACCCATTC AATG TC TGOGGT CACCAGT CGACCG TTGT TGACA: GTCAGACTG: CTATCGTTGGAATAACT GACATAT TAACACAGTACT TGTACACAT GGAAACGATTT TATATAATACGACTAGAA' ATTGTGATAGT TTTT TTGT TGATGCTAATGAATACCT GGCAGTATCTATAGACGTAGT TACAAT TAACCG
TATTTTAACAGAATTAAATTCAAATAAATAAGT GTGCCTAT TAGTATT TTTATTAGTTACTAGTGGCTT TACCCGT TCCAATGGGAATATC GGGATAAAAAGT AGCCT GTAT TC TG TATACCAAATT TCAA TT AAAT TGG TT CATAGT TT TGACG TGAAAGCT AGACTGACAGAT AGAGAM TATACAGACAGAGT TAC TT TCGCAT TTAT TAT TAAGTATGGATT GT TATTATT TTAT TT TAATTT
AﬁTAﬂWMMTmﬂﬁﬂﬂmﬂmmTﬁmeMTGGAmchGAT'ﬁ'b'l'MTMTMTMTMTMTAT@NMACATTCACAWGATCMC\'MI!rCA'I'\'TI'MG:MCI'MT(rTGCI'TG'I‘G'I'I'AOG&CACI'MATGAOGGATMATAT4\T'l"'MTMATMTMTMTMTMTMTMTMTMT'I'I'AT1'l'DGATAM:1'I'AGWTANTTMNTTWNNMAWWW””MMMA
CATCGCCTATAGATAAATACATATAAATAACCAGAATATATAGAAATATATATAAACATCCAAGACT GGAGAACAAATGCCT GAAAAT TCATCACCCAAACAT TTGCCCCCACT GGGGAT CGAACCCAGAACCTCTCGAGA T \CGGAGGTCGT CAAAAGAACGAGGAAAT GCGT TGTATGOGGGC TGCACAGGACCCACC TGCT TAGAGAAT TGGAGATCC TTAT GGGAGG
mWATNTAWWﬂﬂwmWﬁmWﬂGATAW)CATATTGGDGM}'|'|'TAGGWA'|'|'MIL‘TTGGT'|'|'TACATACNTMOGTATAC'I‘CTAM(?I'TCCI'GAAWTATATA\ATWMTTATGMMTTATUGCJ\'H'VGTCI'CI'GGMTA}CCﬂ"WATTAWMTCWC.\ATTCCJ\ATCC|'|'MC.\'KJCI"|'|"MTGA\TCTGGl"WATNJWA“’WCFTCATCTWMWWWNWMWMATNQMHMC
CTTTTCT TTGT TG T T TT TG TG TAAGAA TATAGAT AA TAAG AR TA TAT TG CT AR AT AR AR TA TT T AT AC AGGA TATT GTAGC AT TT AT AA TATA GTA TG TA TT TT AT GTATG TATA TA AT AT AT TATGT AA TT TATA TG TAGTAGT TTAT AT TT GCACCT T AT AT AT GT TACC TACCT TT TC TT TCATTC TATC TC TG TC CAAAGGT TG TC TGGAAGATATT GC TATTAGCTATAAGGC CGCC TG TG TTGTATT GTAT TT TT TTACTA
TATTTCTGT TT TAATTAGTTGCAATAAAGAATT TTAT CTAT CTAT CTATT GCOGAT AACT TTCAT GAAGAATT TTCC TAT TCAT GAATACCATGAAC AACAAA CCTAAACTCACCC TTCT CACT CAAGT TAAC TTAT GCCAACT AT AAAT AATAAAAA TAAAC GAAA CCCACATTATGAT TG TG TAG TAAAATC TGACAG TAAAT TAATAT TTCTAT TTGGT AAGGCC GG TACAT TTAAAGCG TT TTGT TTTAAAAATACAGCTGGCT
GTGTGCCAAGCAAGCGAATACTATAT TGGGCCAGCCTGGCTAATTGTTAC TTCT GAATGL. TTTCTACAGCC' ACATTGTGGATAAT TT TTCGACT GTAT CCAACG TTGTAGT TCCT TTACAAGAATACAAAAAGC TC TT TAAAC CTAT TATGAG TCCTG TGCGCATT TCGGAA TT TCGAGT TGCGT TCGAGT TT TTCACT TGT TT TACCAGGAAG TTATT GTAGGGAT GACT GTAAT TATGATACAAACAT
'I'I'I"I‘GATGA'N;‘I'I‘GI‘AMMMMQ:TA‘I'I'GCATAEAT'I'I"N}TA‘ICM\C'I'I‘ATG:M1'I‘ATMT1'I‘TA'I'I'TA'I'I'TA‘I'I'I'TA'I'I'CA‘NCAGI‘AT'I'N:1'I‘1'I"I‘C'l'l"I'I"I'I‘A‘I'I‘AT'I'I'TACAATACATmOGﬂﬂATTANﬂmWOGNNM}CTG:OGMUGAMOGAOGTI‘MMGATGCA CCTT TTTTTCGTTACGGAATTTCTGGATTCGGT
CCCOGOGCTCAAGGCCOGAGATAGAAGC TATGCAATAGC TTAAAAGCT TGTAGAGAAAGAGATAAAACGCC TAAAMAT AATATGGGT 'CCCTACCCCTT GAMAGA TGATATGT TATTCCATATT TTTT TTACATATT TACATGCAGTGT TATTGTAAAT GGACA. 'CCGT: TTGTACGCTGGTT TCTCGTCATTTTTAGAGGTAGGCTC
AﬁTGATCT'I‘CGGWTTTA'ﬂ'L‘I‘CI‘MMmATATGTATTGMTATTA'I‘GGGwL'I‘GGCAMGMAGTA!x'I"'MJATAT"TANTMATMXH'TACATAMGGMJTMCI'T"TGTI'TI'TMTMTTAACATMLTGATCFCI'CAGTTI"I'I'TTTI‘J\MMMCFTNICAMCCI‘TCCC GAATATAAAATAAT TGTTAGACATGTT TAAAACGTAAAGC TTAATAAAGAAAT TAAATT TTCAACAATGACT TAATCGGT TAGT
GGAATTAAA’ TTTT T AT TCAT TTT TTCC TTAT TCGATTC TC GG TT TGAG TAAGCTAGC TAGC TATT TT GAGAA TATT TAGAAC TTAGT TATG TT TC TT AT TCAAAGT AGAAGT AT GC TCT TG TG TAAATTATATT TT TT TT TAATAT TAGCT AATAGC TCCAGGGCC CACA AR AT TT TCCACT CTGT AT GTAGG TATATACT TATC TATTACGCT CATT AAAACTTATCCGT CATT TAGTATCCATAACACAAGCAGTA
TAAGCTGCTTATT TTAGGCTACTTGATAGGTGAAAAAAATATGTATTACATTCATACATACAT CTTT TACAGATCTGCACTTGCTACGATCCT GCAT CCCGCACAT GACACACAC TG TCTC TACCCT CATTACT AACT TTATACATGCCCT TCGGTTAATT TTAATAAT TATTTAT TAGAATAT TAAGCTT TATTAT GATTAATAGCGAT GGCAAT TCGT TAGCT TATAGGCGCCATTT
TCTTTATCCTCTACTTAAGTAGTAGC CAGCAAT TT TAGGGCAG TGACC TAAGGT CAACGACT TGT AAAGGATAGT TCTTATG TT TTAAGAAT ACCGC AT AG TAGATACGAAT AACG TT GCAG TC TAACC GT GCAGAAGATT TTT GTCT TTCCGGAT GATTAGATG TT AT GAATATGAGGGAARATAT GCT TT AAGT AT GAAGACT AT AA GG TC TAGTATT TAAT TT GATG TTATAGT TATC TT CGCACT GCTCTATAGAT TCTT TTAT
ATAAAAATGACTT TTATT TTTT TATTAACAGCAAC AT TC TAAT CTAAA AT AATATAGA CC AA TTT TATATATT TACT TTTATAT TTACCT GT TAGAT TGAGAC TGAGAAATATC AGTC GAAT GGGAGTG TT TAAAACGCCT GTC TACCCC TT TG GG AT AGAGGCG TACG TT TATGG TT TATT TTGAT GTT TG TT GTAT GACATAT TACACT AAAT CTCTACAAAGAAGAA CAAGACGAGCC GAGT TGCCATGCATC GGGCACAAAGT G
AAGCAAGCAATAT TAACAATGAACTGTACATAACT TT TAAT TCAAACT CGGTAGAACT CGCGAAT CCOGOGGCCTCTCCAAGGAGT AGTGCCCTCTG TCCCAATT CAGC TAAGGAATAGT CAACGT AAT TACT AAAGCAGACTTAT TG TC! 'GTAAA! TTGAATCATGCAT TAATAAAACT TCATGT CCCCAACAGTGGGCACT GGCTT TTACCT GACT TCATATC TTACACAT TTATATCCT TAGAGGAGTATACC
GAGGGGTCATGAT TTT TGTAAT CTAACAATGTATGTT TG TATT TTAAATT GATAAT CCAGAC TTATTATAAAT GCGAAAG TAACTC TG TC TG TC TGT CTCGCT TTCACG TCAAAAC TACT GAACCAATT TAACCGAAAT TTAGTACACAGATAGTC TAGAACC TGAGAAAGGACATAGGC TACCAT T TAT CCOGATAT TACCATG GGAACGGG TGCCATAGG GG TAAATG TAAAAACAT TTAAATAACGCCTCCCAGAAAAATGAAGG
ACAAATT TACGCCACTATGAACTT TGCT TC TAATAATAGAG TAGGAGT AAAT TT TCAATT CCACC AATT GAGGCT ACGGT TC TTAT TT TAAAAAATC TT TCAG TG TTCAATAGC CTAT TT TT TGAGGAAGGCTATAGGC TACATACCATT AATCACAC TAT CTCAAAGT CACTATTCT GAAGTT CTAGTTGATAAATT CAT TGATGTAT TGATAAT TCATAGACCATCAAGTCAT TTAAAAACGTAATA
AAAAAAAATGTGT TAAAAGCCTCAAAAAAAATTATATAATT TT TTATGCT GGTGGC TAACAGAAATGAG TAAT TT! AAAA AGCCTAATATT TTAATT T TT TT TTGTACT CATT AT AT TAGGT CCTT TCCT AT GAAA TTGGT GT TT TG TATGGAGAT TT TGGGGAT GTC TGCATT TTAAATACT AACATT TTAT CAGTT TTCT TCACAACGACT AATCCAGAGATAATAATAT TTGGCATGTATTAT
MMMMWTAWTATﬂﬂﬁMmﬁNATMMATTAT'I'CA\TDG1'|"'|'I'TATGTI'MTWNTCAMTGATGTA'ITDGGGMWAGTTA}CFI'TTM}CATCAGWTJ\TG1'|"NWC.‘CTG!.'I'GGACATAGG.‘I‘TAWC|'MTGCA'NZGIGA\GGI'TATTCGMJ\GATTM'ITG:TGT'ITMINMAGG\"MATTG|'GAMWMWTA\G1'|'WMGAM”MN"TAWWAT@WWTAWMTWNT
TTTTCCACTAAAT TGT TAGT TAAAAT TT TACACAGCAATCCAACATAACT CT TCTAGT CATAGCA( TGGTTTTTTAAAA TTTGT TGTTTCGCAATT TTTACAACATTCAAAACACCACAAACTCAT TTAAACTACACTACATCAAATTGTCACGTTAAATTTAT TACAATAGAGT TGCT TT TTGT TACAAAAACCT TTAAAAAT GTATAGT TT TACGATAT TGAACTT TAAAGCGGTAAT
AATAAAGCCTTAATATTGTGTT TTAAGACTATTAT CTAACGACGCOGT TCGCGTAATT TTAGTTACATT GATCCAAT TAATATGAA A CT TATAGCT GC TATC GT GT TT CGACACT AGAT TT TC TT TGACACC AR AR AA GT ACT AAGC TTAT TACATAARA GG CC AR AT AG TG TTATAAT TG TT TG T TTT GACAAT CACT GAT GAAACT TT GATATATTT TT CCCGAT GTAGGTATT OG TC TTAGTACACTACT TAAATARATAGAAC
ATTTTACTAAAATGTTCT TCAT TGTAGT AATTATCGC TATT TCTT TTGAATCAAAAAT TTAATAATATTAA TTCCCGATCACGCTATAT TGGGTAGT TT TAATCTGAGC AACTT TACAAT AATAACTTT TTAAAT CATAGT TGATT AATAAATAAATTATT CAAAAAAAAA TACAAA TT TAAGAC TAAAAATACTT AAGACAAAATTATACTTACAGACT TTTTATTATCATTT




@ PACBIO"

WHY DOES ACCURACY MATTER?

Base-level accuracy allows you to differentiate between real variation
and errors.

Complete

Human (HG001, HG002) Accuracy RefSeq Genes
(n=19,313)

PacBio HiFi Reads B
e Q51 99.5% |
Nanopore 47-fold Q25 44.5%

Only HiFi reads give
Q34 98.6% you the accuracy
needed to see more
complete and

Nanopore 30-fold (+ short
read polishing)

BUSCO Frameshifted frameshift-free genes
Rice (MH63, Basmati) Complete Genes Genes
(n=1,440) (n=35,666)
PacBio HiFi Reads o
20-fold 98.7% 444 :]

Nanopore 62-fold (+ short

0,
read polishing) 97.6% 1,379



@ PACBIO®

WHAT CAN YOU DO WITH HIGHLY ACCURATE LONG READS
(HIFI READS)?

- Highly accurate de novo assembly
- Detect all variants types with high precision and recall
- Detect 5% more variants in “medical exome”
= Phase variants into haplotypes
= Sequence full-length transcripts
- Explore metagenomes in high resolution
X ) O g" & XOBBX
Xx & = o0 o @

X000

WHOLE GENOME VARIANT RNA COMPLEX TARGETED

EPIGENETICS
SEQUENCING DETECTION SEQUENCING POPULATIONS SEQUENCING



@ PACBIO"
HIFI SEQUENCING APPLICATIONS

Many applications can be completed with a single SMRT Cell 8M

X YOBBCK o.%
[ |
x X  —ohem 000X qama

XO000CK
WHOLE GENOME RNA TARGETED COMPLEX
SEQUENCING SEQUENCING SEQUENCING POPULATIONS

One SMRT Cell 8M

pacb.com/OneSMRTCell
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Comprehensive Whole Genome

De Novo Assemblies

Resolving repetitive regions and heterozygosity




@ PACBIO®

UNIQUE CHALLENGES OF PLANT & ANIMAL GENOMES

Size and Complexity Genome size " .
R Mycoplasma in p
_LObIOIIy plne’ 21 Gb (>6-f0|d G:Iamppositivebacteria .-
h u man enome Gram negative bacteria
g ) . Fungi / Moulds -
—Wheat, 17 Gb, hexaploid Algae 1
—Sugarcane, 10- or 12-ploid o - =
Echinoderm -
Extreme Repeat Content .
. Mollusks -
—Maize >60% Birds 1
— 0 Bony fish _
Wheat >80 A) Cartilaginous fish -
Reptile -
Each Project is Unique Mammals —.
Amphibians
—Ranges in size, ploidy, and Flowering Plants . 7 )
10 10 10 10 10 10

repeat content

—Custom strategy is commonly
needed



DRAFT VS COMPLETE GENOME ASSEMBLY

Short Reads

|
1

:Sequende Gaps

/

—‘NNNNNNQNNNNN_NNNNNNI_
Draft Genome
Missing sequencing leads to missed

genes and limits biological
interpretation

€) rroBio
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DRAFT VS COMPLETE GENOME ASSEMBLY

Short Reads

|
1

$equende Gaps

/ |

—‘NNNNNNANNNNN_NNNNNNI_
Draft Genome
Missing sequencing leads to missed

genes and limits biological
interpretation

HiFi Reads

.

Complete Genome

A comprehensive structural, functional
and organizational picture of the
genome
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HIFI READS ALLOW YOU TO:

Span repetitive elements

Transposable Element

|
[ |

TGCAA ATCGCA TGCGAT TGCAA

ACGTT TAGCGT ACGCTA ACGTT
\ Tt J \ J \ J

Terminal Inverted Repeat

Flanking Direct Repeat
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HIFI READS ALLOW YOU TO:

Span repetitive elements

Transposable Element

|
[ |

TGCAA ATCGCA TGCGAT TGCAA
ACGTT TAGCGT ACGCTA ACGTT

L J\ J L J \ J

Terminal Inverted Repeat

Flanking Direct Repeat

Phase haplotypes

Variation collapsed into a {
single mixed sequence

Each haplotype
assembled separately
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WHAT METRICS MAKE A GENOME HIGH QUALITY?

S

Contiguity 3 - Contig N50

= Assembly size

Completeness - Gene completeness

(BUSCO)

Homologous
chromosomes

- Accuracy

I 1T _
Correctness I I|I| IIII - Genes in frame

= Phasing



@ PACBIO"

THE CALIFORNIA REDWOOD GENOME

—One of the world’s fastest-
growing conifers

—Live for thousands of years

—Only 5% of the original old-
growth coast redwood forest
remains

—27 Gb hexaploid genome

—Genome assemblies by ONT in
2019 and PacBio in 2020

Sequoia sempervirens



@ PACBIO"

THE REDWOOD GENOME IS LARGE AND COMPLEX

54 Gb of DNA

- ﬂ content!
e < 9 Gb hexaploid
T 9x the size of the
human genome!
I I «— 3 Gb diploid

~

6 Gb of DNA
content!



THE PROJECT WORKFLOW

4 days

- Collected ~80 g of
needles and froze

- Extracted 56 ug of
DNA with
Circulomics kit

- Prepped 2 HiFi
libraries at ~25 kb

7 days

- Ran 31 SMRT Cells
8M across 9
instruments in 7
days

- Streamed data for
immediate CCS
analysis conversion
to HiFi reads

17 DAYS

@ PACBIO®

6 days

= Used Hifiasm for
quick, haplotype
aware assembly
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GENOME ASSEMBLY QUALITY

HiFi exceeds results of ONT + short reads for all three C’s of genome quality —
Contiguity, Completeness, and Correctness

California Redwood Genome Assembly Results

22-fold 23-fold + 122-fold
41.7 26.5
1.92 0.11
59% 56%

Mapped transcripts with 0.12% P
frameshift errors? 1<% 97% Q\

Significantly more transcripts with
~2N assembly resolving recent frameshift errors, impeding
autopolyploidy event downstream analysis

Methodology PacBio HiFi ONT + short reads’

1. Sequencing and assembling mega-genomes of mega-trees: the giant sequoia and coast redwood genomes
2. Transcript set of Abies alba from Neale, D. et al. Varying number of transcripts aligned to each genome (4,958 mapped to PacBio HiFi redwood, 4,760 mapped to ONT redwood)



https://nanoporetech.com/resource-centre/sequencing-and-assembling-mega-genomes-mega-trees-giant-sequoia-and-coast-redwood-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6643874/

@ PACBIO"

OVERALL EFFORT

PacBio HiFi’ ONT + short reads?
—DNA extraction from needles of a tree —DNA extraction for short reads done
found locally from seed to get haploid DNA
—HiFi sequencing done in 7 days —DNA extraction for ONT reads done
—First assembly done in 6 days on needles
—Short read sequencing done in
December 2017
17 days vs >1 year for completion —ONT sequencing done in mid 2018
of respective projects —Initial assembly done after several

iterations in March 2019

. Seguencing and assembling mega-genomes of mega-trees: the giant sequoia and coast redwood genomes



https://nanoporetech.com/resource-centre/sequencing-and-assembling-mega-genomes-mega-trees-giant-sequoia-and-coast-redwood-0

1.
2.

€D rceio

CAN WE DO BETTER WITH HIGHER COVERAGE?

—Additional HiFi coverage increased contiguity, completeness, and accuracy
of resulting assembly

California Redwood Genome Assembly Results

Methodology PacBio HiFi PacBio HiFi S = 5 e
reads’
Genome Coverage 33-fold 22-fold 23-fold + 122-fold
Assembly Size (Gb) 48.47 47.7 26.5
Contig N50 (Mb) 3.76 1.92 0.1
BUSCO Complete 60.6% 59% 56%
LT L LIS [P 0.11% 0.12% 1.97%

with frameshift errors?2

Sequencing and assembling mega-genomes of mega-trees: the giant sequoia and coast redwood genomes
Transcript set of Abies alba from Neale, D. et al. Varying number of transcripts aligned to each genome (4,958 mapped to PacBio HiFi redwood, 4,760 mapped to ONT redwood)



https://nanoporetech.com/resource-centre/sequencing-and-assembling-mega-genomes-mega-trees-giant-sequoia-and-coast-redwood-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6643874/

& rceo

RECENT LARGE AND/OR COMPLEX PLANT HIFI ASSEMBLIES

Diploid Diploid
plant 1 plant 2

Genome size 3.2Gb 3.2 Gb 2.5Gb 11 Gb
Library size 20 kb 20 kb 17 kb 17 kb
Coverage 21-fold 16-fold 20-fold 22-fold
Contig N50 12 Mb 7 Mb 14.7 Mb 20.3 Mb
Assembly time <1 day <1 day 6 hours 12 hours

We see consistently good results across a wide array of complex

plant genomes with assemblies complete in less than a day!
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HIFI FOR GENOME ASSEMBLY OF PLANTS & ANIMALS

With HiFi reads you can assemble reference-quality genomes with one technology

—Reach high contiguity, completeness, and correctness ensuring downstream utility
—Phase haplotypes for allele-specific genomic information
—Generate complete genomes in half the assembly time of traditional long reads

Small-bodied Species Newly Sequenced Species Large, Complex Species
— 150 Mb genome — 800 Mb genome — 11 Gb genome
— 14.4 Mb contig N50 — 26.5 Mb contig N50 — 20 Mb contig N50

— 99.999% accuracy (Q50) — 98.1% of genome phased — Assembly in 12 hours


https://www.pacb.com/wp-content/uploads/Kingan-PAG-2020-Beyond-contiguity-evaluating-the-accuracy-of-de-novo-genome-assemblies.pdf
https://www.pacb.com/blog/tracking-the-tuna/
https://twitter.com/the_mvierra/status/1217211222346518529

€ r oo

Iso-Seq Method




ISO-SEQ: FULL-LENGTH RNA SEQUENCING

Iso-Seq is...

—Full-Length cDNA sequencing — no assembly required
—Targeted or whole transcriptome

Iso-Seq can...
—Discover novel genes and isoforms

—Improve genome annotation, with or without reference
genome

—Increase the accuracy of RNA-seq quantification at isoform-
level resolution

You can do Iso-Seq with...

N
—1-Day Library Prep U
—1 SMRT Cell 8M v
—Full bioinformatics solution PREP
1 DAY

€D r ceio

RNA
SEQUENCING

nnnnnnnnnn

B3 Exnd

\\\\\\\\

ANNOTATION

SMRT DATA
SEQUENCING ANALYSIS

1 DAY 1 DAY




IMPROVED GENOME ANNOTATION WITH ISO-SEQ

Plutella xylostella

Diamondback moth
Gene Model PXOO3123-_.__ -— -
8 -
S -
>
[+}] - -— -—
g() S S S ———— -
Px008387
Gene Model  —
- - ————
AS events - E———
———— ———
— —— - ————

Alternative splicing contributes to a much more diverse transcript

set compared to original gene model

Zhao, Q. et al., 2019. Genome-wide profiling of the alternative splicing provides insights into development in Plutella xylostella, BMC Genomics, 20:463.



https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-019-5838-3

IDENTIFYING GENES WITH SEX-SPECIFIC ALTERNATIVE
SPLICING

Plutella xylostella

Diamondback moth
140
Px007476 120 )
Gene Model -+ - - —— Transcript_1
- - - - -— 8 e ——— 100- “Transcript_2
- - - - - - e —— S = —
’ . - - - - e o m. . . . o |l_ ¥ 80
s - = - N - — o
- .- - - - ——— | % 60 - L
- e - - - - c -
i vo-— - - . - P = — — g 40
- - - - Sl : - — | 2 20
L - - - . - -— |3 " I 1 I I :
- - - - f —_— pupa_m 8 205 a0 O 8_ 8_
- e - - - . - —— O a § 5 lg lg § § 8 a
- - - - . - adun_m a -3 | | l.‘-: l:
TJranscript 1= e . + o . - - - - - - — -'g =3
Transcri :2- - -, - . - .

I
|
|
|
|

|dentified 156 genes with sex-differentiated alternative splicing events

to be further explored

Zhao, Q. et al., 2019. Genome-wide profiling of the alternative splicing provides insights into development in Plutella xylostella, BMC Genomics, 20:463.



https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-019-5838-3
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GAIN POLY-ADENYLATION SITE INFORMATION

N cleavage site Alternative cleavage sites
[ - = i — s srn2A )
[ = i R
- B SN WA
] ] LR I N B Lo
[ : = -l
-—— - NN WS s ¢ o
[ = Y 555570 .
. = -G
| R S
Top 10 alternative T B e =1m
. . AATAAT
polyadenylation (APA) motifs for e B s
maize (left) and sorghum (right) sy =¢‘I'¢m";n'r“
=m i [ ATAAAA

“We generated

genome-wide poly(A) sites, allowing
the role of APAin... agronomically important species.”

Wang, B. et al. (2018) A comparative transcriptional landscape of maize and sorghum obtained by single-molecule sequencing. Genome Research 28:1-12



https://genome.cshlp.org/content/early/2018/04/28/gr.227462.117.long

@ PACBIO"

IMPROVE SHORT-READ RNA-SEQ ISOFORM QUANTIFICATION

16,888

10,105

10,000

5,480
2,139
5974
3,022

2118

3

across cultivars

Shared transcripts

4]
Cabernet Sauvignon . I
PM40024 Genorme I }
PN40024 V1 Annotation l l 1 1
PM40024 V2 Annotation
Corvina
Tannat

>500 Cabernet Sauvignon-specific transcripts were found when the

transcriptome was compared other grape cultivars

Minio, A. et al. (2018) Isoform-scale annotation and expression profiling of the Cabernet Sauvignon transcriptome using single-molecule sequencing of full-length cDNA.
bioRxiv



https://www.biorxiv.org/content/early/2018/02/22/269530

@ PACBIO"

INVESTIGATE TRANSCRIPTOMES WITHOUT REFERENCE
GENOMES m A =

CL

|

2187 -
729 -
243 -

81 -
27 -

" CDS ®3UTR = 5UTR

(d)

Number

- W ©
!

200 1200 2200 3200 4200
Length

0.2

“A large number of transcripts in
...therefore, we used single-molecule long-read sequencing

technology for RNA sequencing, which

Chen, X. et al. (2018) Transcriptome-referenced association study of clove shape traits in garlic. DNA Research dsy027.



https://academic.oup.com/dnaresearch/advance-article/doi/10.1093/dnares/dsy027/5066954

@ PACBIO"
HIFI FOR RNA SEQUENCING OF PLANTS & ANIMALS

With HiFi reads you can sequence full-length cDNA sequences — from 5’ end to the poly-A tail
—Discover novel genes and isoforms

—Improve genome annotation, with or without reference genome

—Increase the accuracy of RNA-seq quantification at isoform-level resolution

Angus Sire Brahman Dam

- -

F1cross "
i
li

Brahman x Angus F1 Cattle Cannabis

— Allele-specific isoform expression — Tissue-specific transcripts
— Tissue-specific isoform expression associated w/ THC & CBD synthesis
— Chr Y gene annotation

Grizzly Bears

— Tissue-specific alternative
splicing

— Hibernation vs active state


https://www.biorxiv.org/content/10.1101/720797v3
https://www.biorxiv.org/content/10.1101/2020.01.03.894428v1
https://www.pacb.com/videos/user-group-meeting-using-grizzly-bears-to-unlock-the-biomedical-promise-of-hibernation/

€ r oo

Targeted Sequencing




@ PACBIO®

TARGETED SEQUENCING ON SEQUEL Il SYSTEM

Obtain uniform coverage and accurately sequence through high- or low-GC
content for targeted regions of the genome.

SMRT Sequencing offers a flexible solution to deliver the long read length and
accuracy needed to:

— Efficiently multiplex large amplicons
—Discover haplotype-specific markers
—Reassemble multi-megabase regions of a genome

—Confirm insertions sites of transgenes and
validate gene editing events

—Capture complete genes

www.pach.com/applications/targeted-sequencing



http://www.pacb.com/applications/targeted-sequencing

€D receior

ADVANTAGES OF TARGETED LONG-READ SMRT SEQUENCING

Full-length, phased gene sequencing

i i1 i i 1 /4

Genel/pseudogene discrimination
LR AT TR T TR T B

V%

2> Extreme sequence contexts

o

Minor variant detection

Methylation detection



@ PACBIO"

PHASING VARIANTS OVER LARGE DISTANCES: BRCA1, EXON 10

41244000 bp.
1 L
I 1
i i
1 i
1 i
I I
1 i

Allele 1
PacBio reads

(~5 kb 5‘\‘\1//7

fragments)  pjele 2 Heterozygous
reads SNPs

MiSeq
(200 bp
fragments)




IMPORTANCE OF VARIANT PHASING

Allele 1 X
Allele 2
Allele 1 %

VS.

e.g., tumor suppressor genes:

PACIFIC BIOSCIENCES® CONFIDAB)e 2

Both alleles
defective

One allele
still intact

@ PACBIO"
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FLEXIBLE MULTIPLEXING AND BARCODING SOLUTIONS FOR
AMPLICONS

Barcoded M13 Primers Barcoded Universal Primers
PCR 1 First, incorporate target-specific primers M13- PCR 1
fwd/rev with 5’ block Universal tag Target T TS —
M13-Fwd Target Ts R [CLN 7/ seguence s e
sequence M13 —
\"_ ’/ ($) TS Mi3Rev s [} Forward primer Reverse primer ur ]
Forward primer Reverse primer 3 =
- ™13
bCR 2 ~ PCR 2 h
then, incorporate Barcoded M13 tagged primer. Barcode Universal tag e —
Barcode BC1001  M13-Fwd ac P ®C) N\, P uT BC e Sh—
M13.Rev BC1064 ——— —_— Forward primer Reverse primer BC  UT l
Forward primer Reverse primer BC M3 1 UT  BC
“Wi3 BC
Barcoded Adapters Barcoded Primers

Adapter Ligation (SMRTbell Library Preparation)

o — @ Inserts BC1 PCR
Sample 1 Barcode Target BC TS —
PACIFIC | [ ] (BC) sequence e
P - O& N/BT wsee
Sample 2 : . l
P e e oo ene Forward primer  Reverse primer BC
[ —) — “BC

Sample “n”
of 96




@ FacBio
HIFI FOR TARGETED SEQUENCING OF PLANTS & ANIMALS

With HiFi reads you can view specific genomic regions of interest, regardless of size
—Rapidly screen and identify all variants

—Discover haplotype-specific markers

—Resolve difficult-to-sequence regions

Cell

A Species-Wide Inventory of NLR Genes and Alleles
in idopsit

(&) commorcal

Massive Parallel Sequencing
— Catalog biodiversity via barcoding

Building an NLR-ome Biomonitoring of Herbal
— Target NLR genes across 65 Supplements
targeted regions

accessions = Ensure supplements contain the
— Barcoding up to 40,000 species in

— Catalog diversity in resistance- expected biological composition
a single SMRT Cell 8M associated genes of herbs



http://biodiversitygenomics.net/news/press-releases/canadas-first-sequel-ii-dna-sequencer-arrives-at-the-centre-for-biodiversity-genomics/
https://www.sciencedirect.com/science/article/pii/S0092867419308372%3Fvia%253Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5449480/
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Metagenomics




@ PACBIO'

METAGENOMIC SEQUENCING OF COMPLEX POPULATIONS

Short Reads HiFi Reads

0°05% 0°05%

Draft genomes Reference-quality assemblies



@ PACBIO"

PACBIO HIFI READS COMBINE LONG READ LENGTHS WITH HIGH ACCURACY @

o <J
s —16S: Up to 3.6 M Q30 full-length 16S sequences
—Shotgun: Up to 2.4 M Q20 reads from 10 kb libraries
HiFi Read Accuracy
S b . Improves with More Passes

S / it e F

Z Subreads : I ,l] l[ lll l{] ﬂ + [lg ]l [[ # II] ¢ 40 g

o b (passes) : 4,@?‘1‘ T =

‘: i 2..:::J Jl I{I T 20 g
' ] J? ] 10 =

................................................... HlFl read 0 2

0 5 | 2/10 15 20 =

Pésses
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PACBIO HIFI SEQUENCING ON THE SEQUEL Il SYSTEM:
HIGH THROUGHPUT, HIGH RESOLUTION

Full-length 16S reveals the true diversity of your sample and generates more testable hypotheses
—Distinguish keystone or critical species from genus-level noise
—All-in-one kit (extract, amplify, analyze) from our partner Shoreline Biome OR
—PacBio 1-step, low chimera protocol for 96-plex sequencing with 20 self-ordered primers



https://www.shorelinebiome.com/

@ PACBIO"

PACBIO 16S SEQUENCING FAITHFULLY REPRESENTS A KNOWN MOCK COMMUNITY
SAMPLE

. m Rhodobacter sphaeroides (ATCC 17029
MSA-1002 Strain Abundance _ e ( :
100% mDeinococcus radiodurans (ATCC BAA-816)

m Pseudomonas aeruginosa (ATCC 9027) - Download and
Actinomyces odontolyticus (ATCC 17982) -

m Bifidobacterium adolescentis (ATCC 15703) explore Sequel Il
= Cutibacterium acnes (ATCC 11828) system 16S data for
m Neisseria meningitidis (ATCC BAA-335) you rse|f
m Escherichia coli (ATCC 700926)
m Porphyromonas gingivalis (ATCC 33277)
mBacteroides vulgatus (ATCC 8482)
m Acinetobacter baumannii (ATCC 17978)
m Enterococcus faecalis (ATCC 47077)
m Streptococcus agalactiae (ATCC BAA-611)
Streptococcus mutans (ATCC 700610)
mBacillus cereus (ATCC 10987)
Lactobacillus gasser (ATCC 33323)
m Staphylococcus aureus (ATCC BAA-1556)
m Helicobacter pylori (ATCC 700392)
m Staphylococcus epidermidis (ATCC 12228)
m Clostridium beijerinckii (ATCC 35702)

80%

60 %

40%

20%

PACIFIC BIOSCIEN

0%
Expected Values Average of 96 samples

V1-V9 amplicons were sequenced on a single SMRT Cell 8M at 96-plex


https://github.com/PacificBiosciences/DevNet/wiki/16S-Data-Set-Sequel-II-System-2.0-Release

@ PACBIO"

SUB-REGION SEQUENCING SHOWS BIAS IN PROFILING TAXA

:*&.\/\
namre

COMMUNICATIONS

ARTICLE
OPEN

Evaluation of 16S rRNA gene sequencing for
species and strain-level microbiome analysis

Jethro S. Johnson@® 7+, Daniel J. Spakowicz® 27, Bo-Young Hong!, Lauren M. Petersen'3,
Patrick Demkowicz@® ', Lei Chen'4, Shana R. Leopold', Blake M. Hanson'?, Hanako O. Agresta', Mark Gerstein®,
Erica Sodergren' & George M. Weinstock'

The 16S rRNA gene has been a mainstay of sequence-based bacterial analysis for decades.
However, high-throughput sequencing of the full gene has d
prospect. Here, we use in silico and sequence-based experi

potential of the 16S gene to provide taxonomic resolution “Seq ue nCing the entire 1 6S

demonstrate that targeting of 16S variable regions with s

cannot achieve the taxonomic resolution afforded by sequen g e ne p rOVid es real and

We further demonstrate that full-length sequencing platfo
resolve subtle nucleotide substitutions (but not insertions, 1 'f' t d t

intragenomic copies of the 16S gene. In consequence, Slgnl ICan a Van ages Over
approaches must necessarily account for intragenomic variat
particular, we demonstrate that appropriate treatment of ful
variants has the potential to provide taxonomic resolution of §
and strain level.

variable regions.”

Johnson JS, et. al. (2019)

sequencing commonly targeted

Percent unclassified

50 100

\ /

V1-V2 V1-V3 V1-V9

V6-V9

V3-V5

is. Nature, 10; 5029.
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PACBIO HIFI SEQUENCING ON THE SEQUEL Il SYSTEM:
HIGH THROUGHPUT, HIGH RESOLUTION

Full-length 16S reveals the true diversity of your sample and generates more testable hypotheses
—Distinguish keystone or critical species from genus-level noise
—All-in-one kit (extract, amplify, analyze) from our partner Shoreline Biome OR
—PacBio 1-step, low chimera protocol for 96-plex sequencing with 20 self-ordered primers

HiFi Shotgun profiling reveals intact genes and operons without assembly
—Eliminate reliance on the step that wastes 30-70% of your raw data

—See the metabolic functions of even low-abundance species without enough coverage for assembly or error
correction


https://www.shorelinebiome.com/

@ PACBIO"

SHOTGUN SEQUENCING ON THE SEQUEL Il SYSTEM FAITHFULLY RECAPITULATES

THE MSA-1003 MOCK COMMUNITY

—Successful detection of species down to 0.018
% abundance

100%

—Download and explore MSA-1003 Mock
Community shotgun data 80%
60%
40%
20%

PACIFIC BIOSCIENCES® CONFIDENTIAL

0%

Sequel Il
System data

Expected
Composition

m Rhodobacter

sphaeroides .
m Escherichia coli

m Porphyromonas
gingivalis
treptococcus

mutans
m Staphylococcus

epidermidis
m Pseudomonas

aeruginosa
m Bacillus cereus

m Clostridium
beijerinckii
m Streptococcus

agalactiae
m Staphylococcus

aureus
m Acinetobacter

baumannii )
m Propionibacterium

acnes .
m Neisseria

me ningitidis )
Helicobacter pylori

m Lactobacillus gasseri


https://www.ncbi.nlm.nih.gov/sra/PRJNA546278
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PACBIO SHOTGUN SEQUENCING IS FREE FROM GC BIAS, ENABLING ACCURATE
REPRESENTATION OF DIVERSITY

100 Species Abundance of MSA-1003

%GC 50% 69% 36% m ATCC Abundance

1 m HiFi Shotgun Abundance

m 16S Abundance (Avg of 96)
. 60%  38%
' 43%  67% 65%
0.0
0.001 | ‘

0.0001

PACIFIC BIOSCIENCE ON NTI 6\ 6 \l“\\ %
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HIFI METAGENOMICS SHOTGUN PERFORMANCE ON THE
SEQUEL Il SYSTEM

Avg read

Shotgun >Q20 reads >Q20 bases length >Q20 QV
Human fecal 1 2,485,902 21,892,869,069 8,806 Q39
Human fecal 2 2,634,276 24,359,683,697 9,247 Q37
Human fecal 3 2,371,437 20,325,373,131 8,570 Q39
Human fecal 4 2,133,478 21,557,465,918 10,104 Q36
Human fecal 5 2,037,230 19,855,203,301 9,746 Q37
Human fecal 6 2,230,353 19,784,876,972 8,870 Q39
Human fecal 7 2,796,697 22,710,850,840 8,120 Q40
Human fecal 8 1,977,870 17,034,971,133 8,612 Q40
Human fecal 9 2,529,830 21,908,484,087 8,660 Q39

—The median read QV and read length of HiFi data outperforms many
metagenome assembly quality metrics
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LONG READS + HIGH ACCURACY MEANS GENE DISCOVERY
CAN BE DONE DIRECTLY ON HIFI READS, WITHOUT

ASSEMBLY
| — e ] e
Predicted Genes (bp) Genes / Read (99% ID)

Human fecal 1 19,639,322 1,005 1,012,982
Human fecal 2 22,064,417 1,001 8.4 1,141,123
Human fecal 3 18,059,181 1,024 7.6 1,154,341
Human fecal 4 19,844,033 978 9.3 1,250,711
Human fecal 5 18,396,237 970 9.0 1,087,015

—30-70% of short data will not map to a metagenome assembly, and are
therefore not useful for gene finding

—With HiFi sequencing, error-free genes can be found even from species with
too little coverage for assembly

—High accuracy means existing NGS tools and pipelines can be used without
modification
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PACBIO HIFI SEQUENCING ON THE SEQUEL Il SYSTEM:
HIGH THROUGHPUT, HIGH RESOLUTION

Full-length 16S reveals the true diversity of your sample and generates more testable hypotheses
—Distinguish keystone or critical species from genus-level noise
—All-in-one kit (extract, amplify, analyze) from our partner Shoreline Biome OR
—PacBio 1-step, low chimera protocol for 96-plex sequencing with 20 self-ordered primers

HiFi Shotgun profiling reveals intact genes and operons without assembly
—Eliminate reliance on the step that wastes 30-70% of your raw data

—See the metabolic functions of even low-abundance species without enough coverage for assembly or error
correction

Metagenome assembly with HiFi reads generates new references for unculturable species
—>99% accurate, complete genomes with ~15-20x coverage from a single technology
—Leverage epigenomic data to cluster contigs and plasmids from the same strain


https://www.shorelinebiome.com/

HIFI READS CAN BE ASSEMBLED WITH CANU TO PRODUCE

NOVEL REFERENCES FOR UNCULTURABLE SPECIES
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CONTIGS PRODUCED BY CANU CAN BE BINNED BY @
SPECIES WITH TOOLS LIKE PATRIC RBS

140
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0 ]

Human Fecal Samples

Number of Bins
o o

o

o

Analyses performed at https://patricbrc.org/ on the combined Canu contigs and unassembled reads for each sample.


https://patricbrc.org/
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PACBIO METAGENOME DATA CAN PROVIDE REFERENCE QUALITY
ASSEMBLIES OF UNCULTURABLE STRAINS

Uncover mechanisms with a highly resolved, functional view of your
metagenome
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‘ B. Breve MAG (Subject 55, day 11)

—Closed, complete or nearly complete B. breve genomes from preterm neonate gut
microbiome samples, with sequencing coverage between 7- to 115-fold.

—The B. breve strains, associated with healthy gut development, possess diverse
carbohydrate metabolism capabilities, including a “bifid shunt” that can convert human
milk oligosaccharides (HMO) to short chain fatty acids (SCFAs).

* o
\'uMARYLANDGENOMlCS



CALCULATING THE ESTIMATED COVERAGE OF RARE SPECIES

AT DIFFERENT MULTIPLEX LEVELS

_ 1/SMRTCell |2/SMRTCell |3/SMRT Cell

Assignable Q20 24 M 24 M
reads / cell*

Reads / sample 24 M 1.2 M
1% of reads assembly 24 000 assembly 12,000
0.2% of reads 4,800 2,400

*99.5% of HiFi reads have recoverable barcodes

- The average read length for metagenomics samples is 8.5 kb when

24 M

800,000
8,000
1,600

following the recommended protocol with high molecular weight DNA.

- Choose your multiplex level depending on how many reads per rarest-OTU

of interest you require for your analysis plan.

@ PACBIO'
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HIFI FOR METAGENOMIC SEQUENCING OF ECOSYSTEMS

With HiFi reads you can fully characterize microbes and their communities with one technology

—Obtain strain-level resolution of complex populations
—Uncover key community functions by recovering complete genes and operons
—Discover novel genes and gene clusters by reconstructing long contigs

Bacillus

1
Illlll III
Listeria

Pseudomonas Salmonella Staphylococcus

'III |l

Full-length 16S Sequence Variants

16S Community Cataloging

— Uncover the full complement of
full-length 16S sequence variants

“ Numbsroft:edlchd Mean Length (bp) Mean Pmdlmd Genes /

Human fecal 1 19,639,322 1,005
Human fecal 2 22,064,417 1,001
Human fecal 3 18,059,181 1,024 76
Human fecal 4 19,844,033 978 9.3
Human fecal 5 18,396,237 970 9.0

| Average 19M 996 bp 8 genes

Shotgun Metagenomic Profiling

— Recover multiple genes per HiFi
read for optimal utility

ARG alleles detected

Metagenomic Assembly

— Assign virus and antimicrobial
resistance genes to microbial hosts



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6765137/
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-019-1760-x
https://www.pacb.com/wp-content/uploads/Ashby-CSHL-Microbiome-2019-Unbiased-characterization-of-metagenome-composition-and-function-using-HiFi-sequencing-on-the-PacBio-Sequel-II-System.pdf
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-019-1760-x
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Conclusions
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HIFI SEQUENCING ENABLES PLANT & ANIMAL RESEARCH

—Uncover new biology to improve
crop or animal health, enhance
breeding efficiency, and protect
biodiversity

TARGETED
SEQUENCING

X

—Reference-quality genome assemblies
—lIsoform-level genome annotation

—Targeted gene sequencing, regardless
of size

O I
® .

EA

A onlE

RNA
SEQUENCING

—Strain-level community analysis of
complex populations

COMPLEX
POPULATIONS

pacb.corn/aghbio


http://pacb.com/agbio
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2020 SMRT GRANT PROGRAMS

The 2020 Plant and Animal Sciences SMRT Grant Program is Now Open!

Explore Earth’s Biodiversity with HiFi Sequencing

Show us in 90-seconds how highly accurate long reads
will help you understand any organism from earth’s many
ecosystems for a chance to win free sequencing.

APPLY NOW O

And don’t forget to submit your video abstract by Friday, July 24, 2020.
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www.pacb.com
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