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HiFi Reads and Circular Consensus Sequencing Human Genomic Variation HiFi Reads Detect Small Variants with High Precision and Recall

1 bp =250 bp
SNVs structural variants

- _ HIFI READS IDENTIFY AND PHASE SMALL VARIANT CALLING
i 5 Mb 10 Mb VARIANTS IN DIFFICULT REGIONS WITH HIFI READS UTILIZES A
Circularized DNA is 4 Circular Consensus ;O; STANDARD WORKFLOW
sequenced in Sequencing.

repeated passes A linear template sequence is

ligated to SMRTbell adapters.
DNA polymerase synthesizes Short reads - -
complementary sequences to

both strands of the original HG002
HiFi reads

@ SACBIO? Comprehensive single-nucleotide, indel, structural, and copy-number variant detection in human genomes with PacBio HiFi reads

GRCh37 15:43,891,619-43,911,196 (19 kb)

Il] Map to reference Call variants
- (pbmmz2) (DeepVariant)

haplotype 1

[
|
|
|
|
|
|
|
|

<R

P T T TI T T II I I T I I Il I Ll I

|

® HiFi reads match short reads for SNV calling.

® Indel performance has improved rapidly and
further improvements are expected.
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The polymerase ™% linear template, leading to
read S a re tri m m ed \:\::zr:z;iiin;;i;n;iz:i;;IIIIIZIIZIIIIII==Z===Z=;===;E:. rOI I i n g Ci rCI e Seq u e n Ci n g a n d H i Fi read S - _
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subreads LT— v, template. CCS uses the ‘ T ' DeepVariant (DV), CATK
| | 30-fold HiFi 30-fold NovaSeq
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& i y individual subreads to shlgr(t;?gazds Precision Recall Precision Recall

R s generate a highly accurate Human genomes differ at many scales from single-nucleotide variants to large SNV 99.97%  9997%  99.85%  99.88%

“i‘”‘“‘i“ consensus sequence (HiFi structural variants, which are few by count but contribute most of the basepair Indel, s o00  o5.08%
Consensus is read). differences between two human genomes. Short-read sequencing gives a bV 038 | | 99.37%  09.16%
called from HiFi REAL e on broad assay of variation, but it misses most structural variants and the small el 98.94%  98.88%
subreads (>99% Accuracy) variants in difficult-to-map regions. HiFi reads provide a comprehensive view of

variation of all classes, including in difficult regions of the genome. https.//github.com/googleldeepvariant

haplotype 2

HiFi Reads Excel at Detecting Structural Variants Extended pbsv to Call Copy-Number Variants HiFi Reads Characterize Pathogenic Variant in Mendelian Disease

HIFI READS SPAN LARGE INSERTIONS STRUCTURAL VARIANT CALLING PBSV COMBINES READ CLIPPING AND DETECTS DUPLICATIONS THAT ARE TOO FAME2 DISEASE HIFI READS CHARACTERIZE A COMPLEX REPEAT
AND DETECT VARIANTS IN REPETITIVE WITH HIFI READS UTILIZES READ DEPTH TO CALL COPY-NUMBER LONG TO SPAN WITH INDIVIDUAL READS COHORT IN ONE AFFECTED INDIVIDUAL

REGIONS A STANDARD WORKFLOW VARIANTS * Familial Adult Myoclonic Epilepsy (FAME) is TAAAA/TTTTA x 388

characterized by 1) myoclonic tremor and 2) (1,942 bp)
myoclonic or tonic-clonic seizures.

GRCh37 13:112,993,400-.112,994,200 (800 bp) * FAME2 is linked to chr2. subreads
| | | | | P eerer | Map to reference Call variants Determine genome-wide coverage * WGS identified a repeat expansion intronic to TR~ G — GRS — G — I G [

i (pbmmZ) (prV) median coverage of non-gap HG001 GRCh37 6:220,626-410,470 (189 kb) STARD?7 in 158/158 individuals. W — .y .:‘ o C ey

positions at mapping quality 60 pbsv CNV CN=5

i Nationality Total affected Mean onset [range] Myoclonus/CT TCS Focal Sz

[0-133]
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Australian/New Zealand of European ancestry 55 18.6 y [4-59,60y] 55/55 (100%)  8/55 (15%) 2/55 (4%)

haplotype 1

HGO002
HiFi reads

Italian 11 223y [12-49,50y] 11/11 (100%)  11/11 (100%)  3/11 (27%) TGAAA/TTTCA x 274

Italian 25 26.6y [5-39,40 25/25 (100%) 10/25 (40% 0/25 (0% ( )
y[5-39.40y] (100% ) ) 1,370 bp
Italian 12 (3 studied) 12y [8-17,18y] 11/12 (91.6%)  6/12 (50%) 1/12 (8.3%)

® Indel performance has improved rapidly and , : B e i
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further improvements are expected. , , _ i : s E 1
|dentify candidate CNV breakpoints b :
Italian 10 (6 studied) 18.5y[17—19,20y] 6/6 (100%) 4/6 (66.6%) 0/6 (0%) TTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTATTTTATTTTTATTTTATTTTATTTTATTTTATTTTATTTATTTTA
TTTTATTTTATTTTATTTTATTTTATTTATTTTATTTTATTTTATTTTATTTTATTTTTATTTTATTTTATTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTA

pOSItlonS Wlth multlple Cllpped reads - 9 Italian 13 (11 studied) 17y [12-21,22y] 1/11 (100%)  9/11 (81.1%)  0/14 (0%) TTTATTTTATTTTATTTTATTTTATTTTATTTTATTTATTTATTTTATTTTATTTTATTTTATTTATTTTAT T TTATTTTATTTTAT T T TATTTTATTTTATTTTAT T T TATTTTATTTTATTT
- et 16 (14 studied) 15,8y [13-19,20y] 1414(100%)  1014(71%)  0/14 (0%) TATTTTATTTTATTTATTTATTTTATTTATTTTATTTTATTTTATTTATTTTATTTTATTTTAT T TTATTTTATTTATTTTAT TTTAT T TTATTTTATTTTATTTATTTATTTTATTTTATTTT

A TCCCGAGTAGCTGGGATTACAGGCGTCCACCACCATGCCCAGCTAATTTTTGTATTTTTAGTAGAGATGGAGTTTCACCATGTTTCCCAGGCCGGTCTCGAACTCCTGACATCAGGTGATCCGC
Italian 4 2275y [10-35,36 y] 4/4 (100%) 3/4 (75%) 0/4 (0%)
CCACCTCGGCCTCCCAAAGTCTGGGATTACAGCGTGAGGCCGTTGTGCTTGGCTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTATTTTATTTATTTTATTTTATTTTATTTA

haplotype 2

ATTTATTTTATTTTATTTTATTTTATTTTATTTTAT TTATTTTATTTATTTTATTTTATTTTATTTTATTTTATTTTATTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATT
M a nta 11 Italian 10 (5 studied) 15.5y[13-17,18y] 5/5 (100%) 4/5 (80%) 0/5 (0%) TTATTTTATTTTATTTTATTTTATTTATTTTATTTTATTTTATTTTTTATTTTATTTTATTTTATTTTATTTTATTTTTATTTTATTTTATTTTATTTTATTTTTATTTTATTTTATTTTATTT
TATTTTATTTTATTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTT

1 1, 0, 0, 0,
12 Italian 21 (17 studied) 39.2y [24-55,56y] 17/17 (100%) 13/17 (76.4%) 0/17(0%) ATTTTATTTTATTTTATTTTATTTTATTTTATTTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTATTTTATTTTATTTTATTTTATTTTATTT

p bSV (D RAG E N 3 . 5) I Genes 1 , II , I ; ; I , I IH 13 Italian 3 177y [12-22,23 y] 3/3 (100%) 13 (33%) 0/3 (0%) TATTTTATTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTATTTTATTTTAT T TTATTTATTTTATTTTAT TTTAT TTTAATTTTATTTTATTTTATTTT

30 fo I d H I i * ATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTATTTATTTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTATTTTATTTTATTTTATTTTATTTTATTTTA
- iFi 30-fold NovaSeq

DUSP22 14 Italian 3 163y [15-18y] 3/3 (100%) 3/3 (100%)  0/3 (0%) TTTTATTTTATTTTATTTTATTTTATTTTATTTATTTTATTTTTATTTTATTTTATTTTATTTTATTTTTATTTATTTTATTTTATTTTAT TTTATTTTATT TTATTTTAT TTTATTTTATTTT
15 Italian 4 303y [18-48,49y] 4/4 (100%) 314 (75%) 214 (50%) ATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTAT T TTATTTTATTTTATTTTATTTTATT TTATTTTAT T TTATTTTATTTTATTTTATTT
’ TATTTATTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATT TTATTTTATTTTATTTTATTTTATTTTATTTTATT TTTATTTTAT TTTATTTTATTTTATTTTATTT

raqi of Sephardic Jewish ances! studie =l o o o TATTTTATTTTATTTTATTTTATTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTATTTTATTTTATTTT
recision eca recision eca Se dU S 16 Iraqi of Sephardic Jewish 15 (10 studied) 21y[12-31,32y 10/10 (100%)  4/10 (40% 2/10 (20%
ATTTATTTTATTTTATTTTATTTTATTTTATTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTATTTTTATTTTATTTTATTTTATTTT

) . . . ,
S h 0] rt I‘ead S . 17 Isracli of Sephardic Jewish ancestry 2 2ly[21y] 22(100%)  2/2(100%)  0/2(0%) ATTTTATTTTATTTCATTTCATTTCATTCATTTCAATTTCATTTCATTTCATTTCATTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTCA
. E I t b t d t RO LI TR LT T R e TR T LT Ty T Oy R R N T R T L LR T T BT T TR T TR TR N A T I I RN TIER L R T T TR LI TN TYI 18 South African of European ancestry 24 (15 studied) 15.8y [11-19,20y] 15/15 (100%)  7/15 (47%) 1/15 (7%) TTTCATTTCATTTCATTTCATTTCATTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCA
D e | etl ons 96 . 7 % 95 . 0 % 94 . 0 % 70 . 1 % Va u a e Cove rag e e We e n a J ace n Re peatS L UL "L v ' ' (. ! e no ' ) TTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTC
19 Frencly Spanish 13 41y [30-59,60y] 13/13 (100%)  8/13(62%)  0/13 (0%) ATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTC

L] [ ] 1 1 1 1 1 1
C a n d | d ate b re a k p O | n tS . . , \ 2 French 7@ studied) 20y (n=1) Childhood (1=1) 2/2 (100%) 172 (50%) 02 (0%) ATTTCATTTCATTTCATTTCATTTCATTTCATTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCA
TTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTC

' % 94.9% 95.3% 54.7%
I n S e rtl O n S 9 6 . 0 (0] . (0] . (0] . 0 21 Syrian 1 20y 1/1 (100%) 1/1 (100%) 0/1 (0%) ATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTCATTTCATTTCATTCATTTCATTTCATTTCATTTCATTTCA

H H . . a TTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTC

Ca I CU Iate Z'SCO re VS PO | SSO n eXpeCtatl O n 22 Italian 11 (10 studied) 25.1y [14-39,40y] 9/10 (90%) 4/10 (40%) 1/10 (10%) ATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTC

ATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTCATTTCATTTCATTTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTTCATTCATTTCATTTC

ATTTCATTTCATTTCATTTCATTTTCATTCATTTCATTTCATTTCATTTCATATTCATTTCATTTCATTTCATTTCATTTCATTTCATTCATTTCATTTCATTTCATTTCATTTCATTTCATTT

CATTTCATTTCATTTCATAAATAAGACGGAGTTTCGCTCTTGTTGCCCAGGCTAGAGTGCAATGGCACGATCTTGGCTCCCTGCAACCTCCGCCTCCCGTGTTCAAGCGATTCTCTTGCCTCAG

TCTCCCGAGTAGCTGGGATTACAGGTATGTGCCACCGTGCCCAGCTAATTTTGTATTTTTAGTAGAGACAGGGTTTCTCCACGTTGGTTAGGCTGGTCTCAAACTCCTGACCTCAGGTGATCGC
CTGCCTCAGCCTCCCAAAGTATTGGGATTACAGGCGTGAGCCACTGCGCCTAGCCTATTTTATTTTTTAAGAGACAGTGTAGCTGGGCACGGTGGTTT

https://qithub.com/PacificBiosciences/pbsv
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