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WE: LHA50FE( i, DNAXURIEL IR L (1953), ALikMEfE (1958),
MIBAL IS B PE (1966) 55— RV BRI RBIAES) 1A Ak AUt 78 1) s R e
HAE1975%, LlSangerill fy JyER 2 —ADNAD ¥ 14 2 i 8 57 AL A3 R TAE 2 7T LA
RN e R BB A% B, AEar Rl b N T R A A A AR SR SR LR,
HFARA TAEHIREII R, HILT LARoche ARl 114544 K . lllumina’A =] ) SolexafilH
iseqHi AR, BGIA A [FIDNBH A LL KX ABIA & 1 Solid i AR & AR 1 —ARMFH A, 1M
PLPacific Biosciences (PacBio)f1Oxford Nanopore Technologies (Nanopore) ]
AR B BR300 e 3 AR ) A i D 26 = AR PR o FEA RIXAME B BRd R A 1 5 2 K]
AR, AT 13 2B e BT R R A 2 T LT A B e e AT OB R R,
AR Z JE B Hr I ERE P AE . H AT U A e Jo A PRI 2H 4 20 T R AR TR 5 ZH A SR
B = A B #5 e contig, SR Ja A ] AR v Boioe dt AT 41 &, 4k id BioNano A1
Hi-C &5 1 AR HL4H 26 B scaffold B G (R 7K o AR SCKE X AH O 1) 32 I A R0 7 9248 — A
RGNERN 4.

KA LA, WE, HEe, kK
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AR R R B R 2 A
L = H Tl (PacBiofINanoporeflZF-4) EEMKIEK (read) ¥ NIk
TSRy R () DRI A Ak 1 AR KI5 By, (B2 F v B RO R A5 v ) A R 238 A Bl i
X HLZH A N AT bR an4-PacBio FH 1M1 Wil 435l /& Circular Consens
us Sequencing (CCS, W#rNHiFi)f1Continuous Long Read (CLR) Sequencing.
CCSI It PRI 7 1 77 20, W B AR U 7 45 R I BE AL 5 22 50 00 P AH 45 5 3Rk A8 — U
B, ROR$R e 77 PR A 22 . CLRINF A X AINanoporeill 572581, 7= HF iR 2 4L
AR KB 8, TTCCw LM H ] LARIR R 15 B . LM S, Pa
cBiofJCCSHll I A& AN B 57, {H fereasds FAmsFEHERG I #i = (99.9%); T H:CLR
FNanopore Il 74 4 AR B HI 7 KBk, (R AL e A (~85%). AN
A& A RE AL FFFN AT DRSS B & @ KRG FA R 5 -F 6 A . TP
acBio .7y 1y Ak R AH H S s A DA R LK 1) = AR Bl iR EEAIK (<5x) I,
0 DA AR s i DR 2H 25 2% 1) contig IR AR B D I ARGIR B = AR 2508 Al
#MI (gap filling) ARTHEERKIA; 2) =AM FPREES (5-50x) B, AU T A=
IR G 23S, DAL= RABEE RN EE, —RreadsiliBhalst; 3) —MRINFIRER S (>5
0x) I}, wJLA#E T4 ={Creads?l3E . 3T Nanoporeill 5 (4125 S Mg, I ¥ 2 ik
=ARMFr, ARG S AREIE AT BB A IR B — =G5 & U7 20 BFFE N 52 AT DRSS A
7] e SR A FEAN R R SR mE AN BN A Q1R 2 R S

FERA = ACKE R A B 8 4FF Canu. FALCON. NextDenovo 1 wtdbg2 %, - Ff
AR AT, RAEAE T KT LG AR AR A AR AR DA FEA ]
DA & R0 40 Jik PR 2H R L2 75 K
1. Canu

Canu(Koren et al., 2017)f14H3 %05k H T Celera Assembler(Myers et al., 20

00), Z3 M RN T R N RIE R 2 %:, & — R T Overlap-Layout-Cons

ensus (OLC)MM KR M. Canu 345 R E1K 5, (H2&HX T E SRR

WICE AR EMER . Canu 7 A=A D 8% $is4l4s (read correction), HdE15EY

(read trimming) F1 contig #J# (contig construction). H4E—BH#KH DL T 5

A (Koren et al., 2017):

% reads # \ read %if & gkpStore;
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i+ % k-mer count, AitH overlap ffiHE % ;
*i1% overlap;
% overlap # \ overlap ¥4 /% oviStore;
FRI AR BUES, AT AFRRIZH:

a. Read correction Z1¥ F M overlap it 5 I 3LH 41 B e read 1 REA)
W 741 o

b. Read trimming *5 3418 F overlap KA & 55 2% read i & 7 51 [X 35, LA KA
=T IX . timming J&, SKP & ET B S8R E T k.

c. Contig construction ¥ i1 overlap 2 [AIfIH H. 5% %, 4:hk read layout,

H &4 K consensus contig.

Canu A LSl 2 4 el B i 2l ke (reads A5 HAR R (), AT RL—2D
5efik de novo AL A L IR, HazAT )y ARG rT LLdEE dr 247 S 85 H], ]
LUl AR E BB (-s) KAzl

— BT

canu-d out dir\ #fif-dfaEmHEAE, BNRLLELAETI’RIT

-p out prefix\ #HiH XHFTE

genomeSize=1.5g \ #XFEXK g/m/k, FERHEK/NAJET KRS, g
enomescope

useGrid=1 gridEngine=pbs gridEngineResourceOption="-1 nod
es=1:ppn=THREADS :mem=MEMORY" gridOptions="-q high " \#grid &
AL LTI

rawErrorRate=fraction-error \ #RK&% reads Z I8 overlap ft
WHIZESR, ¥ reads ERIK (TR &SRR FFFRER) , WAL
KK BUE . PB BRIMEN 0.300, Nanopore BRIMEN 0.500

correctedErrorRate=fraction-error\ #2445 reads Z[H[] overla
p VISR, R PRIAE & BUREAE 2= R BOR, WA LU 2% R {EH. PB
ERINMEN 0.045, Nanopore BRIMEN 0.144

-pacbio|-nanopore|-pacbio-hifi reads/*.fasta.gz#reads KM

Lgte, AL =%2—
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WA] PR AT S Ly e D IR
-haplotype # generate haplotype-specific reads
—correct # generate corrected reads

-trim # generate trimmed reads

—assemble # generate an assembly

—-trim-assemble # generate trimmed reads and then assem

ble them
HAeZH LR E 2% 5 73 https://canu.readthedocs.io/en/latest/param

eter-reference.html
2. FALCON

FALCON /& PacBio A #]JF & —# F T = AR 7 £ 14 de novo HEEHAT, 52
—EIF R T Hrat FALCON-Unzip(Chin et al., 2016). 5iZ ATk
) HGAP(Chin et al., 2013)# LM =, FALCON Bidi& T KIEEKIH AL,
HRE A BUE AR P51, 7 R DR 2H 20 e 25 SR o A8 S A SRR (R AH 7 41 4 ) A
alternative contigs(a-contigs)fll primary contigs(p-contigs)IfER4 . f—% a-
contig #A HXF N[ p-contig %), FALCON-Unzip /& ¥ {5 BI4H B 51, BREAE F
ALCON #AF 2[RI 40 4H e 25 R b, AR R 1Y) SNPs 2545 B0t B PR 2H i3k 47
AR,

FALCON i f2 & ZAHE = AP BR:

spre-assembly: X} raw subreads FAT TN LR, 25 RAFHMAE O-rawread
s BT T

epread overlapping: *f E—2143|[ preads #H47HH B LLXF, 4% overlap,
45 BAFIAE 1-preads_ovl B642 T

econtig assembly: {§iH] overlap 25 17 Bl H-#5 & contig, &5 SRAFINAE 2-a
sm-falcon #1521 .

FALCON iz {7 dr 441K

/PATH/To/Installation/fc run.pyfc run.cfg

Hrr, fc_run.cfg & HECE SCAF, BLUR & — AN S A EC B~ -

[General]

job type =sge
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input fofn input.fofn

input type = raw

#Data Partitioning
pa DBsplit option = -x500 -s400
ovlp DBsplit option = -x500 -s400

####Pre-assembly

length cutoff = -1

genome_size = 2800000000

seed coverage = 40

pa HPCdaligner option=-v -B128 -M24

pa _daligner option= -k18 -e0.80 -11000 -h256 -w8 -s100

falcon sense option=--output-multi --min-idt 0.70 --min-c

ov 4 ——max—-n-read 200

falcon sense greedy=False

#Pread overlapping
ovlp HPCdaligner option=-v -B128 -M24
ovlp daligner option= -k24 -e.92 -11800 -h1024 -s100

#Final Assembly
length cutoff pr=1000
overlap filtering setting=--max-diff 100 --max-cov 100 --

min-cov 2

WS HULA T :

sinput_type: FRHIARIEIE LA, rawis R iGsubreads; preads? Z3ul
re-assemblyffireads, tHul/e 2|4 Jafreads, £ H ZRAHHE, BiridfES Bk
i pre-assembly 3% . FALCONTW] LA | B CL 2445 i preads, ] LU FH & 3
255 5 Mreads.

slength_cutoff = -1: WEXF AR RERE. FZSHUERE N1,
MFRF B i 5A 25 K ik e, fR3E genome_size #11 seed_coverage
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PSS HERIR R K reads FSAE R TR, BRI HHE I8 Rk K H 1R € A

JEHIE,
eseed_coverage = 40: ¥ Eseedii/E. 71X Eseed_coverageZ £ [11{H

H20~40%.
epa_HPCdaligner_optionfllpa_daligner_option: %Mk & tbxf il fE (dalign

er) =%, Hpa HPCdaligner_option 3= Z52 0 b ok 72 Fir B IR, VR4l b X R

A ZHA 2% hitps://dazzlerblog.wordpress.com/command-guides/daligner-c

ommand-reference-quide/; X A FEITEHLASE, (E#HEWSHN:

a. -e: “FHYFIIMMIE, K5 EHdE#I0.70, i E1%0.80.

b. -I: overlapffi KR, WIEMEREZE. FrBBOE RN EN1000, EHRE
BUE v BOS K R E 5000,

c. -k: kmer A/, (R EHIEE VO E N4, =i EHE E R E V18 BN
kmerff, tLxtREUE (sensitivity) &, HEMGRITETESE KR, 817
SHEE, EH TR ERE: ke, BKMkmerfd, 7t (specificity) 2
W, A BEEBAR, BATRR, E2 REH T E i
epa_DBsplit_optionfllovlp_DBsplit_option: %% % & 4 314 72 b Xfreads it

Tz, Hd-sFonfmn s S A EdEE (Mb), BUAMEH200; -xFRZ

IS AR T Z B A reads; X T REERZH, 1E##E# 2% pa_DBsplit_option=-x

500 -s200, ovilp_DBsplit_option=-x500 -s200; *FT/NEKZH (<10Mb), 1E&H#E

72 %0l ypa_DBsplit_option = -x500 -s50, ovlp_DBsplit_option = -x500 -s50;

ovip_daligner_optionfllovlp_HPCdaligner_option: %%k &pread overla
ppingiz T EHHIZ%, EEE, EZSHEH 75 Lidpa_HPCdaligner_option
Fipa_daligner_optionZ&fil, (HEATIRIE, EXIAEIEREYE, (E&EEWNSEON:
a. -e: TFHFFIALIE, X (inbred) A EE#110.93, ZZ 4<% (outbred)
VI 4 10.96
b. -l: overlapix K&, preassembly%s B4 2 i B4 % . A B i d iUk
B 91800, SCPEJREEF. B BB K% E 6000,
c. -k: kmerk/h, B EHHEENIE N8, ZHEUFH N AWK E 24,
elength_cutoff_pr: 1iZZ %% & H R i & 4 2 I preads ) 55K B, 1Z4H B 0
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VF 15-30x ) 2 B Kt HI ok e 4 2 2%

eoverlap_filtering_setting: 1%2 %% & preadoverlap it JEbr#E, HH--max-d
iff 25 N3 o o B 22 S I UL, 5 T 4R 2 { W overlap & 2 Hid JEHL: --max-c

SR T s E R P8 5] N Foverlap; --min-covl 2§ 52 overlap(t)
IR T % .

HASH AR B 2% E /71U https:/github.com/PacificBiosciences/pb-as

sembly
3. NextDenovo

NextDenovo (T, s A A )& —#k 3T B i =75 (CLR, CCSHINan
opore)t) 5 K 2H denovoH 2 3k A . &A% F 2L T-Canu i “Je 24 5 J 2H e 1) 3 (Pac
Bio CCS#i#li(Wenger et al., 2019) A FZ AP IR), 75 20 1HE FUR A AR
B, RIS 2 BUE DT R T IOIMREN . H 20 %8 7 51 1 S B HE 1 2 29 998 %-9
9.8% (https://github.com/Nextomics/NextDenovo).

HREEER, HhlreleaseMIhiiA R BE#F4T/NT-3.6GH R K HH LR, KEFIHH
BIRA N A RITIAS, 5 B R R AT AT

AT ANE LR R, M2 HOR A — 4, T EIRE i B, AARISATIRIZ
RERAE T BRI B o L BB AN, WA E R TR 55, SR B AT 4308,
XM ZBA N Z —

ABIECE W, S H5%: https://nextdenovo.readthedocs.io/en/latest
[OPTION.html

[General]

job type = pbs#faEfE%ie1T7/73, pbs, sge, B local, BLFH HARLE
R

job prefix = NextDenovo

task = all # 'all', 'correct', 'assemble'
rewrite = yes # yes/no

deltmp = yes

rerun = 3

parallel jobs = 100
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input type = raw

input fofn ./input.fofn

workdir= ./01 rundir

cluster options = -q high2 -1 nodes=1:ppn={cpu}

read type = ont#clr, ont, ccs

[correct option]
read cutoff = 1k#idJEFEHEHIEHIRT 1k B read
blocksize = 5g

genome _size = 1.74g#estimated genome size

seed depth = 40#44} seed ¥R, FH FALCON S¢2ALL

pa_correction = 100

seed cutfiles = 50

sort options = -m 60g -t 30 -k 50
minimap2 options raw = -x ava-ont -t 10

correction options = -p 25

[assemble option]
random round = 10

minimap2 options cns = -x ava-ont -t 6 -kl17 -wl7

nextgraph options = -a 1
4. widbg2

wtdbg2(Ruan and Li, 2020)%{k Fi#/§ OLC Hi%, 454 T all-vs-all LX) #l fuzzy
-Bruijn graph (FBG)IAL &, B ik 1 380 5 00 e DARR SR (10 /5y 1/O RS K &
TR k-mer [77)/8 (Ruan and Li, 2020), LAZEJRHEFED RO AERR, o
S FRIE N2+ o0 KU o SR, AZEA A W R BRI

*Reads KR #l] /& 0x0003FFFFU (256 Kb), K1) reads & #5115 JF;

*Reads &% & 0x03FFFFFFU (64 M), W EL L, & FE L)
B reads;

o] AL E M ZRFE ST (threads) % /& 4096;

o AT LAEET S IFATIZ AT, {HAA R LLERE kbm Fil wtdbg --load-alignments £ 4%F
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SE D PRSI R IFAT U
wtdbg2 J& AT HL, LA —Bis T el LFsh o bisfr, ARAWT:
#quick start with wtdbg2.pl
./wtdbg2.pl -t 16 -x rs -g 4.6m -o dbg reads.fa.gz

# Step by step commandlines
# assemble long reads

./wtdbg2 -x rs -g 4.6m -i reads.fa.gz -t 16 —-fodbg

# derive consensus

./wtpoa-cns -t 16 -i dbg.ctg.lay.gz -fodbg.raw.fa

# polish consensus, not necessary if you want to polish th
e assemblies using other tools

minimap2 -tl6 —-ax map-pb -r2k dbg.raw.fa reads.fa.gz | sam
tools sort -@4 >dbg.bam

samtools view -F0x900 dbg.bam| ./wtpoa-cns -t 16 -d dbg.ra
w.fa -i - —-fodbg.cns.fa

# Addtionalpolishment using short reads
bwa index dbg.cns.fa

bwa mem -t 16 dbg.cns.fa sr.l.fa sr.2.fa | samtools sort -

O SAM | ./wtpoa-cns -t 16 -x sam-sr -d dbg.cns.fa -i - -fodbg.

srp.fa

VEI R S 5n] 22 . hitps://github.com/ruanjue/wtdbg2/blob/master/REA
DME-ori.md

. =AU A Brreads 4 g

=AM EA KK AR RE A. BAREE I AT A, (R AR A R
FRLRER AR ZR ATV IRAS e AR P i 2R ke SR . DRI, T8 2 R R AR B RN
J¥ reads Xf ZAREE R ZHZH AL 45 S AT A4 . FIIBIEA Pilon F1 NextPolish %5 .

1.  Pilon

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC.
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Pilon(Walker et al., 2014)n] Lt = AQKE R 24 e 45 Rt AT A 4, Bk AN FE R4
(1) FASTA SCAF LA R AR Fr 25 b ek B2 25 45 5 1 BAM U, AR bk &5 JRxt
NIRRT SR TR . Pilon BT RUE H =FhAS [ AR R 1 BAM U

--frags <frags.bam> #paired-end WFLEXEER, FlU0 I1lumina p

aired-end reads (insert size<1000bp) .

—-—jumps <jumps.bam> #mate-pair MFEEXTZEE, FHlU I11lumina ma

te-pair reads (insert size>1000bp) .

--unpaired <unpaired.bam> #unpaired sequencing reads.
Plion B4 L LU T 5, 22 75 ZEARAE AN A G GLAE &4 1K) BAM U4
bwa index -p index/draft draft.fa

bwa mem -t 20 index/draft read 1.fqg.gz read 2.fg.gz | samt
ools sort -@ 10 -O bam -o align.bam

samtools index -@ 10 align.bam

Java —-Xmx${MEMORY}G -jar pilon-1.22.jar --genome draft.fa

--frags align filer.bam --fix snps,indels --output pilon pol

ished --vcfe> pilon.log

Forr, AT DR B R 20 K /N R A8, IMb ZE R 7R ZE i 2/ 1GB %k
KRR, NIEEA AT LB ST, 2N T RERH, BEREETARIME,
ALK Y AR 1, TEHC B, KRR contig #E4T V)5, JF
FTFHTA reads Lbxt BIFERZH_F ) SAM SO IR EEE 4% contig FIELAHE R,
BE— PR RS R AL SAM AT BAM SCAF . SR A B1XF B — 25 S ALK contig A1 BA
M 3, 7503z T Pilon BEATA 4. e R ARG IE. 54t Pilon g7 — K
TR 2-3 B, ERAEARBKZ.

NS E L HEES %, https://github.com/broadinstitute/pilon/wiki/Requirem

ents-&-Usage

2. NextPolish
5 NextDenovo —#f, NextPolish(Huet al.,2020)t7 & R BATF K IK— K =AK
AT H. 5 Pilon #tL, NextPolish /&3£T k-mer iz B HIHAE, FrLligfT
I BRI AEAIL T Pilon: Plion R fgia F AU K P A3 T 245, T NextP
olish A LA F Z AP . =K B P 45 & ok 2 IR 36 33

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC.



http://www.bio-protocol.org/e1010201
https://github.com/broadinstitute/pilon/wiki/Requirements-&-Usage
https://github.com/broadinstitute/pilon/wiki/Requirements-&-Usage

w
b|0_1 01 www.bio-protocol.org/e1010638 DOI:10.21769/BioProtoc. 1010638

FIBRFEEE 1%, N2 isfT /7vmi s, Rtk H 57 NextPolish ff) Sz A& T ET
NextPolish iz 47 51001 -

/PATH/To/Installation/nextPolishrun.cfg

Hrb, run.cfg AlCE XM, w~HIBECEWT:

[General]

job type = local

job prefix = nextPolish
task = best

rewrite = yes

rerun = 3

parallel jobs = 6
multithread jobs = 5

genome = ./raw.genome.fasta
genome_size = auto

workdir= ./01 rundir

polish options = -p {multithread jobs}

[sgs _option] #optional
sgs_fofn = ./sgs.fofn
sgs_options = -max depth 100 -bwa

[1lgs _option] #optional

lgs fofn = ./lgs.fofn

lgs options = -min read len 1k -max depth 100

lgs minimap2 options = -x map-ont

o ZH UL AR .

job_type: 1F55#%i#% /73, Wik local, sge, pbs, slurm, #fdif3F local 2%
iB1T, R BN N AR G DRMAA K52 JlAE 55 150

task = best: 4T, Wik all, default, best, 1, 2, 5, 12, 1212 %,
Horr, 1 f1 2 28X reads FIFE VR, 5 245K reads SFIEMT . all=[5]1
234, default=[5]12, best=[55]1212. (BRI\Z%: best).

sgs_options: ZiE i B —LI/F polish FIZ%L.
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lgs_option: 1ZiET E =X ¥ polish FI1Z4L.
HeSH M HEIES % https://nextpolish.readthedocs.io/en/latest/OPTION.
html

—. Bionano J:2: [ 4H 3%

Bionano Saphyr 4 EIE/ERNZE R A AR EE T, HOCHE R DLS #rid (Dire
ct Label and Stain) Be#E7EA = AT ERBAIIE AL T, X220 DNA #4727 Hohn
id, Mg A B Saphyr Chip ABFEAI S 7y HERFOL UG RS0, 313565 DNA
VIR ERE, 4> 7 N50 KJEFH Al i5 300kb(grandomics.com). K 3 P 20 4 74
NEERH A AR T G R R RAESE, R S RN 2K B Al & T M2k & 1 I 45 14
A o G T A ) A H THRAL S Linux T 84734+ Solve (https://biona
nogenomics.com/support/software-downloads/) A& Windows IR #LALE M Acce

ss (https://bionanogenomics.com/support/download-form?file=http://bnxinstall.com/a

ccess/BionanoAccessWindowslnstall.html&title=Bionano%20Access%20for%20Wind

ows), LN ATEHIEAT A EE:
F—ib WIER T E RER T
$Bionano/RefAligner/11442.11643rel/RefAlinger -iall.bnx -mi

nlen 120 -merge -o output -bnx

Wb RNARSISUEEY), 155 CMAP 3 ff.
perl S$Bionano/HybridScaffold/11162020/scripts/fa2cmap multi

_color.pl -i genome.fa -e cttaag 1
#=2P: H align_bnx_to_cmap.py #4THEX}, Bionano Y2 El ik H T R A Ji 21
S TARCHIFRA B . BRI 45 5 contigs/alignmolvref/alignmol_log_simple.
txt [ “Fraction of aligned molecules”#l“Effective coverage of reference (x); X
WAl 2 SRS B ARHT X 3. HOX G R T LU #8034, SR)5 FA%E 2 Access #H4T 7]
A o
python $Bionano/Pipeline/11162020/align bnx to cmap.py \

--prefix human \

--mol input.bnx \

--ref reference.cmap \
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--ra S$Bionano/RefAligner/11442.11643rel \

--nthreads80 \
--output prealign \
-—-snrFilter 2 \
-—-color 1
I M kZH%: Bionano K, Hii-a S8 v EE (HiBEM xml AR E T
W B — 2 B B AR IR 240 .
python $Bionano/Pipeline/11162020/pipelineCL.py \
96 -N 4 -f 1 \
5\
input.bnx \

-y -r reference.cmap \

-1 Assembly \
$SBionano/RefAligner/11442.11643rel/RefAlinger \
SBionano/RefAligner/11442.11643rel/RefAlinger/optArgu

ments nonhaplotype saphyr human.xml

WA M2 g REE S S5 BN A EE LT, A=A X S (xmap, _
g.cmap, _r.cmap). XL ST FAL A2 Access AT AT RLAL .

python $Bionano/Pipeline/11162020/runCharacterize.py \

-t $Bionano/RefAligner/11442.11643rel/RefAlinger \

-g <query CMAP> \

-r <sequence reference CMAP>\

-p $Bionano/Pipeline/11162020 \

-a S$Bionano/RefAligner/11442.11643rel/RefAlinger/optArgu

ments nonhaplotype saphyr human.xml \

-n <number of threads to use, default 4>
FNb: IREHSE (Hybrid Scaffold), LUHES & SE (Single-Enzyme) Al
perl $Bionano/HybridScaffold/11162020/hybridScaffold.pl

-n <sequence file in FASTA format> \

-b <Bionano CMAP file> \

-u CTTAAG \
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-c $Bionano/HybridScaffold/11162020/hybridScaffold confi
xml \
-r $Bionano/RefAligner/11442.11643rel/RefAlinger \

-0 <output directory> \
—£ \ #a2HE B AT
Y
-B 2 \ #REWRAE AR ERE R MR, Wk 1. 2 83, Hh 1 RO E;
2 FORIEMFRAL %] contigs 3 RaMIBRITRE contig;
-N 2\ #PUE AT R R AR, WE 1. 2 B3, Hd 1 RaAd
U&; 2 FRIRIEMRA3E] contigs; 3 FAMBRIMRM contig;
—p $Bionano/Pipeline/11162020
F4: Fid B3 T agp.fasta BN %E45 5, hybridScaffold_archive.tar.gz 7]
A% Access BHTHEE . RAHEEME N BioNano B ({—, 7] LI I K 41 41 25 45
RAAIEWRIER 73, MTTTHE e R R A R e A 1 o 23R ad it v S e ) 38001 2 J 3 ) 2 [
W PR ICAEES 2 VAT B L, 105 B2 REAE conflicts.txt 1, & K FLVFHETC
Bl IR E XML S assignAlignType.max_overhang HiATi&0. 3T E—#
HH-B FI-N 240, et — P is i ks & 4y 1 1978 55 2 (molecule  coverage)Flif 5 bR
0 T B %A 5 B 4573 (chimeric quality scores), Xf 1 ot v (A3, iR EH 1% c
ontig B fEPh R AL 53 %] contig, JRELE MIBR 1% contig, FF% 45 S 4R/ 47 2 conflicts_
cut_status.txt H, #t—2, #iLE Access FRIMAL G, AT LLERE PR 25 5 P 98 07 55 1)
KRR, KXy U A B g 3, FIT B A 345 2 15 15, AN IR &S 20 7T LLE
i F A& conflicts_cut_status.txt FHPIRES (okay RoRAELHE, cut FRorbIE, e
xclude FRMFR1% contig), TRFF/EEHTIa1T, FH Access WBEAERRITT . HAKT LI#
% : https://bionanogenomics.com/wp-content/uploads/2018/04/30073-Bionano-Solve

-Theory-of-Operation-Hybrid-Scaffold.pdf; https://bionanogenomics.com/wp-content/
uploads/2017/03/30166-Hybrid-Scaffold-Conflict-Cut-Status-File-Format-Specification
-Sheet.pdf

V9. Hi-C 7 2 2
T B YL ) Al SRR (High-throughput chromosome conformation capture,

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC.


http://www.bio-protocol.org/e1010201
https://bionanogenomics.com/wp-content/uploads/2018/04/30073-Bionano-Solve-Theory-of-Operation-Hybrid-Scaffold.pdf
https://bionanogenomics.com/wp-content/uploads/2018/04/30073-Bionano-Solve-Theory-of-Operation-Hybrid-Scaffold.pdf
https://bionanogenomics.com/wp-content/uploads/2017/03/30166-Hybrid-Scaffold-Conflict-Cut-Status-File-Format-Specification-Sheet.pdf
https://bionanogenomics.com/wp-content/uploads/2017/03/30166-Hybrid-Scaffold-Conflict-Cut-Status-File-Format-Specification-Sheet.pdf
https://bionanogenomics.com/wp-content/uploads/2017/03/30166-Hybrid-Scaffold-Conflict-Cut-Status-File-Format-Specification-Sheet.pdf

w
b|0_1 01 www.bio-protocol.org/e1010638 DOI:10.21769/BioProtoc. 1010638

R Hi-C) AR i fE i scaffolds PusEifr st 73201, % ARIE I ¥ 23 A 4h
Ae) 3w ) 3k BT 2H Py BOHEAT R S B S — AR A AR, I A5 2 et ot R 25 (W) 54 B2
HAEE, #EmEIRAIG U g O =4 5. ML TR GRS R R T7 0, T
)53 52 HATE FH 2H 25 5k DR 2L 11 S g e 008 S IR G (MK O B R L2 2 o HL AT SR R A/ 1
Gy~ SE AN [ AR AERYE S Fe e Sy . P, AR AR BRI 2
RIS B 28 & A i oA 26 SRR AT AT 5. Hi-C A Bionano St EITE AL, {HZ&
T Bionano 1R XEALHE Hi-C %4 20 5e 45 A 6 & A ) /HE 7 A5, H. Bionano 1] BL i
RO K Fr B 4l 7 AR & 145 A R, it BLEH 2 55 1#E1T Bionano A1%%, J5izfT HIiC
ke, AR AR Juicer + 3D-DNA + Juicebox.

Juicer(Durandet al., 2016)s& 7] LAIALEE | T #& 2% Hi-C B ImAE, T RLH ELS
FASTQ %4 Ab A3 24N [F) 73 HE 2 1) Hi-C B . 7EAT AR T A Juicer tools T, wJ
PLE %) annotate loops 11 contact domains. H: A LA AIR £z P4, 4% LSF, U
niva, SLURM, PBS, ERMAENL. FEMLIG R H T AR RA R 51
iBA7 Hax, POV BN 5 BT . o TR AT 5, 47 AR N 5 2R AT
@57 references Al restriction H 3%, 70 lAFBUE L IF 2R 513k BRI ZH SO A DA 55
i, BATTTELER A ZHANTS, HARSHMANEF 2% https://github.com/aidenlab/ju

icer/wiki/Usage

python S$workdir/scripts/get inres.py Senzyme $species Srefer
ence.fa

bwa index -a bwtsw S$reference.fa

python S$workdir/scripts/get length.py -i Sreference.fa -o Sr

eference.fa.length

bash Sworkdir/scripts/juicer.sh \

-d Sworkdir \ ##the top level directory, HMH, fastq HZENEZH
fastq X, splits HRBITHSHEN, ARG DIEI S, aligned H
WL, DIAFIBUR A EER &S

-D Sworkdir \ ##Juicer scripts directory

-S early \ ##RNBITHIAFRME, BAZE "merge", "dedup", "final",

"postproc", "early"XZ—, WX early M T —2F 3D-DNA,
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-g Sspecies \

-z Sworkdir/references/Sreference.fa \ ##reference KA

Sthread \ ##Z8F2%K
Senzyme \ ##[RlfiE

Sworkdir/restriction/$reference.enzyme.txt \ ##MFUIN 50
Sworkdir/references/$Sreference.fa.length ##reference Z[H
H contig K
Juicer 121758 /85, aligned H 3 K4 merged_nodups.txt Bl 4~ —3 3D-DN
A(Dudchenko et al., 2017)ig1THIf A2 —. 3D-DNA ifidiz T — RAERTFE
M A B B misjoins [ H 1K), 4kifii@Eid Polish, Split, Seal 1 Merge, A= i 2 (1) 5k
BIZH A . RBIBATIAAITT, TEMZ %] 2% https://github.com/aidenlab/3d-dna/wi
Ki

bash /soft/3d-dna-master/run-asm-pipeline.sh \
-m haploid \
i 15000 \  #BEKIZKELL R contig, BRIMERE 15k
0\ #EBURE, WERAITHIHIEHAR 0, TR AR IKE, —K
2-3%

Sworkdir/references/Sreference.fa \

$workdir/aligned/merged nodups.txt
3D-DNA iz f745 i, A& LA EEN . He R  fasta” 3, F A FINAL.f

asta” A A& MG OARTE LR M. 5 — 850 /2 hic” ST, nl e ARG R A 3R 4T
Ak, 52 FE—ES AL Juicebox MAEXT M “.assembly” SCff, Hrp
WARE S T contig 7/EH3EA FIFT Bt ¥ tracks A& modifications.

Juicebox(Durandet al., 2016)2 —#C R java IEE 4 S MERA A H T, BH
W UThR TH, WA IEAMAS ATHENVE A . 8l — R A03AE, aTRASEI Hi-C BlER
BB, SEI R G R ) DR ZH (R 2H 2% o SR R A P B A T o, ELAR A P
B[ 2 H&: https://github.com/aidenlab/Juicebox/wiki. & 5E %5 Al St modified.ass

embly, Jfil i 1A A B 2 FE DR ZH SCAE AT agp SCAF:  https://github.com/phasegeno

mics/juicebox scripts.
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