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1.1 PacBio HiFi¥3EAH

PacBio = Xl /7 5 A X F¢ H SMRT /7 (Single Molecule Real-Time ) :
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1.1 PacBio HiFiZ3E A4
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1.2 PacBio HiFi¥#EH#E — Smrtlink¥KA4FHfEH

1. Smrtlink & 4

@  PacBioJF X #y 2L ¥ HiF1l| /7 % 3 # open-source T K ;

PacBi®
@ ETWRysmxtsm TEREEE, 7 A linux
command-line/ 4 ;
® TvHEFATHEER, EENFIE, 200l F 5
By R B o
SMRT® Link user
guide (v25.2)

Revio®and Vega™ systems

https:/ /www.pacb.com/wp-content/uploads/SMRT-Link-v25.2-user-guide.pdf



1.2 PacBio HiFi¥#EH#E — Smrtlink¥KA4FHfEH

2. smrtlink T % Fn 42z %

EW: https://www.pacb.com/support/software-downloads/

T#,: smrtlink-release_25.2.0.266456.zip

Tk

$ unzip smrtlink-release_25.2.0.2664506.zip

$ ./smrtlink-release_25.2.0.266456_linux_x86-64_libc-2.17_anydistro.run

* RERT—F—FHATRE, EAAEEEEHRAE, HEnterf BT,
© RERF B O R RR, BEEADBRALS R BN E K



1.2 PacBio HiFi¥#EH#E — Smrtlink¥KA4FHfEH

3. Smrtlink3Z 4T runqc-reports: HiFi$k $# 4 11

HiFibam = sample_hifi.bam
prefix= sample_hifi

dataset create --force --type ConsensusReadSet §{prefix}.xml § {HiFibam}

$
$
$ export PATH=/work/fscourse/software/smrtlink/smrtlink/smrtemds /bin:$PATH
$
$

runqc-reports §{prefix}.xml

» datesetfpy2-: r AHiFibam, #rH HiFixml
*  runqc-reportsayrA- i NHiFixml, #y 4 HiFigy 338 %1t 4



1.2 PacBio HiFi¥#EH#E — Smrtlink¥KA4FHfEH

4. Smrtlink3z 4T runqc-reports#ar 1 45 & : HiFi reads i B0 K E 40

Read Quality Distribution HiFi Read Length Distribution
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1.2 PacBio HiFiZ#E

% — Smrtlink #4445

4. Smrtlink3z 4T runqc-reports#ar 1 25 R : ccs.report.json

"_comment": "Generated with pbcommand version

"attributes":

s
"name"

"value":

"id":

"name" :
"value":

“id":

"name" :
"value":

"id":

"name" :
"value":

“id":

"name" :
"value":

"id":

"name" :
"value"

[

"ccs2.number_of ccs_reads”,
: "HiFi Reads",
6328444

"ccs2.total number of ccs bases”,
"HiFi Yield (bp)",
102978178540

“ccs2.mean_ccs_readlength”,
"HiFi Read Length (mean, bp)",
16271

“ccs2.median_ccs_readlength”,
15478
"ccs2.ccs_readlength _n50",

"HiFi Read Length N50 (bp)",
16308

“ccs2.median_accuracy”,

"HiFi Read Quality (median)",
: "Q31"

"HiFi Read Length (median, bp)"

at

2023-07-19T11:53

HiFi Yield (bp)
HiFi Reads

HiFi Read Length N50 (bp)

HiFi Read Length (mean, bp)

HiFi Read Quality

102,970,178,540

6,328,444

16,308

16,271

Q31




1.2 PacBio HiFi¥#EH#E — Smrtlink¥KA4FHfEH

5. HiFi.bam # HiFi.fastaf& =,

$ HiFibam = sample_hifi.bam
$ prefix= sample_hifi

$ bam2fasta § {HiFibam} -o §{prefix} -u

EREW:
1. 2 FE Smrtlink25.1 3%, ¥ 37 ik 7~ i bam2fasta
>|> 20230720 06:40:19.529 -|- FATAL - |- Run - |- 0x2baa610d0880| | - |- bam2fasta ERROR: map::at

2.B X T % ZEHindex> fF, Bibam.pbix



1.3 PacBio HiFi¥iERiIzZHE

HiFireads.bam

bam2fasta rungc-reports

fastafgz(HiFi. fa HiFigESTIT
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2.1 HiFiasm¥ A %3

1. HiFiasm & 4 :

H T HiFi reads 8y [ 38 B4 A M Sk 4 3%

A AR A

BRIEF COMMUNICATION

namre
biotechnology

hitps://doi.org/10:1038/541587-022-01261-x

ZH (REA. FR) HENFALT, TEATRKETH

202248 B 71 ¥ {F F HICH4E 52 3 3 (% A fully phased 4 3¢ ;
20244 E 3. B MO0AT3RA, T {# H ultra-long ONTH A4 R ;
20254 E A B MO2L0MA, SO 4k fE Fl ONT 4 4 41 3%

M) Check for updates

Haplotype-resolved assembly of diploid genomes
without parental data

Haoyu Cheng (2, Erich D. Jarvis (34, Olivier Fedrigo®3, Klaus-Peter Koepfli5¢7, Lara Urban®,

Neil J. Gemmell® and Heng Li®*?=

Routine haplotype-resolved genome assembly from single
samples remains an unresolved problem. Here we describe
an algorithm that combines PacBlo HiFi reads and HI-C
chromatin interaction data to produce a haplotype-resolved

hifiasm (Hi-C) here, is built on top of phased hifiasm assembly
graphs® but differs from the published hifiasm (trio) algorithm in
sequence partition. In a hifiasm graph, each node is a unitig assem-
bled from HiFi reads with correct phasing, and each edge repre-

HME BER, WIRHEARD;

Explore content v

nature methods

About the journal ¥  Publish with us v Subscribe

nature > nature methods > brief communications » article

Brief Communication

Published: 10 May 2024

Scalable telomere-to-telomere assembly for diploid

and polyploid genomes with double graph

Haoyu Cheng, Mobin Asri, Julian Lucas, Sergey Koren & HenggE

ARTICLES

nature methods

M) Check for updates

https://doi.org/10.1038/541592-020-01056-5

Haplotype-resolved de novo assembly using
phased assembly graphs with hifiasm

Haoyu Cheng©'?, Gregory T. Concepcion®?, Xiaowen Feng®'?, Haowen Zhang* and Heng Li "2

esolved de novo is the ultimate solution to the study of sequence variations in a genome. However, exist-
|ng algorithms either collapse heterozygous alleles into one consensus copy or fail to cleanly separate the haplotypes to pro-
duce high-quality phased assemblies. Here we describe hifiasm, a de novo assembler that takes advantage of long high-fidelity
sequence reads to faithfully represent the haplotype information in a phased assembly graph. Unlike other graph-based assem-
blers that only aim to maintain the iguity of one h hifiasm strives to preserve the contiguity of all haplotypes. This
feature enables the development of a graph trio binning algorithm that greatly advances over standard trio binning. On three
human and five nonhuman datasets, including California redwood with a ~-30-Gb hexaploid genome, we show that hifiasm fre-
quently delivers better assemblies than existing tools and consistently outperforms others on haplotype-resolved assembly.

10

Nature Methods 21, 967-970 (2024) | Cite this article

bioRxiv preprint doi: https:/idol org/10.1101/2025.04.14 648685, this version posted April 17, 2025 The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Efficient near telomere-to-telomere assembly of
Nanopore Simplex reads

Haoyu Cheng'*", Han Qu*?, Sean McKenzie*, Katherine R. Lawrence*, Rhydian Windsor*,
Mike Vella*, Peter J. Park?, and Heng Li®>**

! Department of Biomedical Informatics and Data Science, Yale School of Medicine, New Haven, CT, USA
*Department of Data Sciences, Dana-Farber Cancer Institute, Boston, MA, USA

*Department of Biomedical Informatics, Harvard Medical School, Boston, MA, USA

‘Oxford Nanopore Technologies, Oxford, United Kingdom

% Authors contributed equally

“To whom correspondence should be addressed: haoyu.cheng@yale.edu, hli@ds.dfci.harvard.edu



2.1 HiFiasm¥ A %3

2. HiFiasm & ¥ :

Sequencing error Heterozygous allele
Input HiFi reads 11 1] T ]
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Complementary data

o000 Coppeneny-

Step1 ReadsEHELsE : EFERIreadsif#{Tall-vs-alltbxdFFi T, &
Freadsi@foverlapf58, WRread IE—MEHESHMMFEELRR, HE
Z/P3%KreadsiEF, NEIAANEESNPHIRE, BNIANREIRFHITYIE.,
HiFiasm REFERREEREIRME, BRIIERIE, (REREAEER

ERNFETRER, HiFiasmalLAXgZvE& SNP#{TEH phasing.,

Step2 String-grapht@i: HiFiasmt&iELireads AR, EEXAONE
fBstring-graph. X3IF—RR=REUEAREATIIERIstring-graph,
Hifasm={REZEAISIE (bubble) , EMATLURE TRERFA E2EB
NRFEEER, LEEETTREEALGE,

Step 3 ‘M2 WIRISBEHEHMBEMOTRLUE, HifasmfERIEE
bubblefd—IFEFHLEELER (primary contigs) , ZE{EFalcon unzip
FHiCanu, WIRBRXBARINFEYE, Hifasmal LUBSFEARGERY
kmerftE HIRFIHEEREBARNFS, MMEEIRERERERH.



2.1 HiFiasm¥ A %3

3. HiFiasm % 3&

B : https://github.com/chhylp123/hifiasm

ol
i

$ git clone https://github.com/chhylpl123/hifiasm
$ cd hifiasm

$ make




2.2 HiFiasm® & 4T

ETXE

HifiasmZH3E

HiFi Only

ONT Only

HiFi+Parental

HiFi+ONT

HiFi+ONT+HiC

More




2.2 HiFiasm®HZE4T

1. HiFi only assembly (Partially 2 44 41 3% )

$ HiFi= ../deliver/rawdata/HiFi.fastq.gz

$ prefix=Fragaria_vesca

$ hifiasm -o ${prefix} -t 26 -13 ${HiFi} 2> out.log
$ awk '/~S/{print ">"$2;print $3}' ${prefix}.bp.p ctg.gfa > ${prefix}.bp.p ctg.fa

$ /usr/bin/java -jar /path/gnx.jar ${prefix}.bp.p ctg.fa > N50

-t AR HiFi Onlyith3XfF  XXfHikER

-0 HaiHRUER prefix.bp.p_ctg.gfa assembly graph of primary contigs.

| EREERSE(I3 for unzip, I0FBTEEF/BRXERE) prefix.bp.a_ctg.gfa assembly graph of alternate contigs.

-s EZYE LU (ERIA0.55 for -13) prefix.bp.hapl.p_ctg.gfa |partially phased contig graph of haplotypel.
« --primary fitHEEEE (p_ctg) FBNAE (a_ctg) prefix.bp.hap2.p_ctg.gfa |partially phased contig graph of haplotype2.




2.2 HiFiasm®HZE4T

2. ONT only assembly

$ ONT= ../deliver/rawdata/ONT.fastqg.gz
$ prefix=Rosa_hybrida

$ hifiasm --primary -o ${prefix} -t 3@ -10 --ont $ONT > out.log
$ awk '/~S/{print ">"$2;print $3}' ${prefix}.p ctg.gfa > ${prefix}.p ctg.fa

$ /usr/bin/java -jar gnx.jar ${prefix}.p ctg.fa > N50

. —-ont HYREFIONTLESE ONT Only§i3Zfd  3Zi4isiap

prefix.p_utg.gfa Unitig graph without small bubbles

prefix.p_ctg.gfa Assembly graph of primary contigs

prefix.a_ctg.gfa Assembly graph of alternate contigs




2.2 HiFiasm®HZE4T

3. Trio-binning Assembly (# K % $4E-Fully 32 £k 4 3% A5 )

$ HiFi= ../deliver/rawdata/HiFi.fastq.gz

$ prefix=Fragaria_vesca

$ yak count -k31 -b37 -tl1l6 -o pat.yak paternal.fq.gz
$ yak count -k31 -b37 -tl1l6 -o mat.yak maternal.fq.gz
$ hifiasm -o ${prefix} -t26 -1 pat.yak -2 mat.yak ${HiFi}

#  TriopBURICERIAAIFE Tpurge haplotig
# ZEERFILEEyak: https://github.com/Ih3/yak

trio-binningii B 3 {4 {45 AR

prefix.dip.hapl.p_ctg.gfa fully phased paternal/haplotypel contig graph keeping the phased paternal/haplotypel assembly.

prefix.dip.hap2.p_ctg.gfa fully phased maternal/haplotype2 contig graph keeping the phased maternal/haplotype2 assembly.




2.2 HiFiasm®HZE4T

4. Ultra-long ONT integration Assembly (HiFi+ONT: Partially ¥ {44 £ 35 )

$ HiFi= ../deliver/rawdata/HiFi.fastq.gz
$ ONT= ../deliver/rawdata/ONT.fastq.gz

$ prefix=Fragaria_vesca

$ hifiasm -o ${prefix} -t 26 -13 --ul ${ONT} ${HiFi} 2> out.log
$ awk '/AS/{print ">"$2;print $3}' ${prefix}.bp.p ctg.gfa > ${prefix}.bp.p ctg.fa

$ /usr/bin/java -jar /path/gnx.jar ${prefix}.bp.p ctg.fa > N50

# HIHEZESR SHIF only assemblyZ&{IA
# JOAONTEUBRESERENESE, B4 hktelomere-to-telomere assembly

HiFi Only§aith3{d 4B

prefix.bp.p ctg.gfa assembly graph of primary contigs.
prefix.bp.hapl.p ctg.gfa |partially phased contig graph of haplotypel.
prefix.bp.hap2.p ctg.gfa |partially phased contig graph of haplotype?2.




2.2 HiFiasm®HZE4T

5. Ultra-long ONT + Hi-C Integrated Assembly (HiFi+ONT+HiC: Fuﬂyi%’ﬁiéﬂ% )

$ HiFi= ../deliver/rawdata/HiFi.fastq

$ ONT= ../deliver/rawdata/ONT.fastq

$ hicl= ../deliver/rawdata/HiC_1.fastq.gz
$ hic2= ../deliver/rawdata/HiC_2.fastq.gz

$ prefix=Fragaria_vesca

$ hifiasm -o ${prefix} -t 26 --ul ${ONT} --h1 ${hicl} --h2 ${hic2} ${HiFi} 2> out.log
$ awk '/~S/{print ">"$2;print $3}' ${prefix}.hic.hapl.p ctg.gfa > ${prefix}.hic.hapl.p ctg.fa

$ awk '/~S/{print ">"$2;print $3}' ${prefix}.hic.hap2.p ctg.gfa > ${prefix}.hic.hap2.p ctg.fa

Hi-C partition§itt 314 prg L)

prefix.hic.p_ctg.gfa assembly graph of primary contigs.
prefix.hic.hapl.p_ctg.gfa fully phased contig graph of haplotypel where each contig is fully phased.
prefix.hic.hap2.p_ctg.gfa fully phased contig graph of haplotype2 where each contig is fully phased.




2.2 HiFiasm®HZE4T

6. HRERU K

$ HiFi = ../deliver/rawdata/HiFi.fastq

$ prefix=Fragaria_vesca

$ hifiasm --primary --n-hap 4 -o ${prefix} -t 26 ${HiFi} 2> out.log

- BUAhifiasmZBRREREAN —FRRITE, FOFSBIES N HaphID 8,
+ F--n-hap iRERN >2, ER--primary R, BEITHREREESRBEEREF.

Are polyploid genomes supported?

The *r_utg.gfa and *p_uvtg.gfa are lossless so that they also work for polyploid genomes.
However, currently the contig-generation modules of hifiasm are designed for diploid samples,
which means both the partially phased assembly and the fully-phased assembly does not
directly support polyploid genomes. If it is set to >2, the quality of primary assembly for
polyploid genomes might be improved. Please use primary assembly for polyploid samples and
run multiple rounds of purging steps using third-party tools such as purge_dups.




2. 3 HiFiasm® /Mg

Z 47 M

Hifiasm#B3&

HiFi Only _ R
_ EdRafispartialnid

ONT only
HiFi+Parental Fully$s
HiFi+ONT ToTEE
HiFi+ONT+Hi-C ToTEE, fullyspperygs:

Small genome -0 (FLIRENEE)
More ﬂ Polyploid --n-hap 4 --primary

homozygous -10 (default I3)
k Large genome -f38 (default 37)




2.3 HiFiasmixfE/PNgE

% WA R
1. EBSRSEEHpartially phasedithap1flhap2k F/\-s (default: 0.55) : FiEEEZA
INERIBRE? V
\_ 8xE--hom-cov

Primary & &oMijoining step, fHEFR-TafEHR
Alternate assemblyf&sNEE{k

R LEFIXK R covid{iERT, hapl/hap2iEiZit
Hcontig break, {Bprimary£ssEs$—~hap
Ahigher covEiE#NZbreak

2.PrimaryfIN 50 %A E—iR S Fhap1flhap2?

Hifiasm

A

1ES-D or -N 22 B repeatXigis#isk

S.AAZESEABE, MERS? -
" I2=--purge-max: £EZ/@repeatsFIS DXL

i/ \--purge-max, -sf1-O2# HeEEiE
C fEF-u: Zltpost-join stepiE=N50, {EOEESS|INEIR

4 N {eEEBmisassemblies?
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